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Abstract

The warfare state is much older than the welfaagestor centuries, the
relationship between militaries and the private afacturing sector has been the most
important point of interaction between the stateé society. The naval-manufacturing
relationship has even deeper historical roots:esimarfare at sea has traditionally
required much more sophisticated technology tharfaneon land, nations have had to
invest more money in navies in peacetime.

In the late nineteenth century, two developmerassiormed the naval-
manufacturing relationship. First, the intense haeapetition preceding World War |
increased the pace of technological change andabe for peacetime investment in
naval technology. Second, the Second IndustriabRé&en transformed the
manufacturing sector into the industrial sectod &raccordingly altered the nature of
military and naval technology. Torpedoes were ethnguard of both developments.

They played a significant role in the arms racebeiVorld War | because they
threatened to revolutionize naval tactics and stpatNavies realized that the tactical
system built around capital ships primarily armeathwig guns might give way to one
built around smaller vessels primarily armed widtpedoes. At the strategic level, the
ability of smaller vessels carrying torpedoes tk$arger ones made battle and blockade

very risky. Given the potential of torpedoes t@athe metrics and application of naval



power, navies worked feverishly to develop thenokeiNorld War |.

The sophistication of torpedo technology, howegemplicated the task of
turning potential into reality. Powered by fossiéfs and made with hundreds of small,
steel, inter-changeable parts, torpedoes symbalir&econd Industrial Revolution at
sea. Sending a torpedo prototype into mass pramuetithout adequately testing it
beforehand would produce nightmares of assemblypedation. A robust research and
development (R&D) infrastructure was thereforelvita

Torpedo development in the United States and @ettin showed the two sides
of the R&D coin. Despite the common depiction afezlining Britain and a rising
United States in this period, Britain actually leadecided edge over the United States in
naval-industrial R&D resources. This edge enaliiéal perfect existing torpedo
technology and test new technology, while the Wh&eates had to take technological
gambles. It was R&D resources, not Yankee can-da spJohn Bull conservatism, that
accounted for the nature of technological change.

Although the two nations met with differing degreésuccess, the effort to
create an adequate R&D infrastructure profoundbnged the relationship between state
and society in both the United States and Britiaaitking the resources to develop
adequate technology alone, the public and privettoss were forced to work together—
but their collaboration raised fundamental and dempuestions about the nature of
property in relation to invention, and it imperildt liberal political philosophy on
which both nations were putatively founded.

Between their interaction with industrializationdathe new relationship between

the government and the private sector, torpedogsbmaaid to have helped put the
il



“‘industrial” and the “complex” in the military-inddrrial complex. Their story therefore
belongs in larger narratives about the natureafrielogical change, industrialization,

modern warfare, and national development.
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Introduction

Beneath the Surface

This is a work about torpedoes, historical methogly, and the emergence of the
modern state.

Torpedoes were a crucial weapon before and duriagdVWar |, but they have
received little attention from historians. Befordging to imperil the Allied war effort,
torpedoes created a revolution in naval tacticatesgy, and the very metrics of naval
power. Because the so-called “dreadnought revelidlominates historians’
understanding of the pre-war period, however, ddges have been neglected. Repairing
this neglect requires more than a narrative almpeto development: it also requires a
different understanding of how to study naval hgtdrhis work offers both.

Through torpedoes, it also explores a transformatidhe relationship between
the state and society for the purposes of wagingmthe industrial age. Torpedoes—not
steamships—are the quintessential symbol of ther®emdustrial Revolution at sea.
Their development required the creation of a newpmeeas procurement paradigm,
characterized by state investment in new technothging the experimental stage rather
than by the purchase of finished products. The pasdigm in turn created difficulties

about intellectual property rights, the proper tsrof state power, and the balance



between civil liberties and national security—aBues which remain pressing today.

This work makes several points:

First, that torpedoes were just as important agaleghips and big guns in
pre-war naval history.

Second, that we must define the “military-industc@mplex” more precisely
and date it earlier than is customary.

Third, that the military-industrial complex has cial implications for
property rights and classical liberal political lplsophy.

Fourth, that the dynamics creating the militarytistilial complex were
international—meaning that the United States areh@GBritain were not
exceptional.

Fifth, that our understanding of pre-World War abhistory is gravely
incomplete.

Sixth, that we cannot correct our misunderstandiitigout repairing our
methodology.

The first six of these points may be said to relatde “what” of history, and the seventh

to the “how.” The last is the most important, bessathe quality of the process used

determines the quality of the conclusions reachbd.dependence of ends on means is

evident throughout the existing literature.

American Naval Historiography

Torpedoes do not fit into the conventional wisdampoe-World War | American

naval history. Most historians agree that the Bl&vy, having languished for almost two

decades after the Civil War, began a renaissantteirarly 1880s. The old wooden navy

gave way to the steel “New Navy,” armed with modeéfled breech-loading guns. The

first steel ships were cruisers, followed by sralitleships intended for coast defense,

but the Navy was building large ocean-going bdtifesby the early 1900s. Symbolically

marking the transition from the old navy to the nalfred Thayer Mahan publishethe

Influence of Sea Power upon Histany1890, arguing that commerce warfare was

2



ineffective and that great nations needed concetiféeets of battleships to seek
command of the sea through decisive battle. ThaiSpaAmerican War and imperial
growth in the late 1890s and early 1900s impekedUnited States to put Mahan’s
vision into practice. As historic rivalry with Bain gave way to rapprochement in the
1890s, the United States focused its new navakglyaagainst Germany in the Caribbean
and Japan in the Pacific. While the Navy centrdlite fleets, analogous administrative
centralization occurred in the Navy Departmentyinich the Secretary of the Navy
oversaw eight Bureaux. The Naval Advisory Boaritde aystem, Naval War College,
and Office of Naval Intelligence gave the Secretaw weapons to combat the power of
the decentralized Bureaux. Although the literatoptains a disagreement over the value
of the battleship strategy that emerged in the 43B0th sides treat it as a watershed in
American naval historyThis narrative of American naval history has aleept into
broader studies of American defense and foreigiwypbkefore World War f.

These large-scale overviews of the subject drafwemmain specialist

approaches. The first, epitomized by William Bragsand William Still, examined the

! For positive takes on the battleship strategyH@®ld Sprout and Margaret Sprotihe Rise of
American Naval Power, 1776-19{Brinceton: Princeton University Press, 1939);|®&oletta,A Survey
of U.S. Naval Affairs, 1865-191Zanham: University Press of America, 1987), 9-S&phen Howarth,
To Shining Sea: A History of the United States Navy5—-199XNew York: Random House, 1991), 231—
43. For a negative take, see Kenneth Hagais People’'s Navy: The Making of American Sea PdiNew
York: The Free Press, 1991), 176-227, 389-90. Bedrmbert AlbionMakers of Naval Policy, 1798—
1947 ed. Rowena Reed (Annapolis: Naval Institute Pr&380), 6—13, 205-19.

2 See, e.g., David M. Pletch@he Awkward Years: American Foreign Relations ur@arfield and Arthur
(Columbia: University of Missouri Press, 1962), £36; Walter LaFebeilhe New Empire: An
Interpretation of American Expansion, 1860—18RBaca: Cornell University Press, 1963), 58—&%), 9
121-27, 229-41; James AbramsAmerica Arms for a New Century: The Making of aabidilitary
Power(New York: The Free Press, 1981), 20-9, 47-8, 220komas MisaA Nation of Steel: The Making
of Modern America, 1865-192Baltimore: Johns Hopkins University Press, 1995}%96; Paul A. C.
Koistinen,Mobilizing for Modern War: The Political Economy Aferican Warfare, 1865-1919
(Lawrence: University Press of Kansas, 1997), 26—-47

3



Navy from a high-level strategic and even diplomatgrspectivé.The second, which
includes the work of John Reilly, Robert Scheima] van Musicant, was technological
history focusing mainly on the evolution of capisaips? A more recent strand within
technological history was more self-consciouslytieécal; it includes the work of
William McBride and William Thiesen.The third approach, exemplified by Peter
Karsten and Robert O’Connell, was socio-culturatdry which tended to present naval
officials in a highly unfavorable ligttFourth, historians have written biographies of a
few famous naval officers generally consideredddrieformist” or “progressive,” like
Stephen Luce, Alfred Thayer Mahan, Bradley Fiskélidfh Sims, and George Dewey,
generally ignoring the mass of less famous offiédfmally, historians have studied the
two organizations most closely associated withaith@inistrative centralization that

supposedly accompanied the American naval renaesaamely, the Naval War College

3 William R. Braisted;The United States Navy in the Pacific, 1897—1@X8stin: University of Texas Press,
1958) andrhe United States Navy in the Pacific, 1909-1@2#stin: University of Texas Press, 1971);
William N. Still, American Sea Power in the Old World: The Unitede&tdNavy in European and Near
Eastern Waters, 1865—-19{Westport: Greenwood Press, 1980).

* John Reilly and Robert Scheiamerican Battleships, 1886—-1923: Predreadnoughiidieand
Construction(Annapolis: Naval Institute Press, 1980); Ivan Maat,U.S. Armored Cruisers: A Design
and Operational HistoryAnnapolis: Naval Institute Press, 1985).

® William McBride, Technological Change and the United States Naw§548945(Baltimore: Johns
Hopkins University Press, 2000); William Thiesémjustrializing American Shipbuilding: The
Transformation of Ship Design and Construction, &88220(Gainesville: University Press of Florida,
2006).

® Peter KarsteriThe Naval Aristocracy: The Golden Age of Annapatid the Emergence of Modern
American NavalisnfNew York: The Free Press, 1972); Robert O’Conisatred Vessels: The Cult of the
Battleship and the Rise of the U.S. N&@wgulder: Westview Press, 1991). Ronald Spectrdessors at
War: The Naval War College and the Developmerth@MNaval Professio(Newport: Naval War College
Press, 1977) takes a more neutral view.

" For example, John Hattendorf and John Hayes, Els.Writings of Stephen B. Lu@éewport: Naval

War College Press, 19795aolo ColettaAdmiral Bradley A. Fiske and the American Névgwrence:
Regents Press of Kansas, 1979); Elting Morigamiral Sims and the Modern American Né&Bpston:
Houghton Mifflin, 1942); William LivezeyMahan on Sea Powg¢Norman: University of Oklahoma Press,
1981); Ronald Spectofdmiral of the New Empire: The Life and Career eb@e DeweyBaton Rouge:
Louisiana State University Press, 1974); Jamesr&dfBrd, ed.Quarterdeck and Bridge: Two Centuries of
American Naval Leaderf@nnapolis: Naval Institute Press, 1997). An exmapto the rule of ignoring all
but a few officers is Stephen Stelfrom Torpedoes to Aviation: Washington Irving Chanstand
Technological Innovation in the New Navy, 1876—1@&caloosa: University of Alabama Press, 2007).

4



and the Office of Naval Intelligen&e.

With few exceptions, the existing literature rel@n an inadequate source base. It
exploits published documents, like congressionairadtee hearings and the annual
reports of the Secretary of the Navy; the perspapkrs of certain high-ranking
“reformist” officers; and records from the Officétbe Secretary of the Navy. Three
major groups of sources are conspicuously absemt finis list. One is the records of the
Navy Department bureaux. The failure to consulirtlie particularly problematic given
the general agreement among naval historianshbdiureaux, rather than central bodies,
drove the development of the American Navy in gasod. McBride, for instance, did
not cite a single record from the four major tedbgal bureaux in his book on
Technological Change and the United States N&uye second major absence in the
sources is the personal papers of all but a fevotemeformers. The third is the tactical,
as opposed to the strategic, sections of the repatilished by the War College every
summer. In fairness, one exception to these critmaments should be noted: Norman
Friedman, who carried out extensive archival regeancluding Bureau records and the
War College tactical papers, for his magisterialeseof books on American naval vessels

and technologie¥

8 Jeffrey DorwartThe Office of Naval Intelligence: The Birth of Ainak First Intelligence Agency, 1865—
1918(Annapolis: Naval Institute Press, 1979); Karsieme Naval AristocracySpectorProfessors at War
John Hattendorf, B. Mitchell Simpson, lll, and JoNadleigh,Sailors and Scholars: The Centennial
History of the U.S. Naval War Collegdewport: Naval War College Press, 1984). The ovdyks to treat
naval administration at large are Albidviakers of American Naval Policgnd Charles PaullifRaullin’s
History of Naval Administration, 1775-1911: A Catien of Articles from the U.S. Naval Institute
ProceedinggAnnapolis: Naval Institute Press, 1968).

° McBride relied primarily on R[ecord]G[roup] 45 (Mal Records Collection) and RG 80 (Office of the
Secretary of the Navy). Completely absent frommioies are RG 19 (Bureaux of Construction and Repair
Steam Engineering, and Equipment) and RG 74 (Buvé&rdnance).

9 Norman Friedmarl).S. Destroyers: An lllustrated Design HistgAnnapolis: Naval Institute Press,
1982);U.S. Aircraft Carriers: An lllustrated Design Histo(Annapolis: Naval Institute Press, 1988)S.
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In addition to archival weaknesses, most of theteyg literature also displays a
flawed conceptual approach. Historians’ obsessiibim attleships and commitment to a
whiggish narrative of American naval progress, abtarized by fleet and administrative
centralization, has blinded them to other crudiaties. Despite the enormous growth in
naval expenditures before World War |, no one haettaken a serious study of how the
United States paid for its navy. Frederick Harrdd&nning the New Nawvig the only
study of the crucial personnel questfdThere are no published monographs devoted to
such key technologies as fire control or signalfogjnstance, while Nicholas Lambert’s
unpublished doctoral dissertation remains the Wesk on American submarine
development? Only articles, not monographs, have been publisimerpedo
development. Frederick Milford’s article on pre-WbyVar | American torpedoes is solid
but does not use the relevant bureau recBrEsW. Jolie’s history of American

torpedoes contains minimal analysis and occasiemais, while the articles by Barbara

Naval Weapons: Every Gun, Missile, Mine and Torpdded by the U.S. Navy from 1883 to the Present
Day (Annapolis: Naval Institute Press, 1988)S. Cruisers: An lllustrated Design Histof&nnapolis:
Naval Institute Press, 1984),S. Battleships: An lllustrated Design HistgAnnapolis: Naval Institute
Press, 1985)).S. Small Combatants, Including PT-Boats, Subakasad the Brown-Water Navy: An
lllustrated Design HistoryAnnapolis: Naval Institute Press, 198@)S. Submarines since 1945: An
lllustrated Design HistoryAnnapolis: Naval Institute Press, 1994); &h&. Submarines through 1945: An
lllustrated Design HistoryAnnapolis: Naval Institute Press, 1995).
" Frederick HarrodManning the New Navy: The Development of a ModewaNEnlisted Force, 1899—
1940(Westport: Greenwood Press, 1978).
12 Christopher Havern has written an excellent mastkesis on American fire control (“A Gunnery
Manqué: William S. Sims and the Adoption of Conting-Aim in the United States Navy, 1898-1910"
(Master’s Thesis, University of Maryland, 1995ndalrimothy Wolters has written an equally good
doctoral dissertation on American signalling (“Mgitegy a Sea of Information: Shipboard Command and
Control in the United States Navy, 1899-1945" (PHDBs., Massachusetts Institute of Technology,3200
On submarines, see Lambert, “The Influence of thiengarine upon Naval Strategy” (Ph.D. Diss.,
University of Oxford, 1992). Gary WeirBuilding American Submarines, 1914-19¥¢ashington: Naval
Historical Center, 1991) has strengths—includingisase of RG 19, the Bureaux of Engineering and
Construction and Repair records, and awareneshieill’'s thesis of “command technology,” discussed
below—but it is weakened by an over-simplified exgtion of naval opposition to submarines (seg p. 6
and, judging by the endnotes, an absence of rds@aRG 74, the records of the Bureau of Ordnance,
which played a major role in submarine development.
13 Frederick Milford, “US Navy Torpedoes—Part Onerfedoes through the thirtiesSThe Submarine
Review(April 1996).
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Moe and Bruce McCandless on American torpedoestarg and superficidf: Richard
Glasow’s unpublished “Prelude to a Naval Renaissaiscthe only study of guns in the
key transitional period of the 1870s, and one efdhly works from any period to draw
on the relevant bureau record¥Curt Hackemer’sThe U.S. Navy and the Origins of the
Military-Industrial Complex, 1847-1882001) and Benjamin Franklin Cooling&ay
Steel and Blue Water Navy: The Formative Yearswérica's Military-Industrial
Complex, 1881-191(@979) are the only two systematic studies ofrépedly growing
nexus between Navy and business, but both focshiprbuilding, and the latter, while
seminal, is seriously weakened by lack of rese@rthe relevant bureau recortfsThere
are several other works on ship-building and siselomponents of the naval-industrial
complex, but none on other componetits.

The approaches and research agenda of most digt@ie caught in a vicious
feedback loop: problems with the former feed protdevith the latter, and vice-versa.
For instance, Edward Miller wrote in the introdctito his famous study of American

naval war planning against Japan that he wouldw#hl“the larger aspects of planning”

14 E. P. JolieA Brief History of U.S. Navy Torpedo Developm@it/SC Technical Document 5436, 15
September 1978); Barbara Moe, “The Impact of tivemtion of the Torpedo on the U.S. Nav@teans
Proceedingd (2003): 61-67; Bruce McCandless, “The Howell@ubbile Torpedo,” USNProceedings
(October 1966): 174—76. For instance, Jolie stitatithe 5-meter Whitehead Mark | and Il torpedeese
longer versions of the 3.55-meter Mark | and Ipexfoes, when in fact they entirely different tyfesl9).
15 Richard Glasow, “Prelude to a Naval Renaissancgn@hce Innovation in the United States Navy
During the 1870s” (Ph.D. Diss., University of Dekaw, 1978).

16 Benjamin Franklin CoolingGray Steel and Blue Water Navy: The Formative Yebrsmerica’s
Military-Industrial Complex, 1881-191(Hamden: Archon Books, 1979); Kurt HackenTere U.S. Navy
and the Origins of the Military-Industrial Complek®47-1883Annapolis: Naval Institute Press, 2001).
" See David B. TyleiThe American Clyde: A History of Iron and SteepSthiilding on the Delaware from
1840 to World War (Newark: University of Delaware Press, 1958); D€a\llard, “The Influence of the
United States Navy upon the American Steel Indus880—-1900” (Master’'s Thesis, Georgetown
University, 1959); Johannes R. Lischka, “Armor Bidflickel and Steel, Monopoly and Profit,”\ivar,
Business, and American Society: Historical Perspeston the Military-Industrial Complerd. Benjamin
Franklin Cooling (Port Washington: Kennikat Prek&77), 43-58; Thomas R. HeinricBhips for the
Seven Seas: Philadelphia Shipbuilding in the Adediistrial Capitalism(Baltimore: Johns Hopkins
University Press, 1997); and Thiesargustrializing American Shipbuilding
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and not with “tactical plans,” because the latigefe almost nonexistent’—and he failed
to use the extensive War College records dealitig tactical planning (such as the
suggestively titled “Battle Plan No. 1*§.Similarly, Robert Love’s conviction that
Mahan’s emphasis on concentrated battlefleets vkay &urning point in American naval
history led him to write that this principle “alwslyapplied for Mahan and ignore the
many ways in which Mahan qualified'itViewing capital ships as the defining aspect of
the “American naval revolution,” Walter Herrick rigentified the inventor of the
torpedo as “Arthur” Whitehea®.Because many historians think they can do naval
history by focusing on strategy and battleships@|ahey do not look for the primary
sources that illuminate other issues; and becdesedo not look for the sources that

illuminate other issues, they do not realize howorntant these issues are.

British Naval Historiography

Any account of the literature on British navaltbry before World War | must
begin with the work of Arthur Marder, who estabbshthe conventional wisdom on the
subject. Marder’s reputation as the leading schalsts on two monographBhe
Anatomy of British Sea Powearovering 1880 to 1905, and published in 1940;taed

first volume ofFrom the Dreadnought to Scapa Flpgovering 1904 to 1914, and

18 Edward Miller,War Plan Orange: The U.S. Strategy to Defeat Jafi887—1945Annapolis: Naval
Institute Press, 1991), 3. Note that Miller contcgglhimself on the next page, writing that “In Baal [of
the plan]... the two battle fleets would meet in tacl/smic gunnery engagement which American
dreadnoughts would win.”

19 Robert LoveHistory of the U.S. Navy, 1775—-19¢arrisburg: Stackpole Books, 1992), 371. For
Mahan’s qualifications, see Jon Sumitfejenting Grand Strategy and Teaching Command:Jlassic
Works of Alfred Thayer Mahan ReconsidefBdltimore: Johns Hopkins University Press, 1993):49,
67-76.

2 Walter R. Herrick, JrThe American Naval RevolutigBaton Rouge: Louisiana State University Press,
1966), 37. Hagan repeated the erroflis People’s Navyy187.
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published in 1961. Leading lights have hailed hiskysingling out his archival access
and research for praise. According to John Keelgfander’s “standards of archival
research and organization of material ... defy betesit.?* Sir Michael Howard called
Marder’s work “a monument of scholarship worthyitsfsubject,” noting also that
Marder had “persuaded the Admiralty to give himesscto their documents long before
they were officially released® Likewise, Marder’s entry in thBictionary of National
Biographycommented that “[i]t would be difficult to fault &tder’s published work” and
mentioned his “access to materials not readilylalte to earlier historians of the First
World War.” In the foreword to Marder’s festschrift, Lord Mdbatten acclaimed “his
outstanding historical work” and “his internatiomeputation as a modern naval historian
of the highest calibre?® In major studies of pre-war British defense pol8gmuel
Williamson and Paul Kennedy relied heavily on Maurfie their interpretation of naval
policy, and historians still revere Marder’s wéPkGiven such professional imprimatur,

Marder’s ideas unsurprisingly found their way iptmpular imagination, as evidenced by

2 John KeegarThe Face of BattléNew York: Penguin, 1976), 27.

22 Michael Howard, “Leading Seaman,” reviewfrbm the Dreadnought to Scapa Flovol. 5, Victory

and Aftermathby Arthur MarderTimes 21 June 1970, clipping in DAN 563 (H. E. Dannteutpapers),
NMM.

2 John Horsfield, “Marder, Arthur Jacob (1910-1980),0xford Dictionary of National Biographyed. H.
C. G. Matthew and Brian Harrison (Oxford: OUP, 2)04tp://www.oxforddnb.com.proxy.lib.ohio-
state.edu/view/article/54711 (accessed May 3, 2010)

24 |ord Louis Mountbatten, Foreword Maval Warfare in the Twentieth Centugd. Gerald Jordan
(London: Croom Held, 1977).

% samuel WilliamsonThe Politics of Grand Strategy: Britain and Frarleeepare for War, 1904-1914
(Cambridge: Harvard University Press, 1969), 1548346, 50-51, 68—69, 103-9, 194-95, 238-40, 361—
62; Paul Kennedylhe Rise of the Anglo-German Antagonism, 1860—{9dddon: Allen and Unwin,

1980), 251-52, 260, 272, 279, 444, 451-52. Foreewid of Marder’s continuing hold, see Matthew
Seligmann, “New Weapons for New Targets: Sir Joishé¥, the Threat from Germany, and the Building of
HMS Dreadnoughiand HMSInvincible, 1902-1907" and “Switching Horses: The Admiralti®ecognition

of the Threat from Germany, 1900-190mternational History RevieW80, no. 2 (June 2008). Paul Haggie
also relied on Marder for “The Royal Navy and Wéariing in the Fisher Era,” ihthe War Plans of the
Great Powers, 1880-1914d. Paul Kennedy (London: George Allen & Unwifi72), 118-32.
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Robert Massie’®readnoughtfor instanc&®

Marder advanced five major theses. First, he argiugicby 1903 the Royal Navy
had become more concerned about the threat fromm&wgralone (as opposed to the
threat from Germany in alliance with France or Rajsthan about any other thréatn
his words, the Anglo-German naval antagonism wasAhiadne’s thread” of the decade
or so before World War® Second, he argued that John (“Jackie”) Fishemptveerful
First Sea Lord from 1904 to 1910, redistributedftbet, by pulling ships from foreign
stations to concentrate them in home waters, asgonse to the German thré4third,
Marder placed the construction of theeadnoughtype of battleship at the center of
reforms carried out by Fish&Fourth, he argued that Fisher was obsessed witériela
to the exclusion of stratedy.Finally, he argued that from 1904 until the ougthref war
in 1914, strategic and tactical thinking in the RloMavy was essentially static: the Royal

Navy sought to re-enact Trafalgar against Germaegisively defeating the German

% Robert MassieDreadnought: Britain, Germany, and the Coming & @reat War(New York: Random
House, 1991).
27 Arthur Marder,The Anatomy of British Sea Power: A History ofiBhitNaval Policy in the Pre-
Dreadnought Era, 1880-190Blamden: Archon Books, 1964; first edn. 1940),:48y the autumn of
1902 ... public opinion, the government, and the Adity were as one in viewing the German fleet as a
potential menace far greater than the fleets oDulna Alliance.”
%8 Arthur Marder,From the Dreadnought to Scapa Flow: The Royal Nawie Fisher Era, 1904-1919
vol. 1, The Road to War, 1904-194ondon: Oxford University Press, 1961) [hereaRBXSFI], vii.
29 Marder, The Anatomy of British Sea Powd®1: “A redistribution of British naval strengtfas long
overdue. The German navy menace galvanized therattyninto action.” See also Mard&DSFI, 40—
43.
30 Marder,The Anatomy of British Sea Pow&hapter 27. In this chapter, Marder treats thigdzauiser
Invincible as an afterthought—20 pages@readnoughtversus 2 paragraphs twincible He treated the
battlecruiser more seriously when he returned écstibject irFDSF | (Chapter 3, Section E), but clearly
still regarded it as less important than the dreadht.
31 Marder,FDSF I, viii-ix: “The entire period was ... one in whichatérielconsiderations bulked
somewhat larger than the more ‘sublime’ aspectsawél warfare, strategy, and tactics. Fisher was th
father of thematérielschool. It is, then, hardly a misnomer to call 199419 period the Fisher Era in the
Royal Navy.”
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battlefleet by the old tactic of crossing the “Tidabringing superior gunfire to be&r.

For other historians, the plausibility of Mardeiriserpretation depended on the
perception that he had the evidence necessarppmslt. Marder not only took pains to
create the impression that he had exhausted tieardl primary sources, but he also
encouraged the view that the Admiralty had grahiedprivileged access. In the preface
to The Anatomy of British Sea Powésr instance, Marder characterized the work as

the first reasonably complete study of British daglicy in all its ramifications

in the vital pre-dreadnought era. In addition toipg through every scrap of

published material and innumerable organs of pudpiaion, it has been my good

fortune to be permitted to see various unpublighatkrials of the first
importance. These materials have never before dered in any published

work .33
He struck similar notes in the preface to the frdtume ofFrom Dreadnought to Scapa
Flow, writing that it was, “like its predecessor, baseda mass of unpublished material,
virtually all published works of any value to thébgect, Parliamentary papeksansard’s
Parliamentary Debateghe leading newspapers, periodicals, and prafeakjournals,
and correspondence and interviews with officers@awitians having first-hand
knowledge of the subject”Marder thanked the Lords Commissioner of the Adityir
for access to the Admiralty Record Office, wherarA@lty papers remained until their
release to the Public Record Office, and he singlédamong others, the former Head of

the Admiralty Record Office. The obvious implicatiof these acknowledgements was

that Marder had enjoyed privileged access to Adtyiracords. This effectively deterred

32 See especially MardgEDSF 1, Chapter 12. To wit: “The genius of most of thavy’s leaders in the
Fisher era did not shine in the field of tacticspé&cially was this Fisher’s blind spot” (395); “One
fundamental tactical objective only was there gahagreement—from whatever formation, to cross the
‘T’, that is, to steam across the head of the ergetime” (400).

3 Marder, The Anatomy of British Sea Power

% Marder,FDSFI, vii.

11



scholars who wished to follow in his footsteps@og as the Admiralty still held the
records, while the lack of indexing of many impaottéiles at The National Archives
continued to hamper scholars even after the Adtyisairrendered the recordfs.

Marder further hindered subsequent scholarshi@ting to provide adequate
citations. In the introduction t6he Anatomy of British Sea Powhke warned, “The
Admiralty archival material will not be cited infezence footnotes in this work®
Similarly, in the introduction to the first volunoé From Dreadnought to Scapa Flowe
acknowledged that “[i]t has, unfortunately, not h@@ssible to indicate the source of
some of the documents cited in footnot&¥sMarder also remarked that in service of
“telling a story,” he had decided “to eliminate thgpedimenta of scholarship like the
meticulous acknowledgment for every word that hesntborrowed® In effect, Marder
demanded that scholars accept his interpretatidrush

A few scholars have not done so. Instead, they wack to the archives and

% This is especially true of ADM 1 (Admiralty Secast files), 116 (Admiralty case files), and 13ife6
for the official history of World War I). ADM 1 caists of boxes which contain dockets. The dockets i
each box are often unrelated to each other; foait®, a docket on uniform buttons might be nes to
docket on gunnery contracts. Unfortunately, thdifig aids at The National Archives are box-levek, n
docket-level. Researchers can also consult thénatigdmiralty digests in ADM 12, but these provide
only an approximate idea of which box a docket mighin, and no guarantee that the docket survived
“weeding’—that is, the destruction of records dedrnebe relatively unimportant “weeds.” The onlyywa
to find out what dockets are in the boxes, theesfizrto order the boxes one by one. As for ADM aad
137, they contain files that otherwise would handezl up in ADM 1, but there is no index for either
record group and no way of knowing in advance wlitthe three record groups contains files on amiv
subject. ADM 116, like ADM 1, is organized accorglito the date of the latest paper in the file, nm&an
that important papers on the pre-war period eristolumes filed with those from the interwar perefibr
instance, ADM 116/3408-12, which contain papermft@86-1913, is surrounded by case files from the
1920s and 1930s. ADM 137 is arguably even worsegsits creators bound the volumes as they fouad th
papers left by the official historians, without rganizing them. Thus, as with ADM 1, the only way t
discover the contents of ADM 116 and 137 is to ptHe files one by one. ADM 1 contains roughly )50
boxes covering the decade before World War I, ADI tontains some 2,500 case files which must be
checked for that period, and ADM 137 contains ne&y000 volumes. The scale of the task is formieabl
to say the least.
%6 Marder, The Anatomy of British Sea Power
37 Marder,FDSFI, xi-xii.
% Marder,FDSF1, viii.
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produced an alternative, amply documented inteaiogt, which is much more
persuasive than Marder’s. Ruddock Mackay madeitstecbntribution in 1973, when he
publishedFisher of Kilverstong® Unlike Marder, Mackay gave serious considerat@n t
Fisher’s tenure as Commander in Chief of the Mediteean Fleet from 1899 to 1902,
two years before he became First Sea Lord. Byiesting attention from the North Sea
(where the threat was Germany) to the Mediterraipetere the threats were France and
Russia), Mackay challenged a key aspect of Mardaespretation, namely, that Fisher
was obsessed with the German threat and the steardécisive battle in the North Sea.
Building on Mackay, Jon Sumida publishiedDefence of Naval Supremaicy
1989, followed by several major artictsSumida challenged Marder’s interpretation in
several ways. First, he argued that the primaryvaatffecting British naval policy in the
three decades before World War | was not politica&mely, the rise of the German
threat—but financial, specifically, the need toueel naval spending. Second, he argued
that Fisher was less concerned with the GermaatboeBritain in home waters than
with the Franco-Russian threat to Britain’s gloioaperial interests, especially its trade.

Finally, as a corollary to these twin emphasesimante and the protection of global

39 Ruddock MackayFisher of KilverstongOxford: Clarendon Press, 1973). It should be ch¢hat Mackay
has distanced himself from Sumida’s and Lambergskyweven though his own work is far more
compatible with theirs than with Marder’s. See, glyge annotated bibliography of Mackay’s entry on
“John Fisher” in thedxford Encyclopedia of Maritime Histargd. John Hattendorf (Oxford: Oxford
University Press, 2007), which ignores Sumida’skmd minimizes the importance of Lambert's.

% Jon Sumidaln Defence of Naval Supremacy: Finance, Technolagy,British Naval Policy, 1889-1914
(Boston: Unwin Hyman, 1989); “The Quest for Reathe Development of Long-Range Gunnery in the
Royal Navy, 1901-1912,” iMilitary Transformation in the Industrial Aged. Stephen D. Chiabotti
(Chicago: Imprint, 1996), 49-96; “A Matter of TingnThe Royal Navy and the Tactics of Decisive Rattl
1912-1916,"Journal of Military History67 (January 2003): 85-136; and “Expectation, Adaptaand
Resignation: British Battle Fleet Tactical PlanniAggust 1914—-April 1916,Naval War College Review
60, no. 3 (Summer 2007): 101-22.
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commerce, he gave a new account of Fisher’s sHighbgipolicy which de-emphasized
the importance of battleships in favor of battleseus.

Important though Sumida’s conclusions were, thehoalogy by which he
reached them was even more important. Sumida’s rootefirm that he looked at sources
to which Marder’s notes do not refer, and Sumida@dsgjuestions that Marder clearly
never considered. Taking a seemingly arcane pietebnology (gunnery fire control),
Sumida showed how important it had been to navalias and thus how important it
should be to historians. He linked his highly tdchhaccount of fire control to major
changes in tactical thought, overturning Mardegepidtion of tactical stagnation. To
substantiate his interpretation, he used sourkesaliwo-inch-thick docket in the
Admiralty Secretariat files entitled “Gunnery: Edfs on ... possibility of concentration
of fire &c. of new developments in Fleet Tactics’™hesge title alone belied Marder’s
assertion that the Royal Navy made “[n]o effort..ceordinate tactics and gunnefy.”
Not stopping at technical and tactical issues, 8aroifered significant new insights into
the origins of World War |, British grand strategjye structure of the state, and the
relationship between the state and society. Irceffeumida did not so much argue within
an existing paradigm as create a new one, redgfthenrelevant archival base and the
research agenda.

Nicholas Lambert significantly extended Sumida’'skvo a series of major

articles and irSir John Fisher's Naval Revolutippublished in 199% Where Sumida

1 The full title of the docket was “Gunnery: Effecis a) plotting for range, b) rate of change ofrlmep&
range, c) possibility of concentration of fire &f.new developments in fleet tactics,” ADM 1/80FNA.
Marder,FDSF1:401.

2 Nicholas Lambert, “Admiral Sir John Fisher and @ncept of Flotilla Defence, 1904—1909¢gurnal
of Military History 59, no. 4 (October 1995): 639—&ir John Fisher’s Naval Revolutiq€olumbia:
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took fire control as his point of entry into larggrestions, Lambert used the submarine,
which formed the centerpiece of a strategy knowfhadiia defense. Instead of seeking
decisive battle against the Germans in the Nort) Bambert argued, Fisher sought to
use mines and torpedo craft—submarines and destreye deny the North Sea, the
Channel, and the Mediterranean to enemy vesseis sfrategy of denial and control of
the sea was financially sustainable, whereas commgthe sea through battleships was
not. Fisher linked his strategy of flotilla deferisean offensive strategy centered on
battlecruisers and new communications equipmenthwhiould enable the Admiralty to
track merchant shipping and direct battlecruisgesrest it. This revolutionary scheme of
command and control was known as the War Room Bystier the room at the
Admiralty where an unprecedented amount of oparatidecision-making power was
concentrated® Far from being a strategic dullard, Fisher wasikisgly original, even
brilliant, strategist. Lambert’s addition of fldéaldefense and the War Room System
complemented and strengthened Sumida’s emphasiattecruisers, financial factors,
and the Admiralty’s continuing commitment to im@éefense. Lambert also ranged
more widely than Sumida into domestic politics &abinet-level decision-making,
substantiating his interpretation with verifiableations.

Torpedoes played a large role in Sumida’s and Latrsbeterpretation, and their
work remains the best existing source of informaba British torpedo development.

Marder is unreliable: he reversed the chronologyvaf important inventions in torpedo

University of South Carolina Press, 1999); “Straté€gommand and Control for Maneuver Warfare:
Creation of the Royal Navy's ‘War Room’ System, 390915."Journal of Military History69, no. 2
(April 2005): 361-410.

“3 Lambert, “Strategic Command and Control for MarexWarfare: Creation of the Royal Navy’s ‘War
Room’ System, 1905-1915Jburnal of Military History69, no. 2 (April 2005): 361-410.
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technology, the gyroscope and the superheatenaeely attributed further
development to “the process of mechanical progr¥ssarly treatises like C. W,
Sleeman’sTorpedoes and Torpedo Warfgfe889), G. E. Armstrong$orpedoes and
Torpedo-Vesseld 896), and Murray Sueterfhe Evolution of the Submarine Boat, Mine,
and Torpedq1907) are useful but dated, and do not draw orfidential records. Edwyn
Gray’'sThe Devil's DevicandNineteenth-Century Torpedoes and their Invensoes
worthy starting points, but they are more poputantacademic, with such poor notes
that it is often impossible to retrace his reseAtdPeter Bethell produced a generally
sound (and amusing) series of articles on torpedeldpment in 1945-1946, but they
have occasional errors, and in any case contairidetmotes'® Geoff Kirby’s work on
early torpedo development is superficial and riddiéth errors!’ Mark Briggs’ article
covers only the Royal Navy’s initial adoption oéttorpedo, up to 1873, and Alan
Cowpe’s strong chapter on British torpedo develagngees up to only the 1898.
While Sumida and Lambert are invariably reliable@ampedo development, it was not

their primary focus, and their work leaves amplemndor a study focusing on the subject.

*4 Marder,The Anatomy of British Sea Pow866.

> Edwyn GrayThe Devil's DeviceThe Story of Robert Whitehead, Inventor of the dogAnnapolis:
Naval Institute Press, 1991, first edn. 19M)jeteenth Century Torpedoes and their Inven{drsapolis:
Naval Institute Press, 2004).

“6 peter Bethell, “The Development of the Torpeda@ft® 1-7 Engineeringl59—61 (25 May 1945 to 15
Mar 1946). For instance, Bethell said that the figgoscopes acquired by the U.S. Navy were angled
gyroscopes, when in fact they were not (p. 11),@arthin details in his account of superheater
development were wrong (p. 13).

" Geoff Kirby, “A History of the Torpedo: The Earyays,” Journal of the Royal Navy Scientific Service
27, no. 1 (January 1972): 30-55. To give just txanaples, Kirby dated the Royal Navy’s introductifn
angled gyroscopes to 1900, when in fact it didowaur until 1912 (p. 37); and he credited the Arors
dry superheater as the first effective superheatezn in fact Leavitt's superheater was the fipst4Q).

“8 Mark Briggs, “Innovation and the Mid-Victorian RalyNavy: The Case of the Whitehead Torpedo,”
Mariner’s Mirror 88, no. 4 (November 2002): 447-55; Alan Cowpe, € Royal Navy and the Whitehead
Torpedo,” inTechnical Change and British Naval Policy, 1860-9,981. Bryan Ranft (London: Hodder
and Stoughton, 1977), 23-36.
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The Story So Far

The modern torpedo was invented by a British ereginamed Robert
Whitehead"® Born near Manchester, Whitehead moved to Frantteein 840s to find
work as a marine engineer. In 1847, he moved tamMithen part of the Austrian Empire,
but the revolutions of 1848 drove him to the Addabast, where he eventually settled in
Fiume (now Rijeka, Croatia), a major base for tlhisttian Navy, for which he began
building engines. In 1864, a retired Austrian naxféiter named Giovanni de Luppis
brought him plans for a primitive wooden torpedall@x Der Kistenbrander‘the
coastal fireship”). The design proved totally unkaile, but Whitehead was sufficiently
intrigued with the idea of a torpedo to start freanatch. He produced a new prototype by
1866, powered by a unique two-cylinder engine sfdwn design. The torpedo could
make roughly 6 knots for 200 yards, but its depglgkng was erratic. In December 1866,
Whitehead tried the torpedo officially for the Auah Navy, and the British Admiralty
knew of it within a month. Whitehead had a breadtigh on the depth-keeping problem
while running the torpedo again for the Austrianvilan October 1868. He came up with
“The Secret,” a combination of a hydrostatic valveontrol the depth and a pendulum to
control the trim. The Austrian Navy was delighteithvihe resulting improvements, but it
could not afford to purchase the exclusive right8itehead’s torpedo.

Its inability left the way open for Britain. Whitelad had invited British officers
to witness trials in October 1868, but it was natillAugust 1869 that the Admiralty
appointed an official commission to report on tineention. In the meantime, then-

Commander John Fisher (a future First Sea Lordp was visiting the Prussian Navy to

“9 The following account draws on Grahe Devil's Devicgl4-59, 77—89.
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observe mining experiments, befriended one of th&trdan naval officers who had
observed the December 1866 trials. Fisher subntiiiedwn report on the Whitehead
torpedo two weeks after the official British comsig submitted its report. Duly
impressed, the Admiralty decided to invite Whiteth&ahold official trials in Britain.
Overseen by a commission that included then-LieurteA. K. Wilson (another future
First Sea Lord), the trials were held in October@&ith a 14-inch and a 16-inch
(diameter) torpedo. They were successful, and theifalty signed a non-exclusive
contract to buy torpedoes from Whitehead’s Fiunotofy in April 1871. In 1872, the
Royal Laboratory (subsequently the Royal Gunpovi@etory) at Woolwich, which was
owned by the War Office rather than the Admirabggan building Whitehead torpedoes
for the Royal Navy under license from Whiteheadl®90, Whitehead established a
second factory at Weymouth, on the south coasngfdad, to build torpedoes for the
Royal Navy. His factory at Fiume continued to takders from navies all over the world.

The United States was an exception. Instead ofguyirpedoes from Whitehead,
the U.S. Navy attempted to develop a domestic @vpatt. Its best hope was a torpedo
known as the Howell, invented by an American na¥tater named J.A. Howell, which
the Navy began to test in 1870. In contrast totintehead torpedo, which relied on
compressed air, the Howell torpedo relied on trexggnstored in a flywheel for
propulsion. Aside from its propulsive effect, tiywfheel also exerted a gyroscopic effect
on the torpedo, improving its accuracy in the hamial plane.

While it experimented with the Howell torpedo, Hi€5. Navy flirted periodically
with the Whitehead Company. An American delegatisited Fiume to observe the

Whitehead torpedo in 1869, but the U.S. Navy wasilling to pay Whitehead’s asking
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price>® American officers visited again in 1871, 1873, a8d4 without buying® Then
Whitehead’s American agent offered to sell theedipin 18772 The U.S. Navy
negotiated directly with Whitehead in 1882 and 1888 still declined to purchas&Not
until 1891 did the it begin buying Whitehead torpesl.

By that point, Robert Whitehead and his Britishtousers had made several
significant improvements to his desitjin 1875, he replaced his original two-cylinder
engine with a three-cylinder version designed leyBhitish engineering firm of Peter
Brotherhood. The original single screw gave wagdbtra-rotating propellers, and
Whitehead introduced a steering engine to amptiéydffect of the depth mechanism on
the horizontal rudders. After the Royal Navy disoamned production of 16-inch
torpedoes in 1877, the 14-inch design remainednhemodel until 1889, when the
Royal Navy ordered its first 18-inch torpedoes.tBg mid-1890s, Whitehead torpedoes
could make in the upper-20 knots for roughly 80figaThe application of the gyroscope
to torpedoes in 1895, when the present work begmgan their transformation into
accurate, high-speed, long-range weapons.

The platforms for launching torpedoes were alsamghmey during this period.
Contrary to popular belief, the submarine had kahiutility as a torpedo platform before

World War I. Pre-war submarines were not true subrea but submersibles, spending

*0 The records relating to this delegation can baddn RG45/E45 (M89/R230) and RG74/E201/Subject
14/B16, NARA.

®1 See Marvin to Simpson, 18 March 1871, RG74/E26i115/B12; Kirkland to Jeffers, 8 December 1873,
and Braine to Case, 29 September 1874, RG74/EABHA 14/B16, NARA.

%2 Lines to House, 10 January 1877, RG74/E19/B175/Y&RA.

%3 See John Whitehead to Sicard, 13 April 1882 (atated letters), RG74/E19/B177/V25; McLean to

John Whitehead, 14 March 1883 (and related left®G)4/E201/ltem 27/B27 (see also
RG74/E19/B178/V26), NARA.

% This paragraph is based on Bethell, “The Develagiréthe Torpedo,” 7.
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most of their time on the surface of the water smoimerging only to attack a target.
Most submarines lacked sufficient surface speetttompany battle fleets (i.e., they
were not “fleet-keeping” submarines), which movedhe low-20 knots by 1914. The
American navy did not lay down its first fleet-kéeg submarines (the L class) until
1914, and the British did not complete their fitset-keeping submarines (the K class)
until 1916. When the war began, the fastest Gerdvnats (the U-27 class) had a
surface speed of only 16 knots. Instead of serwiitig the battlefleet, the pre-war
mission of most submarines was coast defense. @kpgcted to fire their torpedoes at
point-blank range (hundreds rather than thousahgards), and therefore they did not
need the faster or longer-range torpedoes develimpedher platforms.

Other classes of vessels were much more likely sn@marines to fire torpedoes
in a battlefleet action. Torpedo boats, which maayies began to build in the 1870s,
were the first vessels designed to use torpedodgeagrimary weapons system. A short-
lived type of vessel known as the torpedo catctethe torpedo gunboat) was developed
in the 1880s to defend fleets against torpedo bbatst soon emerged that the catchers
lacked the speed to catch their pteyorpedo-boat destroyers (destroyers, for short)
inherited the mission of the catchers in the ea890s, but they also showed promise as
torpedo boats—indeed, their greater size, durgpditd sea-keeping ability made them
more effective torpedo boats than torpedo boatsské/es had been. Destroyers’
potential to perform both as destroyers (defentlegr own fleet against attack by
enemy torpedo boats) and as torpedo boats (attattkénenemy fleet) complicated their

armament: defense required guns while attack requarpedoes. When carrying

%5 See David LyonThe First DestroyergLondon: Mercury Books, 2005; first edn. 1996)--13.
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torpedoes, destroyers launched them from aboverwaiesubmerged, tubes. Destroyers,
with submarines, were referred to as “flotilla trafr “flotilla vessels,” not as “ships,” a
term which designated large fleet vessels.

Destroyers’ dual potential also complicated theeflgyment of appropriate tactics
for them. If they were defensive vessels, then tiegded to stay with their fleet. If they
were offensive vessels, however, then they migatne leave their fleet to attack the
enemy fleet. Alternatively, as torpedo ranges leaged, they might be able to stay with
their fleet and launch attacks even at that digtaDestroyers’ ability to perform multiple
missions made them desirable, but it also made deployment uncertain.

Contrary to the modern tendency to associate dagbitps with big guns, they,
like destroyers, also carried torpedé®€apital ships initially launched torpedoes from
above-water tubes, but they also carried submerdess by the turn of the century.
Tacticians took the torpedo armament of capitgdshery seriously. The danger was not
that a single capital ship would target and higkrenemy capital ships, but that a line of
capital ships could fire a spread of torpedoesliaieaof enemy capital ships and sink a
proportion of them.

Unlike submarines, destroyers and capital shipgebed to fire their torpedoes at
relatively long ranges. Ideally, they might evenditde to fire torpedoes beyond the range
of enemy guns, able to wound without being woundesdhe range of torpedoes
lengthened, their speed became more importanteésons related to torpedo targeting.

To aim torpedoes, the target’s course and speetbhasl estimated (the range did not, so

%% Although its exact meaning varied over time, theage “capital ships” generally referred to battips,
armored cruisers, and battlecruisers, which collidia the line of battle.
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long as the torpedoes ran at a uniform speed)effhet of errors in estimating target
course and speed increased with the range at a givgedo speed (that is, with the time
of the torpedo’s run); conversely, increasing @édo’s speed for a given range (and
therefore decreasing the time of its run) incredbedolerance for error in estimating
target course and speed. For instance, if thettapged was misestimated by one knot, a
20-knot torpedo would miss the point aimed at b§ &&t, while a 40-knot torpedo
would miss by only 150 feéf.In this scenario, if the target was the centex 400-feet
long capital ship, the 20-knot torpedo would miskile the 40-knot torpedo would hit.
The physical range of torpedoes was not necesshélgame as their “effective”
range. Effective range can be understood in at teasways, and tacticians were not
always precise in defining what they meant by #ient First, effective range could be
defined as the maximum range at which torpedoeshiadsonable probability of hitting
their target. Although this probability could beamtified in various ways and depended
on many variables, an effective range definedimway was almost certain to be less
than the maximum physical range of the torpedoofeceffective range could be
defined at the maximum range at which torpedoekicaftect battle ranges and tactics.
Because fleets were large and unwieldy, and comraadecontrol methods were
relatively primitive, commanders needed to add feebzone beyond the maximum
physical range of the torpedo to prevent ships fotlundering into torpedo range.
Effective range defined in this way was almostaierto be greater than the maximum

physical range of the torpedo.

> Torpedo Manual for Her Majesty’s Fleet, in Thredwies vol. 11l (1909), 325.
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The Argument

In supplying the first academic monograph on togoéevelopment, | seek to
write naval history from the inside out rather ttisom the outside in (from the
perspective of policy-makers rather than stratdggorists); from the bottom up rather
than the top down (from the perspective of decisi@kers rather than their higher-
ranking supervisors); and, of course, from ben#wlsurface rather than on the surface
(from the perspective of torpedoes rather thandsdtips). Using Sumida’s work on
British fire control as a model, | take a seemirglgane piece of technology (the
torpedo), show that its technical details matteoedaval officials, and relate them to
large issues that interest historians.

Beginning with the introduction of the gyroscopehe mid-1890s, the growing
accuracy, speed, and range of torpedoes posedisehallenges to conventional naval
tactics, command-and-control methods, and gunnegtipes. Traditional naval tactics
called for capital ships sailing in close order &witbwing visual signals from their
leader to defeat their counterparts with heavy duwed at point-blank range. Ships
sailing (or steaming) in close order and engagirghart ranges were extremely
vulnerable to torpedo fire, however. To deal with torpedo threat, navies experimented
with new formations, such as moving ships farthparain the line of battle or even
breaking the line of battle into independent dimis, but the new formations posed
serious command-and-control problems. Navies alperamented with longer battle
ranges to stay out of torpedo range, but the grelédtances made it more difficult to
achieve accurate gunfire. To cope with this chgéemavies sought to improve both their

guns and their gunnery fire control. A race forgametween guns and torpedoes
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developed that was arguably more important thartétier-known race between guns
and armor, because it raised the possibility thatentire system of tactics built around
capital ships primarily armed with big guns wouldegway to one built around smaller
vessels primarily armed with torpedoes.

The implications of torpedo development were equalbfound at the strategic
as at the tactical level. Traditional naval strgtes defined in previous centuries by the
Royal Navy, called for close blockade of the enentgast to stifle his trade combined
with decisive battle to destroy his fleet and ackiill command of the sea. Torpedoes
threatened both aspects of this system. Expenapiat ships were so vulnerable to
torpedo attack by cheaper vessels in battle that #ctions could seem too risky. Ships
engaged in close blockade were too vulnerablerpeto attack by surface torpedo
vessels under cover of darkness or by submarinmsyaime. One option was to move
the blockade farther away from the enemy’s coagtdistant blockade was more
difficult to enforce. By threatening to deprive nes/of battle and blockade, torpedo
development forced nations to look for fundameptaélw ways of applying naval power.

Thus torpedoes played a major role in the inteas@lrcompetition preceding
World War I. Navies everywhere poured enormousuess into increasing and
conserving their relative power. In a classic exkengb a “challenge-and-response”
dynamic, no sooner did a navy get one (expensieepmf technology to function than
another navy invented a new (expensive) pieceabin@ogy which rendered the former

technology obsolete—and with it the massive peareinvestment needed to produce
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the technology on an adequate scile.

The depreciation of peacetime investment was paatiy problematic for the
naval-industrial complex, as distinct from the taity-industrial complex. Until recently,
naval warfare was far more technologically sopb&gd than land warfare and required
correspondingly greater peacetime investment. “&&u go round the corner and get
more guns, more rifles, more horses, more men whaide and shoot,” as Admiral Sir
John Fisher once said, “but you can’t go roundctiraer and get more Destroyers and
more Cruizers [sic] and more Battleshipdl’ord Kitchener, Britain’s War Secretary for
the first two years of World War |, confirmed Fislseclaim: equipping the British army
“was not much more difficult than buying a straw aaHarrods.*® With so many
resources sunk into the naval-industrial complegresenting such a high opportunity
cost, the stakes were higher in the event of failur

The Second Industrial Revolution exacerbated thschic, and torpedoes
epitomized the process. Although steamships arentire familiar symbol of the Second
Industrial Revolution at sea, torpedoes are a bsyiabol: like steamships, torpedoes
were metal, ran on engines, and were eventuallyepaivby fossil fuels; but torpedoes
could be mass-produced because they were relatnetpensive and small compared to
ships. Warships might be built five to a classpestoes might be built five hundred to a
mark. Even as the miniaturization of torpedoes ktathem to be produced in bulk,

however, it posed serious design and productiofiesiges. Given the many small,

%8 See Geoffrey Parker, “Introduction: The Westerry\WWaWar,” in The Cambridge History of Warfared.
Geoffrey Parker (Cambridge: Cambridge Universitgs3r 2005), 6-10.

%9 Fisher to Thursfield, 6 November 1900, THU 1/MMM.

0 Quoted in Jon Sumida, “Forging the Trident: Bfitidaval Industrial Logistics, 1914-1918,"feeding
Mars: Logistics in Western Warfare from the Midédiges to the Presgnéd. John Lynn (Boulder: Westview
Press, 1993), 217.
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precisely machined, and tightly fitted pieces otahéhat composed torpedoes, sending a
prototype into mass production without puttinchitdugh a rigorous research and
development (R&D) process could easily create matufing, quality control, and
assembly nightmares. The small size and cheaprpecast of torpedoes did not spare
them from the need for an expensive developmenpardliction process: in fact,
miniaturization and mass production made it allrtiege necessary.

Adjusting to new industrial realities changed tla¢une of innovation. Devising
with a good idea for a weapon (basic science) wasthe easy part; making it work
(applied science) was the hard part. The formehtrfigurish without a robust R&D
infrastructure, but the latter could not: the istracture was vital to creating and testing
prototypes, which in turn were a vital prerequisttesuccessful mass production.
Without R&D resources, to borrow Robert Merton'mtaus language, discoveries in
basic science might be “multiples” (discovered miian once by different parties),
whereas innovations in applied science were doamésingleton” status” (successfully
developed by only one part§)In this key sector of naval-industrial R&D infrastture,
Britain was far stronger than the United Statespde the traditional depiction of a
declining Britain and a rising United States durihig period. As a result, Britain was
able to perfect existing technology and thoroudbst new technology, while the United
States had to take technological gamBfe2recisely this pattern occurred with torpedo

technology.

®1 Robert Merton, “Singletons and Multiples in SciéatDiscovery: A Chapter in the Sociology of
Science,Proceedings of the American Philosophical Soci€ty, no. 5 (October 1961): 470-86.

62 By contrast, iMmerican and British Technology in the Nineteengmi@ry: The Search for Labour-
Saving InventiongCambridge: Cambridge University Press, 1962)].HHabakkuk identified labor supply,
not R&D resources, as the independent variablephaéing differents in the rate of technologichboge
between the United States and Britain.
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The effort to create an R&D infrastructure capaifldeveloping successful
torpedoes profoundly changed the relationship betvatate and society in the United
States and Britain. The historian William McNe#isaciated this change with the
emergence of “command technology”: technology sihsticated and expensive that the
public and private sectors lacked the resourcegvelop it alon&® The present work
draws out two implications of McNeill’s thesis. §iy“command technology” put a
premium on the development of a kind of technologykieh | will call “servant
technology”—that could generate information neetteidnprove “command
technology.” Second, the collaboration betweenptliidic and private sectors required to
develop “command technology” raised fundamental@mplex questions about the
nature of property in relation to inventi®hWhen more than one party helped to invent a
piece of technology, how could ownership of thellettual property rights be
established?

Liberal political philosophy offered a mixed answ@n the one hand, its
commitment to private property as the fundamentall ldoerty against state tyranny
suggested that the private sector should own thgepty rights. On the other hand, its
conviction that labor authors property suggested e public sector deserved some
ownership if it had aided the private sector inphecess of invention. The existing
procurement process was not equipped to deal héetissues: conventional contract
and patent law, legislation, methods of cost actingnrisk assessment, and pricing were

based on a procurement paradigm in which the psblitor bought finished goods from

& william McNeill, The Pursuit of Power: Technology, Armed Force, Sodiety since A.D. 1000
(Chicago: University of Chicago Press, 1982), 28-7
® This is a major theme of Sumidars Defence of Naval Supremacy
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the private sector as ordinary commercial produaison the new collaborative
procurement process. In perhaps the most strikashof the old and the new, the
American government tried to apply the medievaltdoe of “eminent domain” (which
originally applied to land) to intellectual properights associated with torpedo
technology. The underlying story was a familiar .ahe state was attempting to suppress

civil liberties (namely, property rights) in thema of national security.

Sources, Methodology, and Organization

To substantiate my interpretation, | draw on uduseunder-utilized sources. On
the American side, | rely primarily on the recoadshe Bureau of Ordnance, the Naval
Torpedo Station, and the Naval War College (inglgdts tactical papers), as well as the
records of two legal cases that went all the wahéoSupreme Court. The Bureau and
War College records are remarkably well-organizedl @mplete, but it is difficult to
judge the completeness of the Torpedo Station dsadue to their disorganization and
lack of the original registers. Unfortunately, Bkss Company, which built the majority
of American torpedoes, did not preserve its archi@n the British side, my core source
is the annual reports of the torpedo school (H¥810r), supplemented by legal records
and the files of the Admiralty Secretariat and lf@yal Commission on Awards to
Inventors, as well as the corporate archives okéfic and Armstrong Whitworth. |
turned to the latter, themselves incomplete, ieféort to supplement the Admiralty files,
which are very incomplete. The holes are due masthormal archival “weeding,” but it

is likely that some targeted weeding of records amassing to the Admiralty also
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occurred®®

The comparative approach is crucial to this workeWI began, the
asymmetrical use of improvised explosive devitEB$) against conventionally
powerful American forces in Irag was on my mindd aexpected to find that torpedoes
provided an analogue, as the weapons of the nawal. To test this hypothesis, |
needed to study torpedo development in a relatiwelgk naval power as compared to a
hegemonic naval power. | chose the United Statd<zrat Britain because they
represented such powers, respectively, and bethegeffered ample and accessible
archival material. | used international-relatiohedry about the balance of power as a
guide for framing questions, not asapriori explanatory model. The evidence that |
found, which | present in the body chapters andyaeacomparatively in the Conclusion,
contradicted my initial hypothesis: torpedoes westthe natural weapons of the weak.
Moreover, the search for comparative evidence 8eedime to asymmetries in my
primary-source bases.

Organizing a manuscript is never easy, but comparatork presents special
challenges. The desire to create parallel chaptesthe risk of imposing artificial
chronological and thematic symmetry. Fortunataspédo development in Great Britain
and the United States displayed enough symmepable a reasonably organic
structure to the manuscript, though | have nei#ttiempted nor achieved perfect
parallelism. The manuscript is divided into threetp: Part | compares the American and

British experiences from 1895 through 1902; Pacblhpares their experiences from

% See Norman FriedmaNaval Firepower: Battleship Guns and Gunnery in EBireadnought Era
(Annapolis: Naval Institute Press, 2008), 297n21.
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1903 through 1908; and Part Ill compares them ft@@0 until the outbreak of World
War | in 1914. Each Part contains a pair of chaptene on the United States and one on
Great Britain. Within each pair, the former precethe latter, because, for reasons
alluded to above and discussed at greater lengtiei@onclusion, the Americans
adopted new torpedo technology more quickly thaBtitish. Appendix A supplies an
overview of torpedo technology; some readers mapnwo read it before the body
chapters. Appendices B and C explain my citatiarisch have some idiosyncrasies
incidental to the archives | used. Appendices D ERmalovide lists of American and
British torpedo marks, contracts, numbers, andegric

This work is very much a beginning, not an end. [/telling an accurate and
coherent narrative, it is meant to raise new qaestand to direct attention to under-
utilized sources, and its methodology matters ntiwaia its findings. Although | hope that
readers will agree with my answers and interpratati | am more interested in
persuading them of the need to ask similar quesio use similar sources. More

happened beneath the surface than on it.
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Chapter 1: American Torpedo Development, 1895-1902

“The torpedo has become so excessively complic#tteti any effort to
simplify it must commend itself to all Naval men.”
— Bradley Fiske (Inspector of Ordnance at thesBismpany), 1901

Introduction

By the mid-1890s, the U.S. Navy had two main typle®rpedo in its arsenal: the
Howell and Whitehead torpedoes. Because of linaitetion their horizontal accuracy and
propulsion systems, both models had effective rmoféess than 1,000 yards. By 1902,
the situation was transformed. Production of thevelbtorpedo was discontinued, while
the Whitehead torpedo surged ahead on the strefdpir major technological
breakthroughs: the gyroscope, the nickel-stedlask, the superheater, and the turbine
engine. Because these technological changes greattased the range and accuracy of
torpedoes, they had major implications for navetlita and architecture. They also
required new pricing and contracting arrangemaeiiis.technology was so new (and in
some cases imported) that neither side could kmoadvance what performance to
demand or guarantee. The challenge of developmguperheater and the turbine engine,
in particular, began to draw the American governinaenl private industry into a
fundamentally new kind of relationship. Insteadaying finished products, the

government started to invest directly in the expental development of new technology.

! Fiske to O’Neil, 11 October 1901, BuOrd 9558/0GR/E25/B480, NARA.
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In time, this investment would raise extremelyidifft questions about property rights,
but neither party to the arrangement perceivecethegstions before 1902. On the

contrary, the period from the mid-1890s to 190&etbon a note of optimism, with the
government and its private suppliers believing thay had invented the makings for a

uniquely American torpedo, in a proud bid for naibindependence.

The Arsenal

After two decades of on-and-off experimentatidw, Navy finally purchased
thirty Howell torpedoes from the Hotchkiss Ordna@mmpany of Providence, Rhode
Island, which owned the rights, in January 1889jma$2,200 each for 30 torpedoes,
which were designated as Mark | Howell torpedo€ke specifications required the
torpedo to have a range of 400 yards and a spe22 ®knots: The Navy ordered
another round of 20 Howell torpedoes in August 18%ese 20 torpedoes were so
slightly modified from the specifications governitige 1889 order that they were also
known as Mark | Howell torpedoes, giving the Nawytowell torpedoes in total by
1896°

The other main type of torpedo in the Americareaas was the Whitehead

torpedo. In 1890 and 1891, after several abortitevgts to purchase the Whitehead, the

2 Contract between Hotchkiss Ordnance Company ao®ey of the Navy, 4 January 1889, B3-225,
NTS.

3 «“Specifications for the Manufacture of Howell Aatobile Torpedoes and Launching Apparatus, 1888
[sic],” 3 January 1889, ibid.

* Idem.

® | could not find a copy of the August 1894 contraalso could not find a clean copy of the 1894
specifications, but there is a draft copy listihg torrespondence which slightly modified the 1889
specifications as an enclosure to Sampson [CoQJiteer [loO, Hotchkiss Ordnance Co.], 18 October
1894, BuOrd 6593/94-L.S22/606 with 4728/94, RG74/B253, NARA.
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Navy arranged to have an American company, the.BIMs Company of Brooklyn,
New York, buy the manufacturing rights from the Yéhiead Company. The Navy
purchased its first Whitehead torpedoes from thesBTompany in May 1891, paying
$2,000 each for 100 torpedoes, including a £50%8%2oyalty per torpedo to be paid by
the Bliss Company to the Whitehead Comp3Agcording to the specifications, the
torpedoes had to make a speed of 28 knots for 8y Three years later to the day, in
May 1894, the Navy bought a second batch of Wh#dherpedoes, which became
known as the U.S. Navy Mark Il 3.55-meter Whitehtmgedo® This time it paid $2,425
each for 50 torpedoes, which were required to n28kB knots for 800 yardsCombined,
the 1891 and 1894 orders gave the Navy 150 Whiteteepedoes in service by 1885.
From the beginning to the middle of the 1890s,20@ torpedoes in the Navy’s
arsenal changed little. The Howell torpedoes all Aaliameter of 14.2 inches and a
length ranging from 9.6 feet to 12 feet; the Whdtath torpedoes all had a diameter of 45
centimeters (roughly 18 inches) and a length 06 3n&ters (roughly 12 feet}.None of
them was required to go more than 800 yards, aszidéffective range was limited to 500

yards:? Their dimensions and capabilities seemed unlit@ishange in the near future.

® Contract between E. W. Bliss Company and Secretiattye Navy, 19 May 1891, B7-137, NTS. These
torpedoes were designated as the U.S.N. Mark F3.&&r Whitehead torpedo.

" “Specifications for the Manufacture of Whiteheastédmobile Torpedoes,” 23 January 1891, ibid.

8 Contract between E. W. Bliss Company and Secretiattye Navy, 19 May 1894, B12-136, NTS.

° “Specifications for the Manufacture of Whiteheastédmobile Torpedoes, U.S.N., Mark I11,” 18 April
1894, ibid.

YFor delivery dates of the 150 Whitehead torpedodsred in 1891 and 1894, see O’Neil [CoO]to
Herbert & Micou [Bliss Co. attorneys], 18 July 19@uOrd 7384/00-LS135/114-7 with 6164/00,
RG74/E25/B424, NARA.

1 The dimensions of the torpedoes are given in 8mEcifications, cited above. The Navy referretheo
Howell torpedo in inches and feet, presumably beeatwas an American invention, and to the Whigehe
torpedo in centimeters and meters, presumably Isedawas a European invention.

12 On effective range, see Torpedo Board [Hutchinsift§ and Capehart] to Converse, 23 October 1895,
B15-142, NTS. The Board used the term “effectiveged rather loosely, as the range beyond whicks“hit
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In the mid-1890s, however, the Bureau of Ordnambéch had the torpedo
portfolio within the Navy Department, began to digeswhether the United States
should continue to manufacture both the Howell dn@dVWhitehead torpedoes, or settle
on one'® Early in 1896, the chief of the Bureau, W. T. Samip turned the question over
to the Torpedo Board, a group of officers at thedldorpedo Station headed by the
commander of the Torpedo Station, George ConVéisereply, the Board offered its
qualified approval for manufacturing both kindsafpedo. The Whitehead, it said, was a
mature weapon, whose only drawbacks were inaccunatye horizontal plane and the
danger of its air flask exploding: thus the Navgud regard the Whitehead as its
standard torpedo. The Howell, by contrast, wasanofaiture weapon, and it had “serious
objectionable features,” primarily the amount aiéirequired to prepare it for launch and
the use of steam and exhaust pipes to spin ulywtbéel. On the plus side, however, the
Howell was accurate in the horizontal plane, ansl fdmture alone was sufficient to
warrant its continued manufacture and developnikatigh on a limited basfs.

The Board also recommended improvements in tiferpeance of the Howell
and Whitehead torpedoes which required larger sides Hotchkiss Ordnance Company,
which owned the Howell torpedo, had recently depetban experimental torpedo with
an 18-inch diameter, and the Board recommendedhbd@ureau manufacture it alone,

for use aboard large ships, dispensing with therdld.2-inch model. The Board also

can be made” but “the odds are against it.” A mi@gerous definition would have included a quantfion

of the acceptable “odds.” As discussed in the thimtion, probability of hitting was not the only wto
define “effective range”: it could instead be definas the range within which torpedoes influencate
tactics.

13 Sampson to Converse, 1 February 1897, B15-142, NTS

4 Sampson to Converse, 20 January 1896, BuOrd 62888/346 with 790/96, RG74/E25/B249, NARA.
15 Torpedo Board [Converse, Dombaugh, and Smithm&on, 23 January 1896, BuOrd 790/96,
RG74/E25/B249, NARA [copy in B15-142, NTS].
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renewed its recommendation, first made in Septerb®@5, that the Bureau begin
developing a 5-meter long, as opposed to 3.55-mateitehead torpedo, for use aboard

shipst®

The Howell Torpedo

The Bureau acted quickly on the Board’s recommeowis In early February
1896, Sampson began negotiating with the HotchBrsihance Company for an 18-inch
Howell torpedo:’ A board appointed to witness trials of the 18-ittdwell torpedo
submitted a preliminary report in Decemb&while the horizontal deviation of the
torpedo passed the requirements, it met the liofitertical deviation only two-thirds of
the time; its speed was a full 3.5 knots belowdeed called for in the specifications;
and it often took more than three minutes longantallowed by the specifications to
spin up the motor that turned the flywheel. In eos®l round of tests focused on the
motor, it performed better, spinning up to the isgpirevolutions within the time limit of
one minute, but it took too much steam pressud®mtso. When a third round of tests was

conducted to determine whether it could spin updasugh with the lower, required

1% Torpedo Board [Converse, Smith, and Fletcher]lam@son, 20 September 1895, BuOrd 6327/95 with
5906/95, RG74/E25/B234, NARA [copy in B12-136, NTS]

" For the negotiations, see Sampson to Hotchkissdbick Co., 3 February 1896, BuOrd 790/96-
LS34/160, RG74/E25/B249, NARA; Ordway [Hotchkissd®ance Co. agent] to Sampson, 24 February
1896, BuOrd 1701/96; Very [Hotchkiss Ordnance Q] to Sampson, 16 May 1896, BuOrd 3917/96;
Ordway to Sampson, 9 July 1896, BuOrd 5185/96; Sampo Converse, 22 October 1896, BuOrd
5185/96, all with 790/96, RG74/E25/B249, NARA. Cemse to Fletcher, Smith, and Ziegemeier, [NTS
officers] 29 October 1896, enclosure to BuOrd 1M&h 9454/96, RG74/E25/B274, NARA [copy in B14-
143, NTS].

18 Fletcher, Smith, and Ziegemeier to Converse, lebder 1896, enclosure to BuOrd 11/97 with 9454/96;
Converse to Sampson, 5 December 1896, BuOrd 907W/BS 2423/96) with 9454/96, both in
RG74/E25/B274, NARA.
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amount of pressure, it failed to do*So.

Perhaps discouraged by the 18-inch torpedo’s dispeed performance in the
first round of tests, Sampson asked the Americam@rce Company (which had taken
over the rights to the Howell torpedo from the Hikdiss Ordnance Company) to submit a
bid for a lot of thirty-five 14.2-inch torpedoesder the old 1889 specification.
Specifications were drawn up, and on 19 January 188mpson recommended to the
Secretary of the Navy that the Department purcBasaf the 14.2-inch torpedoés.
Sampson even sent the contract to the printers.

That was as far as it got. A week later, the Sacyef the Navy, Hilary Herbert,
had a conversation with Sampson in which he expdedsubts as to the value of the
Howell torpedo. “Evidently,” Sampson speculatdtk had been listening to the opinions
of some people who were averse to the use of theeHtorpedo.®? Sampson urged him
to appoint a board to report on the subject, wkhehSecretary promptly did. It became
known as the Miller Board, after its president, KeMiller, with the commander of the
Torpedo Station, Converse, and the Chief Intelloge@fficer serving as the other two
members. The mandate of the board was essentiallyame as that given to the Torpedo
Board by Sampson in January 1896, when the Boatdd@mmended the continued

development of both the Whitehead and the Howetledoes.

9 Wood [I00, American Ordnance Co.] to Conversearfudry 1897, enclosure to BuOrd 497/97;
Converse to Sampson, 12 January 1897, BuOrd 49RB3 146/97); Wood to Sampson, 18 January 1897,
BuOrd 613/97, all with 9454/96, ibid. Steam pressmattered because it had to be supplied by therboi

of the vessel carrying the Howell torpedo, anddyatlapabilities were limited; see Sampson to Hasshk
Ordnance Co., 13 March 1895, BuOrd 8005/95-LS24/g#H3 8133/93, RG74/E25/B184, NARA.

20 For the negotiations, see Sampson to American@@nCo., 15 December 1896, BuOrd 9371/96-
LS47/190 with 9454/96; Sampson to Herbert [SecNE¥}January 1897, BuOrd 9454/96-LS88/479;
Ordway to Sampson, 19 December 1896, BuOrd 945886 4/E25/B274, NARA.

21 Converse to Sampson, 13 January 1897, BuOrd 51883 157/97) with 9454/96; Sampson to Herbert,
19 January 1897, BuOrd 9454/96-LS88/479, ibid.

22 sampson to Converse, 1 February 1897, B15-142, NTS

36



The Miller Board reached a different conclusiorjwing its report on 4
February 1897 The members compared the two torpedoes acrossigarategories in
their present stage of development, including wedglexplosives (equally satisfactory),
vertical accuracy (Whitehead superior), horizoataduracy (Howell superior), time of
preparation (Whitehead superior), durability (Wha&ad superior), speed (Whitehead
superior), mechanical simplicity (equal), and dar(g@gual, arising from the Whitehead’s
air flask and the Howell's steam pipes). The Baawtkd that the applicability of the
Howell was restricted due to the time requiredpim sip the flywheel and prepare it for
launch, and that it could not be adapted for sugetedischarge. As presently developed,
therefore, the Whitehead was superior to the Howelbking to future development, the
Board focused on the issue of propulsion, arguiag mo matter how perfected, the
Howell’s reliance on the stored energy of the flaehwould limit it far more than the
Whitehead’s reliance on compressed air. In conaiyshe Board noted that if a new
device, the Obry gyroscope, proved successfulobtige chief disadvantages of the
Whitehead—its lack of accuracy in the horizontalng—relative to the Howell would
disappear, and the Whitehead’s superiority woultbbree even more marked. Based on
the Board’s recommendations, Herbert ordered Samiosprepare an order

discontinuing the manufacture of Howell torpedtks.

% Miller, Converse, and Wainwright to Herbert, 4 Retry 1897, BuOrd 1639/97 with 1022/97,
RG74/E25/B282, NARA [copy in B17-156, NTS].

% Undated endorsement by Herbert on Miller Boarre@BuOrd 1639/97 with 1022/97, RG74/E25/B282,
NARA. This order was a terrible blow to the Ameridardnance Company, especially because it had made
preparations to manufacture the 35 torpedoes whéchpson had led it to believe would be ordered; see
the correspondence from January 1899 with BuOrdl/@8 RG74/E25/B274, NARA. Herbert drove a

final nail in the Howell torpedo’s coffin when, t#ige new attorney (along with former Navy Department
chief Clerk Benjamin Micou) for the Bliss Co., hednd that the new Secretary of the Navy, John Long,
might reconsider the cancellation of the Howelltcact, and wrote to Long to urge against it; seekel

to Long, 16 April 1897, BuOrd 2933/97 with 1022/®RG74/E25/B282, NARA.
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Historians have been both vague and inaccuragptaining the demise of the
Howell torpedo, especially by implying that thiscame was inevitable. Edwyn Gray,
author of the only book devoted to the subjecogbédo development, argued that the
Howell began its fall from favor in 1892, when tlspeed and range” of Whitehead
torpedoes “completely outclassed all rival desitfighis explanation is teleological,
however, and does not take sufficient account oferaporary tactical conditions. The
Howell torpedo would have been used either by lakgps at close range or by small
ships taking large ships by surprise at close ra@geen the fact that the range would be
short—1,000 yards at most and probably half thae-Miller Board had little reason to
consider the Howell’s slower speed a major flane Tost important weakness of the
Howell torpedo as compared to the Whitehead waspegd or range but the time
required to prepare it for action. Given that theevilexpected to use the Howell at close
range, speed and range were relatively unimportgwen that it also expected to use the
Howell on short notice, the time required for pneggi@n was much more important. The
primary culprit for this weakness was not the ususlpect, the flywheel, but rather the
motor used to spin up the flywheel. The latter, thetformer, was what doomed the

Howell torpedo.

The Whitehead Torpedo and the Obry Gyroscope
Meanwhile, the Whitehead was running into its owwobjems. In February 1896,

at the same time the Torpedo Board recommendecbtitenued manufacture of both the

% Gray, The Devil's DeviceThe Story of Robert Whitehead, Inventor of the @&dagAnnapolis: Naval
Institute Press, 1991; first edn. 1975), 122.
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Howell and Whitehead torpedoes, it also recommetigedevelopment of a new, longer
(5-meter) Whitehead torpedo. Within weeks of reicgj\the report, Sampson negotiated
a preliminary deal for 100 long Whitehead torpedf§és June 1896, however, a hitch
arose over the speed requirement for the new togged he Torpedo Board had
recommended that the minimum be set at 28.5 ko800 yards, but the Bliss
Company protested that its information from the &tead Company said the minimum
should be a half-knot lowéf.In August, Sampson proposed an unorthodox comgemi
the speed requirement should be set at eitherighes$t obtained by comparable
torpedoes abroad, or at the average speed ofrthdive long torpedoes built by the Bliss
Company’® The Company accepted the offer and it was embadigte specification$’
The Bureau ordered 100 long torpedoes on 21 Octi8f#; these became known as the
5-meter Mark | torpedoes. As the negotiationglierlong torpedoes wound down, the
Bureau fielded a request from the Bliss Comparyrtter 50 short torpedoes as will.
The Bureau obliged on 22 October 1896, and it edlanother 9 short torpedoes on 30

March 1897, in order to spend an outstanding apiaiign ' These 59 torpedoes

26 sampson to Bliss Co., 6 February 1896, BuOrd #0834/262; Leavitt to Sampson, 12 February 1896,
BuOrd 1377/96; Sampson to Leavitt, 14 February 182@®rd 1377/96-LS34/251; Leavitt to Sampson, 18
February 1896, BuOrd 1561/96; Sampson to Bliss T»March 1896, BuOrd 1561/96-LS36/82, all with
790/96, RG74/E25/B249, NARA.

27 Sampson to Converse, 18 June 1896, BuOrd 4568838/683 with 790/96, ibid.

28 sampson to Bliss Company, 29 August 1896, BuOGRA-L.S42/513 with 790/96, ibid.

29 «gpecifications for the Manufacture of Whiteheaatdmobile Torpedoes, U. S. N., Mark 11,” 26
September 1896, RG45/E502 (Envelope, “Mines angetioes, reports, correspondence & miscellaneous
data relative to, 1871-1899"), NARA. Although theesifications refer to Mark lll, this torpedo becam
known as the Mark | 5-meter torpedo, so as tortsiish it from the Mark IIl 3.55-meter torpedo, whi

was ordered almost simultaneously.

%0 Bliss to Sampson, 14 September 1896, BuOrd 686REG74/E25/B266, NARA.

31 The stock of short torpedoes at the Torpedo Stat@s running low, and it did not have enough ttiou
torpedo boats; see Converse to Leavitt, 20 Maré&7v 1B15-142, NTS. See also Sampson to Bliss Co., 24
March 1897, BuOrd 2261/97-LS51/346; Bliss Co. tm$son, 26 March 1897, BuOrd 2371/96 with
2261/97; Sampson to SecNav, 29 March 1897, BuO8d/2Z-LS51/460; Behrend [Acting CoO] to Bliss
Co., 30 March 1897, BuOrd 2371/97-LS516-17, alnviBuOrd 2261/87, RG74/E25/B286, NARA.

39



became known as the 3.55-meter Mark Il torpedoes.

Production of the 59 Mark Il 3.55-meter torpedaesl the 100 Mark | 5-meter
torpedoes intersected with a significant new pfderpedo technology: the Obry
gyroscope. Just over a month before the Bureaueddbe Mark 11l and Mark |
torpedoes, the Whitehead Company sent a circuldretdmerican naval attaché in
Berlin, announcing that it had acquired the rigbtthe Obry gyroscope, which allowed
accurate shooting up to 2,000 met&mbout a week after receiving the letter, the Navy
Department ordered a board, which became knowneaBitime Commission, to visit the
Whitehead factory at Fiume and report on the gypst: Bureau officials alerted the
Bliss Company of these developments and notifi¢lokit the Department might wish to
put the gyroscopes in the torpedoes about to beredd’ The Company promptly replied
that it had written to the Whitehead Company fdoimation, and its chief Engineer, F.
M. Leavitt, unofficially opined that “[i]f the dege pans out as well as the reports seem to
show it would appear that it ought to be put intladl torpedoes in the servic& Roughly
two weeks after the Department had received theéalbad Company’s offer, the Bliss

Company could report that it had secured the rightaanufacture the Obry gyroscope in

32 Whitehead Co. (Weymouth) to Vreeland, 11 SeptertiB86, BuOrd 5424/96 with 6864/96,
RG74/E25/B266, NARA.

According to Edwyn Gray’s account, which is plalsibut lacks adequate documentation, the
Whitehead Company had been tracking gyroscope deweint with the idea of applying gyroscopes to
torpedoes since the early 1890s at the latesiGsag The Devil's Devicgl4d5, 152-55. Given that Obry
was an Austrian naval engineer, and that Whiteleadconnections with the Austrian Navy, the Austria
connection was almost certainly vital to Whitehegatocurement of the rights to the Obry gyroscbpeé,
this surmise has not been documented. See LawBmdhausThe Naval Policy of Austria-Hungary,
1867-1918: Navalism, Industrial Development, arelPolitics of Dualisn{\West Lafayette: Purdue
University Press, 1994), 48, 72n42
% The date of the order, 8 October 1896, is givethénCommission’s report of 10 December 1896. kstte
then took roughly three weeks to cross the Atlasticthe Department ordered the Commission abait on
week after receiving the letter.

34 sampson to Bliss Co., 12 October 1896, BuOrd T6544/226 with 6864/96, RG74/E25/B266,
NARA; Converse to Leavitt, 16 October 1896, B14-1M3S.
% Leavitt to Converse, 19 October 1896, B15-142, NTS
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the United States, although negotiations over Kaetsterms continuetf.Buoyed by his
correspondence with Leavitt, and without waitingtfee report of the Fiume
Commission, the commander of the Torpedo Statiam{€rse) recommended that the
Navy immediately procure two sample Obry gyroscdpegxperimental purposés.

The Commission reported enthusiastically on 10eldmer 1896 that the Obry
offered “marked advantages” to torpedoes, incregtbiair effective range by as much as
50%, and repeated Converse’s recommendation tleasawple gyroscopes be ordered
immediately. A month later, the Torpedo Board esddrthe Fiume Commission’s
recommendation® The Commission also enclosed a letter from thet&tisiad
Company under date of 9 December 1896 offeringettifferent purchasing
arrangements: the Navy could buy the gyroscopestiijrfrom the Whitehead Company
at £50 (~$250) each, including royalty; it could/tthe rights and manufacture them
through the Bliss Company for a royalty of £30 (5@)Lleach; or, instead of paying a
royalty per gyroscope, it could pay one lump sunefbtime of £15,000 (~$75,006.
The Department chose the second option, and ireddaree sample gyroscopés.

Both the Bliss Company and the Navy found deahity the Whitehead
Company to be frustrating. The Navy had been utigeimpression that if the sample

gyroscopes were ordered quickly—as they wereamudry 1897—the Whitehead

3 |eavitt to Converse, 19 October 1896, B15-142, NOT@verse to Sampson, 21 October 1896, BuOrd
7877/96 (NTS 2011/96) with 790/96, RG74/E25/B248R¥.

37 Converse to Sampson, 27 October 1896, BuOrd 86489S 2054/96) with 790/96, ibid.

% Fiume Commission [Cowles, Rodgers, and Vreelan@ecNav, 10 December 1896, B18-152, NTS. The
Torpedo Board endorsed the Fiume Commission’s rezemdations a month later; see Converse to
Sampson, 8 January 1897, BuOrd 271/97 (NTS 80/&R)6864/96, RG74/E25/B266, NARA.

39 Whitehead Co. (Fiume) to President, Fiume Commis® December 1896, enclosure to Fiume
Commission report of 10 December 1896, B18-152, NTS

“0 1t later transferred the order for the gyroscapethe Bliss Company’s name; see Sampson to Bliss C
24 May 1897, BuOrd 3581/97-L.S54/228 with 6864/96,7&/E25/B266, NARA.
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Company could deliver them within ninety days. Nyngays came and went, and from
March to May 1897, the correspondence between tieaB and the Bliss Company was
peppered with queries by the former as to whers#ineple gyroscopes would arrive and
when the negotiations over the precise terms ofufisature would be concluded, and
assurances by the latter that it was doing evergthicould to hurry the Whitehead
Company'* Converse speculated that the delay “would inditteé either Mr. Whitehead
is unusually slow in perfecting the device or élseore sinisterly, “he is not in haste to
send the apparatus to this counfy& sample finally arrived in mid-Juft} After
familiarizing itself with the gyroscope, the Bli€®mpany put it in a torpedo, and trials
began in early August 1897.

In the meantime, a different question had to b#eskabout the 100 long
torpedoes ordered in October 1896: their speedalecthese were the first 5-meter
torpedoes manufactured in the United States, teeifsgations had stated only that the
speed requirement would be set at the average sibdleel first five long torpedoes, or at
the best speed obtained abroad for comparabledogse In December 1896, the Bliss
Company asked the Bureau for a decision, offelonaccept 26.5 knots, which the
Bureau’s Inspector of Ordnance at the Company densil reasonabfé.Sampson

referred the question to the Torpedo Board anddasies Office of Naval Intelligence to

*1 Converse to Leavitt, 20 March, B15-142, NTS; Léavd Converse, 22 March, ibid; Converse to Leavitt
23 March, ibid. Behrend to Bliss Co., 12 May, BUuG&D0/96-LS53/497-8; Leavitt to Sampson, 14 May,
BuOrd 3554/97; Bliss Co. to Sampson, 15 May 1891Qf&l 3581/97, all with 6864/96, RG74/E25/B266,
NARA.

“2 Converse to Leavitt, 23 March 1897, B15-142, NTS.

3 Bliss Co. to Sampson, 14 July 1897, BuOrd 500WRA 6864/96, RG74/E25/B266, NARA;
Rittenhouse [I00, Bliss Co.] to Converse, 24 J@917, B18-152, NTS.

4 Bliss to Sampson, 23 December 1896, BuOrd 9594i869590/96, RG74/E25/B275, NARA;
Rittenhouse to Sampson, 24 December 1896, B15NHS,

42



collect information on what was required of 5-metepedoes abrodd.That information
confused the situation further, since foreign navised several types of 5-meter
torpedoes, differing from each other in air flaglpacity, weight of charge, shape of head,
and other respect§ As for the other way of determining the speed ireguent,
averaging the first five 5-meter torpedoes, the8Lompany was not ready for speed
trials until mid-April 1897, due to delays in theopurement of forgings for the torpedo
air flasks?’ Once these trials were concluded, the TorpedodsBeard—not to be
confused with the regular Torpedo Board—delivetsdéport’® Based on information
from abroad and from the trials, the Speed Boardmenended that the speed
requirement be set at 28 knots for 800 yards, adureau agreed.The prolonged
uncertainty over performance requirements underescthe difficulty of developing
complex technology based on imported designs ama\img multiple sub-contractors.
Just as the speed question was closed, the questimw the Obry gyroscope
should affect the specifications and requirememtstfe 159 long and short torpedoes
under contract opened. On 21 June 1897, E. W.,Riresident of the eponymously

named company, wrote to the Department to explaicdmpany’s quandany.lt could

not conduct regular acceptance tests for the tegeednder contract while experimenting

4> Sampson to Converse, 28 December 1896, BuOrd 985RG74/E25/B274, NARA; Wainwright to
Converse, 29 January 1897, B15-142, NTS; CowlesdNattaché London] to Long [SecNav], 20 March
1897, BuOrd 2204/97 with 9590/96, RG74/E25/B275 R¥WA

“% Rittenhouse to Sampson, 13 April 1897, BuOrd 28474lso Converse to Sampson, 9 April 1897,
BuOrd 2748/97 (NTS 1088/97), both with 9590/96¢ibi

“" Leavitt to Converse, 22 March 1897, B15-142, NBlss Co. to Sampson, 3 April 1897, BuOrd
2590/97 with 9590/96, RG74/E25/B275, NARA.

“8 Rittenhouse and Fletcher to Long, 7 May 1897, B48: NTS. They delivered a second, very similar
report on 13 May 1897, BuOrd 3558/97 with 9590/R6,74/E25/B275, NARA.

9 Sampson to Bliss Co., 18 May 1897, BuOrd 3558/884/46 with 9590/97, ibid. The Speed Board
amended its report a month later; see Rittenhondd-ketcher to Long, 17 June 1897, BuOrd 4440/97;
O’Neil to Rittenhouse, 23 June 1897, BuOrd 4440ih with 9590/97, ibid.

%0 Bliss to Long, 21 June 1897, BuOrd 4485/97 with4986, RG74/E25/B266, NARA.

43



with the Obry gyroscope, and it would hurt the campfinancially to delay delivery of
these torpedoes. Therefore, Bliss asked the Depatttemporarily to waive the usual
trials for torpedoes accepted without the Obryybich there would probably be about
forty, and if the Department later decided to ihstee Obry in them, the Company would
conduct the acceptance tests with the gear indtdllee Bureau of Ordnance was
sympathetic and recommended that the Department tra request, promising to advise
it on the desirability of installing the Obry asosoas tests were finished. The Department
agreed’?

In anticipation of favorable results with the Oliye Bureau began negotiating
with the Bliss Company in early August 1897 ovex tbrms on which it would install the
gyroscope in the torpedoes under contract, letiegCompany choose whether to
manufacture the gyroscopes itself or purchase fnemthe Whitehead Compan$The
Company replied that if the Bureau placed the opdemptly, it could be ready to
present the gyroscopic torpedoes in early Octobératest 50 before cold weather
ended the testing seasSrAfter itemizing the costs, the Company said thattrice of
manufacture and installation would average $54@ggedo on the whole order of 159
torpedoes? It predicted that the price would drop to $380 fmepedo on future orders
because it could construct the torpedoes to re¢bargyroscope from the beginning and
would not have to retro-fit them. Attempting to @ngpt complaints over the price, the

Company favorably (but misleadingly) compared iistg to that given by the Whitehead

*1 Endorsements by O'Neil, 12 July 1897, and LongJul 1897, both on BuOrd 4485/97 with 6864/94,
ibid.

2 Behrend to Bliss Co., 10 August 1897, BuOrd 5424/858/248-9 with 6864/96, ibid.

>3 Bliss Co. to O’Neil, 12 August 1897, BuOrd 586148ith 6864/96, ibid.

¥ The Company itemized the costs in such a way axtode its preliminary expenses of $5,000—fosjig
etc.—in its price for installing the gyroscopeshe 40 long torpedoes that had already been aatepte
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Company in December 1838In any case, the Company'’s political argument was
stronger than its financial argument: the Compaag funder the impression that articles
furnished to the Navy Department under the varaqp@opriations must be of domestic
manufacture ®

With this offer on the table, the Torpedo Boarbrsitted its preliminary and final
official reports on the Obry gyroscope, having séean in both a long and a short
torpedo. Its verdict was enthusiastic: the Obry amSexcellent practical apparatus,”
whose capacity to correct for deflection was “sasto improve the performance of the
torpedoes one hundred per cent,” and the Navy dhaaldpt it.” The specifications
should reduce the permissible horizontal devia&ib80 yards from 24 yards to 8 yards,
and they should require 27.5 knots for the longedo and 26 knots for the short torpedo.
The Bureau commended the Torpedo Board’s repdhnet®epartment, sweetening the
bitter pill of an estimated $85,860 bill to insttie gyroscopes in the torpedoes under

contract with the promise that the cost would dasedor future installations, and

% The Bliss Company argued that where the Whitelgemde of £50 (~$250) per gyroscope covered only
the gyroscope, the Bliss quote of $490 includedytfrescope ($205, including parts and labor), dased
apparati like rudders ($30), the royalty ($145) arstallation ($110). Accordingly, the Company
concluded that “[w]hat Whitehead furnishes for Bupds is the Gyroscope only ... so that in redliy
charges about $250.00 as against our $205.00 footteols the patents and pays no royalty.” Tedhhjic

this statement was correct: Whitehead did indeatrabthe patents, so he did not have to pay Obry a
royalty on each gyroscope he manufactured. Findpdi@wever, the Company’s statement was
misleading: while Whitehead’s price of $250 diat include a royalty from him to Obry, did include a
royalty from Bliss to him—specifically, the $145yaity as itemized by the Bliss Company. Therefte,
correct financial comparison was not between Wiitel's $250 (no royalty to Obry) and Bliss’s $206 (n
royalty to Whitehead) as the Company had it, btavben Whitehead’s $250 (including royalty from B)is
and Bliss’s $350 ($205 for gyroscope plus $145dyalty to Whitehead). Based on that comparisoa, th
Bureau could have gotten the gyroscopes considecalelaper from the Whitehead Company than from the
Bliss Company.

%6 Bliss Co. to O'Neil, 12 August 1897, BuOrd 586119ith 6864/96, RG74/E25/B266, NARA.

" Torpedo Board [McLean, Rittenhouse, Fletcher, Rodndstone] to O'Neil, 28 August and 21 September
1897, BuOrd 6459/97 (NTS 2671/97) and 6962/97 (I2958/97), respectively, both with 6864/96, ibid.
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recommending that a board be appointed to deterthinexact cost The Department
approved the installation and appointed a compimshbard>® The Bureau’s estimate
turned out to be high, and the compensation based tompensation at $78,780.64, or
$8,033.36 less than the $86,814 initially quotedigyCompany; the average price per
torpedo came to $485.48 as against $546, a differen$60.52° The Bureau apprised
the Bliss Company of the new specifications apted and deviation, including the
stipulation, which would become a source of contenthat the torpedo pass its speed
and deviation tests on three consecutive runs witreadjustment of the gyroscope.
Everything seemed to be going smoothly, but tte eeas not to last. In the
spring of 1898, at almost the same time as theiSipskmerican War began, the new
commander of the Torpedo Station (T. C. McLean, Wad recently succeeded Converse)
found that when the short torpedoes with gyrosceyere fired from moving boats, they
entered the water at a high angle, causing théotailving and the torpedo to roll, which
in turn caused the gyroscope to malfunction and tka new directional axiéThis
discovery set off a long and torturous search faag to secure a flat dive of the short
torpedoes, so as to prevent the roll that deratigeedyroscope. It also led to the first real

controversy between the Bliss Company and the Buré®rdnance.

8 O’'Neil to SecNav, 23 September 1897, BuOrd 6962/980/371—72 with 6864/96, ibid. The Bureau
shaved $6 off the average price per torpedo ($§d6ded by the Bliss Company to arrive at this numbe
At $546 per torpedo instead of $540 per torped®tdkal cost would have come to $86,814 instead of
$85,860, a difference of $954.
*¥ Theodore Roosevelt to O’Neil, 24 September 1898 7061/97; Long to Swift, 2 October 1897,
BuOrd 7351/97, both with 6864/96, ibid.
%0 O’Neil to JAG, 12 February 1898, BuOrd 1316/97Néil to Bliss Co., 23 February 1898, BuOrd
1316/98-LS68/555-56, both with 6864/96, ibid. | dt find a copy of the report itself, but its déndich
must have been early February) and contents carfdreed from the letters cited.

Had the Bureau ordered the gyroscopes from Whéitlae $250 each, plus apparati ($30 each)
and installation ($110 each) from Bliss, the averegst per torpedo would have been $390.
®1 O’'Neil to Bliss Co, 27 September 1897, BuOrd 7081 S60/498-500 with 6864/96, ibid.
2 McLean to O’'Neil, 23 May 1898, BuOrd 7044/98, REZ25/B335, NARA.
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The first solution proposed, by McLean, was to adecond guide stud near the
end of the torpedo, just before the tail, so thatlaunching tube would grip the torpedo
for longer and the after part of the torpedo wawdtirise during discharge and cause the
torpedo to enter the water at an arfglévhen informed of the idea, the new Inspector of
Ordnance at the Bliss Company, W. J. Sears, prgropjected that the addition of the
second guide stud would unduly strain the ¥aifxperiments with the extra guide stud
led to the troubling discovery that the tails of 8hort torpedoes were too weak after
being cut away for the rudders by which the gyrpsccorrected the torpedo’s couf3e.
McLean also suggested that parts of the gyroscepded to be stiffer and more
durable®® Sears disagreed, suggesting it was “rather ted fatchange the parts in the
gyroscopes under contract, and he proposed aehtfexplanation for the poor
performance of the Obry: the impulse spring usadfmart rotation to the gyroscope was
too stiff, so that when released it knocked theggope off its gimbals and reset its
directional axis.” The Torpedo Station agreed that the spring wagefla as did the
Bureau, but argued that fixing it would not solkie problem—a flat dive remained
essentiaf® The Bureau authorized experiments on both frontsbblieving that the tails
were too weak to permit the use of a second guid® & proposed a different method for

securing a flat dive: lengthening the spoon thajgmoted beyond the mouth of the

% The second guide stud was also referred to aaftigeiide stud or the second “T.”

4 O’Neil to Sears, 2 June 1898, BuOrd 7404/98 wilig198, RG74/E25/B328, NARA; Sears to O'Neil, 3
June 1898, BuOrd 7621/98 with 6864/96, RG74/E25BREARA.

5 O’Neil to McLean, 8 June 1898, BuOrd 7832/98-LSR0; McLean to O’'Neil, 15 June 1898, BuOrd
8420/98 (NTS 2679/98), both with 7044/98, RG74/B335, NARA.

 McLean to O’Neil, 4 June 1898, BuOrd 7806/98 (NZF.8/98) with 7044/98, ibid; Chambers to
McLean, 4 June 1898, enclosure to same.

67 Sears to O'Neil, 12 June 1898, BuOrd 8218/98 Wiii9/98, RG74/E25/B328, NARA; Sears to O'Neil,
15 June 1898, BuOrd 8364/98 with 2214/98, RG74/B259, NARA.

% McLean to O’Neil, 17 June 1898, BuOrd 8484/98 (NA728/98) with 4979/98, RG74/E25/B328,
NARA and 2 July 1898, BuOrd 9324/98 (NTS 2959/98hw044/98, RG74/E25/B335, NARA.
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discharge tub&’

The technical and abstruse—one might even sayrityb+debate over studs,
springs, tails, and spoons obscured a deeper arglregveen the Torpedo Station and
the Bliss Company over who was to blame for they@jyroscope’s poor performance.
The Station’s search for a flat dive, which focugedhttention on the weak tails of the
short torpedoes, implied the existence of fundaaieminstruction flaws, while Sears
focused on a part of the torpedo—the impulse spritigit could easily be replaced
without disturbing the overall constructiéh.

Aside from the construction question, Torpedo Btatfficers also began to
notice that gyroscopic torpedoes were not runnggeall in Newport as they had during
their acceptance trials in Sag Harbor. While Sparfessed himself “at a loss” to
understand the discrepancy, Washington Chambersyak leading Station efforts to
improve the gyroscope, suspected “that the Obugesl ... to pass a torpedo with curved
trajectory’—in other words, that the Company wasigshe Obry to cloak defects in the
torpedo, instead of using it to correct for inaemyrfrom causes external to the torpétio.
Sears, believing that Chambers was questioningdnsr along with the Company’s,
fired back: “I regret that such a ‘suspicion’ egistnd in justice to my assistants, the E.W.
Bliss Co. and myself would respectfully state thatsuch curves have been observed by
any of us.”> Chambers also questioned the quality of the Coipavorkmanship,

finding that the tails were too weak even beforytivere cut away to make room for the

% O’Neil to McLean, 14 June 1898, BuOrd 8218/98 wifiy9/98, RG74/E25/B328, NARA; O’'Neil to
McLean, 18 June 1898, BuOrd 8420/98-L.S82/285-6 #i/98, RG74/E25/B335, NARA.

0 O’'Neil to McLean, 14 June 1898, BuOrd 8218/98 wifiY9/98, RG74/E25/B328, NARA.

"1 Sears to O'Neil, 12 June 1898, BuOrd 8218/98 Wifi9/98, ibid; Chambers to McLean, 30 August
1898, enclosure to Sears to O'Neil, BuOrd 11446/88 7044/98, RG74/E25/B335, NARA.

2 Sears to O'Neil, 21 September 1898, BuOrd 11446488 7044/98, ibid.
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Obry rudderg?

The suspicion spread up the chain of command &tthtéon, to the Bureau, and
beyond the gyroscope. After the Bureau made emeygaurchases of torpedoes directly
from foreign companies in response to the outbcgdke Spanish-American War, the
new chief of the Bureau, Charles O’Neil, acidlyomhed the Bliss Company that the
foreign torpedoes “exhibit many new and valuab&udees, none of which had ever been
brought to the notice of the Bureall.In asking the chief Intelligence Officer to obtain
information directly from the Whitehead CompanyN®@il warned, “it may be necessary
to intimate, in the most diplomatic manner possitilat (for unaccountable reasons) the
Bureau has failed utterly in its endeavor to seaufi@mation, from or through the E. W.
Bliss Co., concerning the progress being constandgle in the field of torpedo
development.” An assistant inspector of ordnance at the Bliss@mny, Homer C.
Poundstone, felt the need to put out “private #egl' to various naval attachés so as to
have “a positive checiin E.W.B.Co.”® McLean found it “remarkable that the Bliss

Company did not avail itself of business connediand keep informed as to the ‘state of

3 Chambers to McLean, n.d. but in reply to BuOréeleof 18 June 1898, B5-145 and 21-171, NTS.

* O’'Neil to Bliss Co., 28 November 1898, BuOrd 1B S94/242-44 with 7455/97, RG74/E25/B302,
NARA. The Bureau purchased 12 14-inch x 4.62-m8tdwartzkopff torpedoes, B/57 model, in March
1898 (see O'Neil to Clover [CIO], 26 March 1898,@d 3127/98-LS72/29, RG74/E25/B323, NARA); 10
long torpedoes, British Admiralty type, from the Méead Company in March (see Clover to O’Neil, 23
March 1898, BuOrd 3023/98 with 2214/98, RG74/E23BINARA); and either 4 (see O’'Neil to McLean,
18 June 1898, BuOrd 8364/98 with 2214/98, ibidsée Whitehead Company record sheet, 30 April 1898,
B21-171, NTS), or 8 (see “List of all Automobilerpedoes at Naval Torpedo Station and In Service,
showing Condition and Whereabouts on October 888,” B21-171, NTS) torpedoes which the
Brazilian government had ordered from the Whiteh@athpany in April or May. The first became known
as the “Admiralty” torpedoes, Mark IA 5-meter ame second as the “Brazilian” torpedoes, Mark IB 5-
meter. The Navy also recovered 16 Schwartzkopffedoes of the same B/57 model from Spanish ships.
> O’'Neil to CoNav for ONI, 30 November 1898, BuOraoD/98 with 7455/97, RG74/E25/B302, NARA.
8 Poundstone to McLean, 4 December 1898, Ms. C80/E1/F3, NHC. Emphasis in original.
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the Art’ in manufacture of torpedoes and gé€ar.”

Although this friction boded ill for the future,was secondary to fixing the
gyroscopic torpedoes for the time being. This cawdtibe done in time to get them into
service during the Spanish-American War. Havingpsed in March 1898 to get the
new gyroscopic torpedoes to the torpedo-boat lgotissembled at Key West as quickly
as possible, O’Neil had to reverse himself whéyeitame clear that they were giving
“more or less uncertain” results in practice, andurther ordered the Torpedo Station
not to return 20 short torpedoes to the Bliss Camta be fitted with gyroscop€e&As it
turned out, the questions of adding a second gitittand the proper spoon length for
securing a flat dive were not settled until Mar&®Q@, and the tails were not adequately
strengthened until May 1901 Experiments by the Bliss Company with a lightepirise
spring dragged on into September 1898, when itstefivere rendered superfluous by

gyroscope development at the Torpedo Statjon.

Modified Gyroscopes
Washington Chambers, who was in charge of expeiimha/ork at the Torpedo

Station, headed the gyroscope effddtle began by replacing the pivot bearings with ball

" McLean to Poundstone, 8 December 1898, ibid.

® O’'Neil to CINC North Atlantic Squadron, 19 MarcB48, BuOrd 2787/98-LS71/116, RG74/E25/B322,
NARA; O’Neil to McLean, 18 June 1898, BuOrd 8364/88h 2214/98, RG74/E25/B319, NARA.

9 On the guide stud and spoon, see B23-174, NTR&W®H/E25/B302, NARA. The tail experiments
occurred in three phases, from June to Decembed; I&9n October 1899 to March 1900; and from
January to May 1901. The relevant papers can badfeith BuOrd 7044/98, RG74/E25/B335, NARA.

8 Djeffenbach [100, Bliss Co.] to O’'Neil, 16 Augusd’Neil to Sears, 17 August; Chambers to McLean, 30
August; endorsement by McLean, 14 September; eadmst by O’'Neil, 16 September; endorsement by
Sears, 21 September 1898, all with BuOrd 11446/€8 7044/98, RG74/E25/B335, NARA.

81 For more on Chambers, see Mason to O’Neil, 29 Au$899, Torpedo Station’s Annual Report for
FY1898/99, NTS B21-171; and Stephen StEiom Torpedoes to Aviation: Washington Irving Chansb
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bearings and the spring with an air imps&he ball bearings did not work well,
reducing rather than increasing the duration ofgyrescope’s rotation; Chambers
reported an “unavoidable rattle,” indicating tha bearings could not be fitted tightly
enough and/or that they were not perfectly spheedica to defects in manufactiite.
Chambers also abandoned the air-impulse idea faililgkly when he found that it did
not act quickly enough on the gyrosc§Peater iterations used a clock-spring motor in
combination with different arrangements of the bregr and valve groufr.A key
objective of all the variations was to enable tliegcope to steer the torpedo through an
angle of 140° from its initial line of fire, thedacal significance of which is discussed
below. The Bureau immediately seized on the pdgyibif this so-called angle fire, but
McLean cautioned that the gyroscope needed to pteability to keep the torpedo on
its initial line of fire before the more difficufuestion of angle fire was taken %p.
Chambers’ modified gyroscope was not ready toibd tn the water until February
1900%" Although the tactical radius was too large, meguirat it took too long for the

gyroscope to turn the torpedo through an angle tsnmitial line of fire, the gyroscope

and Technological Innovation in the New Navy, 18833 (Tuscaloosa: University of Alabama Press,
2007).
82 Chambers to McLean, 5 July 1898, B21-171, NTS.
8 Chambers to McLean, 16 May 1899, ibid.
8 McLean to O’'Neil, 15 December 1898, BuOrd 15274/98S 4710/98) with 7455/97, RG74/E25/B302,
NARA.
8 Chambers to McLean, 18 February 1899, B21-171,.\CFambers’ later reports date this one as 15
instead of 18 February, but the date on it is 18 fary.
8 O’Neil to McLean, 24 February 1899, BuOrd 2034/9899/528; McLean to O’Neil, 25 August 1899,
BuOrd 8530/99, both with 2034/99, RG74/E25/B372 A
87 For interim progress reports, interspersed witluests from the Bureau for updates, see Chambers to
McLean, 16 May 1899; Holman and Chambers to McL&an]July 1899 (B18-152, NTS). Fenton to
McLean, 18 August 1899; Chambers to McLean, 25 Au@899; McLean to O’Neil, 25 August 1899;
Fenton to McLean, 29 August 1899; Fenton to Mad8m)ctober 1899 (B21-171, NTS). Brown to Mason,
17 October 1899; Rees to O’Neil, 19 October 18986 to Mason, 20 October 1899; Chambers to
Mason, 10 November 1899; Chambers to Mason, 12 ibee 1899; Mason to O’Neil, 17 November
1899; Brown to Mason, 22 January 1900 (NTS B26-20@)son to O'Neil, 24 January 1900 (B26-202,
NTS).

51



performed welf®

There the matter seems to have rested for severahs) possibly because the
Bureau and the Station were distracted by the dpwatnt of a new 5-meter torpedo (see
below), until Chambers wrote in October 1900 topise a new modified gyroscope.
Having caught wind of the Bureau’s on-and-off iedrin an air-driven gyroscope used
in foreign torpedoes procured during the SpanisteAcan War, Chambers proposed a
new model whose distinctive features were its retarair impulse in place of the spring
motor, its use of the inner ring of the gyroscopadurbine, and its return to ball
bearing$® He wrote again a few weeks later to renouncedsa bf using the inner ring
as a turbine, on the grounds that it would prowedelicate in service, and instead to
have the air act on a control shaft linked to thgcope’s axis° O'Neil ordered both
models to be tried This was done in June 1901, and the models failebrk,
foundering on the same problem that had caused Bdranto abandon the idea of an air-
driven gyroscope three years earlier, namely,tti@tir took too long to act on the
gyroscope?

By that time there was a new competitor on th@eca gyroscope designed by J.

Moore, quarterman machinist in charge of the Toog8thtion’s machine shop. Moore’s

8 Mason to O’'Neil, 7 February; Brown to Mason, 2®fery; Mason to O’'Neil, 1 March; O’Neil to
Mason, 3 March; Mason to O’Neil, 6 March 1900,veilh BuOrd 2034/99, RG74/E25/B372, NARA and
in B26-202, NTS.

89 Chambers to O’'Neil, 9 October 1900, BuOrd 10407RIB74/E25/B437, NARA. The foreign gyroscope
was the Kaselowsky gyroscope used in Schwartzkopgfedoes. Kaselowsky was the manager of the
Schwartzkopff factory in Berlin; see Clover [CI@] ®’Neil, 21 June 1898, BuOrd 8629/98 with 5841/97,
RG74/E25/B297, NARA.

% Chambers to O’'Neil, 29 October 1900, BuOrd 11101@th 10407/00, RG74/E25/B437, NARA.

- O’'Neil to Mason, 12 and 31 October, BuOrd 10407U8141/259 and 11111/00-LS142/602 with
10407/00, respectively, ibid.

2 Miller to Mason, 12 June 1901, enclosure to Maso®’Neil, 18 June 1901, BuOrd 5959/01 (NTS
2582/01) with 10407/00; Mason to O’Neil, 18 Jun@1.9bid.
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design had two features that distinguished it fl@nambers’. First, the air that spun the
gyroscope/turbine wheel came from inside the wfeeln a Hero turbine), rather than

from outside the wheel (as in a Pelton turbine).

Hero Turbine Pelton Turbine

Airjet C— :‘}

Exhaust nozzles 7 Buckets

Air supply pipes

Figure 1.1: Hero and Pelton turbines.

Second, the valve group that admitted air fromflgeek to a temporary storage box
before moving onto the turbine was positive (megntirat certain conditions of pressure
had to be met before each valve would open) rdtfzgr automatic (meaning that once
the first valve opened the sequence could notdupstl)®

L. H. Chandler, an officer at the Station and comd®a of the torpedo-boat
flotilla, conducted the tests on the Moore gyrogcapd afterwards submitted a long

report reviewing the past and future of gyroscopestbpment’ He identified six

different gyroscope models that had been triedsiandequirements that they needed to

9 Mason to O’Neil, 18 June 1901, BuOrd 5959/01 (N\e682/01) with 10407/00, ibid; Chandler to Mason,
30 September 1901, enclosure to Mason to O’'Nellctbber 1901, BuOrd 9235/01 with 10407/00, ibid.
The Moore gyroscope became known as the Mark bgpope, so as to distinguish it from the service
gyroscope, which became known as the Mark | (ChartdlO’Neil, 1 October 1901, BuOrd 9239/01 with
10407/00, ibid).

% Chandler to Mason, 30 September 1901, enclosuvtason to O’'Neil, 2 October 1901, BuOrd 9235/01
(NTS 2366/01) with 10407/00, ibid.
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meet. The service Obry, though “vastly better thathing,” failed to meet all six
requirements, and he dismissed two others bechagenvere spring-driven rather than
air-driven, leaving Chambers’ two recent air-driveadels and Moore’s. He found that
the two distinctive features of the Moore gyroscgpee it a decisive edge over
Chambers’ designs: having air come from the intesfdhe turbine wheel made it less
likely that the air would disturb the position dktwheel, and the positive-action valve
group would produce more consistent results, sin@euld require the same conditions
to be met at each valve rather than at the firstalane. He also thought that the Moore
gyroscope would prove more durable in service aqdire less frequent readjustments,
and he was confident that it was capable of anglefle enthusiastically endorsed it,
and N. E. Mason, the new commander of the Torp¢alo8, “unqualifiedly”
recommended its adoptidn.

Their optimism proved premature. Bad weather &edabsence of a testing boat
delayed the resumption of tests until spring 19@#&reupon it was discovered that the
Moore gyroscope could not secure angle fire dubeaveakness of its steering engife.
Once the engine was strengthened, the torpedo &&dk36 successful runs, and Mason
declared it “a practical success.One more round of tests with larger steering ruside
decreased the tactical radius, and the officeharge pronounced the gear “out of the
experimental state” and declared that “direct af@adrom broadside tubes is no longer

a hope of the future but an accomplished f&t©"Neil decided that it would cost too

% Mason to O’Neil, 2 October 1901, BuOrd 9235/01hwii0407/00, ibid.

% Mason to O’'Neil, 21 April 1902, BuOrd 3296/02; Wims to Mason, 18 April 1902, enclosure to Mason
to O’'Neil, 21 April 1902, BuOrd 3296/02, both witl9407/00, ibid.

9"Mason to O’'Neil, 21 April 1902, 21 April 1902, Bu®8296/02 with 10407/00, ibid.

% williams to Mason, 1 June 1902, BuOrd 4449/02 i®407/00, ibid.
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much to install the gyroscope in older torpedoes he planned to put it in all new

torpedoes?

Designing a New 5-Meter Torpedo: Dealing with the Witehead Company and
Developing the Nickel-Steel Air Flask

During the five years required to develop the €alig Station’s gyroscope, the
rest of the torpedo was not ignored. Two partsivedeparticular attention: the engine
and the air flask. In October 1897, needing toeeish the Bureau’s stock of 5-meter
torpedoes, O’Neil decided that the time had comaveryhaul their design in search of
higher speed® His decision set off a burst of negotiations arfdrimation-gathering.
The Bureau ordered 25 long torpedoes from the Bl@®ipany in December 1897, but
the outbreak of the Spanish-American War in Mar@88labruptly ended the search for
improvements, and the new order was built undeolti®ctober 1896 specifications
with only slight modifications* (To meet war demands, the Bureau also placed an
emergency order for 50 short torpedoes under tBé §pecifications in April 1898

When the war ended, O’Neil resumed his effortsaime up with a new 5-meter

torpedo. After flirting with the idea of buying areple torpedo from the Whitehead

% Endorsement by O’'Neil, 3 May 1902 on Mason to QIN&L April 1902, BuOrd 3296/02 with 10407/00,
ibid.

190 5'Neil to SecNav, 6 October 1897, BuOrd 7397/9BL&78 with 7455/97, NARA RG74/E25/B302;
O’'Neil to Bliss Co., 8 October 1897, BuOrd 745519861/370, ibid.

10t «gpecifications for the Manufacture of Whiteheastédmobile Torpedoes, U. S. N., 5m x 45cm, Mk |,”
1 December 1897, RG45/E502 (Envelope “Mines angeoes, reports, correspondence & miscellaneous
data relative to, 1871-1899"), NARA. The main diffieces between these specifications and the 1896
specifications was that they included the speedggnascope requirements which had been added to the
1896 specifications by correspondence. See alss Blo. to O’Neil, 3 January 1899, BuOrd 74/99 with
7455/97, RG74/E25/B302, NARA.

192 0’Neil to Bliss Co., 29 March; Bliss Co. to O’'NgBO March; O'Neil to Bliss Co., 31 March; O’'Ned t
SecNav, 31 March; Herbert & Micou to O'Neil, 31 Mar SecNav to O’Neil, 5 April 1898; all with BuOrd
3462/98, RG74/E25/B324, NARA.
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Company embodying several new features, O’Neilddrback to the Bliss Compatfy.
O’Neil hoped that the Company might be able toaeplthe reciprocating engine of the
Whitehead torpedo with a turbine engine: he hadtevwrito Charles Parsons, British
inventor of the turbine engine for ships, and timedican Curtis Turbine Company, to
ask whether their turbines might be adaptablerpetioes® When informed by the
Curtis Company that it had been working with thess8[Company, apparently without
O’Neil’'s knowledge, to adapt a turbine for usearpedoes, O’Neil seems to have left the
matter in the Bliss Company’s hand3lt is important to note that the Bureau and the
Bliss Company seem to have arrived independentlyeaidea of the turbine engine
around the same time—a decade later, the two sidekl hotly dispute this issue in
court. In July 1899, the Bliss Company’s experimaéhirbine torpedo was accidentally
wrecked, and the Company glumly advised the Butleauit should buy torpedoes
directly from Whitehead® Undeterred, the Bureau said it would stick wité Bliss
Company, because it believed that the Whiteheadp@ag's torpedo needed
improvement’ In particular, the Bureau had high hopes for twpegimental nickel-
steel flasks? ®

The Bureau had several reasons for its interesickel-steel air flasks. One was

the desire to increase the speed and range ofdmepgdy raising the flask pressure from

193 0’Neil to CoNav for CIO, 16 December 1898, BuOAD®/98 with 7455/97; O'Neil to Bliss Co., 5
June 1899, BuOrd 5625/99-L.S107/16-17 with 7455R8374/E25/B302, NARA.

194 O’Neil to Parsons, 28 January, BuOrd 867/98-LS63/%’Neil to Curtis Co., 29 January 1898, BuOrd
867/98-LS67/516, both with 7455/97, RG74/E25/B30ARA.

195 Curtis Co. to O’Neil, 31 January 1898, BuOrd 1@B3with 7455/97, ibid.

1% BJiss Co. to O’'Neil, 19 July 1899, BuOrd 7353/ 74/E25/B389, NARA.

197Fenton to Bliss Co., 31 July 1899, BuOrd 7353/991(8239, ibid.

198 3’Neil to Inspector of Ordnance, Midvale Steel Gmmy, 29 April 1899, BuOrd 3666/99-LS104/222;
O’Neil to Inspector of Ordnance, Bethlehem Iron @amy, 29 April 1899, BuOrd 3666/99-L.S104/203—4,
both with 7455/97, RG74/E25/B302, NARA. Holman &ttambers to McLean, 25 July 1899, sections A-
B, B18-152, NTS.
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1,350 psi to 1,500 psi. O’'Neil had begun to explbis idea in 1897 when he
contemplated the design of a new 5-meter torpegped due to the press of business
during the Spanish-American War, and picked backnge the war was ov&f O’Neil
also feared what would happen if torpedo air flagkse struck by shell fragments in
battle and exploded. To find out, he ordered thpddo Station to conduct ballistic tests
on charged air flasks? He particularly wanted to know whether the flashuld explode,
indicating that the metal was relatively hard anttlp, or tear, indicating that it was
relatively soft and elastic. After some delay, Tioepedo Station carried the tests out in
June 1898, firing a 6-pdr shell into a flask charge 1,350 pst'* The flask “burst like a
big shell,” the commander of the Torpedo Statiaugtely reported to O’Neil:

In fact its behavior was “Unfit for publication.” & be [sic] the steel of the flask

was too hard. It would have made havoc aboard skaw it all very distinctly

and could not but wish that | had been the onlyess, as the results were not

encouraging, in view of what might happen aboard.<bf course an exploding

shell, or the exploding of one’s own ammunitiondsyenemy’s shot could be just

as dangerous, but reports of the test may be haanfhis time [i.e., in the

middle of a war]. | have put persorai the envelope so that you will be first to

see the report:?
This was an alarming result.

Fixing the problem was not easy, because air-filastal needed to embody two

sets of competing properties. One set was highgtineand low weight, but these were

difficult to reconcile. With simple steel—in shipnaor as in air flasks—strength and

199 Torpedo Board to O'Neil, 21 September 1897, BuZif3/97; O'Neil to Rittenhouse, 30 September
1897, BuOrd 7053/97-LS61/63, both with 3407/97, R(&E25/B290, NARA.

119 0'Neil to Commandant Newport Naval Station, 10 8eber 1897, BuOrd 9256/97-LS65/274,
RG74/E25/B307, NARA.

11 O'Neil to McLean, 12 February 1898, BuOrd 92561968/272; O'Neil to McLean, 23 May 1898,
BuOrd 9256/97-LS79/343, ibid.

12 McLean to O'Neil, 6 June 1898, BuOrd 8500/98 v@#56/98, RG74/E25/B436 [misfiled, should be in
B307], NARA.
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weight increased proportionally: to increase thergjth, more metal had to be added,
making the object heavier, less buoyant, and sld¢urdess power increased
disproportionately to weight). The other set ofgedies was hardness, meaning ability
to resist stress without deformation, which woutohsthe torpedo down; and elasticity,
meaning ability to resist stress without breakag@ch increased safety. The June 1898
test revealed that the metal used in Americanaské was relatively weak and inelastic:
when stressed beyond a certain point, which waasbigh as the Americans would
have liked, the metal did not go through a warmpegod of deformation, but simply
shattered into dangerous fragments.

O’Neil believed that nickel steel could kill fobirds with one stone: it could find
a happy medium between strength and weight, arvadeleet hardness and elasticity. In
November 1898, he told McLean that the specificetifor air flasks required too high an
elastic limit and too little elongatioh® He believed a nickel-steel flask would allow a
lower elastic limit and higher elongation whildlsticreasing the overall strength of the
flask—meaning that he could have a stronger flaakwas also safer.

In September 1899, the Bureau asked the Bliss Coyjoabid on new 5-meter
torpedoes with the latest improvements in air #d$kThe Company replied that it

would manufacture 30 at $4,200 each, or 50 or rab$3,800 each:>The Bureau

3 O’Neil to McLean, 28 November 1898, BuOrd 80231952 with 7455/97, RG74/E25/B302, NARA.
The elastic limit referred to the amount of strésg metal could stand before it began to deforastidally
(as opposed to plastically—elastic deformation vea®rsible, plastic deformation was permanent). The
lower the elastic limit, the less stress it tookleform the metal elastically. The elongation petage
measured how much a metal “stretched” when pulie2% elongation for a 2-inch specimen meant that
the specimen began at 2 inches and, after beietglé&d, ended at 2.5 inches. The higher the pegent
the “stretchier” the metal was.

14 O'Neil to Bliss Co., 6 September 1899, BuOrd 56254ith 7455/97, ibid.

115 Bliss Co. to O’Neil, 25 September 1899, BuOrd 9861with 7455/97, ibid.
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balked at the higher price, observing that it w&9@0 increase over the 5-meter
torpedoes ordered in December 18%7The Company countered that it had to rebuild its
labor force and plant, among other things, andkstmiits price™’ O’Neil relented,

agreeing to order 30 torpedoes at $4,200 eachansffeed of 28.5 knots when launched
from an over-water tube without its fittings fortsnerged discharge (which added weight
and slowed the torpedo dowHf These 30 torpedoes became known as Mark Il 5-meter

torpedoes.

The Superheater

As the ink was drying on the contract, the Blissrpany approached the Bureau
with a new proposal. Its experimental turbine tdigpaad been wrecked the previous
summer, along with various improvements embodiday imith one exception. “This one
exception, however, is the most important one,’lated the Company, “as its object is to
increase materially the speed of the torpeddlt was the so-called superheater, which
heated the remaining air in the air flask as tHeme decreased, thus keeping up the
pressure of the air acting on the engine. In cehtmlater versions, this one was a dry
inside superheater, and it was designed by Le#vétCompany’s chief engineer. The
fuel (alcohol) for supporting combustion was stoired reservoir outside the air flask,
but combustion occurred inside the flask. The castibn chamber was covered by an
inverted hood, which funneled the heated air inpgp& leading out of the air flask,

through the reducer, and to the engine. The reativpressures in the air flask and the

118 O'Neil to Bliss Co., 6 October 1899, BuOrd 9361igi¢h 7455/97, ibid.

117 Bliss Co. to O’Neil, 9 October 1899, BuOrd 981618i¢h 7455/97, ibid.

118 O'Neil to Bliss Co., 12 October 1899, BuOrd 981®igith 7455/97, ibid.

119 BJiss Co. to Herbert & Micou, 7 February 1900, BdQ538/00, RG74/E25/B410, NARA.
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fuel reservoir regulated the rate of the fuel fedd the combustion chamber.

The Bliss Company offered the Bureau a novel tgsdimd purchasing
arrangement for the superheater. If the Bureau avietithe Company put the superheater
in one of the new Mark Il 5-meter torpedoes arfdiled to increase the speed by a knot,
the Company would take the superheater out andedtéhe torpedo like the others of its
Mark. If the superheater increased the speed mpabut for some reason the Bureau did
not want it, the Company would take it out for e of roughly $600. If the
superheater increased the speed and the Burealeddoiadopt it in the experimental
torpedo, the Bureau would pay $500 for each hatftkmcrease over the contract speed
of 28.5 knots. If the Bureau decided to have italed in all of the Mark 11 5-meter
torpedoes under contract, the Company would dorsa feasonable chardf@.

Although O’Neil declined to commit the Bureau toyatecision about the whole
order of 30 Mark Il torpedoes, he agreed to the gamy’s other terms regarding the use
of a Mark Il torpedo for experiments, including pasnt of $500 for every half-knot over
the contract speed’ A conversation with Leavitt led to a slight modétion, dropping
the reference to the torpedo’s contract speed gpldaing it with the condition that the
torpedo make at least one knot over what it woaletmade without the superhedfér.
O’Neil ordered the Company to proceed with expentagand to manufacture the other
29 Mark Il torpedoes in such a way that they cddditted with the superheater if the
Bureau so chose.

The experimental torpedo was ready for tests eJaty, which were overseen by

120 BJiss Co. to Herbert & Micou, 7 February 1900, BdQ538/00, ibid.
21 5'Neil to Bliss Co., 9 February 1900, BuOrd 1538105122/480-81, ibid.
122 9'Neil to Bliss Co., 24 February 1900, BuOrd 138BLS123/542—43, ibid.
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Bradley Fiske, the new Inspector of Ordnance aBliss Company. At 1,500 yards, the
torpedo averaged 23.56 knots without the superhaatemade 27.9 knots with it, an
18% increasé?* When tested with the heater at 800 yards, thenertyioke, as it was
unable to stand the increased horsepower caustt lsyperheater. In Fiske’s opinion,
“the superheating device is an improvement oféaching importance,” whose
accomplishments would be limited only by the sttargf the engine. He did not think
there was time to put it in all the Mark Il torpedo but he recommended that work
continue with the experimental torpedo. The Buraezepted both of his suggestidfs.
Once the engine of the experimental torpedo waaineg, it was run again at 800 yards,
where it averaged 29.57 knots without the supeeneatd 31.6 knots with it, an increase
of 14.5%*?° Despite the complications added by the superhéatan apparatus already
excessively complicated,” Fiske recommended thae iadopted in future contracts.
With Fiske’s recommendation in hand, the Burededshe Bliss Company to
quote prices for various arrangements by whictstiperheater could be purchaséd.
The Company replied that it would charge $150,@0QHe exclusive or non-exclusive
American right to the device, $500 for each torpided with the device, or $4,700 for
each torpedo ordered in lots of twetf§The Bureau decided to withhold its decision

pending experiments with the heated Mark Il torpatithe Torpedo Statidii’®

123 Fiske to O’Neil, 1 August 1900, BuOrd 8113/00 witb38/00, ibid.

124 Endorsement by O’Neil, 6 August 1900 on Fiske tN&dl, 1 August 1900, BuOrd 8113/00 with
1538/00, ibid.

125 Fiske to O’Neil, 10 September 1900, BuOrd 9404RG74/E25/B434, NARA.

126 Fiske to O’Neil, 1 December 1900, BuOrd 12387/0thW404/00, RG74/E25/B479 [misfiled, should
be in B434], NARA.

127 9’Neil to Bliss Co., 5 December 1900, BuOrd 123®&7L.S146/39-40 with 9404/00, ibid.

128 Bliss Co. to O'Neil, 10 December 1900, BuOrd 12@05with 9404/00, ibid.

129 9’Neil to Bliss Co., 13 December 1900, BuOrd 12/@05vith 9404/00, ibid.
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There the torpedo sat nearly untested for six hgyrue to bad weather and a
personnel shortage—the latter an indication ofpibnerty of the Navy’s research and
development resources. The Torpedo Station wad@lohake only two runs before June.
N. E. Mason, who had succeeded McLean as commantiee Station in October 1899,
while refraining from final judgment, reported thhe initial impression was not
favorable, due to the additional complication af tbrpedo and the dirt caused by the
burning alcohol of the superheater, which wouldiget the gyroscope’s valve group and
interfere with its performancg® Full trials reversed this opinion. The heated ¢olp
averaged 35.6 knots at 800 yards, a 16% increasetloe speed obtained in the
September acceptance trials, and more than 7 kretshe contract speéttThe
Torpedo Board found that its fear of dirt interferiwith the alcohol was unfounded, and
it declared the superheater simple, easy to uradetsand no less durable than any other
part of the torpedo. It recommended that the Bueshnpt the device in future torpedoes,
but it recommended against purchasing the exclusmerican right, since it (presciently)
expected that a simpler and more efficient heaialdcbe designed.

Thus buoyed, the Bureau wrote to ask what thesEBlismpany would charge to
install the superheater in the remaining 29 Maribipedoes, and it was quoted a price of
$14,500*? On advice from the Torpedo Station that the ersjimere not strong enough

to take the superheater, the Bureau checked watBliss Company to make sure that the

130 Mason to O’'Neil, 18 April 1901, BuOrd 3970/01 wii04/00, ibid.

131 Torpedo Board [Hodgson and Miller] to Mason, 1861901 (Report #36), enclosure to Mason to
O’Neil, 12 June 1901, BuOrd 5830/01 with 9404/®dd i

132 O'Neil to Fiske for Bliss Co., 13 September 19BuQrd 8686/01-LS167/208 with 9404/00; Bliss Co.
to Fiske for O'Neil, 23 September 1901, BuOrd 8843kith 9404/00, ibid. This was an extra $500 per
torpedo, on top of the initial $4,200 price, brimgithe total cost to $4,700 per torpedo.
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price included stronger enginE§Assured that it did, the Bureau received the Tooped

Station’s blessing to place the ord#.

The Turbine Engine

In September 1901, towards the end of the negmtgmbver the superheater, and
influenced by the knowledge of the extra stressqaaon the engine by the superheater,
O’Neil dusted off an idea that had been floatinguaad the Bureau for years: the use of a
turbine engine. As previously discussed, O’Neil #m&lBliss Company had
independently arrived at the idea of using a tweld@ngine in early 1898, and the
Company had built an experimental turbine torpéxd jt was wrecked in July 1899, and
nothing could be salvaged from it except the supetér ided>® After this setback, the
turbine concept languished for two years whileBloeeau and the Company focused on
developing the Mark Il torpedo and the superheater.

O’Neil revived the turbine idea in a letter to Masthe commander of the
Torpedo Station, forwarding tentative specificatidor a turbine torpedo and requesting
his opinion**® Mason solicited advice from three of his subortéieaW. G. Miller, L. H.
Chandler, and G.W. Williams (a future commandethef Torpedo Station). Anticipating
subsequent developments, Miller and Chandler wabthat the rotation of the turbine

would cause the torpedo to roll and interfere w#haccuracy, but Williams discounted

133 Miller to Mason, 30 September; Chandler to MagthSeptember 1901, enclosures to Mason to O’Neil,
1 October 1901, BuOrd 9404/00; O'Neil to Bliss CdQctober 1901, BuOrd 8943/01-LS168/396 with
9404/00, ibid.

134 Bliss Co. to O’Neil, 7 October 1901, BuOrd 9374i@ith 9404/00; Mason to O’Neil, 19 November

1901, BuOrd 10950/01 with 9404/00, B30-168, NTS.

135 BJiss Co. to O'Neil, 19 July 1899, BuOrd 7353/98374/E25/B389, NARA.

136 O’'Neil to Mason, 11 September 1901, BuOrd 862Wiih 9558/01, RG74/E25/B480, NARA.
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the possibility"*” Chandler added that he had conversed with Leawithe subject in the
past, and Leavitt had doubted the worth of a twlgngine. “Of course this may be
correct,” Chandler allowed, “and at the same tinte [Mavitt may very readily have
been influenced by outside or business motives lwimay have made him ready to
condemn the turbine without sufficient groundshasas most certainly done the Obry
gear.” Chandler advised a direct approach to Leawipecting that he would “talk more
freely” since he was no longer with the Bliss Compand a robust effort to develop the
turbine idea, since the benefits “would be well tha considerable outlay of thought,
money, work and time'®*® Mason agreed, and he agreed with Williams thatuHgne
would not cause the torpedo to rof.

While the Torpedo Station considered the issuskeFistill the Inspector of
Ordnance at the Bliss Company, began discussingds&bility of a turbine torpedo
with Leavitt, the past and future chief engineethaf Bliss Compan}° Fiske forwarded
a letter from Leavitt to O’Neil, in which Leavittcommended dynamometric tests with
the turbine before putting it in a torpedo, at atqobably not exceeding $3,080.
(Dynamometric tests referred to the practice ohmg the engine against resistance in a
dynamometer to measure certain aspects of itsipeaface, such as horsepower.) Fiske

allowed that the price seemed high for a singlesgrpent, but he justified it on the

grounds that “[t]he torpedo has become so excdgstemplicated, that any effort to

137 Miller to Mason, 14 September; Chandler to MasdhSeptember; Williams to Mason, 3 October 1901;
all enclosures to Mason to O’Neil, 11 October 1BUQrd 9563/01 with 9558/01, ibid.

138 Chandler to Mason, 16 September 1901, enclosuvtasmon to O'Neil, 11 October 1901, BuOrd
9563/01 with 9558/01, ibid.

139 Mason to O’Neil, 11 October 1901, BuOrd 9563/01hvéi558/01, ibid.

140 Eiske to O'Neil, 11 October 1901, BuOrd 9558/Gidli

141 | eavitt to Fiske, 10 October 1901, enclosure 8k&ito O'Neil, 11 October 1901, BuOrd 9558/01, ibid
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simplify it must commend itself to all Naval met#*He requested permission to get a
definite proposition from the Bliss Company, whidiNeil granted, requiring the
Company to guarantee that the turbine would geaatdeast 90 horsepower when using
superheated air, the same as the reciprocatingel{girThe Company agreed to build a
turbine and conduct dynamometric tests for $3,@00,then to turn both the turbine and
the data over to the Bure&tf.O’Neil accepted the offer and ordered the Company
proceed immediatefi°This was a landmark moment in the naval-industgahplex:

the state was investing directly in experimentatknostead of buying a finished product.
Moreover, it was purchasing not only a physical owdity (the turbine), but also
information (the data from the dynamometric te&18).

The turbine had its dynamometric tests six molates, in April 1902. The naval
officer reporting on the tests, G. C. Davison (enado remember), noted that it gave
mixed results?’By one measure of efficiency, it seemed inferioth® reciprocating
engine, because it did less work for each pouradroThis definition of efficiency was
partial, however, because the temperature andyrees$the air mattered—other things
being equal, one pound of higher-pressure, hoitelog@s more work than one pound of
lower-pressure, colder air. The turbine used adr laiver pressure, so that less work done
per pound of air was to be expected, but it needetds developed a higher maximum

horsepower, 108 to the reciprocating engine’s 8&ak also simpler and more durable,

the latter a particularly appealing feature wheatée air was used. Davison said the

142 Fiske to O'Neil, 11 October 1901, BuOrd 9558/@idli

143 O"Neil to Fiske, 14 October 1901, BuOrd 9558/01t68/175-76, ibid.

144 Bliss Co. to O’Neil, 18 October 1901, BuOrd 979Ligith 9558/01, ibid.

145 O’Neil to Bliss Co., 19 October 1901, BuOrd 9593/05169/449 with 9558/01, ibid.
148 The implications of these decisions are discussee fully in Chapter 3.

147 Davison [BuOrd officer] to O’Neil, 26 April 190BuOrd 3677/02 with 9558/01, ibid.
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Company planned to conduct a second round of tesstg higher air pressure in the
hopes of increasing the turbine’s work per poundiof'®

Leavitt, who was overseeing the dynamometric tegts though he was no
longer with the Company, submitted his own repdrewthe second round of tests was
complete*® He made three main points. First, although thieimerdid less work per
pound of air, it used air at a lower pressure thdrthe reciprocating engine. Second,
Leavitt argued that the best metric of value waswark done per pound of air, but rather
the total energy delivered by the engine to theelter shaft. The implication of this
point was that the turbine could increase the rarigerpedoes: because it could
potentially do the same amount of work as the recigiting engine at a lower pressure, it
would be able to utilize air in the flask afteh#d dropped below the pressure at which
the reciprocating engine could use it. Third, tmbine could withstand higher heat,
which, being directly proportional to pressure, mtehat it could withstand higher
pressures as well. In other words, the turbineccaudrk across a greater range of
pressures than could the reciprocating engin@uldcstart at a higher initial pressure
than could the reciprocating engine, and it coddkworking at a lower final pressure
than the reciprocating engine. Accordingly, Leawélculated that the turbine was almost
20% better than the reciprocating engine. He ptedithat the turbine could generate
100 horsepower without needing repair, which waileé speeds of 36 knots at 900
yards, 34 knots at 1,000 yards, 32 knots at 1,200sy and 29 knots at 1,500 yards. E. R.

Pollock, the new Inspector of Ordnance at the Compagreed with Leavitt, concluding

148 | am grateful to Terry Lindell for calling my attéon to the importance of temperature and presisure
measuring work, and hence efficiency.
149 eavitt to Bliss Co., 19 May 1902, B31-161, NTS.
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that “[flor durability and reliability the turbinkas been proven to be the superior of the
Whitehead engine*®

Satisfied that the Bliss Company had held upnt$ & the bargain, and probably
eager to have his own people get their hands @iNigil ordered the turbine, by then in
a Mark Il 5-meter torpedo, shipped to the Torpeti@h for further experiments’Like
the experimental heated torpedo, it languishecktf@rseveral months due to a lack of
officers to conduct tests, during which time eventsrtook it™°> The Bliss Company,
encouraged by the performance of the turbine irathemetric tests, during which it had
been jury-rigged to a Mark Il torpedo, began desigm new torpedo especially for the
turbine. Among other features, the new torpedoireduarger exhaust than the
reciprocating engine, a new steering engine, avave group, and a new location for
the diving geat>As it turned out, the torpedo would also include siperheater and a
new gyroscope of Leavitt's desigrf.In November 1902, however, just as tests of the
new torpedo were getting underway, a freak accideotirred, causing major damage to
the torpedo (and to the arm of a foreman, whichtbdze amputated), which delayed

tests for another year, and another chapter.

Tactics and Naval Architecture

All of this activity—the choice of the Whiteheadeay the Howell, the

150pollock to O’'Neil, 24 May 1902, ibid.

151 Chase [Acting CoO] to Pollock, 12 June 1902, Bu@r64/02-L.S184/531 with 9558/01,
RG74/E25/B480, NARA.

152 Fletcher to O’Neil, 8 September 1902, BuOrd 768Z10TS 1612/02) with 9558/01, ibid.

153 pollock to Hill (BuOrd officer), 11 June 1902, B361, NTS.

154 Chambers, Sears, and Hill [board that testeddipetio] to O’'Neil, 19 November 1903, BuOrd
13021/03 with 9558/01, RG74/E25/B480, NARA.
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introduction of new marks of torpedoes, the charngdke gyroscope, and the
development of nickel-steel air flask, superheated turbine engine—occurred in an
atmosphere of great confusion over how the fruithe activity would actually be used.
Between 1895 and 1902, naval tactics began togehdramatically, largely as a

result of the gunnery revolution led by Britain'srBy Scott. Improvements in gunnery
lengthened the range at which tacticians expectiedd battles to be fought, and they
created both new challenges and new opportunitiesaineuvering and signaling. The
United States was slow to adapt to the changeéarge part because it lacked provision
for the formal consideration of tactical problemie Naval War College took its first
steps toward filling the void in the early 1890sem it introduced a new feature into the
curriculum: a “problem” to be solved during the suer’*> Until 1901, however, the
problems focused on solving strategic questionastefest to the United States, and
tactics were discussed only insofar as they borterstrategic issue at hand. The
discussion of tactics in 1899, for instance, wasrieted to “A discussion of the tactical
value of the harbors of the North Atlantic, witlspect to the position of our battleship
fleet.”**°

In 1901, however, the College began to focus aticispecifically fleet battle
tactics, as a subject in its own right. The sohsito the problems began to feature
sections on battle tactics, and the new lecturéagtics, Lieutenant Commander J. B.

Murdock (who had served at the Torpedo Statioménlate 1880s) re-oriented the

lectures to focus on battle tactics. By way ofifyistg the new emphasis, Murdock told

155 See Ronald Spectd?rofessors of War: The Naval War College and thedl@pment of the Naval
Profession(Newport: Naval War College Press, 1977), 71-73.
156 Solution to the Problem of 1899, Section C, RGIHC.
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his students “that we have to-day no battle ta¢fitaMurdock spent most of his time
and energy introducing his students to a recenb@inenon called line-of-bearing tactics,
which were designed to facilitate both gunnery enaheuvering, and preaching the
important of target practice. He barely mentior@gpedoes. In 1901 and 1902, while
crediting the Whitehead torpedo with some mordugrice and for turning thought away
from ramming and mélée, which many officers thouwdggirable for decades following
the battle of Lissa in 1866, and towards longehntfitg ranges, he thought its
contributions ended thefe® In 1902, quoting a British officer named H. J. Mag
pointed out, but only in passing, that a retreatiegt had a major advantage over a
pursuing fleet in torpedo fire® This was the extent of his attention to the eftgct
torpedoes on tactics.

The study of tactics received another institutidomost in 1900 with the
establishment of the General Board, which collatearavith the War College to promote
the subject® The General Board, headed by Admiral George Detheyyictor of
Manila Bay, was a purely advisory body which opimedsubjects ranging from naval
construction to strategy. Together, the Generat®aad the War College designed fleet
maneuvers in 1901 and the problems to be solveddogummer “conference” of War
College students in 1901 and 1902. The 1901 maneiunveuded attacks by torpedo

boats on the battle fleet, but their main purpoas @ test and improve the

15" Murdock, “Battle Tactics,” lecture delivered 21901, RG14/B2, NHC.

158 Murdock, “Naval Tactics (4),” lecture deliverednsmer 1902, ibid.

¥Murdock, “Naval Tactics (5),” lecture delivered smar 1902, ibid. The logic behind this point wasttha
the pursuing fleet was moving towards the retregfiieet, thereby lengthening the effective rangéhef
latter’s torpedoes, while the retreating fleet wasving away from the pursuing fleet, thereby redgdhe
effective range of the latter’s torpedoes.

189 Crowninshield [temporary president, General Bo#&dpecNav, 25 November 1901,
RG80/E285/B1/V1/P390-93, NARA.
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maneuverability of the battle flett. Likewise, the solutions to the tactical problems
presented at the 1901 and 1902 War College cordesdiocused overwhelmingly on
concentrating gun-fire, maneuvering so as to aehig\and the command-and-control
problems created by maneuverifigin a paper for the 1902 conference, however,
Murdock made two new points about torpedoes. Fiessgrgued that the existence of
torpedoes would tend to keep fleets from closinidpwi2,000 yards. Second, despite this
pressure to keep the range long, he argued thahehiey accident or by the desire of the
fleet with inferior gunnery, battles were likelyiteclude actions within 2,000 yards,
where the torpedo could make an essential conioibtid victory or defeat. “The War
College therefore is of the opinion,” he announcdtit it is a great error to design our
battleships without torpedo tube$3This was a concrete measure of the torpedo’s
impact on naval architecture (not to mention tleselrelationship between tactics and
naval architecture), but its importance shouldbebver-stated. Fundamentally, the War
College continued to think of gunnery as the cdhitig element in naval tactics, with
torpedoes playing a supporting role.

The Bureau of Ordnance and the Torpedo Statioapmkile, were laying the
groundwork for torpedoes to play a primary and petelent role. The key figure in this
effort was Charles O’Neil, the chief of the Burdeam spring 1897 to spring 1903,
during which time he was also president of the Baar Construction. Established in

1889, the Board on Construction brought togetherctiiefs of the bureaux involved in

181 Dewey [president, General Board] to commandertiNatlantic Squadron, 22 March 1901,
RG80/E285/B1/V1/P181-83, NARA.

162 5olution to Problem of 1901, Appendix B: Tactiaad Solution to Problem of 1902, “Note” and
Murdock’s paper, both RG12, NHC.

163350lution to Problem of 1902, “Note” and Murdockaper, both ibid.
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naval construction (Construction and Repair, Steagineering, Equipment, and
Ordnance), along with the Chief Intelligence Offide advise the Secretary of the Navy
on the subject. Shortly after relieving W. T. Saompas chief, O’Neil began a campaign
to acquire an under-water torpedo tube for usattidships. During Sampson’s tenure,
this prospect had been unlikely, since Sampsorii@éhith in under-water discharge”
and a pet scheme for an armored over-water tubiehvite repeatedly referred to the
Torpedo Board for report despite its denunciatiminthe idea and endorsements of under-
water discharg&®*A few months after taking over, O’Neil moved aggiesly to buy the
rights and a sample submerged tube from Armstrdfigtworth & Company®

In an apparent irony, O’Neil became the leadingarment of placing submerged
tubes on battleships. The irony was not real, h@aweas O’Neil’s reversal had nothing to
do with abandoning his goal, but rather with thufa of another of his tactical
initiatives on which the utility of submerged fidepended: the search for angle fire.
Angle fire, sometimes called curved fire, refertedhe practice of setting the gyroscope
S0 as to make a torpedo curve through a certaile &rogn its initial line of fire. While
opening up some tactical possibilities for overavabrpedo fire, like firing a torpedo
from a broadside tube direct ahead in line withkiel, angle fire was most significant
for submerged tubes. Unlike over-water tubes, whaid be pivoted through a

considerable degree of horizontal train, submetgbds were fixed. Without angle fire,

154 For quote, see Sampson to Converse, 1 Februai Ba%-142, NTS. For Sampson on tubes, see
Sampson to Converse, 31 August 1895, BuOrd 5822t955906/95, RG74/E25/B234, NARA, Torpedo
Board [Converse, Fletcher, and Smith] to Sampsorgépbtember 1895, BuOrd 6327/95 with 5906/95, ibid;
Sampson to Converse, 24 March 1897, BuOrd 143%93142, NTS; Converse to Sampson, 5 April
1897, NTS 1040/97, ibid; Poundstone to Conversé&dd 1897, ibid; Sampson to Converse, 25 May
1897, BuOrd 3602/97 with 619/97, RG74/E25/B280, MARonverse, Fletcher, Rittenhouse, and
Poundstone to Sampson, 1 June 1897, BuOrd 4100/BF 1642/97) with 619/97, B15-142, NTS.

185 These negotiations are contained in the bundletigfs with BuOrd 5841/97, RG74/E25/B297, NARA.
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to fire a torpedo from a submerged tube, the whbip had to be turned to the
appropriate bearing. With angle fire, the gyroscomeely had to be set to curve the
torpedo through the appropriate angle, thereby ingaikiindependent of the firing ship’s
bearing, the train of the tube, and its initiakliof fire.

Chambers, who led the Torpedo Station’s effortismarove the Obry gyroscope,
was quick to pick up on this tactical significanaad his modifications to the original
Obry gyroscope featured two key improvements:,flistrearranged the position setting,
position holder, and steering valve so that thpado could be caused to curve at any
angle up to 140° on either side of the initial lofdire; and second, he redesigned the
adjusting rod so that it could be turned from algghe torpedo tube, thereby increasing
the ease and speed of adjusting the gyroscophdgrrbper angle in actidfi®O’Neil
pounced on the idea, ordering the Torpedo Statidrutry tests of Chambers’ gyroscope
in part so that the Bureau could make a decisioutits capability for angle fir’ As
previously discussed, however, Chambers’ modifigdgrope proved unsatisfactory,
and the Navy did not develop a gyroscope suitailaigle fire until the improved
version of Moore’s Mark Il gyroscope in April 1902. September, O’Neil ordered an
innovative series of experiments with angle ffte.

O’Neil also championed the pursuit of higher sgeaald longer ranges in
torpedoes by means of the superheater and tufResponding to Mason’s initially
negative assessment of the superheater, O’'Neidygul why he thought the superheater

added value to torpedoes: first, by increasingeffieiency of the available compressed

186 Chandler to Mason, 30 September 1901, enclosuBe@rd 9235/01 (NTS 2366/01) with 10407/00,
RG74/E25/B437, NARA.

157 O’'Neil to McLean, 24 February 1901, BuOrd 203419889/528, RG74/E25/B372, NARA.

168 O'Neil to Fletcher, 10 September 1902, BuOrd 70234B32-164, NTS.
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air, it increased the range; and second, by inorgdke speed, it decreased the duration
of the run and permitted greater errors in aimirgtorpedd® The Bureau was already
investigating how greater speed affected the pritibadf hitting the target, and O’Neil
ordered the Torpedo Station to help. For the titme,was an innovative approach—the
War College was thinking about the probabilitiehitfing with gunfire, but it had not
thought to apply the same calculations to torpedo&seil also asked Mason to consider
how much the superheater could be used to incthasange at lower speeds,
concluding with the startling information that tBareau was thinking of requiring the
distance gear in all future torpedoes to be seatfteast 3,000 yards with the superheater
and 2,000 without it—both significant increasesrabe 800 yards called for in the most
recent specifications.

None of these developments matured quickly enodogfvever, to save the
submerged tubes of the fivérginia-class battleships from O’Neil when the question
came before his Board on Construction in 1902hAt time, the most modern torpedoes
in the Navy’s arsenal were still the Mark Il 5-meterpedoes ordered in February 1900,
which lacked superheaters, turbines, and Moorg'ssgppe. In opposing the installation
of submerged tubes in battleships, O’'Neil and tlagonity pointed to the limited range of
torpedoes (800 yards at maximum speed) and théhfaicthe tubes were fixed, which
made the probability of effective use “very remaaet reduced their efficiency “to a
minimum.™’° Given these limitations, the size and intricacgutbmerged-tube

installations, and the dangers arising therefréw@,nbajority recommended against

1%9 O’Neil to Mason, 7 June 1901, BuOrd 3970/01, BB8;INTS.

170 Board on Construction [majority] to Long, 20 Jaru&902, RG80/E180/V6/P191, NARA. For a similar
analysis, see Board of Construction [majority] ttng, 27 December 1902, RG80/E180/V7/PP55-60,
NARA.
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installing them on battleships. The dissenting memab the Board, R. B. Bradford,
pointed vaguely to foreign practice and tried tetd¢he dispute in terms of the hoary line-
versus-experts controversy, saying that tacticakes should decide the question, but
O’Neil—who, incidentally, was a line officer as wak an ordnance expert—in fact had a
good grasp of the tactical possibilities and linnitas of the Navy’s torpedoes at the
time!"*

Battleships aside, three other classes of shaisatbuld later play a significant
role in torpedo tactics were almost entirely igmbdeiring this period: the torpedo boat,
the torpedo-boat destroyer (or destroyer, for $hartd the submarine. The War College
was exclusively concerned with maneuvering and eotnating the gun-fire of
battleships in the battle-line, and was not yetkimg in terms of fleets containing several
classes of vessels. Neither the Bureau nor thes@iorstation did much more. They seem
to have given almost no thought to destroyers. @msghad forced submarines on an
unwilling Bureau, and though the Torpedo Statiors weendlier, submarine commanders
spent their energy on training their crews to ofgetiae ship and not on maneuvering with
the fleet "?Aside from a series of experiments at the Torpedtd® in 1895 to discover
how close torpedo boats could get to battleshipsrédeing detected, and the General
Board’s order to have torpedo boats participatiegt maneuvers in 1901, torpedo boats

were ignored’3Indeed, they were ignominiously used as picketsaatl mail-ships

171 Bradford [minority] to Long, 12 February 1902, RBB180/V6/P218, NARA.

172 See Nicholas Lambert, “The Influence of the Subineat/pon Naval Strategy, 1898—1914” (Ph.D. Diss.,
Oxford University, 1992), 70—75; Mason to O’NeilQOttober 1900, BuOrd 8943/01, B30/168, NTS.

173 See the bundle of letters from October 1895 in-848, NTS.
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during the Spanish-American W4,

Conclusion

Even though advances in torpedo technology didmotediately make
themselves felt in naval architecture and tactlos future looked bright for American
torpedo development by the end of 1902. True, threyhad not incorporated any of the
three major improvements—the Moore gyroscope, tiperheater, and the turbine—into
torpedoes on a large scale, preferring to builchfszratch rather than retro-fit older
models, but it seemed to have worked out theiradeféending large-scale incorporation
of these improvements, the concept of torpedodsicémained in its infancy, but officers
at the Bureau and the Torpedo grasped the potentiaé subject. The relationship
between the Department and the Bliss Company hatled its first squabbles, over the
guality of the gyroscopes supplied by the latted grown stronger, thanks to Leavitt’s
design of a turbine engine and superheater. Foerbmtworse, the Navy was now more
dependent on the Bliss Company than ever beforefiieer at the Bureau of Ordnance
proudly declared, “A torpedo containing the Cuttibine, the Leavitt superheater, and
the new adjustable gyroscopic steering gear woelddsentially an American torpedo
and could not properly be called a WhiteheHdAs the next decade would reveal,

however, an essentially American torpedo was noésgarily a good torpedo.

174B. H. McCalla, “Lessons of the Late War,” lectataivered 1 June 1899 at the Naval War College, pp.
21-24, RG15/B1, NHC.

17> Davison to O'Neil, 26 April 1902, BuOrd 3677/02twi9558/01, RG74/E25/B480, NARA [copy in
B31-161, NTS].
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Chapter 2: British Torpedo Development, 1895-1902

“There would be naturally some reluctance on out fgabe forced to
some changes after what we have accomplishedt isutlear that we
must hurry now so as not to allow foreigners tocimstart.”

— George Goschen (First Lord of the Admiralty), 789

Introduction

By the mid-1890s, the Royal Navy had been buildorgedoes for more than two
decades. During that time, it fielded torpedoesgiesl by both a government agency
and a private company—the Royal Gunpowder FacRGH), run by the War Office,
and the Whitehead Company, respectively. In 186d&ever, the Royal Navy decided to
eliminate the Whitehead Company from the desigrketaand retain its services for
supply only. Because this decision unified torppdtierns, it was known as the pattern-
unification policy. Naturally, it alienated the Wlhead Company, while the loss of
competition in design work led to lower-quality R&fpedoes. The Whitehead
Company did not suffer in silence. It exploiteddgtrol of a major advance in torpedo
technology—the gyroscope, which greatly improvegédo accuracy—as leverage to
re-enter the torpedo design market. The Admiradiyl@d not afford to ignore this
invention, which had serious implications for bb#ttle tactics and Britain’s naval

hegemony. After internal disagreements were respliee Admiralty embraced the

! Minute by Goschen, 17 January 1897, Adm G703Z@/ 116/519, TNA.
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gyroscope (breaking Treasury regulations in thegss) and overturned the pattern-
unification policy. By 1902, the Admiralty also imgved other parts of the torpedo,
especially the engine, thanks to its superior reseand-development resources. With a
well-developed reciprocating engine in hand, thgdRdlavy felt no need to adopt a
turbine engine, and it rejected the American BGssnpany’s superheater, which it had

good reason to doubt had been tested adequately.

The Pattern-Unification Policy

The Royal Navy had adopted the Whitehead torped®&10. The main works of
the Whitehead Company were in Fiume, but in 189t Admiralty encouragement, the
Company established a second factory in Weymouthhe south coast of Englafd.
Another source of supply was the RGF, part of tleeMWich Arsenal complex run by the
War Office. By the mid-1890s, the Royal Navy had twodels each for three different
classes of torpedoes under manufacture: RGF anteidéad models of a long 18-inch
torpedo; RGF and Whitehead models of a short 1B4opedo; and RGF (Mark 1X) and
Whitehead models of a 14-inch torpedof these, the first five were being produced in
guantity, while the last—the 14-inch Whitehead ntedsas in an early stage of
development. Problems with the 14-inch Whiteheadehtouched off a crisis which
bedeviled the Admiralty’s torpedo policy for yeéoscome.

As of September 1894, the Fiume Whitehead Compaasyunder contract to

2 For a concise overview of the establishment oftlegmouth works, see “Précis of patterns relativehe
trials of New Torpedoes Manufactured by Whiteherd @o.,” attachment to minute by May [ADT], 28
September 1894, Adm G5476/94, ADM 116/412, TNA.

3 | use the term “Whitehead” here to indicate thase torpedoes were produced by the Whitehead
Company. In terms of design rather than productioe RGF torpedoes were essentially Whiteheads as
well.

77



deliver two 14-inch torpedoes of its own designtfa@l, with the prospect of a larger
order? That month, it sent one of the two torpedoes tol&@mfor assessment, in which
the torpedo performed very poorlihe Assistant Director of Torpedoes, William H.
May—the holder of the torpedo portfolio at the Adattly—took the torpedo’s poor
performance as an opportunity to offer sweepingmenendations about Britain’s future
torpedo production policyHe urged that the Navy stop manufacturing differendels
for each class of torpedo, and instead manufaciigeone model per class. Since the
14-inch Fiume models submitted for trial had prouesatisfactory, May suggested that
the Navy adopt the RGF Mark IX model for the 14hmtass, stop encouraging the
Fiume Whitehead Company to produce its own desigd,instead ask the Company to
bid on building torpedoes to the 14-inch RGF Matldesign. Admiralty officials
accepted May’s recommendation about the 14-incdscknd asked the Torpedo Design
Committee, consisting of experts frdrarnon the British torpedo school, and the RGF,
to report on which 18-inch pattern it preferfed.

In reply, the majority of the Committee went beydhdir immediate terms of
reference to oppose the pattern-unification poli¢ye Committee was chaired by B. W.
Walker—Iater to play a important role at the Adrtira-who was the captain dfernon
While expressing a preliminary preference for ti@@Hpattern on the grounds that it was

simpler and stronger, the Committee worried ablo@tRGF pattern’s greater sensitivity

* The location of the Company is identified heré=asne to distinguish it from the branch in Weymquth

on the south coast of England. Unless the Compmaitentified as the Fiume branch, the Weymouth
branch is meant.

® Torpedo Design Committee [Walker, Jackson, Inghegjdy] to Salmon [CINC Portsmouth], 6 September
1894, enclosure to Salmon to SecAdm, 14 Septen8®t, Adm G5476/1894, ADM 116/412, TNA.

® May [ADT] minute, 28 September 1894, Adm G5476/8BM 116/412, TNA.

" See minutes by DNO, Controller, and First Navaid.on Adm G5476/94, ADM 116/412, TNA.
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to deflection and erratic depth-keeping. Accordyntdte Committee thought it “most
desirable that the matter be postponed till wel $tzadle had the experience of Mr.
Whitehead’s manufacture of the 14-inch [RGF] MaXk torpedo,” reminding the
Admiralty of “the enormous advantages to the Sergained in development of torpedo
design, through association and competitidgth Mr. Whitehead in the past.By ending
competition, the pattern-unification policy mighifle advances in torpedo design.

May, the policy’s champion, brushed off the Comesgts concerns, however, and
instead recommended the immediate adoption of@Hadh RGF pattern. He pointed out
the “great advantage” of having the 18-inch andricih- RGF patterns that were “similar
in all details of mechanisn?.Perhaps to remove a potential source of oppositidris
recommendation, he further recommended that theetlar Design Committee be
dissolved. His recommendations were approved, laadnification of patterns was
complete. The Admiralty had already asked the Wieidel Company to tender to build
14-inch RGF Mark IX torpedoes; now it inquired whet the Company would be willing
to build 18-inch RGF torpedoes as wéll.

This change in the relationship between the Adnyirahd the Company did not
go smoothly. There ensued a prolonged back-antd-émer the nature of Admiralty
assistance to the Company—whether, and when, itdxsupply drawings, a sample

torpedo, and jigs and gauges—followed by a delaiénAdmiralty actually getting the

8 Walker to Salmon [CINC Portsmouth], 1 January 1895n G46/95, ADM 116/403, TNA [copy in
PQ/95/2183/37-38].

° Minute by May, 8 January 1895, Adm G46/95, ADM /4B, TNA [copy in PQ/95/2183/39—but note
that the author of this minute is misidentifiectias DNO, Kane.]

10 SecAdm to Whitehead Co. (Weymouth), 19 Octobed188m G5478/7434/94, ADM 116/412, TNA
[copy in PQ/94/2124/274]; SecAdm to Whitehead ®deymouth), 30 January 1895, Adm G46/805/95,
ADM 116/403, TNA [copy in PQ/95/2183/41].
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promised assistance to the Comp&ms it dragged on, both parties to the negotiations
cut corners in their haste to build the torped®eessured by the Admiralty, the
Whitehead Company reluctantly agreed to tendet$6rx 14-inch and 60 x 18-inch
torpedoes despite misgivings over the vague ingpeguidelines, and without having
seen a sample torpedo, complete working drawingheospecification that it would be
required to build td? The Admiralty, meanwhile, agreed to place a piowial order
before the specification was complete in ordedlmaathe Company to begin operations
immediately** These short-cuts planted the seeds of future gispu

No sooner had the Admiralty placed the preliminangers with the Whitehead
Company than problems with the patterns began angpmp. Early in February 1895, the
Director General of Ordnance Factories reportetitttea18-inch torpedoes showed
negative buoyancy, meaning that they would sirtk@ends of their runs.Walker, still
the captain oVernon was furious, arguing that the RGF designers hiadatculated the
relevant weights? Inquiries by the Director of Naval Ordnance, HeKane, to the

Director General revealed not only that the buoyamas a problem, but also that the

1 SecAdm to Whitehead Co. (Weymouth), 21 Novemb&#18dm G6413/8380/94; Whitehead Co.
(Weymouth) to SecAdm, 27 November 1894, Adm G7009¥8hitehead Co. (Weymouth) to SecAdm, 8
December 1894, Adm G7245/94; DNO to Whitehead @&eyfnouth), 28 December 1894; Whitehead Co.
(Weymouth) to SecAdm, 20 December 1894, Adm G758Mehitehead Co. (Weymouth) to SecAdm, 28
February 1895, Adm G1157/95; Whitehead Co. (Weympotat SecAdm, ~6 March 1895, Adm G1312/95,
ADM 116/412, TNA.

12 Whitehead Co. (Weymouth) to SecAdm, 2 July 183mAG3583/95; Whitehead Co. (Weymouth) to
SecAdm, 29 October 1894, Adm G6413/94, ADM 116/41RA. For its unhappiness, see Whitehead Co.
(Weymouth) to SecAdm, 9 January 1895, Adm G226A88\V1 116/412, TNA.

13 For the preliminary order of 14-inch torpedoeg senutes on Whitehead Co. (Weymouth) to SecAdm,
9 January 1895, Adm G226/95, ADM 116/412, TNA. e preliminary order of 18-inch torpedoes, see
minutes on Whitehead Co. (Weymouth) to SecAdm, ey 1895, Adm G737/95, ADM 116/412, TNA.
14 DGOF [Anderson] to DNO [Kane], 9 February 1895, 3407/95, ADM 116/403, TNA [copy in
PQ/95/2217/97].

15 Walker to DNO [Kane], 21 February 1895, NO3407/ABM 116/403, TNA [copy in PQ/95/2217/97].

80



meta-centric height was lofR.Even before he received this information, Walkerktit
upon himself to write a scorching letter to the Adhity.’ He observed that the
unsatisfactory buoyancy and meta-centric heighdeadespite “evergare being taken”
to reduce the weight, and despite the reductianasfufacturing limits to the minimum.
The latter did not reflect well on the suitabildf/the pattern for a universal type, and it
boded especially ill for the pattern’s prospectthvprivate trade, which did not share the
RGF’s capacity for “extreme accuracy” of manufaetand therefore could not fairly be
expected to build to the same minimal margins fosreMore bad news soon arrived
from Walker: the 14-inch torpedoes had the samblenas as the 18-inch ones—likely
due to the same “similarity in all details of mecisan” that May had touted as an
advantage®

Armed with the information from Walker, May’s susser as Assistant Director
of Torpedoes—M. A. Bourke—launched a flank attanlhes predecessor's pattern-
unification policy. Initial tanking tests with tHel-inch RGF Mark 1X torpedo went so
poorly that “great errors” must have been madééndesign or manufacture of the
pattern'® The Controller, John (“Jackie”) Fisher, piled &isher, who had long been
fighting the War Office over the control of navatinance and was doubtless delighted to

be able to criticize it, demanded “some furtheraact.. to avoid so serious a blunder in

16 Bourke [for DNO] to DGOF, 23 February 1895, NO3/4%, ADM 116/403, TNA [copy in
PQ/95/2217/98]; DGOF to DNO, 4 March 1895, NO3487/ADM 116/403, TNA [copy in
PQ/95/2217/98]. In torpedoes as in ships, low neetaric height meant that the object was morediabl
roll.

" Walker to CINC Portsmouth [Salmon], 7 March 1888m G1497/95, ADM 116/403, TNA [copy in
PQ/95/2249/150].

18 Walker to CINC Portsmouth [Salmon], 29 March 1888glosure to minute by ADT [Bourke], 3 May
1895, Adm G1497/95, ADM 116/403, TNA.

¥ Minute by ADT [Bourke], 3 May 1895, Adm G1497/98DM 116/403, TNA.
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the future.®® The Senior Naval Lord, Sir Frederick Richards, monisly asked who had
designed and built the torpeddédJpon being told, he responded, “This is a verjoser
matter and cannot be allowed to rest. It requindisrivestigation and report as to where
the fault lies.*

Bourke, the Assistant Director of Torpedoes, wakerd to carry out the
investigation. Given his job title, Bourke was armdarstandable choice—but he was not
an independent one. Based at the center, his péirgpeclined him to blame the
periphery. This he promptly proceeded to do. Ttet fime that “anything was known"—
an artful use of the passive voice—at the Admiraftpossible problems was when the
RGF deigned to inform f£ Bourke’s audience unanimously agreed that misthkes
been made, that a conference with the War Office iwarder, and that appointing an
Admiralty inspector at the RGF was a capital idd#& outgoing First Lord, Spencer,
captured the mood perfectly. “It seems essentishttw where the responsibility for the
mistake rests, and to take effectual steps to ptete recurrence of such a bad blunder,”
he wrote. Pausing only to start a new, more chepdtagraph, he continued, “Under
present circumstances we must leave the conclasitre inquiry in the hands of our
successors?*

While the Whitehead Company worked on the flawed-R@tterns, it received

another blow. In 1890, the Admiralty had decidedige the Whitehead Company as its

sole private torpedo supplier, cutting a Leeds-thasenpany called Greenwood & Batley

20 Minute by Controller [Fisher], 3 May 1895, Adm G495, ADM 116/403, TNA.

2 Minute by Richards, 6 May 1895, Adm G1497/95, ADIB/403, TNA.

22 second minute by Richards, 6 May 1895, Adm G149 #®M 116/403, TNA.

% Minute by Bourke, 15 June 1895, Adm G3258/95, ADM/403, TNA [PQ/96/2360/120-124].

24 Minute by Spencer, 29 June 1895, Adm G3258/95, ATI/403, TNA [copy in PQ/96/2360/120-124].
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out of the supply market—much as it would latertbet Whitehead Company out of the
design market. In January 1896, however, the Adtyibeegan to worry that one private
supplier was not sufficierit. “[I]t appears most desirable,” the Director of Nav
Ordnance wrote, “that there should be a secongdf&] firm in competition with
Whitehead.?® After the Whitehead Company’s reply to an Admiraitquiry failed to
guell doubts about its production capability, tre#iralty invited Greenwood & Batley
to re-enter the market, ending the Whitehead Coripanonopoly on private suppfy.
Nevertheless, the Whitehead Company still retaareamportant role in the
supply base, and with it some leverage over theifadiy When asked to tender for 220
torpedoes, the Company showed signs of its mouffttirsiration®® It insisted that it
would have to raise the price per torpedo by £8Ghe grounds that last year’s prices
had been artificially low because the Company hatdseen the specifications when it
made its tender—one of the short-cuts that the Agltyihad pressured it to take—and
therefore did not appreciate the accuracy of thekwequired. It shifted the blame for
delays onto the Admiralty’s failure to provide diags and specifications in a timely
manner. And it complained of having to incorporagaring errors in design” in the
RGF-pattern torpedoes. This last charge was aaginoss the bow: going beyond the
confines of the existing contract, the Company wféisially notifying the Admiralty of

its dissatisfaction with the pattern-unificationipg.

% See sinute by Walker, 29 January 1896, Kane, Bdaig 1896, and FinSec, 6 February 1896, Adm
G543/96, ADM 116/519, TNA.

%6 Minute by Kane, 31 January 1896, Adm G543/96, ADMS/519, TNA.

27 See Walker [ADT] to Whitehead Co. (Weymouth), Ebfiary 1896, Adm G934/96; Whitehead Co.
(Weymouth) to Walker, 12 February 1896, Adm G934Mthute by Walker, 17 February 1896, Adm
G543/96, PQ/96/2406/231-32.

% See SecAdm to Whitehead Co. (Weymouth), 4 Juné,¥&8m G2704/3452/96; Whitehead Co.
(Weymouth) to SecAdm, 15 June 1896, Adm G3552/T8yIAL16/519, TNA.
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Admiralty officials responded forcefully. Walkehe Assistant Director of
Torpedoes, who two years earlier had opposed therpaunification policy and sharply
criticized the RGF designs, now called the poliaygteat economy and public utility,”
and professed ignorance as to what “glaring eirodesign” the Company might have in
mind, as the RGF reported no problems with theetoes’® The RGF was hardly a
disinterested source for information on its owrp&mtoes, however, and a “glaring error
in design” was already apparent: the weaknesseot4hinch RGF Mark IX afterbody,
which would lead to the development of a new desigear latef Advised by the
Director of Naval Ordnance that the “glaring erfoxgre “comparative trifles,” George
Goschen, the First Lord, ascribed the Company’sptaimts to sour grapes.For the
time being, the Admiralty’s reply to the Companyagithed over the dispute, and it

accepted Whitehead'’s tend@fT his truce would not last.

As the Gyroscope Turns

Weeks after accepting the Whitehead Company’'sstefad 220 torpedoes, the
Admiralty received its first official report, coedy of its naval attaché in Vienna, of an
invention that would roil its dealings with the Cpamy: the Obry gyroscopaThe
Whitehead Company’s control of this device gaveeilv leverage in its relationship with
the Admiralty and helped it to over-turn the pattenification policy. For the Admiralty,

the device was a mixed blessing: it promised twesdifficult tactical problems, but it

29 Minute by Walker, 30 June 1896, Adm G3552/96, ADM/519, TNA.

%0 See ART96/19, ART97/23.

31 Minute by Goschen, 10 July 1896, Adm G3552/96, ADM/519, TNA.

32 SecAdm to Whitehead Co. (Weymouth), 18 July 18@8n G3552/4360/96, ADM 116/519, TNA.

33 Lewis Wintz [Naval Attaché] to Sir E. J. Monsonriassador], 23 July 1896, Adm G5560/96, ADM
116/519, TNA. The Foreign Office forwarded the mnego the Admiralty on 28 July.
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also weakened the Admiralty’s negotiating positiath the Whitehead Company and
threatened its naval hegemony. Negotiations ovegymoscope also produced an
interesting debate about technological secrecy.

Several weeks after the Vienna attaché’s repat\thitehead Company’s official
announcement of its acquisition of the gyroscogkts and of the gyroscope’s
capabilities arrived at the Admiraft{The circular described three possible agreements
for the gyroscope: purchase of the right to martufacfor a lump sum; purchase of the
right to manufacture with a royalty payment of £#beach gyroscope; or purchase of the
gyroscopes directed from the Company for £50 elactorwarding the announcement,
the Weymouth branch of the Company mentioned trextgected to have a gyroscopic
torpedo in England within a month, and that it vebbé happy to try it before Navy
representative¥, Walker, the Assistant Director of Torpedoes, pashen the
opportunity, in view of the “great importance” dietinvention, and the Admiralty
decided to ask the Company to ask for specifide #se date when the sample
gyroscopic torpedo would be tried, along with timamcial terms that the Company
would demand for its us8. The Company replied that, in lieu of royaltiesyiuld
demand a lump sum of £20,000 for the right to mactwie and use the gyroscope, and
for the right to any future improvements it madéhe gyroscopé’ Admiralty officials

agreed that the price seemed excessive, and thah#deded to see trials before it could

34 Undated circular letter, Adm G5127/96, ADM 116/5TSA.

% Whitehead Co. (Weymouth) to SecAdm, 7 Septemb@6,18dm G5127/96, ADM 116/519, TNA.
36 Minute by Walker, 7 September 1896, Adm G51278$;Adm to Whitehead Co. (Weymouth), 8
October 1896, Adm G5127/96, ADM 116/519, TNA.

37 Whitehead Co. (Weymouth) to SecAdm, 24 Octobe6188m G5995/96, ADM 116/519, TNA.
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be considered’

On the same day, 7 September, that the Weymoaticbmwrote to inform the
Admiralty about the gyroscope, it sent a long fetiescribing its frustrations with the 14-
inch RGF Mark IX torpedd’ It singled out the reducing valve for specialicisim,
complaining that it allowed air pressure in theisagoom to rise dangerously high and
failed to prevent the engine from hanging on deadtp. Extending an olive branch in a
mailed fist, the Company asked the Admiralty todserperts to determine whether it
was doing something wrong with the torpedoes, whidening the Admiralty that it could
not meet the specification unless it was permittechange several valves. In a minute
on the Company'’s letter, Walker, the Assistant &we of Torpedoes, down-played the
Company’s critique of the reduc®rCiting “experiments conducted at Woolwich,” he
conceded that the reducer allowed engine pressurese to dangerous levels when the
engine hung on a dead point, but said that a Coynfegaresentative told him that dead
points were easy to avoid. In fact, the “experimaitWoolwich” had originated in
response to the explosion of several engines in ®@fedoes in June 1896. In response,
competitive tests were held between Whitehead &l FRRducers, which vindicated the
Whitehead desigf Walker was not telling the whole truth.

The coincidence of the Company’s frustrations whit 14-inch RGF Mark 1X
torpedo and its announcement of the gyroscope ntleanthere were simultaneously two
very different dynamics in the Admiralty’s relat&hip with the Company in the closing

months of 1896. In the battle over the Mark IX &xdtp, the Admiralty held the upper

% Minutes on Adm G5995/96, ADM 116/519, TNA.

39 Whitehead Co. (Weymouth) to SecAdm, 7 Septemb@6,18dm G5246/96, PQ/96/2424/278-80.
0 Minute by Walker, 1 October 1896, Adm G5246/96/98[2424/280.

*1 The following account is drawn from ART96/21-27.

86



hand, thanks to its possession of a contract siggede Company. When it came to the
gyroscope, however, the Company held the upper,thadks to its possession of the
rights.

The Admiralty had two powerful reasons to wantglgeoscope. One was its
desire to keep abreast of foreign technologicakttigments, which is discussed below.
The other was a recent crisis in discharging taspedrom above-water stern tubes. In
August 1895, a cruiser on the China Station regadftat one of her torpedoes had been
damaged in practice from an above-water sternduleeto the tube becoming partially
submerged when the ship was moving at high sffeledJune 1896, to investigate the
problem, the Admiralty ordered the MediterraneaseFhnd Channel Squadron to report
on practice from stern tubes and on the tacticiievaf the tube&® Their reports
generally agreed that the stern tube was tactigallyable but that accurate shots could
not be made from it when the ship was under hebm,turning** The captain o¥/ernon
(Durnford), the Assistant Director of Torpedoes (M#a), and the Director of Naval
Ordnance (Kane) immediately perceived the gyrossqueential to solve the latter
problem: the gyroscope would hold the torpedo steaits initial line of fire, regardless
of the motion imparted to the torpedo by the shipia*®

Thus the stern-tube problem was on the Admiraltyisd when its second official

report on the gyroscope arrived. This report, leydbmmanding officer of H.M.S.

*2 ART96/36-37.
3 SecAdm to Med and Channel, 16 July 1896, Adm GAERSninute by Fisher, 24 June 1896, Adm
G3695/4425/96, both in PQ/97/2487/71-72 [copieSRM96/Appendix K].
*4 On the former, see Durnford to CINC Portsmouth(&Tober 1896; on the latter, see Durnford to CINC
Portsmouth, 21 November 1896, Adm G5708/96, botkRm96/Appendix K.
“5 Durnford to CINC Portsmouth, 21 November 1896, AB/RAppendix K; minutes by Walker, 1
December 1896, and Kane, 2 December 1896, Adm G@860BQ/97/2487/72—73 [copy in SC146/F106,
BF].
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Vulcan C. G. Robinson, was longer and more substami@d the naval attaché’s July
account!® (Vulcanwas the Navy’s dedicated torpedo vessel in theitdednean.While
allowing that the gyroscope was still “experimeyitRobinson praised the “marvelous”
results achieved by it, and “strongly” urged thesito acquire gyroscopic torpedoes
from the Whitehead Company for trial. “The greataatage of the apparatus,” he
continued, “is that it enables one to fire at thgot irrespective of the speed or
movement of the ship firing, the speed of the $ingadl at, being the only calculation
necessary.” The officer who forwarded Robinsonfsore Charles Drury, observed that
the prospect of obtaining accurate practice “frbmlarge numbers of above-water and
stern tubes we have in the service which are nawliable, is a very important matter,”
adding that “no less than six” foreign nations badered gyroscopic torpedo®s.
Robinson’s report was passedvernonfor comment? Durnford responded with
a mix of enthusiasm about what the gyroscope nfeamdrpedo technology and worry
as to what it meant for British naval supremacye @bvice, he wrote, “promises to be the
most important discovery that has been made inawipg the value of the Whitehead
torpedo since its introduction.” It would ease a#grtconsiderations in naval architecture
and correct any horizontal deviation by the torpestyardless of how it was discharged,
“stern tube included.” It would greatly increase #ffective range of torpedoes firing at
anchored fleets—a persistent British fear beingptaigme French torpedo-boat attacks on

the Mediterranean Fleet in harbor—though firinglaps underway would still take place

“6 Robinson to Senior Officer Poros [Drury], 23 Nov®m 1896, enclosure to CINC Med [Hopkins] to
SecAdm, 7 December 1896, Adm G7032/96, ADM 116/9NA.

" Minute by Drury, 24 November 1896, on Adm G7032/2BPM 116/519, TNA. Drury did not name the
Six nations.

“8 ADT [Walker] to Captain o¥/ernon[Durnford], 14 December 1896, Adm G7032/96, ADM/BIL9,
TNA.
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at closer ranges. Aside from specific tactical usescontinued, “This new invention will
probably benefit weaker nations more than oursedgdsy constant practice and superior
training we have been able to get more out ofdhgeido than others.” Given that the
invention had come and that foreign nations wekmggit up, however, “I think it is
most essential that we should try it at once, ardfally utilise its value, so that we may
be able at least to place ourselves in as favoeaplesition as our neighbours.”
Although Britain stood to lose more from the inventthan anyone else, it might be able
to turn the gyroscope to its advantage.

Probably the same day that Durnford’s mixed messddear and cheer landed
on the desk of the Assistant Director of Torpedsed]id a very different letter from the
Whitehead Company. The Company refused to bid me&waround of torpedoes, giving
vent to more than two years of accumulated frusinat “[A]s no suggestions of ours are
ever taken into consideration,” the Company dedlgiwe feel we do not possess that
amount of confidence and support essential to mmyWwho has to turn out satisfactory
work for the Government.” Again the Whitehead Comyperiticized the RGF design,
pointing to lack of buoyancy, weak engines lialdexplosion, and a faulty reducer,
among other things. It was “no credit to us to hewn as the makers of” RGF torpedoes.
To try to remedy the design flaws, the specifigadioequired “such narrow limits and
extraordinary exactness ... that the cost and tageired for manufacture is enormous.”
The Company would not build any more torpedoes@d-Ratterns; “we would rather

close our works at Weymouth than again accept deramder the conditions of the

“9 Durnford to ADT, 17 December 1896, Adm G7032/9BM 116/519, TNA [copy in ART96/Appendix
.
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present one>

This ultimatum created space for a fresh pairyeksdo re-examine the 1894
pattern-unification policy. Possibly alone among kading members of Britain’s
torpedo establishment, Durnford, the captaiWerihhon was not a hold-over from the
pattern-unification decision. Stating frankly thia¢ 14-inch RGF Mark IX torpedo had
not lived up to expectations, he attacked the patieification policy. “I am very
strongly of the opinion that Whitehead & Co. wiver make satisfactorily the
Woolwich 14” torpedo,” he declared. “It is agaitiseir interest and,” even more to the
point, “I believe it to be also against ours. hithiwe should utilise the unique experience
of Mr Whitehead, (to whom much of the developmerdue) by encouraging the Firm to
give us a Torpedo of their own desigh.”

Remarkably, considering that Durnford was makixacty the same case that he
himself had made in Durnford’s position, Walkeg #hssistant Director of Torpedoes,
now ranged himself on the opposite side of the meni>* Walker said that the Company
“had steadily taken every opportunity to deprectageWoolwich type, which, although
not perfect, is considerably in advance of anyeadgd of either the Company’s or the
RGF’s design. The pattern-unification policy ha@gmesettled on after “exhaustive” trials
which, at the time they were conducted, Walker ¢réetized as insufficient. He wanted
to write the Company off and rely exclusively oe RRGF for the 14-inch Mark IX

torpedoes. The Director of Naval Ordnance took @kéf’s torch and assured Fisher,

0 Whitehead Co. (Weymouth) to SecAdm, 15 Decemb®@618dm G7098/96, ADM 116/519, TNA [copy
in PQ/97/2516].

*1 Durnford to Walker [for DNOJ, 2 January 1897, AdBT098/96, ADM 116/519, TNA [copy in
PQ/97/2516].

52 Minute by Walker, 8 January 1897, Adm G7098/96 \M\ID16/519, TNA.
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the Controller, that the RGF had a large enougplgugapacity to meet the Navy’'s
demands? To this assurance, Fisher tersely responded: fi{8eminute on G588-97
herewith.®*

G588-97 was a letter from the Weymouth brancthefwhitehead Company
describing the sample gyroscopic torpedo whiclad received from the Fiume branch
and offered to run for the Admiralty.Now the Company added a new twist: it was
offering the gyroscope and the torpedo as a pacttegle Having suffered powerlessly
for two years under Admiralty conditions which dnsidered intolerable, the Company
was exploiting the invention of the gyroscope tatthe tables. The gyroscope was the
leverage it needed to seek re-entry into the targlssign market from which the pattern-
unification policy had shut it out. The fact thasiker linked his minutes on the earlier
ultimatum over the 14-inch RGF Mark IX torpedo andthis letter was a measure of
how well the Company succeeded.

Then again, given Fisher’s distrust of the Wari¢@ffhe probably did not need
any encouragement from the Whitehead Company tbtdba RGF pattern. He
welcomed competitive trials between it and the Meéltehead pattern, dryly observing
that “it will be most satisfactory to ascertainidéively that the Woolwich pattern is so
superior as stated to the Whitehead pattern.” Figlse dismissed concerns that helping
the Company to carry out trials of the sample gyopg torpedoes would leak sensitive

information about Britain’s own naval technologyhere is no real secrecy on these

matters wherever the trials are made.” “Obviously Wihitehead deserves altogether

%3 Minutes by Fisher, 12 January, and Kane, 23 Jgri&87, Adm G7098/96, ADM 116/519, TNA.
> Minute by Fisher, 6 February 1897, Adm G7098/9BM\116/519, TNA.
5 Whitehead Co. (Weymouth) to SecAdm, 30 January 188m G588/97, ADM 116/519, TNA.
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special treatment,” Fisher concluded. “[H]e is n@rely the inventor of the torpedo that
bears his name, but has kept the lead in improvemanto the present moment.”
Others, especially the Senior Naval Lord (a posithat would be re-named First
Sea Lord in 1904), Richards, were less kindly dsgalotowards the inventor. “[I]t is not
too much to say,” wrote Richards of Whitehead,
that no man ever did his Country a worse servibe. fmillions which his
invention has taxed his Country with up to the présvould have built a large
fleet.... But granted that he has made himselhdispensable nuisance, what the
Admiralty has to guard against, is the positiote@ihg a useful tool in his hands,
for purposes of advertisement to Foreign Powers.
Accordingly, Richards did not want to loan any oft&n’s most recent, fastest
destroyers to the Company to conduct the trialsidw of foreign movement on the
gyroscope, however, he was unwilling to ignoreittvention entirely, and he
recommended that the Admiralty purchase one orgiyvoscopic torpedoes so that it
could conduct its own trials. Even so, Richardscbahed gloomily that purchasing the
gyroscope “will unfortunately leave the Admiraltg nearer finality than is the
beginning—there is always something in reserve.”
The First Lord, Goschen, shared Richards’ concéwlis as the stronger nation,
and who have [spent?] so much to perfect existystems, are clearly sufferers from
such a new invention,” Goschen wrote. “There wddchaturally some reluctance on

our part to be forced to some changes after whdtave accomplished, but it is clear

that we must hurry now so as not to allow foreigrteo much start, if the invention as

*% Minute by Fisher, 6 February 1897, Adm G588/97 M\D16/519, TNA.
" Minutes by Richards, 10 and 11 February 1897, /A&588/97, ADM 116/519, TNA.
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appears probable, turns out to be an excellenirommil.”>® The fact that senior
Admiralty officials weighed in on the internatiomaimifications of a piece of torpedo
technology reflects the remarkably consultativeireabf Admiralty decision-making.
The minutes by these officials also illuminate Atkniralty’s attitude towards
protecting the secrecy of sensitive technologyhé&iis statement that “there is no real
secrecy on these matters” is striking for its appaiunconcern about security, but the
Navy had two safeguards in case secrecy was breéaCine, already alluded to, was the
“extreme accuracy” of RGF manufacture, which othgrpliers could not match. Thus,
even if other nations copied the RGF design, tleepedoes would be mechanically
inferior. Second, given that all the accuracy & wWorld could not make up for a poor
design, the more fundamental safeguard was thestantpractice and superior training”
which allowed the British “to get more out of thegedo than others*This practice
and training, in turn, required resources that @ryain possessed, as Richards and
Goschen recognized. These resources included inaitcfal power and the best torpedo
infrastructure (research and development, produngctesting) that money could buy.
Richards and Goschen realized, however, that aaygehin torpedo technology
threatened to waste the resources sunk into thesinficture. Foreign interest in the
gyroscope reduced the likelihood that Britain caaNdid spending money on it and that
money spent would prove unnecessary. Admiraltyiafis focused on foreign
development because it affected their assessmaéim oiisks associated with investing in

new technology.

%8 Minute by Goschen, 17 January 1897, Adm G7032@8/ 116/519, TNA. Goschen’s handwriting was
extremely poor. | am confident, but not certaimttthe word in brackets was “spent.”
%9 Durnford to ADT, 17 December 1896, Adm G7032/9BM 116/519, TNA [copy in ART96/Appendix
I].
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While Admiralty officials agreed in principle tavestigate the gyroscope in early
1897, they were far from nailing down all the distaiValker, the Assistant Director of
Torpedoes, minuted that the gyroscope seemed \‘alaabugh to warrant a £25 royalty
on each, and that any royalties paid per torpedadvgo towards redeeming the £20,000
lump sum for the right to manufacture any numbegysbscopes, which had been quoted
by the Company in October 1896, if the Admiraltgided to take up the large-scale
manufacture of gyroscopes in the futfit®ichards, the Senior Naval Lord, said that
payment of the lump sum was out of the questiohawit trials®* Negotiations over the
shape of the trials were complicated and took opath. The Company wanted to draw
the Admiralty into its trials as much as possiflee Admiralty wanted to limit its
participation, fearing that the Company was usirig advertise the Company’s wares to
foreign powers. Instead, the Admiralty wanted tg bample gyroscopic torpedoes for
trials of its own®?

After a month of discussion, the two parties adreelimited trials of the
gyroscope under the Company’s direction in Marc®71®8 Durnford, the captain of
Vernon thought well enough of the gyroscope to recommengently that Britain
explore the device further, but he felt that tretgevere not sufficient to prove that the

gyroscope could withstand the demanding conditadreervice use, and therefore he was

0 Minute by Walker, 2 February 1897, Adm G588/97,M\D16/519, TNA [copy in PQ/97/2516/150].

®1 Minute by Richards, 11 February 1897, Adm G588AI7IM 116/519, TNA.

%2 Whitehead Co. (Weymouth) to SecAdm, 24 Februa8718dm G1061/97; minutes on Adm G588/97,
ADM 116/519, TNA.

3 Whitehead Co. (Weymouth) to SecAdm, 24 Februa8718dm G1061/97, and minutes thereon;
SecAdm to Whitehead Co. (Weymouth), 11 March 1@ G1061/1700/97; Whitehead Co. (Weymouth)
to SecAdm, 12 March 1897, Adm G1419/97, and mintiteseon; SecAdm to Whitehead Co. (Weymouth),
19 March 1897, Adm G1419/1865/97; Whitehead Co.yiwWeuth) to SecAdm, 20 March 1897, Adm
G1788/97 and minutes thereon, all ADM 116/519, TNA.
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not prepared to recommend its general adopfiédthough Walker, upon receiving
Durnford’s report, took a notably more skepticaleéphe agreed that further trials were
desirable, and his recommendations were apprVede Admiralty ordered four
gyroscopes from the Company at £50 each—£25 fogyhescope plus £25 for the
royalty—to be fitted to four RGF-pattern torpedo®s) 14-inch and two 18-incf.The
Company agreed, though it added £25 per gyrosardéting it to the torpedo, bringing

the total cost of the order to £300 (4 x £75).

Walker Unmasked and the Pattern-Unification PolicyOverturned

Vernondid not try the four gyroscopic torpedoes unticBeber 1897. In the
interim, the Whitehead Company developed a newnth-iorpedo in addition to its Obry
gyroscope. The Assistant Director of Torpedoes Kéfaldid his best to undermine the
Whitehead Company at the Admiralty, going so fatoamislead his superior officers.
The discovery of Walker’s deceit in early 1898 obshthe way for the adoption of the
Obry gyroscope and the reversal of the patterniaation policy.

Walker attempted to delay the adoption of the Qjynpscope, despite his
colleagues’ growing interest in it. In October 188% Admiralty ordered four
gyroscopic torpedoes from the Fiume branch of tindtéklead Company for a vessel in
the Mediterranean Fleet, on the same terms thaMhenouth branch had recently been

ordered to fit four torpedoes with gyroscopes. Végsel reported favorably on the

% Durnford to CINC Portsmouth [Salmon], 26 March Z88dm G1866/97, ADM 116/519, TNA [copy in
ART 1897/98-99].

% Minutes on Adm G1866/97, ADM 116/519, TNA.

% SecAdm to Whitehead Co. (Weymouth), 1 May 1897mABI1788/2670/97, ADM 116/519, TNA.

8 Whitehead Co. (Weymouth) to SecAdm, 22 May 18%/nAG2954/97 and minutes thereon; SecAdm to
Whitehead Co. (Weymouth), 29 June 1897, Adm G2Es4M7, ADM 116/519, TNA.
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gyroscopic torpedoes in Novemi5&Probably just a few days before the report arriaed
the Admiralty, however, Walker disparaged the tytiif the Whitehead gyroscope—
citing “thoroughly reliable” sources who had toldnithat the Italians were planning to
give up on the gyroscope. He exploited the RGRslbgpment of a rival gyroscope to
argue that decision on the Obry gyroscope shoujobisgponed until the RGF model had
been tried. His recommendation was apprdettcordingly,Vernors highly favorable
report of December 1897 on the Whitehead gyrosaspesh recommended the
immediate purchase of 18 gyroscopes for limitedads seagoing vessels, produced no
action at the Admiralty”

While competition between the Whitehead and RGegpopes brewed, so too
did competition between their new 14-inch torpedtgrns. In mid-1897, seeking greater
simplicity, strength, buoyancy, and speed, the Adtyi authorized the RGF to develop a
new 14-inch design (which would evolve into the Mx).”* Meanwhile, the 14-inch
Whitehead design rejected by the Admiralty in 188d evolved to include a gyroscope

and a much stronger engine, capable of withstar@li@20 psi (by contrast, the Mark IX

% Bourke [for DNO], 28 September 1897, Adm G51437J minutes thereon; SecAdm to Whitehead Co.
(Fiume), 4 October 1897, Adm G5143/5803/97; SecAaliwhitehead Co. (Fiume), 22 October 1897,
Adm G5424/97; Robinson to CINC Med, 20 November7183m G6333/97 and minutes thereon, ADM
116/519, TNA.

% The RGF design had actually been developed tvibree years earlier, but officials took interesitin

only after the development of the Whitehead gyrpsgcsee ART97/30. See also PQ/98/2627 and minute
by Walker, 5 May 1898, Adm G2023/98, ADM 116/51%A. On the approval of his recommendation, see
minutes on Adm G5953/97, ADM 116/519, TNA. The dem was affirmed on Adm G6333/97, ibid. See
also Durnford to DNO [Jeffrey], 10 December 189N ®to Durnford, 11 January 1898, both Adm
G6333/97, ADM 116/519, TNA.

"0 Durnford to CINC Portsmouth, 28 December 1897, A858/98, ADM 116/519, TNA [copy in
ART97/100-102].

" Minute by Walker, 15 July 1897, Adm G3818/97, ALINI6/519, TNA [copy in PQ/97/2550/217-18].
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engine could withstand only 1,000 p&iJThe latter strongly appealed to Durnford, the
captain ofVernon who was dissatisfied with the engines in the RGHk IX torpedo.
He visited Weymouth to see the new Whitehead desigihreported very favorably on it,
singling out the engine strength, which “alone fsrawvery important improvement” over
the Mark IX engines, and the reducer for speciattina.”® On his own initiative,
calculating that trials with the experimental RGr X would take some time, he
immediately ordered two of the Company’s new togesdtoVernonfor testing’*
Durnford’s favorable report piqued the interestr@ new Director of Naval
Ordnance, Edmund Jeffrey, who asked whether momeyawailable to purchase the
sample torpedo€s.Then Jeffrey went on leave. His subordinate, Waliedsely
claiming to be writing “for DNO” to the new Conttef, A. K. Wilson, argued that the
Whitehead pattern should not be tried unless tveldosome “very obvious
advantages ... which could not be obtained” by RGpemoes’® Of course, the
Whitehead patterdid have a very obvious advantage—double the engreagth—and
the support of both the Director of Naval Ordnaand the Captain ofernon
Nevertheless, Wilson approved Walker’s minute, ti@dCompany was informed that the
Admiralty was not interested in adopting its newide.’’
Three months later, in February 1898, Walker dugsklf a deeper hole. Alerting

his colleagues that the supply situation for 18xitarpedoes was unsatisfactory, he

2Whitehead Co. (Weymouth) to SecAdm, 24 Februa871&1061/97; Whitehead Co. (Weymouth) to
SecAdm, 2 September 1897, Adm G4695/97, ADM 116/FNA.

3 Durnford to DNO [Jeffrey], 8 September 1897, Ad#695/97, ADM 116/519, TNA.

" Durnford to DNO [Jeffrey], 6 September 1897, Ad#7@8/97, ADM 116/519, TNA.

> Minute by Jeffrey, 9 September 1897, Adm G4695M7M 116/519, TNA.

8 Minute by Walker, 12 November 1897, Adm G4965A8DM 116/519, TNA.

" Minute by Wilson, 18 November 1897, Adm G4695/S&cAdm to Whitehead Co. (Weymouth), 27
November 1897, Adm G4695/6914/97, both ADM 116/5019A.
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blamed the Whitehead Company, complaining thaissed a deadline for completing
delivery under a contrad® Whether due to incompetence or deceit, Walkertisdates
wrong: the original delivery date had indeed beexdinber 1897, but the Company,
with Walker's approval, had secured an extensiddaech 1898° Jeffrey, the Director
of Naval Ordnance, asked if this was the contreferred to “in G7098-96 and
subsequent corresponden&®Jeffrey’s question was dangerous: on G7098-96, in
January 1897, Walker had implied that the RGF hadstupply capacity to meet the
Navy’s needs without the Whitehead Company—meaitfiaghis announcement in
March 1898 of the precarious supply situation urrdieed his credibility’* Walker
misunderstood the import of Jeffrey’s question, aeer, and confirmed that Jeffrey had
the correct corresponden®eleffrey replied that the deficiencies were nois&attory,
and that he was preparing “a submission” on thelevhoestion of the supply of
Whitehead torpedoés.

This “submission” did not bode well for Walker,tthe was oblivious, adding
another nail to his coffin. In March 1898, John W¥head, the son of the inventor,
informed the Admiralty that he would have to cltise Weymouth branch of the
Whitehead Company unless the Admiralty ordered naygedoes from Weymouth, or

allowed Weymouth to charge higher prices per toopéttan it had don& As one of the

8 Minutes by Walker, 8 and 12 February 1898,

¥ Whitehead Co. (Weymouth) to SecAdm, 1 June 188 &3052/97; Minute by Walker, 3 June 1897,
Adm G3052/97; SecAdm to Whitehead Co. (WeymoutB)J@ne 1897, Adm G3052/3727/97, ADM
116/519, TNA.

8 Minute by Jeffrey, 12 February 1897, Adm G647/8DM 116/519, TNA.

81 Minute by Walker, 8 January 1897, Adm G7098/96 MAD16/519, TNA.

82 Minute by Walker, 12 February 1897, Adm G647/9DM 116/519, TNA.

8 Minute by Jeffrey, 14 February 1897, Adm G647/8DM 116/519, TNA.

8 Whitehead to SecAdm, 1 March 1898, Adm G1107/98)IAL16/519, TNA.
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main causes of Weymouth'’s lack of profit, Whiteheddd the high cost of labor and
material. To this bombshell, Walker reacted witlcamcern. He suggested that
Whitehead was being disingenuous by failing to meanthat the reason labor and
material cost so much was because the Companybatéd its factory so far from
centers of labor and material, and he recommertthly 100 torpedoes be ordered
from the Company, rather than the 200 Whiteheatiware needed to keep it solvéht.
In fact, Walker was himself being disingenuous. Adeniralty—including, unfortunately
for Walker, then-Assistant Director of Torpedoeffrédg—had supported the factory’s
location in Weymouth because it offered a perersaéttwater range for running
torpedoes and proximity ternonin Portsmoutf® In effect, Walker was blaming the
Whitehead Company for the Admiralty’s decision.

In a private submission to the Controller, Jeffsey himself the task of undoing
the damage that Walker’s mis-representations, lamgattern-unification policy, had
done. In 1894, Jeffrey began, the Admiralty haddket—“contrary to the
recommendations of the Torpedo Design Committee;hach the present A.D.T. (Sir B.
Walker) was president’—to adopt the pattern-untf@apolicy. This decision had led to
“great difficulties, especially as regards the figrpedo.” The Admiralty had made the
decision in the belief that the 14-inch RGF MarktoXpedo was a “thoroughly
satisfactory” weapon, but in fact “Mark IX has nebeen satisfactory.” The question of

reversing the decision had been brought up setieras, and in March 1897, the

8 Minute by Walker, not dated but between 1 Mardtgcbf the Company’s letter] and 28 March [date of
the next minute] 1898, Adm G1107/98, ADM 116/518lA0

8 «précis concerning Messrs. Whitehead establishiocks in England, and result with regard to orders
them and Greenwood & Batley,” enclosure to minwtdéffrey, 28 March 1898, Adm G1107/98, ADM
116/519, TNA [copy in PQ/99/2736/323—-28]. The ralevminute in the “Précis” was G6482/90.
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Admiralty had told the Whitehead Company that itNdotry samples of the Company’s
latest 14-inch pattern. In early September 189 Gbmpany had informed the
Admiralty that its design was ready for trial, dejf had asked if money was available,
“and | went on leave immediately thereafter.” ON&ember, the Assistant Director of
Torpedoes had minuted “for DNO™ recommending ttieed Company’s offer be refused,
a recommendation which Wilson had approved. “Byrttaeking it would appear,”
Jeffrey continued, “that this paper went to youhwiit any formers [i.e., earlier papers],
and it is to be regretted that your attention walked to the Board’s decision of 1894, but
not to that of G.1061/97, which practically candellee former.” Having demolished the
credibility of his mutinous subordinate, Jeffrgyped his own hand: “My own opinion is
strongly in accordance with that of [the] Capt:\@drnon’ and of [the] late Controller
[Durnford and Fisher, both opponents of the pattenfication policy].” He could see
no reason why the Admiralty should treat torpedmesdifferently from guns, for
example, in which the Admiralty preserved “quitie®e hand, with the result that we
have made great progress.
If we had tied ourselves to the Ordnance Factoagsegards all questions of
design, we should undoubtedly now be in a veryedaffit position to what we are.
When there is no competition, there is every indueat in a government factory
to avoid trouble, by adhering to established pagter
Since the Admiralty had given itself over to the Rfér torpedoes, its supply situation
was “not very good, and | consider that competiiad probably larger orders to trade, is

the only way out of it.” As a first step, it woulk “very desirable” to try the new 14-inch

RGF pattern against Whitehead’s new 14-inch paftewilson approved Jeffrey’s

87 Jeffrey to Controller [Wilson], 19 March 1898, Ad&1457/98, ADM 116/519, TNA.
100



recommendation®

To his other colleagues, Jeffrey circulated atsaed version of his minute to
Wilson, leaving out the parts about Walker’s misihact, but including enough
information to let them draw their own conclusidisie submitted that it would be
“very desirable” to keep the Weymouth branch opleoygh he was willing to leave the
guestion of exact orders to it undecided for trespnt. Richards, the Senior Naval Lord
and an experienced administrator, was not: “My eepee here is that once a question is
started on a paper course, time becomes no oBSfgEh& Navy could not afford to let the
Weymouth branch close, “and there is no use beatiogt the bush”: better to settle at
once on best terms that could be obtained. The IEorsl, Goschen, “quite agree[d]” with
Richards’ argument that the Admiralty needed ttenbin to stay open, but he wanted to
await the outcome of trials with the new 14-inchitéhead torpedo aternonbefore
settling the exact ternts.In the meantime, however, he wanted to write é&Gompany
“in a tone to prevent their asking a hasty decisad with full recognition of the
importance which the Admiralty attach to their kiegpopen their works.”

At the same time as Jeffrey overcame Walker’s abstmism on the 14-inch
Whitehead torpedo, the logjam over the Whiteheadspppe also broke. In March 1898,
Walker had to inform his colleagues that the RGFoggope exhibited defects during
preliminary trials and would require modificatiobsfore a final report could be rendered;

in the interim, he endorsadérnoris earlier suggestion to purchase 18 Whitehead

8 Minute by Wilson, 19 March 1898, Adm G1457/98, ADII6/519, TNA.
8 Minute by Jeffrey, 28 March 1898, Adm G1107/98,/932736/321-22.
% Minute by Richards, 1 April 1898, Adm G1107/98,/9)2736/321-22.

°1 Minute by Goschen, 25 April 1898, Adm G1107/98/932736/321-22.
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gyroscopes for further trials. His recommendatiaswapproved?

The Whitehead Company gained further momentunlyn1898, when its long-
delayed 14-inch design was finally tried. Accordinyernoris effusive report, the
Whitehead design (which would become known as himd¢h Weymouth Mark 1) was
faster, longer-range, and stronger than the RGKkNMgrand the Royal Navy should
order 100 forthwith?® Jeffrey, the Director of Naval Ordnance, seizexidhportunity to
drive the final nail into the coffin of the patteamification policy. Circulating his minute
to a list from which the Assistant Director of Tegwes was strikingly absent, Jeffrey
declared that the pattern-unification policy “haswreceived full trial; and the result has
been great difficulties and delays, the preseritigeit supply of torpedoes being in great
measure owing to our being confined to one typ&e distortion of the design base had
distorted the supply base, resulting in the abseheereliable 14-inch pattern. Jeffrey
“strongly” submitted to reverse the pattern-unifica policy and to order some of the
new 14-inch Whitehead-designed torpedtddis recommendation was approved, and
the pattern-unification policy endé&d.

Further victories were in store for the Whiteheampany. In August 1898,
competitive trials between the RGF gyroscope ard/thitehead gyroscope showed the

latter to be decidedly superior, avernonrecommended its introduction on a larger

2 Minutes on Adm G1474/98, ADM 116/519, TNA.

9 Durnford to CINC Portsmouth [Culme Seymour], 281898, Adm G4171/98, ADM 116/519, TNA
[copy in ART98/20-21]. Durnford sent a preliminamsrsion of this report to Jeffrey, to which Jeffrey
referred in his minute of 15 July 1898, Adm G39B5/RQ/99/2736/329-31; | could not find the
preliminary version, but judging from Jeffrey's @eénce to it, it was substantially the same as foulis
formal report of 22 July 1898 herein cited.

% Minute by Jeffrey, 15 July 1898, Adm G3915/98, €2736/329-31.

% Minutes on Adm G3915/98, July 1898, PQ/99/2736/319
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scale® In October, the first seagoing ship to get gyrpsctorpedoes—the Channel
Squadron’dMajestic captained by Prince Louis of Battenberg—deliveaddisome
report. The practice made by the torpedoes wasitgdy satisfactory,” Battenberg wrote,
“that | consider all torpedoes should be fittedhajijyroscopes] without delay”Vernon
was impressed, stating that the Whitehead gyrosieagéfully maintained” its
reputation, shown its superiority to the RGF pattand could now confidently be
recommended for general adoptf§ihe new Assistant Director of Torpedoes, Charles
Egerton, agreed. Although Egerton believed thagiescope could and would be
improved, “the policy of waiting until the instrumiehas arrived at a more perfect stage
of its development, would leave us behind otheionatand is not recommendet!. The
First Lord, Goschen, concurred: “It is often unwiséose too much time in aiming at
perfection.*® Accordingly, the Admiralty ordered the Companyfitall 150 torpedoes
under contract to take the gyroscope, and it oti@begyroscope¥* A month later,
Jeffrey recommended that the Navy order 300 adwditigyroscopes, which was also
done!®

Although the decisions to order 375 gyroscopesat@ 1898 were a quantum leap
forward over the last order, which had been 18 giyopes for limited issue to seagoing

ships in March 1898, it was still comparativelytast. In August 1899, Jeffrey, still the

% Durnford to CINC Portsmouth, 27 August 1898, Ad@8@1/98, ADM 116/519, TNA [copy in
ART98/47-48].

7 Battenberg to Officer Commanding Channel SquagBtephenson], 1 October 1898, Adm G5598/98,
ADM 116/519, TNA.

% Durnford to DNO, 5 October 1898, Adm G5598/98, ADWG/519, TNA.

% Minute by Egerton, 11 October 1898, Adm G4871/4BM 116/519, TNA.

199 Minute by Goschen, 21 October 1898, Adm G48714@8\ 116/519, TNA.

101 SecAdm to Whitehead Co. (Weymouth), 25 OctobeB8188m G4871/6243/98, ADM 116/519, TNA.
192| do not have the original records for this ordeis referred to in “Précis of correspondenceeigard to
Whitehead Gyroscopes,” enclosure to minute by dgfibNO], 31 August 1899, Adm G5661/99, ADM
116/579, TNA.
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Director of Naval Ordnance, decided that the tirag bome to put gyroscope policy on
sound long-term footing, and he went back to tlchiges to review the evolution of the
policy.!®* He discovered a financial and legal mess, at #aettof which was a question
of royalties which the Admiralty had never fullysavered.

When the Admiralty first began to consider purchgsjyroscopes from the
Whitehead Company, in early 1897, it had receivaal price quotes from the
Company. It had the Company’s initial offer fromp8amber-October 1896 for £50 per
gyroscope if supplied by the Company, £25 royadty gyroscope if manufactured by the
government or its agents, or £20,000 as a lumpfeuthe right to manufacture any
number of gyroscope$? In February 1897, the Company added that it wohitge £25
per fitting of the gyroscope to a torpetfd The same month, Walker, then the Assistant
Director of Torpedoes, suggested that paymentyalties per gyroscope would go
towards the redemption of the lump sum if the Adiiyrever decided to purchase the
right to make as many gyroscopes as it wantedstiggestion made its way into the
Admiralty’s deliberations without scrutirty?

In March 1897, upon receiving a report on the prelary trials conducted at
Weymouth under the direction of the Company wishsample gyroscopic torpedo from
Fiume, the Admiralty debated whether to order fgynoscopes to be fitted to torpedoes
for Vernonto test further (see pages 98-99 above). The AtaaotGeneral pointed out

that, because the £25 royalty appeared to be 10@k& €25 cost of manufacture,

193 Minute by Jeffrey [DNO], 31 August 1899, Adm G5684, ADM 116/579, TNA.

194 Undated circular letter from September 1896, AdB12¥/96; Whitehead Co. (Weymouth) to SecAdm,
24 October 1896, Adm G5995/96, ADM 116/519, TNA.

195 Whitehead Co. (Weymouth) to SecAdm, 24 Februag718dm G1061/97, ADM 116/519, TNA.

198 Minute by Walker, 2 February 1897, Adm G588/97,M16/519, TNA [copy in PQ/97/2516/150].
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Treasury regulations would require the Admiraltyhtdain Treasury sanction before the
Admiralty could guarantee payment for the four &atpes:’’ When the Admiralty wrote

to the Company on 1 May 1897 to inquire as todtms for fitting four gyroscopes, the
Admiralty said it expected the cost for each toparicome to £75—£25 for the
gyroscope, £25 for the royalty, and £25 for theénfi—and it described the issue with the
Treasury regulations, explaining that it would retommend payment of the royalty to
the Treasury without further proof that the royaltgs justified by the value of the
device!®® The implication was that the Company would havprtavide a few

gyroscopes to the Admiralty free of royalty foatriafter which the question of royalties
could be taken back up.

On 14 May 1897, the Company replied to say thebuid not supply gyroscopes
under those conditions at present, but that ittakisg steps to patent the gyroscope so
that it could supply the gyroscopes without an agrent on royaltie¥’® The implicit
logic of the Company’s position was that it coutat supply un-patented technology to
the Admiralty without a royalty agreement of soroet,sbecause the lack of such an
agreement might be taken to imply that the techyoleas unprotected: if the Admiralty
decided to pirate the technology, the Company wbakk no recourse without a royalty
agreement to point to as proof that the technolegy protected. On 22 May 1897, the
Company wrote again to the Admiralty to say thdiaitl taken out the patents and could

therefore supply the four gyroscopes for trial angt more that the Admiralty might wish

197 Minute by Awdry on draft letter, 9 April 1897, Ad®1788/97, ADM 116/519, TNA.

198 SecAdm to Whitehead Co. (Weymouth), 1 May 1897mABI1788/2670/97, ADM 116/519, TNA. The
draft letters show that the final copy sent waywarefully worded.

199 Whitehead Co. (Weymouth) to SecAdm, 14 May 189¥mAG2649/97, ADM 116/519, TNA.
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to order, while leaving the settlement of a royaltyeement to a later dadf8.It quoted
prices of £50 per gyroscopeaithoutitemizing the royalty—plus £25 for fitting each
gyroscope to torpedoes.

According to Jeffrey, the Director of Naval Ordnanthe lack of itemization was
important: “No Treasury sanction appears ... toehasen asked for or to have been
necessary for a case in which the patented artiggarchased direct from the patentee
and royalty is included in the pric&'* Jeffrey’s reasoning seems to have been that
holders of a patent could not pay royalties on gaent to themselves. If so, however,
his use of the term “royalty,” which suggested thatd a discrete existence of its own
within the price, was confusing. Even more probleenaas the fact that, under the
artfully named category of payments “over and altbeeactual price named for
manufacturing and fitting” (a royalty by any othrerme sounding sweeter to Treasury
ears), Jeffrey included £200 for the two 1897 asagrfour gyroscopic torpedoes, or £25
for each gyroscope, which was, of course, the tpyahount. Here he counted the £25 as
a royalty because he wanted it to go towards redwgethe lump sum of £20,000 to be
paid to the Whitehead Company. Thus, while the Adhy’s interest vis-a-vis the
Treasury was to combine the royalty with the priteinterest vis-a-vis the Company to
separate the royalty from the price. Jeffrey wgisity to have it both ways: to argue that
there had been no royalty so as to free the Adtpifadm the obligation to seek Treasury
sanction for the contracts; and to argue that thatebeen a royalty so as to count it

towards redemption of the lump sum.

1OWhitehead Co. (Weymouth) to SecAdm, 22 May 189¥mAG2954/97, ADM 116/519, TNA.
H1uprécis of correspondence in regard to Whitehega&&opes,” enclosure to minute by Jeffrey [DNO],
31 August 1899, Adm G5661/99, ADM 116/579, TNA.
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Jeffrey was interested in the lump-sum possibil#gause he projected
sufficiently high gyroscope needs that it wouldnbere economical to buy wholesale
than retail. Jeffrey calculated that the Navy wauded roughly 2,500 gyroscopes over
the next five years; if it had to pay a royaltyf@5 per gyroscope, the total would be
£62,500. But Jeffrey believed that the Treasuryldowt agree to any royalty higher
than 15% of the cost of manufacture, which was £86h that the royalty would be
£3.15.00, and the cost for 2,500 torpedoes wouhdecto £9,375—but the royalties
would continue for future orders, not end thEfdn either case, Jeffrey hoped, based on
Walker’s suggestion of February 1897, that the Whead Company would agree to
count the royalties already paid (amounting to 828) towards the lump sum of £20,000,
plus 5% interest for the time that the Company iatchad the lump sum, which would
add some £3,500. The Financial Secretary recomndethdé instead of explaining to the
Company the real reason for the Admiralty’s opeartesa lump payment—that it
expected to need a lot of gyroscopes—the Admimaitply say that it was finally in a
position to accept the Company’s offer of a £20,@0p payment, to include the
£10,025 already paid?® His approach was embodied in the letter that theifalty sent
to the Company**

Unsurprisingly, considering that the Admiralty wagng to reap the rewards of
risks borne by the Company, the latter was not @pehis ided:*> The Company also
pointed out that the Admiralty would have owed iage. The Company acknowledged,

however, that the royalties already paid shoulovalit to modify its original offer, and it

2 There were 20 shillings to the pound, so £3.156gecimal terms, was £3.75, not £3.15.

113 Minute by Financial Secretary, 7 September 18¥BnA55661/99, ADM 116/579, TNA.

114 SecAdm to Whitehead Co. (Weymouth), 21 Octobe®188m G5661/6686/99, ADM 116/579, TNA.
115 Whitehead Co. (Weymouth) to SecAdm, 27 Octobe©188m G7085/99, ADM 116/579, TNA.
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counter-proposed. The Company would permit the@HBalready paid to count towards
defraying the £20,000 and accept the balance 8f769jnstead of requiring the
Admiralty to start from scratch. In return for @greement to accept the money already
paid as partial defrayment, the Admiralty wouldesgto give the Company a monopoly
on its gyroscope supply for three years at a doB0 per gyroscope, the one exception
to the monopoly being that the RGF would be pegditb manufacture a small number
per year, say 20, so as to be in a position tolgupp Admiralty when its monopoly
agreement with the Company ended.

Jeffrey—after graciously reminding his colleaguest the had told them that the
Company would demand interest—argued that the nayguoposal would benefit the
Admiralty, based on its future needs, and wouldefieit even more if defined in terms
of numbers instead of tinté® Pointing out that the Company probably thought the
Admiralty’s needs were lower than they actually eveased on past trends, he suggested
fixing the monopoly at 1,000 gyroscopes insteadtdhree years. His colleagues agreed,
and the Financial Secretary added that the Admgiraight press for the right to have 50
instead of 20 gyroscopes made by the RGF each/égtre Admiralty wrote to the
Company accordingl$#?

The Company accepted the Admiralty’s proposeddémtheir entirety’® The
Admiralty belatedly wrote to the Treasury for auihation, including this careful

account of the negotiations: “[T]he exact propartad the £50 [price] which was to be

118 Minute by Jeffrey, 2 November 1899, Adm G70858PM 116/579, TNA.

17 Minutes on Adm G7085/99, ADM 116/579, TNA.

118 secAdm to Whitehead Co. (Weymouth), 27 Novemb&918dm G7085/7672/97, ADM 116/579,
TNA.

119 \Whitehead Co. (Weymouth) to SecAdm, 3 January 18680 G7912/99, ADM 116/579, TNA.
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charged as royalty was not definitely agreed to;filmum correspondence it was assumed
that about £25 was to be paid for that purpdé&The under-staffed Treasury authorized
the necessary expenditures, and the Admiralty Hadgterm gyroscope policy!

Events confirmed the wisdom of the Admiralty’s @& to switch from royalty
payments to a lump sum, and to define the monapdlgrms of numbers rather than
time. In Fiscal Year [FY] 1900/01, the Admiraltydared 800 gyroscopes from the
Company and only 50 from the RGF, as per the tefrtise monopoly agreemetft In
FY 1901/02, it ordered 550 gyroscopes from the Camgptaking it well over the 1,000
monopoly, and it was therefore free to order 45@sgopes from the RGE In effect,
the monopoly agreement had bound the Navy for ong/financial year, instead of the
three originally sought by the Company.

Beginning with the Admiralty’s order of 75 gyrog®s in October 1898,
improvements were repeatedly introduced. The Vet a switch from pivot bearings to
ball bearings, which reduced friction and therefomzeased the gyroscope’s spin titfié.
The second was the reduction in strength of thmgphat started the gyroscope so as to
prevent the force of its release from breaking offaets of the gyroscopgé® The third
was the replacement of the automatic clutch fodimgl the gyroscope in the cocked

position with a more reliable mechanical (manubfjah*?°The fourth was the

120 5ecAdm to Treasury, 21 December 1899, Adm G794Z/8@®, ADM 116/579, TNA.

12 Treasury to SecAdm, 3 January 1900, Adm G81/0QyIAN6/579, TNA. On the Treasury’s staffing
problems, see Jon Sumida,Defence of Naval Supremacy: Finance, TechnotoglyBritish Naval Policy,
1889-1914Boston: Unwin Hyman, 1989), 25.

122 ART00/39.

123 ART01/39.

124 ART98/37. The increase was from 5 minutes to 35uteis.

125 ART00/40.

126 ART00/38.
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introduction of more effective screws for holdimg tcups of the ball bearings in pldéé.
Finally, a valve in the gyroscope was changed ¢éwgmt oil and rust particles from
fouling the gyroscop&® Although these changes resulted from mundanearidterror
experiment, not from sophisticated design worky tt@mbined to produce a much more

effective gyroscope.

Engine, Flask, and Superheater Developments—Or Not

After years of wandering through the wildernesghef pattern-unification policy
and kicking the gyroscope can down the road, theyNa&orpedo policy was, at least for
the time being, on sound footing. Moreover, the-stéps had not entirely been in vain.
The debacle with the reducer and engine of thentd-RGF Mark IX torpedo had
concentrated attention on those two parts. Thugewlther nations were putting their
hopes in the turbine engine, Britain was primeuhtprove the reciprocal engine.

Vernonhad begun experimenting with new reducers in 188éorization to
develop new designs of 14-inch and 18-inch RGFeoes in July 1897 and May 1898,
respectively, provided further motive and opportyitd develop new engines as wefl.
The basic idea was to manipulate the air pressiegeon the engines, and the size of
the parts acted on, to find the best combinatiBiarious engines were designed,
differing from each other in the diameter of théirjers, the length of the pistons’ stroke,

the valves, and the cylinders’ exhaust. The Nasy #&ied a four-cylinder engine in two

12T ART01/39.

128 ART01/39, ART02/29.

129 5ee, respectively, Adm G3818/97, ADM 116/519, TMAmM G2006/98, mentioned in PQ/99/2741/345.
130 Detail on the new designs and the experimentbedound in ART96/22—30; ART97/23-25;
ART98/19-20, 32-33, 36—37, 50-54; ART99/19-23; A®B4, 49-53; ART01/36-37, 40-41; ART02/26—
28.
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experimental torpedoes in lieu of the usual thiderder engine in 1900. Although the
four-cylinder engine increased the speed, it dse@#he uniformity of the speed and the
stability of the torpedo. These decreases prokstblymed from the crunch involved in
squeezing four cylinders into the same space wihere had been three: the diameter of
the pistons got smaller, so they were liable to, jand room for the counter-weights
needed to balance the four cylinders was inadedtrarie to these problems, the Navy
temporarily shelved the idea of a four-cylinderieed*A new 14-inch engine was
settled on in 1897, and a new 14-inch torpedo—tB& Mark X—in 1898; while a new
18-inch engine was settled on in 1899, and a nemd8torpedo—the RGF Mark V—in
1901.

The development of these new engine and torpedgraealso improved
understanding of the Navy’s existing designs. Aeseof experiments carried out in 1898
to determine the best speed and range settingsdarew 18-inch torpedoes uncovered
“some capabilities of our present torpedo whichraregenerally known,” namely, that
varying the setting of the reducer could dramaltyaakcrease the speed of the torpedo, by
roughly 5 knots over 300 yards and 1 knot over g@ds™** The experiments also
showed that the reducer, the source of so muchleamyer the past four years, might not
even have been necessary: varying the settingsliffeeent valve, the stop valve,
revealed that the stop valve could be made tosaatraducer, a revelation that must have

been relieving and galling in equal meastifeAnother set of experiments produced a

131 peter Bethell, “The Development of the Torped@t® 1-7 Engineeringl59—61 (25 May 1945 to 15
Mar 1946), 14.

132 ART00/34.

133 ART98/51.

134 ART98/51-53.
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comparable revelation, which was that “in previeangine designs the size of the valve,”
an important factor in engine performance, “hasiteenatter of guess work™

“Guess work” was perhaps too strong a term, asod dgeal of calculation and
planning was undoubtedly involved in engine desimy,it did point to a larger truth,
which was the empirical nature of much design wtkthematical calculations could
carry the design process far, but only so far,argbme point—a point undoubtedly far
earlier than what it would be in an age of computedeling—the only way to figure out
the best settings was to try many different onesvéver frustrating for the designers,
empiricism actually played to one of Britain’s greamparative advantages, which was
the extent of its research and development infnagire. No other nation had the
combination of money, range facilities, expertis@terial, and personnel to undertake
experiments of such scope and intensity. Trial-ardr design work could not be done,
or could not be done as well, without such resairce

In 1902, a new development rendered the painstakipgriments of the past six
years with reducers and engines partly irreleviietuse of nickel steel for air flasks.
This allowed a quantum increase in the weight aedgure of air carried for a given
volume—roughly a 20-33% increase in the weightio{asmaller increase in 18-inch
torpedoes than in 14-inch torpedoes), and a 25%ase in the pressute.In theory,
these increases were desirable, since they allgnester speeds and ranges. The
problem was that existing engines had been designedrk at a given pressure, and

they had been settled on only recently after aomgedd development process. Thus the

135 SRGF to Captailvernon 2 November 1899, NO6185, copy in ART99/22-23.

136 ART02/26. Expressed in absolute terms insteacenfgntages, the increases in weight and pressure fo
14-inch torpedoes were from 34.75 to 46.25 Ibsd,fasm 1,350 to 1,700 psi; and for 18-inch torpegjoe
from 77.55 to 94.5 Ibs., and from 1,400 to 1,700 ps
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prospect of changing them, problematic under ths diecircumstances, was particularly
unappealing. Accordingly, at a conference betwegnesentatives of the RGF and
Vernonin June 1902, it was decided to put off the desigmew 14-inch and 18-inch
engines that would be needed to get the most alieafiew air flasks, and to settle for
modest, rather than optimal, improvements in speetrange for the time beid.

While calculating that the gyroscope and nicketktiasks were quantum leaps
forward over any existing technology and demandakxpaon, the Admiralty reached a
different conclusion about the turbine engine. R first carried out experiments with
turbine propulsion of torpedoes in 1897, using & turbiné> They were a failure.

In 1901, the Assistant Superintendent of the RGIR.@Rcklom, decided to try again,
using a different form of turbin€? At first the turbine’s efficiency was well undealf
that of the latest reciprocating engine, but Acklmanaged to get it up to well over half,
though still less. Then a screw came loose whileragtesting it and the turbine was
practically destroyed. Acklom had spent £200 alyesatl asked for £150 more to
continue his efforts. The Director of Naval Ordnamerned him down, giving a clear
indication of how much value—or lack thereof—themdichlty attached to the
development of a turbine engifi¥.

The Admiralty also decided not to adopt another page of torpedo technology:
the superheater. In June 1901, F. M. Leavitt'sigdte the superheater was sent to

Vernon but the device was judged too dangerous, dugetoisk of premature ignition

137 ART02/26-27.

138 These experiments are alluded to in ART97/41 aBR@&F [Acklom] to CSOF [Bainbridge], 1 July
1901, NO11668/01, PQ/01/2842/143-44.

139 ASRGF [Acklom] to CSOF, 1 July 1901, NO11668/0Q/@1/2842/143-44.

140 Egerton [for DNO] to CSOF, 6 August 1901, NO11638/PQ/01/2842/143-44.

113



and consequent bursting of the air flask, to wariaal.*** Whether in response to the
news of the Leavitt superheater, or on his ownaitivte, the intrepid RGF Assistant
Superintendent Acklom began to work on his owngtesi a superheatét’

A year later, the E. W. Bliss Company approachedAttimiralty about the
superheater, stating that the U.S. Navy had madeatestive” tests of the device and
found that it increased the speed of the torpedd@8% over 800 yards, while creating
“no complications of any kind™** The new Captain dfernon Charles Egerton, was
intrigued, judging a 16% increase in speed “celyasnfficient” to warrant trial—if it
could be shown that the danger of premature igniticthe alcohol that heated the air
had been overcome. Acklom was more openly skeptizalCompany said the tests had

been “exhaustive,” yet the Navy report it cited Korests on 22 runst**

Egerton and
Acklom agreed that the first order of business &hbe to get fuller details from the
Company, and the Admiralty wrote to the Bliss Compaccordingly-*®

In its reply, the Company attempted to allay thenddlty’s fears over premature
ignition of the superheater and offered to equsiample torpedo with the devite.
Vernonwas satisfied with the Company’s explanation arghested sending a torpedo to

Paris, whence the Company'’s representatives watagyiif the cost was not

prohibitive!*” The Director of Naval Ordnance preferred to haaeeGompany send

1411 do not have records on this episode, but itlislad to in a minute by Captain wérnon[Egerton], 25
July 1902, Adm G7197/02, Docket “Application of Hiéa Compressed Air for Torpedoes. Consideration
of Commercial Offer,” ADM 1/7657, TNA. Leavitt's pent was GBP 10,126/1900.

142 Alluded to in Acklom [signature difficult to disog] to DNO, 5 August 1902, Adm G7197/02, ADM
1/7657, TNA.

143Bliss Co. (Paris) to SecAdm, 12 July 1902, Adm G702, ibid. Emphasis in the original.

144 Acklom to DNO, 5 August 1902, Adm G7197/02, ibid.

145 Controller to Bliss Co. Paris, 13 August 1902, AGm197/9036/02, ibid.

146 BJiss Co. (Paris) to SecAdm, 16 September 1902 &H487/02, ibid.

147 Charlton [for Egerton] to DNO, 23 September 198@mn G9487/02, ibid.
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workmen to fit the superheater to a sample torpedtngland, and the Admiralty wrote
to ask the Company if it would be willif§® The Company replied that it would be
happy to do so, after the Admiralty bought the patights to the superheater, or the
Admiralty could send workmen to’it? Though aghast that the Company apparently
expected the Navy to buy the patent rights witltmnducting trials, a “very
unreasonable” attitude, Acklom thought the Navyutiary “this ingenious device™*°
Egerton agreed that trials were desirable, andpinathase of the patent rights was
impossible without trial$>* The Admiralty informed the Company accordinglydan
asked what the Company would charge for two supéene and drawings?

The Company counter-proposed terms very similéndse it had worked out
with the U.S. Navy: it would equip a torpedo witBugperheater at no charge, provided
that the Admiralty agreed to try the torpedo in phesence of a Company representative
in England, and to pay the Company a certain amiourgach half-knot of speed gained.
The Company would also, “of course,” need to comngoime arrangement with the
Admiralty as to how many superheaters the Adminaibyild purchase if the Company’s
claims for it were borne out, suggesting that tamber be spread over five years so that
the payment per year would be comparatively {otn a role reversal, Egerton now
played skeptic to Acklom’s enthusiast. Egerton shad a Whitehead Company

representative had informed him that the superheats too dangerous; Acklom said

148 Minute by Jackson [for DNO], 11 November 1902, AG®487/02; Controller to Bliss Co. (Paris), 19
November 1902, Adm G9487/13319/02, ibid.
149 BJiss Co. (Paris) to SecAdm, 22 November 1902, A8h2350/02, ibid.
150 Acklom to DNO, 26 November 1902, Adm G12350/02.ib
151 Egerton to DNO, 17 December 1902, Adm G1235040i, i
152 5ecAdm to Bliss Co. (Paris), 8 January 1903, Adt2¥50/397/02, ibid.
153 Bliss Co. (Paris) to SecAdm, 9 February 1903, A8h820/03, and 10 February 1903, Adm G1890/03,
ibid.
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that a Whitehead Company representative had sgakenably of the device. Egerton
suggested that the proposal be declined; Acklomwiiliag to have an experimental
torpedo fitted with the device and to personallgesintend experiments with it.
Apparently Acklom changed his mind, however, beseahe Assistant Director of
Naval Ordnance, H. B. Jackson, said that in comiens, bothVernonand the RGF
agreed that the device was “too complicated andelaws ... even if a considerable gain
in speed could be guaranteed at a moderate costi@recommended that the
Company’s offer be declined, with thanks, and vaithexpression of the Admiralty’s
willingness to consider any simplified version bétdevice in the future’ The
Company replied that the superheater was alreagysuaple, but to no avail: as far as

the Admiralty was concerned, the matter was cldsed.

Tactics and Naval Architecture

Tactics and naval architecture in the Royal Naeyenntimately related to each
other and to torpedo development. Of the two sibjeactics is the harder to track,
because it was the more decentralized. At the Aaltyjralthough ship design involved
many different entities, the process was coordahbiethe Director of Naval
Construction, of whom there were only two over artgr century—William White, from
1885 to 1902, and Philip Watts, from 1902 to 1¥stde from the stability in leadership,
the process of ship design had a certain rhythigela governed by the fiscal calendar

and the preparation of estimates for submissidPartiament.

154 Minute by Jackson, 4 March 1903, Adm G1890/03A8kc to Bliss Co. (Paris), 13 March 1903, Adm
G1890/3696/03, ibid.

155 Bliss Co. (Paris) to SecAdm, 17 March 1903, Adn62&303; minute by Jackson, 24 March 1903, Adm
G3622/03, ibid.
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There was no such stability in leadership or rhyth tactical development. The
lack of a nerve center for tactical thought hasetimes been taken for a lack of tactical
thought; so too has the absence of agreed-upotis@ibeen taken for a failure to
recognize problems. These views are mistaken. Vithddrue that the Royal Navy had
nothing like modern centers for the generatiorsehisination, and correction of doctrine,
tactical thought still occurred, and intenselydagefly in three fora: during the
discussion of naval architecture at the Admiraitycourses at the Royal Naval College in
Greenwich, and at the initiative of station fleetramanders.

Each forum presents a distinct historiographitallenge, however?® Tactical
thought at the Admiralty is the easiest to traakces Admiralty minutes were
comparatively plentiful and well preserved, but @enally it was the least important.
Tactical thought in the Royal Naval College is mdificult to track, since the records
were not as well preserved and the discussionctittd questions was more ad hoc.
Tactical thought in the third forum, the regionleket commands, is the most difficult to
track, unfortunately so, since it was operationtily most important. The Admiralty
could reach whatever tactical agreement it wanteenwt designed ships, but its
agreements were in no way binding on the officéme would command the fleets it built.
Battle tactics were almost entirely the prerogatiféhe fleet commanders, with the
Admiralty confining itself to administrative, logisal, financial, and strategic direction
in wartime (although the nature of these functicnanged somewhat when Fisher
became First Sea Lord in 1904). As a rule, oparatiyp significant tactical records were

generated and remained—or were lost—at the reglewel, rarely making their way to

156 | am grateful to Nicholas Lambert for discussihg historiographical issues with me.
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central record offices for preservation. Fortunatilere were a few important exceptions
to this rule of lost tactical treasures, one ofahkhivas the tactical records generated
during Fisher’s tenure as Commander-in-Chief ofNtegliterranean Fleet from 1899 to
1902.

The invention of the gyroscope portended a reiaiun naval tactics. On top of
improving stern fire, which has already been altltte the gyroscope held out the
possibility of attacking ships with torpedoes odésgun range. In his report on the first
four gyroscopic torpedoes tried\&rnonin late 1897, Durnford observed that “one of
the first advantages would be a great increasargfe ... [which] would mean Boats
could often afford to discharge their torpedoes atnge, practically safe from the gun-
fire of the ships they are attackinf.” The tactical importance of this prospect can
scarcely be over-stated. It meant that the torpedbthe gun, might be the primary
weapon in a naval battle, and that a centuriesydtem of tactics and naval architecture
geared towards bringing the largest broadside caratéon of fire on the enemy fleet
might be rendered irrelevant.

Although the importance of this prospect was obsjaletermining the exact
increases in range was less clear. In late 1899, May, captain of a modern battleship
in the Channel Squadron when he wrote, and thedldader of the War Course at the
Royal Naval College, estimated that the gyroscazkihcreased the effective range of

torpedoes to 2,400 yards, which he seems to hdireedeas the range at which torpedoes

157 Durnford to CINC Portsmouth [Culme Seymour], 2&Bmber 1897, Adm G58/98, ADM 116/519,
TNA [copy in ART97/100-102].
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stood a one in three chance of hitting a two-nuiteglenemy line-of-battleshipa® His
estimate of range was three times higher than the/Bltorpedoes were designed to go,
and 900 yards higher than the longest range atWw@monconducted long-range
experiments by 1902. Fisher, commanding the Mediteran Fleet, rated the effective
range even higher, defining “the torpedo zone” 8@ yards™> He did not actually
believe that torpedoes could be aimed accuratel, @00 yards, but considered the
range at which they had a reasonable probabilistri€ing the target to be considerably
less.

Fisher and May had two reasons for defining thep&do zone” so generously.
First, they feared that ships at the end of thdeble, or farthest from the control of the
commanding admiral, might accidentally blunder ittigpedo range. In combined
exercises between the Channel Squadron and Mextiean Fleet in 1901, May observed
that, in its effort to obtain a superiority in guef one side had unwittingly exposed the
rear of its battle line to “almost certain destroict by torpedoes for a full 45 minutes,
without ever getting a chance to return torpede'fit Commenting on exercises a year
later, Fisher observed that one side risked losawgral ships to torpedo fire, despite
getting a superiority in gunfire, “[b]ecause théial error was committed of approaching
inside 4,000 yards, and thus giving no margin feping outside the Torpedo Zoré"
Second, in addition to poor command-and-controlingak buffer zone necessary, Fisher,

and possibly May, feared that the enemy fleet migitkly close the range in order to

158 May, 1 December 1899, copy in ART00/37-38.

159 Eisher, “Extracts from Confidential Papers: Medi#eean Fleet, 1899—-1902” (printed at Foreign @ffic
15 October 1902), p. 22, FISR 8/1, CAC.

180 May to President of RNC Greenwich [Montgomery],Nay 1902, ADM 1/7617, TNA.

161 Fisher, “Extracts from Confidential Papers: Med#eean Fleet, 1899—-1902” (printed at Foreign @ffic
15 October 1902), p. 22, FISR 8/1, CAC.
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fire torpedoes, in which case the British fleet Woneed a buffer zone to give it time to
turn away'®? The range of torpedoes could be said to be “éffethot merely insofar as
they stood a reasonable chance of hitting the tabge also insofar as they exerted an
effect on the battle range. As of 1902, their “efifee” range in the latter sense was
roughly twice as long as it was in the former. HeRtsher was thinking of @inimum
gunnery range that was double torpedo range.

These calculations made his attempts to carryamg-tange firing at 6,000 yards
in 1899 and 1900 understandable. The Admiraltygrakp on his efforts and introduced
6,000-yard practice into the fleet at large in 198t as Jon Sumida has explained,
British gunnery was far from effective at that ran®} Although it is dangerous to
generalize, given that important variations existedending on the nature of the gun (a
heavy gun trained and elevated by clumsy hydraméchinery was much more difficult
to aim than a lighter, quick-firing gun capablebeing manipulated by hand), the
weather (clear conditions with good visibility aadalm sea to minimize roll and yaw
made it possible to fire more accurately at lomgeges), and the nature of the
engagement (one in which the range between flegtsdsat a constant or changing rate
made accurate gunnery much more difficult thaniomvehich the range was constant), it
is safe to conclude, as Sumida did, that the laogée adoption of the gyroscopic torpedo
in 1898 began a period in which torpedoes out-rdmgms.

As torpedoes became more effective, the defenseapithl ships against small

162 Eisher, “Appendix A,” in “Extracts from ConfideatiPapers: Mediterranean Fleet, 1899-1902,” 118,
FISR 8/1, CAC. See also Fisher to Selborne, 14 M4, enclosure 1, in Peter Kemp, &hpers of
Admiral Sir John Fishervol. 1 (London: Navy Records Society, 1960), xiied in Sumida, “The Quest
for Reach: The Development of Long-Range GunnetiiénRoyal Navy, 1901-1912,” Military
Transformation in the Industrial Aged. Stephen D. Chiabotti (Chicago: Imprint, 19%8).

163 Sumida, “The Quest for Reach,” 50-51.
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craft firing torpedoes became less effective. Expents carried out early in 1902, on the
assumption that small guns like 12-pounders (3-catiber) would be the first put out of
action in a battle and that anti-torpedo craft oasibilities would devolve onto 4.7-inch
and 6-inch guns, revealed that shrapnel fired filo@se guns could not stop small vessels
(torpedo boats or destroyers) carrying torpedaas tlaat shells had to be practically
direct hits to stop thert?’ In effect, the experiments implied that the smafld medium-
caliber guns of capital ships were useless agtnstdo craft. In April 1902, acting on
recommendations that had been made in Januarynthrbefore the experiments were
reported, the Admiralty officially de-emphasizee@ importance of the anti-torpedo craft
armament in capital ship&

To be sure, the inability of capital ships to deféihemselves did not mean that
they were defenseless against torpedo craft. ledhly 1890s, the Navy began building a
new class of vessel called the torpedo-boat destrtater shortened simply to
“destroyer.” By the late 1890s, these vessels wrpected to make 30 knots. Their high
speed came at the expense of strength, howevethapdvere unable to keep the sea in
anything but the calmest weather. In 1900, promptethe complaints of British
destroyer commanders and inspired by the exam@oafer but stronger German
destroyers, the Admiralty began to contemplatedésegn of slower but more seaworthy
destroyers® In late 1901, the Admiralty decided that instedequiring 30 knots, it

would be content with 25.5 knots along with a sgg@m more seaworthy vesséf.

164 Minute by DNO, 13 July 1901, PQ/02/2881/85; refiyriOrdnance Committee, 21 February 1902,
PQ/02/2881/85.

185 Minutes on G537/02, PQ/03/2904/7-8.

166 See SC184/F8-8j and F14, BF.

67 Minutes on S22945/01, SC184/F22, BF.
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Not all parties were happy with the decision. le Mediterranean, Fisher had a
different diagnosis of the problem and a differeute. The problem was not that
destroyers were too weak, but that they were besegl for missions that should have
been performed by other types of vessels. “Becasskad an insufficiency of Cruisers,”
Fisher complained, “Destroyers, instead of ‘layiagn bad weather, had to be forced
against heavy seas to carry information that shbale been taken by Cruiser$¥The
misuse of destroyers was creating a mania for gtinemhich they did not need; in fact,
their frailty was “necessary and essential....éfgo making Destroyers stronger, they
will be heavier, they will be slower and biggerdamill degenerate into vessels that
won't catch anything and won't be able to run aw&!While it was true that destroyers
in the Mediterranean, unlike those in the Chanimad, to operate at sea far from bases for
long periods, Fisher thought the answer was ndopged sea-keeping ability, but
“towing by day for economizing coal and giving itrew rest.*’® Sufficiently fast
destroyers could wreak havoc during battle. Repgrmin exercises in 1900, Fisher
described “[t]he destroyers all dashing about fikad in the middle of it all! and
torpedoing everyone! It is certainly the best thifmgve ever seen and the most
realistic.™"* As Fisher’s reference to destroyers being “inrttiédle of it all” indicated,
he did not contemplate destroyers joining the difibattle to fire their torpedoes while

capital ships fired their guns; rather, the feas Weat destroyers might be able to dash

168 Fisher, “Brief Summary of Three Years’ Exercisen,"Extracts from Confidential Papers:
Mediterranean Fleet, 1899-1902" (printed at Foréffice 15 October 1902), p. 51, FISR 8/1, CAC.
189 Eisher, “Brief Summary of Three Years’ Exercisen,"Extracts from Confidential Papers:
Il\éléediterranean Fleet, 1899-1902" (printed at Foréffice 15 October 1902), p. 49, FISR 8/1, CAC.
Ibid, p. 51.
"1 Eisher to Lady Fisher, 29 Septeber 190@0;éar God and Dread Nought: The Correspondence of
Admiralty of the Fleet Lord Fisher of Kilverstanéol. 1, The Making of an Admiral, 1854—1902d.
Arthur Marder (Cambridge: Harvard University Prek852), 160.
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between opposing battle lines and fire their togesdbefore capital ships, distracted by
dealing with enemy capital ships, or other destregeuld destroy them.

In advocating the use of torpedo-boat destroyeteraedo boats, Fisher hit upon
another controversial point. Throughout the 18@9@stroyers carried either a gun
armament (when they were expected to be used @adimboat destroyers), or a torpedo
armament (when they were expected to be used padmiboats). In July 1901, an
Admiralty official pointed out that the system unaned preparedness, and asked
whether one alternative should be chosen overttrer3? The Admiralty decided to
choose the gun armament, but disagreement by thenaader of a major destroyer base
touched off another round of debaféThe Assistant Director of Naval Ordnance, H. B.
Jackson, argued that destroyers should retaindvsathments so that they could operate
offensively as torpedo boats and defensively ag&mmgedo boats, while the Director of
Naval Intelligence, Reginald Custance, arguedttieit gun armament should be favored,
since their primary mission was to defend agaimgtetdo boats’* The Controller, W. H.
May, and Senior Naval Lord, Lord Walter Kerr, bagk&ustance, and the matter was
decided in favor of the gun armaméfMNo sooner was the issue closed, however, than
the commander of the Portsmouth instructional dgstrflotilla wrote to express his
regret that destroyers would carry only the onpddo tube associated with the gun

armament, rather than the two tubes associatedthéttorpedo armameht The

172 president of Mobilization Committee to CINC Devorip 2 July 1901, G5489/01, PQ/03/2902/2-3.
173 Minute by DNO, 10 July 1901, G5489/01, ibid; CIND@vonport to SecAdm, 27 March 1902,
G3044/02, PQ/03/2902/3.

174 CINC Devonport to SecAdm, 27 March 1902, G3044RQ/03/2902/3; minutes by ADNO, 30 April,
and Custance, 5 May 1902, G3044/02, PQ/03/2902/3-5.

7> Minutes by May, 4 June, and Kerr, 5 June 1902, ibi

176 3. B. de Robeck to CINC Portsmouth, 14 August 1802548/02, PQ/03/2910/16.
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Commander in Chief of Portsmouth and the captaieafionbacked hint” Not

missing his chance, the recently over-ruled Jacksged that the question be reopened,
with added support from the Inspecting Captain e$toyers, but May and Kerr refused
to budget’® It was with good reason that Kerr observed, “The of Destroyers in
company with battle ships is a vexed question’—as nearly every tactical question

from 1895 to 19027°

Conclusion

With some exceptions, the Royal Navy’s torpedagydrom the mid-1890s
through 1902 was generally cautious and thoughtihu exceptions were the decision to
institute the pattern-unification policy over thigiections of the expert Torpedo Design
Committee (including then-captain @érnonB. W. Walker) and Walker’s subsequent
misconduct at the Admiralty, which delayed reverddhe pattern-unification policy and
adoption of the gyroscope. Nevertheless, the Adtyithoroughly tested the gyroscope
before committing, and its decisions to rejectttirbine engine and superheater were
perfectly rational given that its superior reseaaoll-development resources allowed it to
improve existing technology and test new technologye than any other navy. The
consultative nature of Admiralty decision-makingsweteworthy: on the gyroscope

guestion, everyone from the captainvefnonto the First Lord weighed in, touching on

7 CINC Portsmouth to SecAdm, 22 August, and Capsernonto DNO, 14 September 1902,
L11548/02, PQ/03/2910/16-17.

178 Minutes by Jackson, 19 September; May, 17 Octdb6&y; 7 November; Kerr, 10 November 1902,
L11548/02, PQ/03/2910/17-21.

17 Minute by Kerr, 17 November 1900, Docket, “StudyNaval Tactics. Supply of Captain King-Hall’s
Naval War Game to the Fleet,” sub-docket, “Navaitits (in reply to Admiralty Letter M165 of 14 Apr
1900),” ADM 1/7461B, TNA.
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issues ranging from tactics to national power. dltgh the Royal Navy adopted new
technology more slowly than the U.S. Navy or naalhtits behavior was not due to an
irrationally conservative institutional culture,tbather to a rational analysis of material
resources. Because it was the naval hegemon, tyed Ravy had more to lose from
technological change than any other navy—nbut ifgesar resources also made it more

likely to exploit change than any other navy.
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Chapter 3: American Torpedo Development, 1903-1908

“[Hluman foresight is fallible, and many great amtforeseeable
expenses may, and no doubt will be encountered.”
— Bliss Company, 19085

Introduction

In 1902, an American officer proudly declared thgirospective torpedo
containing a turbine engine and superheater “wbaléssentially an American torpedo
and could not properly be called a WhiteheaBy 1908, however, hope had turned to
disappointment. Under pressure from the Navy gelathe Bureau of Ordnance
committed to a torpedo—the Bliss-Leavitt—containangadically new turbine engine,
but neither the Bureau nor the Bliss Company wapgmed for this commitment. Both
failed to realize that the technology was experitalerather than perfected, and therefore
both struggled to apply price theory, risk assesgnand cost-accounting methods
appropriate for mature technology to immature tetbgy. Only after recognizing that
the Bliss-Leavitt torpedo was experimental, nofeted, did the Bureau and the
Company realize that their relationship had fundataley changed: they would have to

collaborate to fix the torpedo, and this collabmatvould raise extremely difficult

! Bliss Co. to Mason, 27 October 1905, BuOrd 17761R8G74/E25/B842, NARA.

2 Davison to O'Neil, 26 April 1902, BuOrd 3677/02ti9558/01, RG74/E25/B480, NARA [Copy in B31-
161, NTS]. Davison, whose name will appear agaad, heen the Bureau’s representative at the 1962 tes
of the turbine engine.
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guestions about property rights. Grasping the lagdlphilosophical implications of
these issues only partially, the Bureau tried hiledl to adapt contracts and patents to
this new type of technology and to a corresponginghw relationship between the
government and private industry. While this largekgllectual misadventure laid the
foundation for future disputes, a simultaneousufailto fix the physical flaws of Bliss-
Leavitt torpedoes caused a supply crisis to erughe fall of 1906. As a result, the
Bureau established its own torpedo factory andeitrack to Whitehead torpedoes. The
purchase of Whitehead torpedoes, though intendedesporary expedient, confirmed
that American torpedo development, from its glittgmpromise in 1903, had fallen

behind its foreign counterparts by 1908.

Gyroscoping out the Competition: The Moore, Modifiel Obry, and Leavitt
Gyroscopes, 1903-1904

In May 1902, the Chief of the Bureau of Ordnandeai@®s O’Neil, had
announced his intention to put the Moore gyrosdnpew torpedoe3He ordered the
Torpedo Station to build 12 and opened negotiatwaitis the Bliss Company to construct
60 Everything seemed to be going smoothly—but theshivayton Chambers, back at

the Torpedo Station after service in the Philippjréisrupted proceedings. On 9 May

% Endorsement by O’'Neil, 3 May 1902, on Mason to 6IN21 April 1902, BuOrd 3296/02 with 10407/00,
RG74/E25/B437, NARA.

* See O'Neil to CNTS, 22 September 1902, BuOrd 60210’ Neil to CNTS, 31 January 1903, BuOrd
6041/02-LS200/535; Fletcher to O’'Neil, 4 Februa®p3, BuOrd 1494/03 (NTS 386); O’Neil to Fletcher, 6
February 1903, BuOrd 1494/03-LS201/238; O'Neil ts8Co., 6 February 1903, BuOrd 1494/03;
Fletcher to O’'Neil, 9 February 1903, BuOrd 166%N3'S 492); O’Neil to Fletcher, 12 February 1903,
BuOrd 1718/03-L.S201/491; O’'Neil to Bliss Co., 26bRgary 1903, BuOrd 1494/03-LS202/483-4; Bliss Co.
to O’Neil, 27 February 1903, BuOrd 2453/03; Bligs. @ O’Neil, 26 March 1903, BuOrd 3679/03; O'Neil
to Fletcher, 2 April 1903, BuOrd 1718/03-LS206/B1with 6041/02, RG74/E25/B511, NARA.

127



1903, he announced that the Moore gyroscope wasuffatiently reliable to be
manufactured by private industtjloting that much of Moore’s design depended on his
own experimental work, but disclaiming any sens&ighlry,” Chambers explained that
he had examined Moore’s design closely and fourddas defects.” The main flaw,
according to Chambers, was that one of the aireglwaked. The new commander of the
Torpedo Station, Frank Fletcher, did not share Glesiconcern over the air leak, but
he worried that the Moore gyroscope had not recefigorous testing and noted that the
Obry gyroscope had performed well in senfice.

O’Neil listened. On 20 June, he ordered the Torpg&@dion to conduct careful
experiments with the Moore gyroscope and formailicged the opinions of five
torpedo experts—Fletcher, Chambers, L. H. Chan@ew. Williams, and G. C.
Davison—on its performandeChandler, Williams, and Davison all enthusiastjcal
preferred Moore’s gyroscope to the service Obrge@igg that it was mechanically more
reliable and, thanks to its capability for angte fitactically superiof. Strikingly, these
three officers thought angle fire was more sigaificfor above-water fire from torpedo
boats than for submerged fire from capital shigee i0ea was that a torpedo boat could
simultaneously fire three torpedoes (one from the tube, one each from the two
broadside tubes) to run parallel to each othergthecovering a larger zone upon

reaching the target than a single torpedo could,iaereasing the probability of hitting.

® Chambers to Fletcher, 9 May 1903, BuOrd 5918/0BSN679) with 6041/02, RG74/E25/B511, NARA.
® Fletcher to O’Neil, 14 May 1903, BuOrd 5918/03 @®IT679) with 6041/02, RG74/E25/B511, NARA.

" O’Neil to Fletcher, 20 June 1903, BuOrd 3679/021.%/129 with 6041/02, RG74/E25/B511, NARA.
See his letters of the same date to Fletcher, Caemmnbavison, Williams, and Chandler, all BuOrd @63,
ibid.

8 Chandler to O'Neil, 5 July 1903, BuOrd 8059/03 @\Z734/386); Davison to O’Neil, 22 June 1903,
BuOrd 7561/03 (NTS 2734/386); Williams to O’Neil7 July 1903, BuOrd 8937/03, all with 6041/02,
RG74/E25/B511, NARA.
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This plan for a three-torpedo salvo is illustratedigure 3.1 below.

1(90° CW)
B 2 (straight)

3 (90° CCW)

Figure 3.1: A three-torpedo salvo from a torpedatbuosing angle fire.

Chambers, by contrast, affirmed that in originating notion of angle fire, he “had
uppermost in mind the desirability for so doingnfréixed submerged tubes He
criticized the air impulse arrangement in Moore/sagcope and offered his own
alternative.

Fletcher’s reply to O’Neil’'s solicitation was theost comprehensive. Having
combed the Torpedo Station’s records on the Mogresgope, he found that the
“complete record,” such as it was, consisted adetmeports covering 91 ruffsThe three
reports furnished insufficient data for determinthg accuracy and reliability of the
device, Fletcher felt, and thus he concluded tiaicapability for angle fire had been
behind its adoption. Fletcher was not enthusiagimut angle fire. He dismissed
Chandler’s idea of using angle fire from torpedatspand he was “inclined to place a
rather low estimate” on the utility of angle fir®in the fixed submerged tubes of capital
ships.

The Moore gyroscope was running into trouble. THosigwed by a lack of labor
and plant—continuing evidence of the Navy’'s weakrnagesearch and development

resources—the experiments that O’Neil had ordenéd twe Moore gyroscope

 Chambers to O’Neil, 8 July 1903, BuOrd 8251/03 8\#426) with 6041/02, RG74/E25/B511, NARA.
10 Fletcher to O’Neil, 25 July 1903, BuOrd 8946/03TN2698) with 6041/02, RG74/E25/B511, NARA.
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confirmed some of Chambers’ criticisrtsEletcher also began to improve the service
Obry!? Of the several changes suggested, the most inmpevtss a change from pivot
bearings to ball bearings for the axle bearingsthadide bearings to reduce friction and
hence to increase the spin tiff@\ith these two sets of bearings changed, by Jgnuar
1904, the Obry gyroscope was able to spin for 42utes, instead of the 13 minutes it
managed with pivot bearings.

While the experiments with the Moore gyroscopecpealed, and Fletcher plotted
to improve the service Obry, yet another compettored on the scene: a gyroscope
designed by F. M. Leavitt of the Bliss Company.d_tke Moore gyroscope, Leavitt’s
used air impulse, but unlike Moore’s (and like Clhans’ two late 1900 designs), instead
of having the air come from inside the gyroscopes&¥tfas in a Hero turbine), Leavitt’s
had air come from outside the wheel and act ondtgckitached to the wheel (as in a
Pelton turbine)? Leavitt's design also had two entirely new feasuf@rst, he used a
connection to the main engine shaft, rather thaairmaoperated steering engine, to
amplify the power of the gyroscope to operate ttical rudders. (Thanks to its use of
direct mechanical power, Leavitt’s steering endgieeame known as the “mechanical

steering engine.”) Second, he used an electriaitimather than an air valve, to control

1 sargent to Fletcher, 1 August 1903, enclosureuordl 14468/03 (NTS 4592) with 6041/02,
RG74/E25/B511, NARA; Fletcher to O'Neil, 10 Septeanth903, BuOrd 10850/03 (NTS 3225),
RG74/E25/B566, NARA.

12 Although the earliest record | found relating igprovements to the service Obry was a letter from
Moore to Fletcher, it is improbable that Moore wbhbve taken the initiative to improve a rival ggeope.
Moreover, judging from other letters (e.g., FletcteeLeavitt, 18 January 1903, NTS B42-347), Fletch
was clearly enthusiastic about improving the ser@bry, adding further weight to the suppositicat tie
initiative was his.

'3 Moore to Fletcher, 26 October 1903, B36-135, NTS.

4 Fletcher to Leavitt, 18 January 1903, B42-347, NTS

15 See Figure 1.1 for an illustration.
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the transmission of power from the gyroscope tartigelers:® All three sets of bearings
were old-fashioned pivot, rather than ball, beasigboard of three naval officers, led
by the ubiquitous Chambers, tested and reportddeanitt’'s gyroscope, among other
things, in November 1903.The Board liked Leavitt's use of mechanical poaed
thought that a minor change would make the gyroscapable of angle fire. It
recommended further trials.

A week after the Chambers Board delivered its nepo the Leavitt gyroscope,
Fletcher delivered a major report on the Moore ggope, based on new experiments. At
Fletcher’s urging, the Torpedo Station tested #utical diameters of torpedoes under
various helm angles, and the “transfer” of the ¢digpfrom its initial line of fire to its

final course, which is illustrated and explainedrigure 3.2 below.

Straight shot Angle shot
Transfer
- - Transfer
— _

-

H
|
|
|
| )

Figure 3.2: Torpedo transfer.

In both figures, the dots indicate the point atahhihe torpedo steadies
onto its final course. In a straight shot, the ggape steadies the torpedo on its
final course as soon as it overcomes the initiledgon, minimizing the transfer
from the intended final course to the actual fic@lrse. In an angle shot, as in a
straight shot, the gyroscope still takes contrtdrad short initial deflection, but
the effect of that deflection is multiplied as auk of the turn, with the result that,
with the same initial deflection, the transferagger in an angle shot than a

'® Chambers, Sears, and Hill to O’Neil, 19 Novemt@93, pp. 15-17, BuOrd 13021/03 with 9558/01,
RG74/E25/B480, NARA.

17 Chambers, Sears, and Hill to O’'Neil, 19 Novemt203, BuOrd 13021/03 with 9558/01,
RG74/E25/B480, NARA.
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straight shot. Similarly, with the same initial Befion, the transfer is larger in a
larger angle shot than in a smaller angle shot.

The results confirmed Fletcher’s fears: the tatticameters varied for individual
torpedoes of the same mark (and for the same hajjhe &0 right and left), and the
transfer varied with the initial deflection and thelm angl€’® The former was the less
problematic, since, in theory, the tactical diamgefer each helm angle to the left and
right could be determined for each torpedo—althongbractice, doing so would have
been a nuisance—and then factored into the tagptioblem as a known variable.
Accounting for variation due to initial deflectidrefore the gyroscope took over was
impossible, however, since the initial deflectia@ried unpredictably from shot to shot,
depending on the impulse charge and on the conseeed of the firing ship. In theory,
advanced mathematics could account for all theatséas, but in the heat of action, the
acquisition and calculation of the necessary introm was impossible. Fletcher pointed
the way to the future by noting that the problenmdfal deflection could be overcome
by permitting the gyroscope “to immediately asswwoetrol.” In the meantime, however,
there were additional variables that had to be knand accounted for with angle fire,
including the longer time and distance of travehimangle than in a straight run (which,
in aiming the torpedo, could be accounted for msv@r speed). Fletcher also pointed out
that knowledge of the target range was necessagnigle fire. On top of the complexity

of calculations necessary to make angle fire affecEletcher doubted its tactical utility

18 For these fears, see Fletcher to O'Neil, 8 JuB1BuOrd 8221/03 (NTS 2172) with 6041/02,
RG74/E25/B511, NARA.
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from torpedo boats and capital ships.

O’Neil had already made up his mind, however. megeting with representatives
of the Bliss Company on 28 October 1903, he ungédiis intention to hold competitive
trials of the Leavitt and Moore gyroscopes in tvaavrturbine torpedoes to be built by the
Bliss Company (discussed belof#\While these two torpedoes were being built, O’'Neil
ordered Fletcher to continue developing the Mogrescopée’ It seemed to be re-
gathering momentum.

Personnel changes disrupted this momentum. In MES6H, G. A. Converse
replaced O’Neil as Chief of the Bureau of Ordnaréee months later, in August 1904,
N. E. Mason replaced Converse (who took over thee®uof Navigation after the death
of its Chief)?? Although Mason liked the idea of angle fire, heswat wedded to the
Moore gyroscope but instead approached gyroscapasimer would a buffet, mixing-
and-matching the features he thought best. He edd&ée Torpedo Station to try
incorporating several aspects of Leavitt's gyrogcopo Moore’s air-impulse design. In
case those efforts failed, he also ordered theeflwrstation to begin converting the
service spring-impulse Obry to a strengthened; tiediring modef® Several weeks later,

Fletcher submitted three designs of the Moore gyps conforming to Mason’s

9 Fletcher to O’Neil, 25 November 1903, BuOrd 14483(NTS 4592) with 6041/02, RG74/E25/B511,
NARA.

% This meeting is described in Porter to O’Neil, @&ober 1903, BuOrd 12865/03, RG74/E25/B664
[misfiled, should be in B566], NARA.

“L O’Neil to Fletcher, 19 December 1903, BuOrd 14888/S227/402—3 with 6041/02, RG74/E25/B511,
NARA.

22 See Christopher Havern, Sr., “A Gunnery Revoluttanqué: William S. Sims and the Adoption of
Continuous-Aim in the United States Navy, 1898—19Mnaster’s thesis, University of Maryland, 1995),
99n76.

Z Fletcher to Converse, 13 June 1904, BuOrd 685@04 2363) with 9890/03, RG74/E25/B565, NARA.
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specifications?

Development of the Moore gyroscope stalled ther¢hicee years. In September
1904, the Leavitt gyroscope beat the Moore gyrosdéomompetitive trial> Also
hurting the Moore design was Mason’s desire to ldgva spring-driven alternative to the
Moore and Leavitt gyroscopes. Mason probably hadrs¢ motives. First, the modified
(spring-impulse) Obry with ball bearings was giviregy good results. In competitive
trials at the Torpedo Station, apparently carrietlad Fletcher’s initiative, it spun for 36
minutes, while the Moore gyroscope spun for haif ttme?® The spring-impulse, ball-
bearing Obry gyroscopes became known as the Mabkd|]ification]. 1 gyroscopes,
while the original pivot-bearing gyroscopes bec&mewn as the Mark £’ Second, a
spring impulse in conjunction with mechanical cohtf the rudders would avoid the
possibility of clogged air valves causing a circulan?® Third, observers began to notice

that Leavitt gyroscope had a relatively short gpire—so short that the new commander

% Fletcher to Mason, 20 September 1904, BuOrd 1031(NTS 4110) with 9890/03, RG74/E25/B565,
NARA.

% Chambers, Sears, Bristol, and Gise to SecNavepteSiber 1904, BuOrd 11932/04 (Dept 17755-3) with
12865/03, RG74/E25/B664 [misfiled, should be in BLNARA. Chambers and Sears had been members
of the board that reported on the Bliss-Leavitbime torpedo in November 1903; Bristol and Gise heaid

% williams to Fletcher, 19 September 1904, enclosaifdletcher to Mason, 22 September 1904, BuOrd
11137/04 (NTS 4161), RG74/E25/B651, NARA. See &lstcher to Mason, 4 October 1904, BuOrd
11590/04 (NTS 3399) with 9890/03, RG74/E25/B565 A

%" For the anguished taxonomical debate and its phant resolution, see Mason to Gleaves, 31 January
1905, BuOrd 16647; Gleaves to Mason, 6 Februarp;1GCeaves to Mason, 23 May 1905, and
endorsement by Mason, 25 May 1905, BuOrd 16641/B4&-131, NTS. Confusingly, since the
nomenclature of the Leavitt gyroscope was condistéh the nomenclature of its torpedo, the
nomenclature of the Mark | Mod. 1 gyroscope hadhimgt to do with that of the Mark | Mod. 1 5-meter
Whitehead torpedo—that is to say, the Mark | Motbrpedo was so called because of changes to its
exercise head and air flask which distinguishdobih the Mark |, not because it carried the MaMdd. 1
gyroscope. See “General Description Whitehead 2¥acm Mark | Torpedo (including Modifications of
the 5 m. x 45 cm., Mark |, to be found in the 5m5xcm. Mark |, Mod. 1 Torpedo and Modifications of
the 5m. x 45c/m., Mark I, to be found in the 5m5«c/m. Mark Il Torpedo)” (c. 1904), p. 38, B45-131
NTS.

% Chambers, Sears, Bristol, and Gise to SecNavepteSiber 1904, para. 19G, BuOrd 11932/04 (Dept
17755-3) with 12865/03, RG74/E25/B664 [misfiledpstd be in B575], NARA.
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of the Torpedo Station, Albert Gleaves, askedéfdata contained a tygdFourth, with
the Leavitt gyroscope, too much time elapsed beatwiee instant that the torpedo started
and the instant that the gyroscope took over, dusihich time (as Fletcher had
emphasized in November 1903) the torpedo wouldnipeadictably deflected off its
intended course. Fifth, Gleaves realized that odiimtig the distance run by Bliss-Leavitt
torpedoes would interfere with the functioning @falvitt's gyroscopé® Finally, Mason
wanted to stimulate development of the air-impllsavitt gyroscope by providing
spring-impulse competitioft. It was an early indication of Mason’s concern vitia

Bliss Company’s monopoly on torpedo manufacture.

Under Pressure: A Premature Commitment to an Immatue Weapon

While the gyroscope tangle developed, a revolutipt@pedo entered naval
service. The initiative behind the new torpedo waisentirely the Bureau's: it acted
under sharp pressure from the rest of the Navychviented its frustration over the
Navy’s torpedo situation at the 1903 Naval War €gdl conference. The hypothetical
enemy before the officers gathered that summerGemany, which presented special
challenges from a torpedo perspectifén war games played to study the problem of

fighting the German fleet, the American fleet laktout once due to inferior speed and

2 Clark [Bliss 100] to Mason, 28 November 1904, B2, NTS; and Gleaves to Mason, 5 December
1904, BuOrd 14497/04 (NTS 5541) with 12865/03, RIE25/B664 [misfiled, should be in B575], NARA.
%0 Gleaves to Mason, 14 February 1905, BuOrd 166@6I% 734), RG74/E25/B769, NARA. Since Bliss-
Leavitt torpedoes lacked distance gear, the onlyteaontrol the distance was to vary the pressutee

air flask or to vary the setting of the reducencgithe Leavitt gyroscope, in turn, relied for ifgguon air
directly from the flask and reducer—lacking, s&y,dwn dedicated reducing valve—the impulse would
vary with the distance adjustments of the flask aathlicer. Due to variations in the impulse, bothttme
that the gyroscope took to spin up and the timeittk&pt spinning would vary.

1 Mason to Gleaves, 2 March 1905, BuOrd 16686/3-I58P51-2, RG74/E25/B769, NARA.

32 See Supplementary Tactics, Question 2, p. 43,|@robf 1903, RG12, NHC.
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lack of torpedoes on its capital shii$A number of tactical games carefully played to
develop the value of torpedoes shows that theytherscale of battle in their favor in a
most decided manner,” a special sub-committee apgubio study the issue reported,
and “[n]o weight of guns and armor can preciseljpensate for even the smallest
torpedo armament® To solve the problem, the War College concluded American
capital ships must carry (submerged) torpedo tabedong-range torpedo&sAdding
high-level backing, the General Board endorsed¥he College’s conclusions in a letter
to the Secretary of the Naw/.

Pressure to improve the Navy’s torpedo armamestneé only top-down but
bottom-up. At the same 1903 conference of the VddlieGe, the torpedo officer of the
Bureau of Ordnance, F. K. Hill, lambasted the abse submerged torpedo tubes on
capital ships. While the short range of “our torpeshs they now stand” might have
justified the decision to keep submerged tubesafital ships, Hill allowed, the
justification “certainly does not apply to the masodern torpedoes developed.”
Coming from the officer within the Bureau with resgsibility for torpedo development,
this was a scathing indictment of American efforts.

The obvious target of these criticisms from Hlille War College, and the General

Board was O’Neil, the chief of the Bureau of Ordeeand president of the Board on

% Tactical Committee, “Tactics: Report of a Spe€ammittee,” 18 September 1903, Problem of 1903,
ibid.

34 See especially Supplementary Tactics, Questip445—-46, Problem of 1903, ibid.

3 Supplementary Tactics, Question 4, pp. 45-46; tifsicReport of a Special Committee, Appendix B:
Torpedoes,” pp. 6—7, Problem of 1903, ibid.

% Dewey [President, General Board] to SecNav, GEngBal Board] 420, 26 September 1903, NARA
RG80/E285/B1/V2/P368—69.

37 F. K. Hill, “Submerged Torpedo Tubes and Tactitthe Torpedo,” lecture delivered at NWC in August
1903, RG8/B112/F1, NHC. Emphasis in the original.
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Construction. In the former capacity, O’Neil waspensible for torpedo development; in
the latter capacity, he was responsible for thésgtnot to place submerged torpedo
tubes on capital ships. Thus he bore the bruriiesd widespread complaints about the
state of American torpedoes on capital ships.ibieworthy that the fleet was
demanding better torpedoes from the shore expies)’Neil, rather than parochial
shore experts pushing the latest disruptive teclyyobn a conservative fle&tFuture
development problems would have amply justified encaution from O’Neil.

Under pressure from within his own Bureau and fpmwerful bodies outside it,
O’Neil hastily committed to a radically new techagy. In September 1903, the Bliss
Company informed the Bureau that it had repairedettperimental turbine torpedo
wrecked the previous summer and was ready to stibfuittrials>° O’Neil soon met
with Company representatives in Washington to dis¢he details of a new torpedo
contract. With a tentative agreement in place, @’sknt the Bliss Company a draft
contract and specifications on 2 November 1903.5dan as the Bliss Company agree to
the within [i.e., enclosed] contract and specifwas,” he said, “the Bureau will give the
order.”® Given the timing, this was a remarkable staterdttiough the contract for the
torpedoes was not actually signed until January}18@ months after the trial turbine
torpedo was tested, O’'Neil was prepared to makeah&act two weekbeforethe
report arrived.

The report, which arrived in late November 1903svavorable but expressed

38 For an alternative explanation, see William McBritechnological Change and the United States Navy,
1865-1945Baltimore: Johns Hopkins University Press, 2066),

% Bliss Co. to O'Neil, 15 September 1903, BuOrd 1898 with 9558/01, RG74/E25/B480, NARA.

0 Bliss Co. to O'Neil, 29 October 1903, BuOrd 12885/RG74/E25/B664 [misfiled, should be in B575],
NARA; O'Neil to Bliss Co., 2 November 1903, BuOrd865/03, ibid. A similar letter followed on 5
November 1903, ibid.

137



significant reservations. It praised the simplicrgliability, strength, and durability of the
turbine engine, which suited it better than reaipting engines to run at the higher
speeds and longer ranges enabled by the superhigetaeport also pointed out,
however, that the turbine engine had certain digathges compared to the reciprocating
engine: turbine torpedoes could have not have plelipeed/range settings, because
turbines ran most efficiently at the one speednfoich they were designed; and the
rotational velocity of the turbine could create ata#mced torqué’ In time, these
disadvantages turned out to be significant.

O’Neil focused on the advantages, however, usiagéport as an endorsement of
his policy, and ignoring its qualifications. In Benber 1903 and January 1904, he
formalized the Navy's commitment to the Bliss-Laatorpedo by signing contracts for
52 torpedoe&? O'Neil failed to solicit the opinion of the comner of the Torpedo
Station. He also failed to ask the Navy Departnienadvice on the form of the contract,
which lacked two clauses that would later becorardsrd: one which imposed penalties
for delays in delivery, and another which protedtezlNavy'’s rights to devices of its own
invention®® Experience with the first Bliss-Leavitt torpeddasght the Bureau that the
technology was experimental, not perfected, antitiiese two clauses were necessary in

a contract for experimental technology. O’Neil'®prature commitment to an immature

*1 Chambers, Sears, and Hill [Chambers Board] to @46 November 1903, BuOrd 13021/03 with
9558/01, RG74/E25/B480, NARA.

2 See “Contract for Fifty Bliss-Leavitt TorpedoesSIN., 5m. x 45cm., Mark IlI, Fitted for Overwater
Discharge,” 11 January 1904, enclosure to ChamBeas, Bristol, and Gise to SecNav, 27 September
1904, BuOrd 11932/04 (Dept 17755-3) with 12865R3,74/E25/B664 [misfiled, should be in B575],
NARA.

3 The first clause made its debut (as Clause Marvtarch 1905 Contract for 18-inch BL Mark IV
torpedoes, and the latter (as Clause 19) in theeMiter 1905 Contract for 21-inch BL Mark | torpedoes
See “Contract for the Manufacture of Torpedoes, N&y, Fifty (50) Torpedoes, 5m x 45¢c/m Mark 1V,”
B50-158, NTS, and “Contract for the Manufactur800 Torpedoes for the U.S. Navy, Bliss-Leavitt 5-
meter, 21-inch, Mark |,” B45-151, NTS, respectively
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weapon laid the foundation for later struggles.

The Trouble Starts: “A Reasonable Share of Patriosm” and the Exclusivity Debate

It soon became evident that the Navy had failetthittk through the implications
of its commitment to the Bliss-Leavitt torpedo. Hayreplaced O’Neil as chief of the
Bureau in March 1904, G. A. Converse fielded a hpveposition in April 1904 from the
Bliss Company to sell the exclusive internationgthts to the Bliss-Leavitt torpedo. The
Company had been approached, it informed the Bulsatja] number of interests,
having large dealings with foreign governments, tde is little doubt that we could
quickly make connections which would lead to venge business:® Although its
business interests pointed abroad, the Companyewédta defer to the wishes of our
own Government.” Therefore, it asked the Bureadeiwide whether it wanted the
exclusive rights or to free the Company to pursueign sales. The Company enlisted its
law firm, Herbert & Micou, to help make its caselérbert” was Hilary Herbert, former
Democratic chairman of the House Committee on Naffairs and Secretary of the
Navy. “Micou” was Benjamin Micou, former chief cleof the Navy Department. On 23
April 1904, on behalf of the Bliss Company, therfiformally offered to sell the
exclusive rights for $1.5 milliof?

Converse thought this too high a price. In a mgetiith Herbert on 25 April, he
used the £50 (~$250) royalty that the Bliss Compaaigl to Whitehead on each torpedo,

apparently assuming that the Bliss Company wouédgdhthe Navy a similar royalty on

4 Bliss Co. to Converse, 21 April 1904, BuOrd 464i7dth 12865/03, NARA RG74/E25/B575.
5 Herbert & Micou to Converse, 23 April 1904, BuCt681/04 with 12865/03, ibid.
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each Bliss-Leavitt torpedo, to calculate that tlayyNwould need to order 6,000
torpedoes at that royalty to make the exclusivietsi@f $1.5 million economical ($1.5
million + $250 = 6,000}° Since he did not think that the Navy would nediDs,
torpedoes, he concluded that it would be unecoralrfoc the Navy to pay the asking
price of $1.5 million.

Herbert was aghast at Converse’s rationale. “Mar diér. Secretary,” he wrote in
a personal letter to his successor as Secretdahgdfavy, “the price of the royalty of an
inferior torpedo that can be manufactured by anyegament that will pay the price,
cannot be taken as a factor in estimating the valldlee exclusive right to manufacture a
torpedo so immensely superior as ours is to theéhbad.” When it was considered that
a single $5,000 torpedo could put a $6,000,000dship out of action; that the Bliss-
Leavitt torpedo was superior to the Whitehead; thiatlthe performance of the Bliss-
Leavitt torpedo was guaranteed by contract, théusike right to manufacture was
“certainly” worth more than $1.5 million. In a m&feus turn of phrase which illustrated
the clash between market and nation, Herbert ads$heeSecretary that the officers of the
Bliss Company had “a reasonable share of patrigtiand therefore would prefer to sell
the exclusive rights to the United Statés.

While Herbert wrote as one politician to anotliee Bliss Company took a more
business-like tone, focusing on the key issueakestthe exclusivity of the rights.
Undermining the basis of Converse’s logic, the Camypobserved that it was not asking

the government to pay any royalties. “The questioerefore, to be decided by our

“® For a report of the meeting, see Herbert to SecB&vApril 1904, BuOrd 4681/04 with 12865/03, ibid.
*" Herbert to SecNav, 26 April 1904, BuOrd 4681/0#hili2865/03, ibid.
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Government is not one of royalties,” the Compangteyr “but whether or not it is
advisable to prevent any foreign Nation from possgsthis weapon by obtaining control
of it"—and in so doing, to deprive the Company arign sale&®

The Company’s criticisms of Converse’s logic wgisified. It was indeed inapt,
but not necessarily inept, given the novelty of pheposition he was offered. Converse
conflated two purchasing arrangements which, deggitain similarities, were distinct.
He was thinking of a one-time lump-sum royalty payton a large lot of items in lieu
of royalty payments on each item. Given that then@any undoubtedly built
hypothetical lost royalties into the price for #eclusive rights in much the same way
that they were built into a lump-sum royalty, Corseewas not entirely off base to be
thinking in the latter terms. The factor he misseslthe Company pointed out, was
foreign sales. Although it was natural for a compema global marketplace to think in
such terms, it would have been unnatural for aInaffiaer to do so, since the Navy had
rarely, if ever, been offered an item of domesésign and manufacture that foreign
buyers were interested in, let alone exclusivetsigh such an item. The Bliss Company’s
offer was a new phenomenon, and it is not surggitiat Converse fell back on an old
way of thinking about the naval-industrial relatbip.

Realizing that he was ill-equipped to handle tréa/ phenomenon, Converse
decided to seek advice. In May, a board appointéisaequest delivered its report on

the Bliss Company’s offéf After a brief overview of foreign torpedo performuz, the

“8 Bliss Co. to Herbert & Micou, 27 April 1904, ensloe to Herbert & Micou to Converse, 28 April 1904,
BuOrd 4681/04 with 12865/03, ibid.

9 For Converse’s request, see Converse to Flet2Bepril 1904, BuOrd 4681/04-LS239/382-3 with
12865/03, NARA RG74/E25/B664 (misfiled, should b&rB); for the Board’s report, see Fletcher,
Chambers, and Sears to SecNav, 19 May 1904, BuZx@/G4 with 12865/03, NARA RG74/E25/B575.
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Board declared (incorrectly) that the Bliss Comphag “perfected” a torpedo superior
to foreign torpedoes. The military value of thepedo, in the Board’s view, depended on
the secrecy of not only its mechanical details,“judt as important or even more
important” the results attained by it. The impodamf secrecy was due to a “challenge-
and-response” dynamic then prevailing among thddigonavies (see the Introduction).
“The development of war material has reached swstage in all first class Naval Powers
and the competition to obtain the best weapons @ase,” the Board explained, “that no
sooner is it known that one nation has developedapon of a given power, than results
are soon duplicated by similar weapons in otheri®&aVSince the publication of results
incentivized competition, it was important not otdykeep technological means secret,
but also (less obviously) to keep technologicalittsssecret?

Because the military value of exclusive rightseteged on the ability to preserve
secrecy, and because secrecy was likely to beliedathe Board considered the military
value of exclusive rights to be temporary. Morenp@ment, and by implication more
valuable, was a robust domestic supply system.tiAgito the great armaments firms of
Vickers and Armstrong in Britain, and of Krupp ireany, the Board wished “to
emphasize the value to any Government of havingimvits borders well equipped
commercial factories capable of producing war ni@téfThis point is an important

reminder, given the extensive literature on thatiret decline of Britain and relative rise

*0 This understanding was evidently widely sharedl988, the British informed the Americans, through
the naval attaché, that their best results wer@0ly@rds at 34 knots and 2000 yards at 26.5 ksets CIO
to Mason, 11 February 1908, BuOrd 16664/104 (ONIOB/NARA RG74/E25/B766). In fact, the best
British results were more like 4,000 yards at 36tkrwith the RGF Mark VI* torpedoes they were then
converting to heated torpedoes in large numberdewle experimental heated Mark VIl torpedoes they
ordered in 1907 were capable of 3,000 yards atrviskor 6,000 yards at 29 knots. In other words, th
British deliberately under-reported the results/ttvere getting so as to avoid incentivizing conpaati
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of the United States in the decades before WorldIWWhat in certain important respects,
the United States still lagged decidedly behinddamni Although the board managed to
avoid giving a direct “yes” or “no” to the questiohwhether the Navy should buy the
exclusive rights at the asking price, the stronglication of its report was to answer in
the negativeé’ Acting on the logic of the Board’s report, Coneiisformed the Bliss
Company in May that the Navy would not purchaseetk@usive rights?

Though abortive, these negotiations were significBhey revealed the clash of
perspectives between a navy thinking in terms @bnal security and a business
thinking in terms of international profit. They shed that what was commercially
valuable for the Bliss Company was not necessanilyarily valuable for the Navy, and
they underscored the difficulty of pricing a comrigavhen its value was debated.
These problems would only become more acute wheei#vy discovered that the

technology at issue was not perfected but expetiahen

The “Sheer” Problem, Command Technology, Servant Tehnology, and the
Commodification of Information

The experimental nature of the Bliss-Leavitt topéegan to dawn on the Bureau
in the early spring of 1905, with the arrival opogts on the performance of the first
Bliss-Leavitt torpedoes ordered by O’Neil in |a@03B and early 1904. It soon became

clear that the torpedoes had two serious problpow: depth control in the vertical plane

*1 For Converse’s request, see Converse to Flet2Bekpril 1904, BuOrd 4681/04-L.S239/382-3 with
12865/03, NARA RG74/E25/B664 (misfiled, should b&rB); for the Board’s report, see Fletcher,
Chambers, and Sears to SecNav, 19 May 1904, BuZx@/G4 with 12865/03, NARA RG74/E25/B575.
%2 Converse to Bliss Co., 28 May 1904, BuOrd 46471/6242/288-90 with 12865/03, NARA
RG74/E25/B575.
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and poor accuracy in the horizontal plane. Thedatias known as “sheer,” referring to
the torpedoes’ tendency to “sheer” off from thaetended course before taking up a final
course parallel but distant from their intendedreeuClearly, the Bureau was not dealing
with a perfected technology.

In the fall of 1905, naval officers advanced twiiatent hypotheses to explain
the sheer problem. One, championed by the assistgrgctor of ordnance at the Bliss
Company, G. C. Davison, attributed the fundamerdake of the problem to partial
cavitation (i.e., the formation of an air cavity)tle tail of the torpedo caused by the
streamlines of water past the torpedo as it mokiszligh the water at high speeds,
causing the propellers to work in fluids of diffatelensities (water and ai Since the
problem was most serious when the torpedo was oearthe surface, where the water
had relatively little assistance from hydro-statiessure to fill the space vacated by the
torpedo as it moved, Davison focused on properdighing and depth-keeping as the
key to solving the problem.

The other hypothesis was championed by a navatrmtsr working at the
Washington Navy Yard named D. W. Taylor. He argtned the fundamental cause of the
problem was not cavitation as the torpedo movealin the water, but initial roll as the
torpedo moved through the air upon discharge froaova water. The cause of this initial
roll, both he and Davison agreed, was the unbathtarque generated by the turbine

engine. Thus, where Davison focused on depth-tadimidepth-keeping as the solution,

%3 Davison to Clark, 15 August 1905, enclosed in BUTB172/7, RG74/E25/B873; Davison to Clark, 24
August 1905, enclosed in BuOrd 16928/33, RG74/E29(B NARA; Davison to Clark, 16 October 1905,
BuOrd 16928/48, ibid; and Davison to Clark, 18 $egter 1905, BuOrd 16928/42, B45-131, NTS.
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Taylor focused on balancing the turbine so thatéistorque was zer3.

Davison’s and Taylor’s efforts to solve the “shepréblem marked a watershed
in the relationship between the American statesauiety with respect to armaments
procurement. In tasking naval officers to solve‘teeer” problem, the state was
investing directly in the development of experingproducts by the private sector—in
today’s parlance, the state was collaborating pithate industry on research and
development (R&D). This collaboration departed fribva traditional procurement
process, in which the government either purchaseshed products from the private
sector or developed its own products from stafinish. Perhaps the most insightful
student of this fundamental change in the procurémpecess was William McNeill,
who coined the term “command technology” to descviteapons developed in this
collaboration between state and sociéty essence, McNeill saw this collaboration,
driven by the growing sophistication and expenseavial armaments in the late
nineteenth and early twentieth centuries, as mgrtkie birth of the modern military-
industrial complex.

McNeill's student Jon Sumida refined the argumenpadinting out that the
involvement of multiple parties in the processrofantion where previously there had
been just one complicated the task of establiswing had invented what, and wh&nn
particular, where the labor of invention was shdretiveen state and society, how should

ownership of the resulting property be divided?afTthis question had legal

> Taylor to Mason, 23 October 1905, BuOrd 17761RG74/E25/B842, NARA.

> William H. McNeill, The Pursuit of Power: Technology, Armed Force, Sndiety since A.D. 1000
(Chicago: University of Chicago Press, 1982), 2782

*% Property rights are a major theme of Sumidla'®efence of Naval Supremacy: Finance, Technolaag,
British Naval Policy, 1889-191¢@oston: Unwin Hyman, 1989).
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ramifications is obvious; perhaps less obvious wvitsrpolitical-philosophical
ramifications. It was a fundamental tenet of libg@alitical philosophy, given canonical
form in John Locke’Second Treatise of Civil Governmegttiat the right to create
property by labor, and the right to dispose of propby contract, were natural rights,
preceding the formation of governméhtCommand technology required the
participation of government labor, however, throgvthe precedence of property before
government into confusion. The intellectual stabisommand technology were very
high indeed.

Command technology was so important and so contpbbit spawned a new
class of technology which, to extend McNeill’s npg#ar, might be called “servant
technology”: that is, technology dedicated to gatirg information that could be used to
improve command technology. The Bureau of Ordnaeggiired two servant
technologies in its effort to solve the sheer peabl One was a dynamometer, which
measured various aspects of engine performancéainkeof water, so that valuable
resources did not have to be spent in running tiee on a rang&€ Another was an
improved rolling register, which measured the tdigde angle of inclination from the
vertical as it moved through the wat&Both the dynamometer and rolling register
exponentially increased the Bureau’s power to gageenformation and, by implication,
to perform independent quality control on prodwszikl by the Bliss Company.

Given its power to affect market relationships, itifermation generated by

" See especially Chapter 5 (“On Property”) of Losi@2cond Treatise of Civil Governmé¢h690).

8 See Mason to Gleaves, 14 September 1905, BuORB1185302/204, RG74/E25/B893, NARA; Gleaves
to Mason, reporting arrival of dynamometer tankF2bruary 1906, BuOrd 18533/4 (NTS 840), ibid; and
Gleaves to Mason, 7 March 1906, transmitting tiermation, BuOrd 17761/97 (NTS 1071),
RG74/E25/B842, NARA.

%9 See Mason to Gleaves, 18 October 1905, BuOrd 1276B45-131, NTS.
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servant technology was a commodity unto itselfebd| it amounted to a new type of
property. To be sure, intellectual property likégpas and trade secrets had been around
for centuries, but such property could easily lwkiced into material, or non-intellectual,
property—a patent for an engine could be turneal ant engine, a trade secret for a
metallurgical formula could be turned into metalcbntrast, commodified information
could not readily be reduced into material formad@erived from servant technology
could be used to improve command technology, bedutd not be transformed into
command technology. In fact, because commoditiaearaded in markets as though
they possess value in and of themselves, theievalat least partly independent of their
convertibility to material form. Thus, the acquisit of information-generating servant
technology amounted to a stronger position in tii@mation-commodity market, giving
servant technology some value independent of ifribmtions to command technology.
Separately and together, these trends—the emergécoenmand technology,
the growing premium on servant technology, ancctiramodification of information—
challenged traditional understandings of valuepprty, and ownership. In so doing, they
implied changes in price theory and contract lahict the Bureau of Ordnance, without

seeking expert counsel, was attempting to cope iwithmajor new torpedo contract.

Pricing and Purchasing Experimental Command Technalgy

Needing torpedoes to outfit new construction inidder 1905, the Bureau of

Ordnance—now headed by N. E. Mason—began negdjiatlarge new torpedo contract
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with the Bliss Compan}’ These negotiations explicitly addressed somenbuall, of
the problems with experimental command technology.

The emergence of the “sheer” problem in springb19ad taught the Bureau that
it was dealing with experimental technology and thevould therefore have to
contribute to the process of improving the imperfaechanisms. Realizing that some
special contractual provision was necessary teeptats property rights in this
collaborative process, it sought to introduce a olwse, numbered 19, which prohibited
the Bliss Company from exhibiting or selling teclogy invented by the Bureau without
the Bureau’s approval. Unfortunately for its owtenests, the Bureau drafted Clause 19
in such a way that it could be at best a partiatess. To claim protection for a “device
or design” invented by itself under Clause 19,Bloeeau had to “state to the [Bliss
Company] in writing, at the time when the said devor design is itself conveyed to the
[Bliss Company] by written communication from thHgufeau], that the [Bureau]
considers that the said device or design is emtraghin the provisions of this
clause.® This notification procedure required the Bureapriesent the Bliss Company
with a finished design, but given the nature of omand technology, the government
could not finish a design without help from thevate sector. While recognizing that
contracts had to change to deal with command tdogpahe Bureau was setting itself
up for failure with the notification procedure.

The Bliss Company was more concerned that theaBunas setting the

Company up for failure by reserving the right tplgpClause 19 unilaterally. To prevent

€0 See Bliss Co. to Mason, 20 October 1905, BuOrdb1/568, RG74/E25/B842, NARA.
®1 See “Contract for the Manufacture of 300 Torpedoeshe U.S. Navy, Bliss-Leavitt 5-meter, 21-inch,
Mark I,” 22 November 1905, B45-131, NTS.
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unilateral application, the Bliss Company asked tha clause be modified so as to cover
only those improvements which the Bureaud the Companggreed to in writind? The
Bureau countered that the Company’s suggestiondagiue the Company the power “to
absolutely nullify the entire clause,” assuredhéttthe requirement for written

notification “amply” protected its interests, argjected its reque&t As a subsequent
lawsuit would show, the protection was in fact aball “ample.”

Appropriate contractual language was not the aolelty needed to deal with
experimental technology: so too was appropriateggheory. In an echo of the debate
over exclusive rights in 1904, the Bureau complaitiat the price of the proposed new
torpedoes was too high, and the Company retoregdlitle Bureau was using an
inappropriate metric of evaluatiGh“If the material to be furnished under the propbse
contract were of such ordinary commercial charaaseio involve no other than the
common risks incidental to a manufacturing businasd such as to enable costs, risks,
and profits, to be accurately calculated,” the Camypexplained, “then we quite agree
with the Bureau’s contention that our price is @s@nably high.

As a matter of fact, [nowever,] the contract cliisa weapon having a

performance far beyond anything yet offered toulnéed States or any other

navy in the world. It is true, from data alreadyhahd, we are firmly convinced
that we can attain the high standard demandedataraily we would not enter

into the agreement. But it is also true that ndisueapon has ever yet been

actually built.... [Hluman foresight is fallible, amdany great and unforeseeable
expenses may, and no doubt will be encounteredvarféel that it is no more

than reasonable and just that we should have anfaigin for unforeseen reverses,

as the burden of responsibility of them falls orand the Bureau assumes none.
We cannot but feel that the price we have asked doemore than fairly cover

%2 Bliss Co. to Mason, 27 October 1905, BuOrd 17781R8574/E25/B842, NARA.

% Mason to Bliss Co., 28 Oct 1905, BuOrd 17761/5308131-32, ibid.

% The Bureau made this complaint in a letter whichamger survives, dated 25 October 1905, file
reference BuOrd 17761/47; its contents can beriedeirom the Company'’s reply.
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such contingencies.

The Company was willing to lower the price, howeWethe risks were redistributed: if
the Bureau would remove a penalty clause for dethgs the Company would lower its
price by $100 per torpedo. Mason felt that so saatiduction in price did not justify
dropping the penalty clause and resigned himseiagong the higher pric®. The
contract was signed in November 1905 he time-table for deliveries called for 50
torpedoes in 1906, 125 in 1907, and 125 in 1908.

Though the signatures suggested consensus, thaddeft large questions on
both sides unresolved. The Bureau would soon hawsecto regret its botched drafting
of the notification procedure, and the Bliss Compawnuld realize that it should have set
its price even higher. While both parties obvioustylerstood that fundamental changes
in the procurement process and pricing criterisewerderway, their comprehension of

these changes was only partial.

Balancing the Turbine, Acquiring a Patent, and Compomising the Contract

As the contract negotiations wound up and woundrdiovihe fall of 1905, the
Torpedo Station began trying to solve the “sheeobfem. Although the experiments
along the lines of Davison’s theory failed (andrétfiere will not be discussed further),
the work of balancing the turbine went very sucfidlgs From the start, the Bureau
intended to cover the balanced turbine with Cldigsand ordered the Torpedo Station

not to reveal any information about it to the Bidsmpany—but the Bureau’s execution

% Bliss Co. to Mason, 27 October 1905, BuOrd 17761R8G74/E25/B842, NARA.

56 Mason to Bliss Co., 28 October 1905, BuOrd 17781/6309/133, ibid.

67 See “Contract for the Manufacture of 300 Torpedoeshe U.S. Navy, Bliss-Leavitt 5-meter, 21-inch,
Mark I,” B45-131, NTS.
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of this intention was another mattér.

In November 1905, following a preliminary experimsuggested by Taylor to
determine the unbalanced turbine’s moment of iagttie Torpedo Station outlined a
method for balancing the turbifieAs it was, the turbine, though referred to ase-on
wheel turbine, actually consisted of two wheelsramted by an intermediate segment
which changed the flow of air such that both wheel®lved in the same direction. The
Station suggested doing away with the intermediaggnent and connecting the two
wheels in such a way that they would rotate in ggpalirections, meaning that the
torque of one would balance the torque of the offfee Station built an experimental
balanced turbine on these lines and tested itériyimamometer tank in May 1966.
These tests showed that the principle of the desagpracticable, and suggested that it
would eliminate the “sheer” problem.

Mason, the chief of the Bureau, immediately apited the significance of the
prospect of placing balanced turbines in the Blisavitt torpedoes. Although the
Bureau’s past contributions to torpedo design hehbminor, he told the Secretary of the
Navy, the balanced turbine would make torpedoels wibalanced turbines “markedly

inferior.”"*

If the Bliss Company got control of the balancadine, Mason feared—
presciently, as it turned out—that the Company wdry to sell it to foreign
governments, and he was determined to avoid suclitaome. Since part of the labor of

balancing the turbine had been done by Davisonpanidby the government as a whole,

58 Mason to Gleaves, 7 November 1905, BuOrd 1776d., ib

%9 Mason to Gleaves, 10 November 1905, BuOrd 177618511/346-8, RG74/E25/B842, NARA;
Gleaves to Mason, 12 January 1906, BuOrd 1776 M3$(177/34), ibid.

0 Gleaves to Mason, 28 July 1906, BuOrd 17761/10858366), ibid.

"I Mason to SecNav, 15 September 1906, BuOrd 17762;157, NTS.
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Mason asked the Secretary who owned the propé@yauise 19 represented the
Bureau’s awareness that command technology conpliche establishment of
ownershipbetweerthe public and private sectors, Mason’s questaihé Secretary
showed his awareness that command technology aisplicated the establishment of
ownershipwithin the public sector. It is also noteworthy that Masgeas writing to the
Secretary: this was the first time that the Buread invited substantive department-level
involvement into the development of the Bliss-Léianarpedo.

Replying to Mason’s question regarding the expbteohnology to foreign
governments, the only possible legal means thaSéuwoeetary could think of to prevent it
was Section 5335 of the Revised StattifeSection 5335 embodied a law passed by
Congress in 1799 to restrict the conduct of inteomal relations to professional
diplomats, after a private citizen named Georgeanogsited France in 1798 and met
with Talleyrand in an unofficial effort to improvelations between the two countries;
hence the law was informally known as the Logamu$a® It read in part:

Every citizen of the United States ... who, withcuwg permission or authority of

the Government, directly or indirectly, commencesarries on any verbal or

written correspondence or intercourse with anyigprgovernment or of any
officer or agent thereof with an intent to influerithe measures or conduct of any
foreign government or of any officer or agent tloéiia relation to any disputes or
controversies with the United States, or to detfleaimeasures of the Government
of the United States ... shall be punished by adingot more than $5,000, and
by an imprisonment during a term not less thamsixths, nor more than three
years.

The Secretary doubted whether Section 5335 couldduie to penalize the

communication of technological plans to foreign posvand said that a test case would

2 Newberry to Mason, 21 September 1906, BuOrd 172G1(Dept 649-4), B52-157, NTS.
3 John Bassett Moord, Digest of International Laywol. 4 (Washington: Government Printing Office,
1906), 448-50.
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be necessary to answer the question with certainty.

In reply to Mason’s question as to whether Davigothe government owned the
rights to the balanced turbine, the Secretary retgdemore information about Davison,
who responded by outlining the respective rolethefgovernment and himself in
balancing the turbin&’ He had submitted a sketch drawing of the devieegovernment
had converted his sketch drawing into a detailedvdrg, the government had
constructed the turbine according to its detaileiving based on his sketch drawing, and
the government had tested the deVicén the strict sense of ‘development,” Davison
concluded, “no assistance [by the government] wasshed.” In the work of
“demonstration,” by contrast, the government diovpe assistance and incur expense.
Thus, in the sense of development as “the embodiofehe idea into a concrete object,”
as opposed to the “strict” sense, the governmesthphavided some assistance. These
linguistic acrobatics underscored the difficultyti@nslating property rights into law
when the lines between different parties to anfeéht stages of the invention crossed
so frequently.

To secure the rights to the balanced turbine, dere®ary suggested that Davison
could take out a patent and assign it to the gawerm!® Davison agreed to do so,
“contrary to the advice of friends and legal adsssewho told him that he could make
substantial royalties by retaining control of tteggmt’’ Davison applied for the patent in
October 1906, and it was issued, as No. 858,268)ne 1907. Its issuance was “very

gratifying,” Davison acknowledged, “as the claimsrevunusually broad, so that the

" Acting SecNav to Mason, 21 September 1906, Bu@b1/119 (Dept 649-4), B52-157, NTS.
S Davison to Mason, 2 October 1906, endorsementufdré 17761/119 (Dept 649-4), ibid.

8 Acting SecNav to Mason, 21 September 1906, Bu@b1/119 (Dept 649-4), ibid.

" Davison to Mason, 22 October 1906, B50-158, NTS.
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device should be absolutely protected in spitengfattempts to get around i’

Like Clause 19, however, Davison’s patent was ahpywictory, reflecting in
equal parts the Bureau’s awareness of a problenitafallure to arrive at a solution. In
publishing the balanced turbine by patenting &, Bureau compromised any future
claims to the secrecy of the balanced turbine uGdianse 19. Where the Bureau had
meant to strengthen its contract rights by acqgipatent rights, it had weakened them.

The Bureau was also maladroitly executing the poavhceived Clause 19
notification procedure. This mess began, innocegrilyugh, when the Bliss Company
asked the Bureau to reduce the performance regeivsnfor certain torpedoes under
contract’® That was on 17 October—the exact dates are imuptiacause they were at
the heart of a later lawsuit. In his reply of 22t@her, Mason informed the Company that
the torpedoes could meet their contract requiresnémyt the installation of an improved
propelling mechanism” which increased the rangespstd and eliminated sheer—this
was, of course, a vague reference to the balanckihe® On 30 October, a group of
Bureau representatives (the Torpedo Board) méieaBliss Company to witness tests of
new torpedoes, where the balanced turbine “wasghtaup in a general way to give the
Bliss Company the idea involved, but without det&if On 29 December, the
commander of the Torpedo Station, Albert Gleavesorted that the Company “has
recently actively been experimenting with a balahitebine,” and that these experiments

had begun after the 30 October meeting of the TarBoard®

"8 Davison to Mason, 8 December 1906, ibid.

9 Bliss Co. to Mason, 17 October 1906, BuOrd 17788/ RG74/E25/B843, NARA.
8 Mason to Bliss Co., 22 October 1906, BuOrd 17788/15358/374-5, ibid.

81 Gleaves to Mason, 29 December 1906, B50-158, NTS.

82 Gleaves to Mason, 29 December 1906, ibid.
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At this point, more than two months after Mason fieed vaguely tipped the
Bureau’s hand about the balanced turbine, somepakyfrealized that the Bureau
should have held its cards closer to its chesth#fBliss Company succeeds by its own
unaided efforts in developing a balanced turbiG¢aves observed, “it will be in a
position to entirely free itself from the obligati®of Clause 19%® Since the Company
had not yet passed “beyond the experimental stagdééveloping the device, Gleaves
recommended notifying the Company that Clause {@redl the device, to which end
the Torpedo Station could immediately supply a tsk&which, by the terms of Clause
19, was necessary to establish a claim.

Coming this late, Gleaves’ advice might as welldnaever come at all: the
damage had already been done. For an improveméstpootected under Clause 19, the
Bureau had to state “in writing, at the same tinmemwthe said device or design is itself
conveyed” to the Bliss Company, that it consideted“said device or design is
embraced within the provisions of this clau&&The Bureau had described the device to
the Bliss Companwithoutstating that it was covered under Clause 19 vatitbut
supplying the device or design thereof. The Bumidunot notify the Bliss Company in
writing that it intended for Clause 19 to cover baanced turbine until 9 November
1906, and it did not provide a drawing until 9 Jamy1907%° Thus the Bureau had
created a window of anywhere from 18 to 79 daywéen revealing the existence of the

balanced turbine and triggering Clause 19 protacticcould scarcely have done

8 Gleaves to Mason, 29 December 1908, ibid.

8 Clause 19, “Contract for the Manufacture of 30@p&aloes for the U.S. Navy, Bliss-Leavitt 5-metdr, 2
inch, Mark 1,” B45-131, NTS.

% Mason to Bliss Co., 9 November 1906, BuOrd 17788/1.S361/231-32, RG74/E25/B843, NARA,;
endorsement by Mason, 9 January 1907, BuOrd 203RG34/E25/B1003, NARA.
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otherwise, given the underlying inapplicabilitytbe clause to command technology.

The Supply Crisis and the Search for New Production

The emergence of the “sheer” problem, the reabirdtnat the Bliss-Leavitt
torpedo was far from perfected, the argument ovause 19 and price, the legal messes
associated with the patent and the botched apilicat Clause 19—all were injuries,
arising from the Bureau’s failure adequately tosidar important legal questions before
committing to the Bliss-Leavitt torpedo. Now it wi@sie to add insult: a supply crisis so
serious that vessels were forced to sail for forsigitions without torpedoes, leading to
the admission that the American bid for independdmam the foreign Whitehead
torpedo had failed.

The Bureau and the Bliss Company could not fixrttezhanical problems with
the Bliss-Leavitt torpedo quickly enough for then@fany to be able to mass-produce a
reliable torpedo. Even as the Torpedo Station webtkebalance the turbine in 1905 and
1906, the Bliss Company was requesting deliverydhites to be extended, but even with
the extensions, Bliss-Leavitt torpedoes were fgitm meet their performance
requirements as to range and sp&ekhe situation came to a head in September 1906,
when the commander of the Torpedo Station, Gleadsnitted a long analysis of the
torpedo situation to Mason after witnessing Bligsa\itt torpedoes perform poorly on a

visit to the Company’s Sag Harbor testing facility.

8 See Gleaves to Mason, 7 April 1906, BuOrd 16928468 11 April 1906, BuOrd 16928/67,
RG74/E25/B790, NARA; Bliss Co. to Mason, 12 Jun8@,BuOrd 15157/36, RG74/E25/B680, NARA;
Bliss 100 to Mason, 23 July 1906, BuOrd 17761/1R&,74/E25/B842, NARA, Bliss Co. to Mason, 25
July 1906, and endorsements thereon, BuOrd 1515RG874/E25/B680, NARA; Bliss 100 to Mason, 30
July 1906, BuOrd 16928/86, RG74/E25/B790, NARA.
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Over the past two years, Gleaves stated, variogs-Beavitt torpedoes had made
1,872 runs, which should have been enough to daafiehe faults, but instead old flaws
persisted and new ones emerged. The effort thhéimthad created a backlog, as a result
of which an armored cruiser division had just b&ened to sail for its foreign station
with torpedo tubes installed and her ordnance tocfinplete—except for torpedoes.
Though the Bliss-Leavitt torpedo would “undoubtéddg perfected, in Gleaves’ opinion,
it was impossible to say how long the process wtakd, given the Bliss Company’s
history of failing to meet its optimistic promisés.the meantime, he argued that the
Navy should purchase Whitehead torpedoes abroad espedient. “There can be but
little doubt that this action,” Gleaves added, “Wbhave a decided moral effect upon the
E. W. Bliss Co., and would tend to hasten the cetepiievelopment of their torpedd.”
Mason agreed, and he was actually prepared torgefuOn 17 October, he
addressed a long memorandum to the Secretary dfatag The Bureau had granted
various extensions on torpedo contracts, Masoraéxgul, some at the request of the
Bliss Company, and some to allow the Company t@aihisnprovements ordered by the
Bureau. “While specific reasons for extensions Hasen urged in almost all cases,”
Mason continued,
the contractors have laid great stress upon thetfatthis is a new device and
that delay and minor failures were therefore t@xgected. This plea was
submitted however after the delays and failuresdwadirred. Before the contract
was awarded the company’s communications wereteepligh promises of quick
deliveries and wonderful performances. This pladraat weight with the
Bureau, but recent events have forced the Burethetbelief that it has been
used in cases where the delay and failure werémitéd to those to be expected

in the process of evolution, but were more duééoreluctance of the company to
discard auxiliary devices of proved inefficiencyaatexpense to itself and to

87 Gleaves to Mason, 15 September 1906, BuOrd 17Z6 INTS 3963), RG74/E25/B843, NARA.
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inferior workmanship than to any other causesgctimapany hoping to pass the

tests required by good luck and tinkering, or isecaf failure to have the tests

modified to fit the capabilities of the torpedoes.

The Bureau has resisted the efforts of the coturato force the
acceptance of inferior weapons, but in all its ohegl with this company
concerning torpedoes the Bureau has been handitéybe knowledge that,
due to the monopoly held by the company, the Bureawid have to accept the
terms offered or get no torpedoes. The Bureau gegrbe convinced that a belief
in the helplessness of the Government has infliketiee E. W. Bliss Company in
its prices, deliveries and workmansHip.

While the Bureau had long realized that “absol@pashdence” on the Bliss Company
was “a situation of serious disadvantage,” onlthie recent past had the Bureau felt that
it could do its part to provide “the obvious remétty the situation: setting up its own
factory. Thanks to its invention of the balancedbitve, the Bureau could acquire the
rights to manufacture Bliss-Leavitt torpedoes snawvn factory at an acceptable price.
“That there may be a question of patent right taléeided, the Bureau admits,” Mason
added—and indeed there would be.

Establishing a new factory would take time, howegaead the Navy required
immediate relief. Since that relief could not béanted in the United States, the Bureau
saw “no recourse save to purchase [torpedoes] dlirskason was reluctant to make the
suggestion, but given that “the only beneficianéthe opposite course would be a
monopoly, who besides not being able to supply@beernment’s needs have in the past
unhesitatingly taken advantage of the Governmaitgtotects it"—a description

obviously made with a congressional audience irdmthe thought the radical step

justified. Therefore, Mason asked the Secretasetk special appropriations for a

8 Mason to SecNav, 17 October 1906, BuOrd 19800-BR#5-42, RG74/E25/B958, NARA.
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torpedo factory and for purchasing torpedoes abraad the Secretary did &b.

In February 1907, as the Bureau prepared to gadioy supply, the Bliss
Company dropped two bombshells: it had “under amofsconstruction, and nearly
completed, a balanced turbine,” and it was experting with “a heating device for
heating the air outside the flask The first of these has been discussed sufficighty
its potential implications are clear. The secohd,do-called outside superheater, was the
next generation of heater technology. In 1905 Btgsh firm Armstrong Whitworth &
Company and the Bliss Company had signed an agreddiscussed more fully below)
in which the Bliss Company promised not to blocklagations for American superheater
patents by the Armstrong Company, and in returrAtinestrong Company promised the
Bliss Company the American rights to any improvetaénmade on Leavitt’s original
superheatet’ In the Bliss Company’s experiments, the outsigeestieater developed
50% more energy than its latest inside superhegterreason for this superiority had to
do with the location of the combustion chamber. Whe was heated before passing
through the reducer (as it was inside the flaskdst heat as its pressure was lowered by
the reducer, and reached the engine considerablgraan it had been; but when the air
was heated after passing through the reducerdtbfsin pressure and temperature was
avoided, and the air reached the engine at ndaglgame temperature to which
combustion had heated it. In his reply to the Camgp®ason said only that he was

“delighted” to hear about the promising resultswilie new superheater, and he did not

89 See endorsement by Mason, 9 March 1907, BuOrdg8I86ZNTS 2/62), RG74/E25/B790, NARA.

% | eavitt to Mason, 15 February 1907, BuOrd 17762/RG74/E25/B843, NARA.

L A copy of the agreement was not found, but somieisfquoted irE. W. Bliss Company v. United States
No. 32838 (53 Ct. Cl. 47, 1917).
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mention the balanced turbine at*ll.

While the Bureau dealt with the fall-out of its prature commitment to the Bliss-
Leavitt torpedo by swallowing its pride and purdhgs/Nhitehead torpedoes, the Bliss
Company suffered the consequences of its erroesdegy price theory in relation to
experimental technology. In May 1907, the Compasgepted that the torpedoes which it
had offered to the Bureau with such fanfare in 1&@3d not make their promised
performance requirements, and asked that the eegaints be reducé€dThe Bureau was
willing to do as requested, but at a cost. “[Alcerthat was fixed at an exhorbitant [sic]
figure in order to provide for extraordinary expefs the development of an
extraordinary weapon,” the Torpedo Station felhdisld not be paid when the
extraordinary qualities are not requiréd The Bureau had no intention of paying for an
experimental weapon what it had been willing to fuaya perfected weapon.

The Company, however, had no intention of settiarg loss when it had poured
SO many resources into improving an experimentalpea. “In justice and equity,” the
Company replied, “the conditions under which [thatcact] was entered into should be
taken into consideration.” Contracts for commeratdilcles

are based on the known performance of previoudaiwnstruction. For the

performance of the torpedo there was no previoegute data. The contracts

were entered into by us in good faith and based ugmat we fairly thought could
be accomplished, but it was quite well understopthle Navy Department, as
well as ourselves, that the performance requiretheyontracts was not based on

results previously attained; but on certain improeats which at the time it
seemed reasonable to suppose could be made.

92 Mason to Bliss Co., 26 February 1907, BuOrd 17762/L.S375/390, RG74/E25/B843, NARA.

% Bliss Co. to Mason, 16 May 1907, BuOrd 17761/2818l.

% Torpedo Board [Gleaves, Williams, Davison, and Mug@ick] to Mason, 23 May 1907, BuOrd 18172/18,
RG74/E25/B873, NARA; Mason to Bliss Co., 25 May T9BuOrd 17761/233, LS387/543-44,
RG74/E25/B843, NARA.
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Any board of naval officers looking over the faatsuld have to conclude that the
Company had “energetically and honestly grapplatl ivast number of unforseen [sic]
problems ... and that these unexpected difficulteagelbeen caused by unavoidable
delays.®®

The Bureau was unmoved. Mason reviewed the digpugethe price of the
torpedoes that had occurred in October 1905, digcligreviously, when, to justify a
price that the Bureau considered excessive, thep@oynhad observed that the torpedoes
were not conventional commercial articles, thairtheomised performance exceeded
anything that had actually been achieved before tlagt unforeseen difficulties were
likely to arise—exactly the arguments that the Campwas repeating in 1987¢It is
no more than reasonable and just,” Mason diregityted the Company’s letter of 27
October 1905, adding his own emphasis, “that wellshisave a fair margin for such

reverses, as the burden of responsibility for ti&ia on us and the Bureau assumes

none” Having stated that its price allowed profit acalered risk adequately, and having
explicitly assumed the responsibility for failutee Company could not very well ask the
Bureau to accept inferior torpedoes at the sanoe pBy failing to anticipate the higher
safety margins necessary for pricing experimetidler than perfected technology, the
Company had backed itself into a corner.

As the Bureau’s disputes with the Bliss Compangrqrice unfolded from May
to July 1907, its efforts to secure another soofcipply came to fruition. With the

approach of 1 July, the beginning of the 1908 figear, when new appropriations

% Bliss Co. to Mason, 25 June 1907, BuOrd 17761/280,
% Mason to Bliss Co., 8 July 1907, BuOrd 17761/2=893/546-50, ibid.
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became available, Mason pressured the Secretaayfborization to purchase torpedoes
from the Whitehead Compan{After some back-and-forth over what appropriations
Bureau could use for the purpose and how many dogzeit could order, the Department
authorized Mason to buy 50 torpedoes from the \kieited Compan$ Final

negotiations were carried out by Bureau represeetain Europe, and the contract was
signed on 3 July, two days after the money becamiahle® The torpedoes would
become known as the Whitehead 18-inch Mark V taspsgthey were the first
Whitehead torpedoes purchased by the Bureau ims@ags.

Things would get worse for the Bliss Company betbey got better. Not only
was the Bureau now buying directly from Whitehdadt, it was also giving consideration
to building Whitehead torpedoes, instead of Bligsulitt torpedoes, in the new
government torpedo factory. “Experience with thes&lLeavitt torpedo points
unmistakably to its abandonment,” explained Gleawdss annual report for 1906/7,

and the return to the standard Whitehead torpéecatcepted type of all other

countries. The Torpedo Station fully appreciatesdtfficulties of such a radical
step, but it feels that with the absolute knowledfehat obtains abroad on this
subject, and the disheartening and discouragimaytefto perfect the Bliss-Leauvitt,
that it would be neglecting a paramount duty tdwwild the recommendation that
the Bliss-Leavitt torpedo be replaced by the latestVhitehead torpedo, untihe
manufactures of the torpedo succeed in obtainimi@bleweapon capable of
fulfilling with certainty the Bureau’s requiremerif®

The negotiations with the Whitehead Company begasarnest in October 1907, when

its agent in Washington, H. C. Sheridan, was empedvid deal directly with the

9 Mason to SecNav, 29 May 1907, BuOrd 19800/1-LS388/9, and 5 June 1907, BuOrd 19800-
LS389/125-26, RG74/E25/B958, NARA.

% SecNav to Mason, 17 June 1907, BuOrd 19800/50t(Dk§8); Mason to SecNav, 18 June 1907, BuOrd
19800/50-LS391/67; JAG to Mason, 19 June 1907, BUMB00/51 (Dept 7166-2), RG74/E25/B958,
NARA. Note the Judge Advocate General’s involvement

% Gleaves and Davison to SecNav, 10 August 1903, gaiRG8/B111/F2, NHC.

190 Gleaves to Mason, 17 August 1907, Torpedo Statidnhual Report for FY1906/7, B55-209, NTS.
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Bureau'’! He offered the Bureau the right to manufactureteftéad torpedoes at a
royalty of £100 (~$500) each, provided that thstfiot consisted of at least 100
torpedoes, and the next two lots of at least 50,galas the patterns, jigs, gauges,
drawings for an additional £2,418.16.11 (~$12,099).

These propositions, Gleaves told Mason, broughtdipedo question “to its most
critical stage”: the Bureau had to decide whethemould continue to develop the Bliss-
Leavitt torpedo exclusively, or to take up the nfacture of the Whitehead torpedb.

“It is a natural desire to have an American invemtf this kind in the lead,” Gleaves
allowed, “but as we have only to do with the bé#dhhe American invention is not the
best, then it becomes necessary to look elsewberehfat the Government requires.”
After four years, from the “promise and expectawdteing the most efficient torpedo in
the world,” the Bliss-Leavitt torpedo had develogeckputation “so shady that, so far as
known, no other nation—except possibly France—twilich it.” By contrast, over the
past four years, the Whitehead torpedo had stesdpyoved. As a solution, Gleaves
proposed that the Bliss Company be allowed asdte@nd as possible to develop its
torpedo, while the Torpedo Factory undertook thaufacture of 100 Whitehead
torpedoes. Upon securing an acceptable offer fremWhitehead Company to build
Whitehead torpedoes in the Bureau’s factory, Masunediately made the purcha$é.

Still more business was in store for the Whiteh€athpany. In late 1907, the

101 See Sheridan to Mason, 17 October 1907, BuOrdZ2%04nd Whitehead 100 to Mason, 29 October
1907, BuOrd 21017/12, RG74/E25/B1043, NARA.

102 gheridan to Mason, 25 October 1907, BuOrd 2105#6,Sheridan to Mason, 28 October 1907, BuOrd
21017/8, ibid.

103 Gleaves to Mason, 29 October 1907, BuOrd 210159,

104 Sheridan to Mason, 3 January 1908, BuOrd 2101 MEspn to Sheridan, 4 January 1908, BuOrd
21017/15-LS420/365, ibid.
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Bureau began to consider the purchase of new togsefdr new destroyers and
submarines, effectively putting the Bliss-LeavittldVhitehead torpedoes into direct
competition® In trials, a new Bliss-Leavitt torpedo made ordy®Bknots for 1,200
yards and 32.6 knots for 2,000 yards; by contthstWhitehead torpedoes recently
purchased by the Bureau were guaranteed to maked?3 for 4,000 yard¥° Keeping

its options open, the Bureau felt out the Whiteh@athpany on the possibility of
ordering either 100 or 130 Whitehead torpedoes aarahged a tentative agreemdfit.
Gleaves was strongly for the Whitehead option, mitvee Bliss-Leavitt torpedo’s record
“of unbroken disappointments and unrealized prosjisEnd a board of torpedo experts
agreed with hint%

Adding weight to the experts’ recommendations thasstunningly good
performance of the reciprocating engine in the Méwtehead torpedoes. After
experiencing frequent troubles with the Whiteheagedoes delivered in early 1908, the
Torpedo Station traced its difficulties to using throng type of oil to lubricate the
engine—an example of how a small, cheap changel ¢cmnsform the outcome of a
contract costing thousands of doll&f3With the right lubrication, the reciprocating
engine showed efficiency “considerably in excedsiny results obtained with the

turbine, and it maintained that efficiency “for hlg desirable variations of speed and

195 Acting CoO to Bliss Co., 29 November 1907, BuOBd 80/12-LS415/253, RG74/E25/B987, NARA.

198 On the Bliss-Leavitt torpedo, see Bliss 100 to btas31 January 1908, BuOrd 20065/8,
RG74/E25/B979, NARA; on the Whiteheads, see Gletwdsason, 29 October 1907, BuOrd 21017/9,
RG74/E25/B1043, NARA.

197 williams [BuOrd officer] to Mason, 23 March 190BuOrd 21723/1, with enclosed draft specifications
and contract, NARA RG74/E25/B1086. The General Bsacommended the purchase of 200 Whitehead
torpedoes; see Dewey to SecNav, 4 January 1908288, RG80/E285/B2/V5/P182, NARA.

198 Gleaves to Mason, 26 March 1908, BuOrd 21719/278E25/B1086, NARA; Torpedo Board [Gleaves,
Williams, Miller, and Babcock] to Mason, 1 April @8, BuOrd 18172/26, RG74/E25/B873, NARA.

199 See Gleaves to Mason, 1 February 1908, B62-198; iTeaves to Mason, 6 April 1908, ibid.
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range, a performance of which the turbine is inhiégyéncapable.*'® Moreover, there

was “evidently no cause for apprehension on thgestibf excessive and detrimental
engine temperatures caused by this type of supertieBhese statements demolished the
foundation of the turbine’s supposed superiorityability to withstand heated air.

With any doubts about the Whitehead engine apfigrerased, Mason informed
the Secretary that he wanted to purchase 130 Wdatketorpedoes, and the contract was
signed in July 1908 The original requirements called for 40 knots¥d@00 yards and
30 knots for 4,000 yards; in November 1908, agélsalt of range running, they were
changed to 41 knots for 1,000 yards and 29 knotd,fi00 yards? The specifications
for a putatively more powerful Bliss-Leavitt torpedy contrast, called for 26 knots for
3,500 yards—a lower speed for a shorter distahtddow the mighty had fallen, indeed.

The supply crisis was the most concrete consegueinihe Navy's commitment
to the Bliss-Leavitt torpedo, while its return keetWhitehead torpedo marked the failure
of its bid for independence. Yankee ingenuity amtlstry could not produce reliable
weapons in sufficient quantities to arm its vessatsl as a result, America slid back into

colonial torpedo status.

The Bliss-Armstrong Contract and the Origins of theSuperheater Royalty Dispute

Colonial status brought with it international legaimplications. The Whitehead

10 Gleaves to Mason, 6 April 1908, ibid.

1 Mason to SecNav, 16 May 1908, and endorsementsaheBuOrd 21723/4 (Dept 24970-3),
RG74/E25/B1086, NARA; Mason to Sheridan, 16 Jur@818uOrd 21723/4-L.S448/218, ibid; “Contract
for Torpedoes,” enclosed in Mason to Wells, 17 ®etdl908, BuOrd 21723/29-L.S463/347, ibid.
H2Whitehead Co. Weymouth to Wells, 13 November 1208, Wells to Mason, 13 November 1908,
BuOrd 21723/44; Mason to Wells, 23 November 1908081 21723/44, RG74/E25/B1087, NARA.

3 paras. 18 and 94B, “Specifications for the Mantufiecof Bliss-Leavitt Automobile Torpedoes, U.S.N.,
5m x 21", Mark Il,” B60-209, NTS.
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torpedoes purchased by the Bureau in 1907 and d@@8ined superheaters potentially
infringing the Bliss Company'’s rights under a 1@@®Htract with the Armstrong
Company, mentioned previously. Like so many otbhgsedo contracts, the Bliss-
Armstrong contract had not caught up to markeitreg] in particular the fluidity of
international mergers and acquisitions, which chddficult legal questions.

In April 1905, the Bliss Company had signed an agrent with the Armstrong
Company relating to the control of superheatermiaté? Clause 2 of this agreement
granted the Bliss Company

the sole and exclusive license and authority toamskexercise the said inventions

[superheaters] under the said letters patent [Acamrpatents that the Armstrong

Company wished to apply for] for the whole periddiee term to be granted by

the said letters patent and any extension of titkteam in the manufacture of

apparatus for heating compressed air for the perpbpropelling Bliss-Leavitt
torpedoes wherever sold by the Bliss Co., and Whkad torpedoes sold only to
the United States Government.

In Clause 9, the Armstrong Company agreed thabulad/not

at any time during the continuance of this license or exercise the said

invention or grant any license to any other peimopersons whomsoever to use

or exercise the same for the purpose of propeBiings-Leavitt torpedoes or

Whitehead torpedoes so far as such Whitehead toegaday be intended for sale

to the United States Government.

In Clause 11, the Armstrong Company agreed that

in case the said letters patent shall be infringeel Armstrong Co. shall at their

own cost, take all necessary proceedings for efédigtprotecting and defending

the same.

In return, the Bliss Company agreed that it wowdt“either directly or indirectly oppose

or in any way hinder the granting” of American pagefor superheaters to the Armstrong

14 A copy of the agreement was not found. The follawjuotations from and descriptions of the
agreement are taken frof W. Bliss Company v. United Statie. 32838 (53 Ct. Cl. 47, 1917).
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Company, and that it would pay a royalty of $25cah torpedo fitted with superheaters
covered by Armstrong’s patents.

Several factors complicated this seemingly stréogivard agreement. First, the
exclusivity of the agreement—and hence whetheag an assignment or a license
agreement—was open to question, which affecte@lise Company’s standing to sue
for infringement of the patents covered by the agrent'*> Second, Clause 11 of the
agreement suggested that the Armstrong Companyhadliss Company, had the
necessary standing to sue for infringement of titerds covered by the agreement. Third,
all contracts signed by the Bureau for torpedo@gained a clause obligating the
contractor to hold the government harmless fromaaiyns of patent infringement®
This clause implied that if third parties beliewbdir patent rights to be infringed, the
target of their claim could only be the contractat the government. Finally, in 1906,
the Armstrong Company (with Vickers) became a phawner of the Whitehead
Company. While Clause 9 of its agreement with thesBCompany prohibited the
Armstrong Company froricensingthe Whitehead Company, as another firm, to use
Armstrong superheaters, the clause did not contmihe circumstance of the
Armstrong Company owning the Whitehead Compahy.

The advent of the torpedo supply crisis and tlospect of establishing a

M5 This question of the exclusivity of the licensel &gal standing—not any other of the complicating
factors discussed here—was the issue upon whictotlng’s decision irfE. W. Bliss Company v. United
States No. 32838 (53 Ct. Cl. 47, 1917) turned; seeiimion of 3 December 1917.

116 5ee, e.g., “Contract for Torpedoes,” 7 July 1901@use 9, enclosure to BuOrd 21723/29,
RG74/E25/B1086, NARA.

7 Based on the Bliss Company’s petition, the Cofitlaims mistakenly stated the exact opposite: “It
does not appear that Armstrong & Co.. had anyéstdan Whitehead & Co.. or in torpedoes made by tha
Company” €. W. Bliss Co. v. United Statgs3 Ct. Cl. 47, 1917)). Whether and how a corregtraciation
of this fact might have changed the Court’s opiriioanclear.
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government factory prompted a flurry of communicas regarding royalty rights. In
October 1906, the Bureau asked the Bliss Comparay mlyalties it would charge on
Bliss-Leavitt torpedoes built by the governmé&fiin December 1906, the Company
replied that it would charge $750 per torpétfdn June 1907, considering how to spend
the new appropriations that would become availablaily, and evidently with some idea
as to the Bliss Company’s rights to the Armstrongesheater, Mason asked the Bliss
Company for permission to purchase a limited nunolb&vhitehead torpedoes
containing the Armstrong superhedt@rAt a meeting on 17 June 1907, the Bliss
Company agreed to let the Bureau purchase no rharelt0O0 Whitehead torpedoes
containing the Armstrong superheater, the amouthefoyalty for the superheater to be
settled later and agreed on by both the CompanytenBureau. This agreement cleared
the way for the Bureau’s July 1907 purchase of F0t$tiead torpedoes.

Negotiations then began to cover any subsequenhase of Whitehead
torpedoes by the Bureau. In October 1907, Vickandyehalf of the Whitehead Company,
offered the Bureau the right to build at least Y¥@lfitehead torpedoes, except for
superheaters and gyroscopes, at the Torpedo FatttmNovember 1907, Vickers
clarified its October proposal by stating that wttihe Bliss Company owned the rights to
the “first” Armstrong superheater patent, Vickersuld be prepared to grant the rights to

all improvements made by the Whitehead Companyemtiginal patent®? Obviously,

% Mason to Bliss Co., 18 October 1906, BuOrd 2016348/107-8, RG74/E25/B987, NARA.

119 ane [Bliss Co. President] to Mason, 1 Decemb@&618uOrd 20160/6, ibid.

120 The original record of Mason’s request was nonfhuhis account is taken from the Bliss Company’s
petition of 29 May 1914 ift. W. Bliss Co. v. United Statgs3 Ct. Cl. 47, 1917), p. 6, a copy of which can
be found as BuOrd 28200/12 in RG74/E25/BBB316, NARA

121 Sheridan to Mason, 25 October 1907, BuOrd 210 R 4/E25/B1043, NARA.

122 Sheridan to Mason, 4 November 1907, BuOrd 2101 RG74/E25/B1043, NARA.
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Vickers’ standing to make that offer was complicdby the 1905 contract between Bliss
and Armstrong and by the 1906 Vickers-Armstrongchase of Whitehead. On 9
November 1907, the Bureau, referring to the Blisgygany’s letter of 1 December 1906
(but not to the alleged June 1907 agreement—afigni omission, from a later legal
perspective), notified the Company that it wishedettle the royalty question, and asked
the Company to state what royalty it would chaeBliss-Leavitt torpedoes made by
the government, what royalty it would charge fopestneaters or gyroscopes made and
installed by the government in Whitehead or otbepedoes, and what price (as opposed
to royalty) it would charge for superheaters oroggopes made by the Bliss Company
and installed by the government in Whitehead oeotbrpedoe$?® On 25 November
1907, the Company replied that it would chargeyalty of $750 for torpedoes made by
the government, a royalty of $500 for superheatede and installed by the government
in Whitehead or other torpedoes, and a price 00%6&yalty of $500 plus production

cost of $150) for superheaters made by the Blisagamy for installation in Whitehead

or other torpedoe?

The Company’s offer was discussed at a meetingeoTorpedo Board on 3
December 1907. The Board recommended that the dorpactory build Bliss-Leavitt
rather than Whitehead torpedoes, despite the logdity charge, because the Whitehead
offer required the Torpedo Factory to build mongémloes than it could manatfé On 3
January 1908, however, Vickers offered to let thp&do Factory build a smaller

number of Whitehead torpedoes, except for supegteahd gyroscopes, and the Bureau

123 Mason to Bliss Co., 9 November 1907, BuOrd 2016@12/17-18, RG74/E25/B987, NARA.
124 page to Mason, 25 November 1907, BuOrd 2016061, i

12 Torpedo Board [Gleaves, Chase, Williams, and Mo@Gck] to Mason, 4 December 1907, BuOrd
18172/23, RG74/E25/B873, NARA.
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pounced?® On 4 June 1908, the Bureau ordered 20 superhdatete Whitehead
torpedoes from the Bliss Company, thus avoidingdisgute with Bliss over royalty
rights?” In July 1908, the Bureau ordered another 130 tiwes from the Whitehead
Company, plus the right to build, free of royaltbacges, 75 Whitehead torpedoes at the
Torpedo Factory except for gyroscopes and supests2at It was this July 1908 contract
between the Bureau and the Whitehead Companyghgted the real controversy, but

since it did not erupt until the very end of 19@8yill be covered in Chapter 5.

Tactical Limits on the New Technology, 1903-1906

Trying to develop a gyroscope and turbine torpeamable of high speeds, long
ranges, and angle fire was all well and good, kptaating their tactical benefits was
another matter. Using a turbine instead of a recigting engine made it difficult for
torpedoes to have multiple range and speed settivigke using angle fire required a
targeting system capable of accounting for varsehl& involved in straight fire. The
Bureau of Ordnance and the Torpedo Station appeecthese complications only

gradually.

The Mark IV Director

Like guns, torpedoes were of little use if theyldonot be aimed accurately—but

126 Sheridan to Mason, 3 January 1908, BuOrd 2101 RGH,4/E25/B1043, NARA.

See Mason to Sheridan, 4 January 1908, BuOrd 218473420/365, and endorsement by Mason to
Gleaves, 9 January 1908, BuOrd 21017/17, ibid.

27 The original record of this order was not fourids taccount is taken from the Bliss Company’s juetit
of 29 May 1914 irE. W. Bliss Co. v. United Stat¢s3 Ct. Cl. 47, 1917), p. 7, a copy of which cafdund
as BuOrd 28200/12 in RG74/E25/BBB316, NARA.

128 See “Contract for Torpedoes,” 7 July 1908, Cladsasd 16, enclosure to BuOrd 21723/29,
RG74/E25/B1086, NARA.
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aiming torpedoes was easier than aiming guns, @aneese the techniques and
instruments used to do so. The main instrument isexpedo fire control was the
director. Using the course and speed of the enemytee course and speed of the
torpedo as input variables, the director workedhenprinciple of similar triangles,
reproducing the large triangle formed among thatioa of own ship, current location of
target, and projected location of target in smdthem on the director, as illustrated in

Figure 3.3 below.

E (current
enemy location) EB = path B (projected

® ‘————BEE'EE-L enemy location)
>

AB = path of
} , torpedo

AE = line of sight

_ >

A (own location)

Figure 3.3: The torpedo triangle.

Triangle AEB is similar to triangle Aeb. Triangleb becomes the

director?®

In gun fire control, finding the range and corregtfor roll, pitch, and yaw were serious

challenges. In torpedo fire control, by contrasg, torpedo’s balance mechanism and

129 pdapted froniTorpedo Manual for Her Majesty’s Fleet, in Thredwies vol. 3, Whitehead Torpedoes.
Air Compressors. Net Defence and Obstructigumdon: Eyre & Spottiswoode for HMSO, 1909), plat
facing p. 313, Jb 61, AL.
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gyroscope corrected for the effects of roll, pitehd yaw. Moreover, so long as the
torpedo’s speed was uniform, the range did not bavwe known—nbut if the torpedo’s
speed varied, then the range had to be known as@thaverage speed could be
calculated. To make an analogy, the director wdsrfmedoes as sights were to guns—not
as range-finders or range-generators were to guns.

In 1900, the Bureau of Ordnance and the TorpedioStdiscussed the design of
a new director but decided to wait until estabhighivhether or not angle fire would be
adopted:*® In June 1904, with the adoption of angle fire sty settled, the Bureau
ordered the development of a director to work \aitigle fire*** Fletcher, the commander
of the Torpedo Station, submitted a design in Catd®04, though he doubted whether it
was sufficiently simple to work in battlé’ Mason, the chief of the Bureau, tentatively
approved the design but did not place any orders fo be manufactured, and he soon
had second thought& Although the principles of the design appeareleto
“mathematically correct,” Mason informed Fletchesisccessor, Albert Gleaves, it was so

complicated “that the Bureau hesitates to ordplaited aboard ship.” He asked the

Station to reconsider the design with a view towasidhplifying it. Gleaves agreed that

130 5’'Neil to Mason, 8 December 1899, B23-174, NTSp€dlo Board to Mason, 15 May 1900, enclosed
in Mason to O’Neil, 16 May 1900, BuOrd 5158/00; @iNto Mason, 18 May 1900, BuOrd 5158/00-
LS130/326; Torpedo Board to Mason, 28 Septembed,1&tclosed in Mason to O’Neil, 4 October 1900,
BuOrd 10220/00, with 7455/97, RG74/E25/B302, NARANeil to Mason, 11 October 1900, BuOrd
10220/00, B25/201, NTS. Torpedo Board to Masong6dnber 1900, enclosed in Mason to O’Neil, 11
December 1900, BuOrd 12727/00; Mason to O’NeilpE8ember 1901, BuOrd 11686/01, and O’Neil’s
endorsement thereon, with 7455/97, RG74/E25/B3@RAL See also Fletcher to O’'Neil, 22 December
1902, B33-162, NTS.

131 Converse to Fletcher, 6 June 1904, BuOrd 5951 hdt see a copy of this letter, but its date and
contents can be inferred from Fletcher to MasorQt®ber 1904, BuOrd 12283 (NTS 4640),
RG74/E25/B659, NARA.

132 Fletcher to Mason, 18 October 1904, BuOrd 1228BIX640); Torpedo Board [Capehart, Williams,
and Gherardi] to Fletcher, 18 October 1904, end@sd&uOrd 12283 (NTS 4640), RG74/E25/B659,
NARA.

133 Mason to Fletcher, 11 July 1905, BuOrd 12283-L$284, RG74/E25/B659, NARA.
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the design was overly complicated, and three affieeere asked to submit
alternatives>* Two of the three replies were deemed sufficiepthymising that the
authors, H. I. Cone and G. C. Davison, were as@liaborate on a new desigf.
Based on 25 shots from a stationary ship agaitesgat with a speed of 9 knots at a
range which they did not state—easy conditionstlrer words—Cone and Davison
recommended the adoption of their design, and Magproved-° The Cone/Davison
design became the Mark IV director.

The Mark IV director could be used for straighaogle fire. When aiming a
straight shot, three pieces were used, just the sana regular director: a bar
representing the course and speed of the targetdttemy bar”); a bar representing the
course and speed of the torpedo (the “torpedo pant a sighting bar. When aiming an
angle shot, a fourth piece was used, namely, &awaning underneath the three bars
and graduated in degrees. The intersection ofitpeto bar with this circle indicated the
angle at which the gyroscope should be set. Thageahen had to be corrected to
account for the target range by reference to apledlated table which showed the
proper corrections for given gyroscope angles argkt ranges.

Exclusions from the design were as significarthasinclusions. One was a

correction for parallax due to the distance ofdhector from the tube, which had to be

134 Gleaves to Mason, 14 July 1905, BuOrd 12283/105/8T55); Torpedo Board [Gleaves, Clark,
Chandler, Williams, Davison, and Cone] to Masoeptember 1905, BuOrd 12283/11; Mason to Clark,
Davison, and Cone, 15 September 1905, BuOrd 1228B(G:74/E25/B659, NARA. For the replies of all
three officers, see Davison to Mason, 6 Octobe51B0Ord 12283/13; Cone to Mason, 20 October 1905,
BuOrd 12283/14; Clark to Mason, 26 October 1905)RBL12283/15, RG74/E25/B659, NARA.

135 Torpedo Board [Gleaves, Clark, Chandler, Williaayison, and Cone] to Mason, 12 December 1905,
BuOrd 12283/17, RG74/E25/B659, NARA.

136 Cone and Davison to Gleaves, 26 May 1906, enclwsBdOrd 12283/20, and Mason’s endorsement of
3 July 1906 thereon, RG74/E25/B659, NARA.

173



estimated, probably by reference to a table showifigrent parallax corrections for
different target range'$’ Another was the use of a gyroscope, in conjunatiith timers,
to measure both the change of target bearing anchth of change of target bearing for
conversion into target course and speed. The ifleeeochanizing and automating the
generation of bearing estimates was common in gyrfite control, where greater
accuracy and the elimination of human error wereennmportant, but its proposed
application to torpedo fire control was remarkab#d.present the speed and course of
target are guessed, and of course this is impedd&¢’ wrote the proponent of the idea,
Lewis J. Clark, “so that the instrument for measgrngular change does seem a
necessity.** It is not clear that the significance of Clarkimygestion was understodd.
The most far-reaching proposal of all came fromiB@v, who, comparing directors to
gun sights, argued that a supporting system dtdftiom the directors and their operators
was needed to collect and calculate data neededgort into the director. He suggested
that both plotting and automatic gyro-correctiontfee effects of yaw should form part
of an integrated torpedo fire control syst&fhBoth Clark and Davison sought to adapt
the more sophisticated methods of gunnery firercbitd torpedo fire control.

That level of sophistication was far off, howeuara tepid endorsement of the

new director, Gleaves rejected the idea of additedesscope to the sighting bar on the

137 See “General Description of Torpedo Director, IN&vy, Mark IV,” October 1907, pp. 1-2, B59-169,
NTS. Such a table is mentioned in Gleaves to Ma3bmMay 1906, BuOrd 12283/20, RG74/E25/B659,
NARA. British directors included a piece called titengent bar,” which the American director lackéat,
readjusting the sights to account for parallax.

138 Clark to Mason, 26 October 1905, Para. 2, BUOB3215, RG74/E25/B659, NARA.

139 See endorsement by Gleaves, 4 November 1905, BLEZRB/15, RG74/E25/B659, NARA.

140 Davison to Mason, 6 October 1905, Para. 3 andoseshder “Course and Speed Finder,” BuOrd
12283/13, RG74/E25/B659, NARA. Mason referred Danis suggestion to the Fire Control Board then in
session; see Mason to SecNav, 15 December 1905dBi#283/17-LS316/444, RG74/E25/B659, NARA.
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grounds that sighting errors were “insignificantemrcompared with the other errors
(course and speed of enemy; speed of torpedmgeitigyro; tactical radius; etc.) which
enter into the problent** Although the Mark IV director was capable of deglivith

angle fire in principle, it was error-ridden in liga

The Turbine, the Reducer, and Uniform—but Singlece®p

To begin with, the subtle importance of the reduwoast be understood. The
reducer governed the pressure of air admitteddetigine, which in turn governed the
speed of the torpedo. Without an effective redubertorpedo’s speed varied. For
reasons explained above, uniform speed was cracitdrgeting purposes, because it
eliminated the need to know the target range. @adecer improvements enabled
torpedoes to run at uniform speeds, further impmo@s could enable torpedoes to run
at different uniform speeds for different ranges.

In theory, the turbine engine militated againsttvrapeed torpedoes, because
turbines ran most efficiently at the one speednfoich they were designed, as
experiments confirmetf? Apparently theory differed from practice, howevar1906,
the commander of the Torpedo Station made thdistagtdmission that the same turbine,
gear ratio, and propellers were being used in tiyps with different speed$’ If the
gear ratio and propellers were the same, theruthée itself was being run at different
speeds. Different turbines for multi-speed torpadeere not developed, probably due to

lack of resources.

141 Endorsement by Gleaves, 5 July 1906, BuOrd 1228R574/E25/B659, NARA.

142 5ee Gleaves, “Torpedoes,” lecture delivered aNeéneal War College on 23 July 1906, p. 42, B52-157,
NTS.

143 Gleaves to Mason, 6 October 1906, Para. 7, Bu@8d /12 (NTS 4255), RG74/E25/B938, NARA.

175



The fact that the Navy, for whatever reason, waging the same turbine at
different speeds suggests that the main obstacteiti>-speed torpedoes was not the
turbine but the reducer. Indeed, multiple sourdessato the Navy’s attempt and failure
to develop a dual-adjustment redut®érlt is apparently impossible,” the Bureau of
Ordnance stated in formalizing the principle thethetorpedo mark would have only one
range and speed, “to get a controlling or redugadge that can be accurately set for
different speeds*> The possibility of multiple range adjustments iiasher limited by
the abandonment of distance gear in the Bliss-ltetrpedoes, which meant that the
only way to reduce the distance was to chargeittask with less air, an impracticable
method in action (although not in exerci$®).

In theory, two settings were desirable: a higlperesl, moderate-range setting for
use from torpedo vessels, which would rely on ssepor the distraction of enemy
capital ships to attack at relatively short ranges] a lower-speed, long-range setting for
use from capital ships, which would remain at losgge from the enemy battle line. If
the same torpedoes were not capable of dual adpusttmen different torpedoes had to
be built for different classes of vessels. Moreotle lack of a long-range setting on
short-range torpedoes indirectly limited the taadticeedom of destroyers: either

destroyers had to leave the ships which they wagppased to be defending from enemy

144 Eor the unsuccessful attempts to develop a mpéted reducer, see Fletcher to Bristol, 31 May 1904,
B39-223, NTS; Fletcher to Hepburn, 8 July 1904, 847, NTS; P. Williams to Fletcher, 13 September
1904, and Fletcher to Mason, 22 September 1904 r@u0140/04 (NTS 4143) with 9890/03,
RG74/E25/B565, NARA; Gleaves to Mason, 17 Janu@Bb]1 BuOrd 15157/5 (NTS 147),

RG74/E25/B680, NARA; Mason to Gleaves, 20 July 1880rd 17761 [referenced in Torpedo Board to
Mason, 5 September 1905, NTS B44-358]; Torpedo @tmMason, 5 September 1905, B44-358, NTS;
and Mason to Gleaves, 18 September 1905, BuOrd11286B45-131, NTS.

145 Mason to Gleaves, 18 September 1905, BuOrd 1736B45-131, NTS.

146 See F. K. Hill, lecture to NWC, “Submerged Torpddibes and Tactics of the Torpedo,” August 1903, p.
12, RG8/B112/F1, NHC.

176



torpedo craft to fire torpedoes at enemy capitgdsstor they had to stay near their capital
ships to protect them but forgo the opportunitgittk enemy capital ships. Without the
ability to fire torpedoes at long range, destroyengld not perform offensive and

defensive missions simultaneously.

The 21-inch Bliss-Leavitt Mark Il and Mark Il Mod. 1 Torpedoes, 1907-1908

While the Bureau’s and Bliss Company'’s experiewedis the first three Bliss-
Leavitt models—the 18-inch Mark Il and 1V, and tB&-inch Mark I—were little short
of disastrous, the development of the 21-inch Mband Mark Il Mod. 1 went more
smoothly. The Mark Il torpedoes accounted for 20@ the Mark Il Mod. 1 accounted
for 50, of the remaining torpedoes under the Noveami®05 contract, the first 50 having

constituted Mark £*’

When the Bliss Company had approached the Burekabruary
1907 to discuss the design of the Mark II, the Bureffectively washed its hands of the
matter, giving the Company full freedom—and fuBpensibility—to develop the
design®*® Of the changes between the Mark | and Mark Il glesitwo were especially
noteworthy: the Mark Il had the Company’s own bakthturbine and the outside
superheater developed by the Armstrong Comp&hy.

At first, the pattern of disappointment seemeddadpeating itself. Throughout

1907, the Mark Il torpedoes performed poorly, ekhif range, speed, and depth

147 On the nomenclature, see Miller to Mason, 6 Mdre8, BuOrd 20939/30, and Bristol to Mason, 23
November 1908, BuOrd 20939/82, RG74/E25/B1038, NARA

148 | eavitt to Mason, 17 December 1906, BuOrd 17762/Mason to Bliss Co., 1 February 1907, BuOrd
17761/172-L.S372/286, RG74/E25/B843, NARA.

149 McCormick to Mason, 12 July 1907, BuOrd 20939/&//E25/B1038, NARA.
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problems>° Early in 1908, however, the Company’s positionaretp improve. The
Bureau had found, in running ten 21-inch Mark ptmtoes at Key West the previous
spring, that they had heeling tendencies whichexdgbeer—despite the fact that they
had balanced turbines. In a throwback to Davisoligheory, Gleaves believed that the
problem was caused by streamlines along the torpedat the propellers? The Bliss
Company discovered the real culprit: the exhaushfthe torpedo got mixed up with the
propellers (effectively causing partial cavitatiofgn accident of design which no one
could have suspected of influencing the performaritke torpedo®? This explanation
of the heeling tendency would later loom largeonrt, but the Bureau did not appreciate
its significance at the time. Mason gave the Comsame breathing room, and a
remarkable admission, when he extended the deddlirtelivering the Mark Il
torpedoes, on the grounds that “sufficient timetha development of this torpedo was
not allowed in the original contract>

The extension was more or less unnecessary. Bgi@bpr 1908, the Bliss
Company had completed and passed through shoghestsmaining 250 torpedoes
under the November 1905 contract, within the oagtime-frame for final (though not
initial) delivery, and the torpedoes were exceedivggr contract requirements for range

and speed™* At Leavitt’s urging, the Bureau agreed to softemesal requirements

150 McCormick to Mason, 3 May 1907, BuOrd 17761/224] 41 December 1907, BuOrd 17761/325,
RG74/E25/B843, NARA.

*1 Gleaves to Mason, 18 May 1907, Para. 8, BuOrd 9933 RG74/E25/B935, NARA.

152 page to Mason, 17 January 1908, Para. 6, BuOréi11342, ibid.

153 Mason to Bliss Co., 19 February 1908, BuOrd 1786itJosed in Miller to Mason, 6 November 1908,
BuOrd 17761/386, RG74/E25/B844, NARA.

154 _eavitt to Mason, 17 September 1908, and MilliBss 100’s] endorsement thereon, 21 September
1908, BuOrd 17761/378, ibid.
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relating to buoyancy, depth-keeping, and tacticaingter>> In a more telling sign of
progress on the 21-inch front, the Bureau agredet ihe Company bid on a new order
of 21-inch torpedoes, even as it refused to leCbmpany bid on the less reliable 18-

inch modelt®®

The Strategy of the Weak?

What did not happen in history can be just aswoithy as what did happen.
Given the U.S. Navy’s second-class status in ttemnioa of naval power, and its need to
defend a newly acquired Pacific empire after tharBgh-American War, one might
expect that it gravitated to torpedoes and torpedsels as the inexpensive weapons of
the weak. (A strategy built around them was know/ffflatilla defense” in Britain, and it
is discussed in the next chapter.) Instead, the Na8y preferred to invest in big guns
and capital ships, competing symmetrically rathantasymmetrically against the great
naval powers. Its choice requires explanation.

In the Navy’s eyes, the main argument againsilialefense was budgetary.
Torpedoes and torpedo craft cost less than big gnddattleships, and the Navy wanted
reasons to justify a larger budget, not reasomsitit.>’ True, the vast oceans
surrounding the United States did not lend thenesetw flotilla defense as readily as the

narrow seas around Britain, but the harbors anérwatf its newly acquired Pacific

155 | eavitt to Mason, 17 September 1908, BuOrd 1778;/8ristol to Mason, endorsement of 5 October
1908, BuOrd 17761/378; Mason to Bliss Co., 7 Oatdi®98, BuOrd 17761/378-LS463/362, ibid.

156 page to Mason, 30 November 1908, BuOrd 17761/8&8pn to Page, 9 December 1908, BuOrd
17761/387-LS472/469; Page to Mason, 11 Decembed, BA00rd 17761/389; Mason to Page, 15
December 1908, BuOrd 17761/389-LS474/9, ibid.

157 This account rests on Nicholas Lambert, “The lerfice of the Submarine upon Naval Strategy, 1898—
1914” (Ph.D. dissertation, University of Oxford,99, 89-102.
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empire were another matter. Until 1907, the Nayysed to consider using flotilla
defense to protect the Philippines, preferringdadtto rely on its battlefleet to intimidate
potential adversaries from attacking—"“strategicdence” over “tactical deterrence,” in
Nicholas Lambert's felicitous phrad® In the face of naval opposition, Congress
supported flotilla defense because it was cheaperurged submarines on the resisting
Navy. When combined with congressional pressudiplamatic crisis convinced the
Navy to change course. The West Coast’s discringinatgainst Asian immigrants led to
a war scare with Japan in late 1906 and convenethreat to the Philippines from
abstraction to imminent reality. The Navy suddamérmed to the idea of flotilla defense,
proposing to move 60% of its submarine force insteA waters. Its newfound interest
stalled, however, once the threat had passedhendavy continued to rely on its

battlefleet.

Conclusion

What had gone wrong with American torpedo develeptrd In 1909, Gleaves’
successor as the commander of the Torpedo Stk Bristol, offered one possible
answer. In 1904, he recalled, it was believedttmaBliss-Leavitt torpedo

was to lead the world. It did then, and if it haat been for the short-sighted
policy of the Bliss Company, that believed it haisk a ‘get rich quick’ scheme,
which others could not beat, this torpedo or onéhersame principles would still
lead the world.... [B]y failing to improve the turl@inexcept in minor ways which
our Government has virtually forced upon Mr. Legthe Bliss-Leavitt torpedo
today is inferior to the Whitehead except as topdification of the mechanism
due to the turbiné&>®

158 | ambert, “The Influence of the Submarine upon N&teategy,” 92.
159 See Bristol, “Lecture on Torpedoes,” lecture daled at NWC on 26 August 1909, pp. 10-11, B66-173,
NTS [copy in RG8/B111/F3, NHC].
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Bristol's explanation of what had gone wrong mayéhbeen true, but it was not the
whole truth. Officers affiliated with the Bureau ©fdnance had their own reasons,
regardless of the truth, to blame the Company, whmeade a convenient scapegoat for
diverting attention from the Bureau’s own mistakes.

Fundamentally, responsibility for the premature amdr-optimistic commitment
to the Bliss-Leavitt torpedo lay with the Bureawd, those who would command the
Navy’s vessels in battle (today’s military wouldldghem “warfighters”) pressured the
Bureau by identifying what they believed, for taatireasons, to be a serious weakness in
the Navy's torpedo armament—nbut that was their jplvas the Bureau’s job to resist
that pressure if necessary, and when dealing wittngand technology, resistance was
indeed necessary. In its absence, the Bureau failedbject the Bliss-Leavitt torpedo to
a sufficiently rigorous development process and aateeply flawed weapon into
production.

Belatedly fixing undetected mechanical flaws—fastance, balancing the
turbine—proved easier than overcoming undetectdl@ctual challenges. Experimental
technology required different pricing and risk asseent from perfected technology. The
Bliss Company understood that some difference wasssary, but it did not understand
just how extreme the difference was, and it hasitallow a financial loss in
consequence. Command technology demanded seisiftgcisiihe relationship between
the public and private sectors, with far-reachieggl and political-philosophical
adjustments to match, and the Bureau was onlyypaptto the challenge. Its insertion of

Clause 19 into the contract reflected awarenesstime change was necessary, but its
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drafting of the notification procedure, its botafiof the notification, and its application
for a patent which potentially weakened its cortraghts showed that it was unaware of
all the necessary changes. The government wouldopdlye Bureau’s mistakes with a
rash of lawsuits on the eve of World War |, andwétnavy that was scarcely equipped to

enter the war, even if its commander-in-chief hadhted it to.
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Chapter 4: British Torpedo Development, 1903-1908

“You must remember that the inventor may be lunsdya
from the Government service for his brains.”
— H. C. L. Holden (Superintendent of the RGF), 905

Introduction

Of the three major new pieces of torpedo technodmppted by the U.S. Navy
before 1902—the gyroscope, the superheater, artdiii@e engine—the Royal Navy
had adopted only the first. The increase in effiectanges enabled by the gyroscope
presented new opportunities, but also new probléorsger ranges made it more
difficult for firing officers to estimate target ucse and speed, and they also increased the
probability of misses. Moreover, the gyroscopéfitseuld fail and cause a catastrophic
circular run. To cope with these problems, the Rblavy overhauled its torpedo practice
regime, tried to increase its rate of torpedo fed experimented with gyroscope safety
devices. While it worked to iron out the gyroscaphks, it also developed another
important piece of new technology: the superheaterost simultaneously, the
Armstrong Company introduced a dry outside supéeneand a naval officer named S.
U. Hardcastle began working on a wet superheakey.|dtter was a great success by 1908,

but its development caused friction with the Arraats Company and raised difficult

! Testimony of Colonel H. C. L. Holden [SRGF], 25tGlwer 1905, Appendix VII, “Report of the Inter-
Departmental Committee Appointed to Consider thguReions as to the Taking out of Patents by Office
and Subordinates in Government Employment, witheklices, 1905—-06,” WO 32/5080, TNA.
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guestions about Hardcastle’s property rights. Atgame time, the Navy'’s torpedo supply
base was undergoing major changes: the Armstromgp@oy and Vickers Company
became co-owners of the Whitehead Company, anctlbeation of the Navy’s torpedo
factory from Woolwich to Greenock began. The comigyamproving performance
characteristics of torpedoes continued to pose miapbical challenges, but they also
enabled the Royal Navy to perform its traditiorteht®gic missions in the face of
budgetary declines, forming the basis of a revohdry way of thinking about naval

power.

The Gyroscope’s Loose Ends: Longer Range, Rate oir€, Uniform Speeds, and
Gyro Failures

In 1902, the Admiralty had undertaken a thorowgfbrmation of torpedo practice
“to bring this instruction in peace time more olewel with what will be done in waf”
The advent of the gyroscope had eliminated unptalie deflection by the torpedo,
making it more accurate, but it had also introdugedmplicated piece of equipment into
the torpedo, making it harder to care for, ancad kengthened effective torpedo ranges,
making it more difficult to estimate the course apeed of the target. To deal with the
former, the Admiralty issued a series of instrugsi@n gyroscope care and began
developing a safety gear in case the gyroscopedfaiiscussed below. To improve

officers’ ability to estimate target course andexghehe Admiralty instituted fleet torpedo

2 Minute by ADNO, 16 July 1902, G5272/02, PQ/03/23B435; see also his minute of 21 January 1903,
G694/03, PQ/03/2914/36-37.

184



practice, in which vessels fired torpedoes withisioh heads at each otheFleet
torpedo practice was not intended to mimic the @¢aws of actual battle. In 1905, the
maximum range allowed for firing torpedoes in flpedctice was 1,800 yards—not the
longest range which torpedoes could run, and tod $t be a likely battle rande.

The Navy’s first fleet torpedo practices, held B03 and 1904, immediately
confirmed two ideas that had been circulating fdeast a year. One was that the
increase in torpedo ranges meant that a higheeptge of torpedoes would miss their
targets due to errors in estimating target counsespeed. To compensate for this higher
miss rate, more torpedoes had to be firéd.H. J. May had pointed out in 1902, the
lengthening of ranges put a premium on the raterpido fire to make up for missém
1903, the Navy began experimenting with ways togase the rate of fire from the
submerged tubes of large ships. The sequenceddimig a submerged tube was as
follows:

* opening a drain valve to allow water to drain frima tube

* closing a sluice valve at the outer end to preweater from entering the tube
» loading a torpedo into the tube from the inner end

» closing the rear door to prevent water from entgetire ship

» opening the sluice valve to allow water to entertibe

* running a protective bar out from the tube

» firing a torpedo along the protective bar by impytsessure.

To reload the tube, the bar had to be pulled baahd the sluice valve closed. The

purpose of the bar was to protect the rear ofdhgeto from damage: if the torpedo was

% Collision heads were collapsible heads that preagethe bodies of torpedoes from injury upon impact
with a ship.

*Torpedo Manualvol. I11., 1898, parts. I-Il (with 1906 Addenda) (Admitg Gunnery Branch, 1 January
1906), 195-98, Jb 59, AL

“Paper prepared by the Director of Naval Ordnammk Eorpedoes for the Information of his Successor,”
31 December 1903, 16.

® May to President of RNC Greenwich [Montgomerypugust 1902, ADM 1/7617, TNA.
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fired without the bar, it was feared that the cori@ water passing the ship would push
against the front of the torpedo as it left theetuihile its rear was still inside the tube,
thereby straining and possibly damaging the torpeldwing the bar go ouh front ofthe
torpedo instead afith the torpedo was a distinctive feature of the Bhmitsystem. In the
Armstrong submerged tubes (discussed in Chaptanlijjner tube ejected with the
torpedo performed the same protective functiorhadar.

The need to bring the guide bar back in beforsiotpthe sluice valve and
placing a torpedo in the tube slowed the loadinggfiand in 1903, the fleet was asked to
try closing the sluice valve with the guide ball stiit, along with any other time-saving
measures it could think éfReports arrived in 1904The new record-holder, the armored
cruiserCressy beat the previous fleet-wide record of 2 minuated 2 seconds with a
reloading time of 50.75 second# addition to the fleet's work, the Admiralty ocened
a conference in November 1904 to consider the wipodsstion of submerged discharge.
The conference made a number of recommendatiangptove the loading time, some
minor, like increasing the size of the drain valaed others major, like using electricity
rather than a hydro-pneumatic system to run thenband out and a handier “purchase”
for moving torpedoes in the torpedo roothi&ven with the old tube, the introduction of
a new purchase internoris tender for submerged dischargeyious, allowed her crew
to make an average reloading time of 32.4 secbniiside from improvements to the

torpedo rooms, Portsmouth Dockyard submitted seesigns of new tubes, along with

" ARTO3/vi, 46.

8 These are quoted in ART04/45-51.

° An ironic achievement, sinc@ressywould be sunk, along witAboukirandHogue by a single German
U-boat on 22 September 1914.

19 ART04/Appendix H.

1 ARTO05/38.
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one from the Engineer-in-Chief’s Department, and fsam the torpedo schoblefiance

A second conference reported on these designs ynl985, recommending three—
Designs B, G, and J—for further investigatidnn Design B, fitted tdreadnoughtthe
bar was worked by electricity instead of hydro-pmatic power, the side and rear doors
of the tube could be opened and closed simultatgdhe gear for operating the sluice
valve was improved, and the size of the drain valas increasetf By 1907, it had
emerged as the winner, and the Navy had a new sgboh&ube design.

The introduction of fleet torpedo practice alsafooned that the increase in range
made knowledge of the torpedo’s speed more impbr@mmenting on the
Mediterranean Fleet’s practice, Commander in Chdgrhiral Sir Compton Domvile
noted, “the speed of a torpedo ... must be an atedplknown quantity” and would
“remain a grave source of error” if unknowhwhen the speed varied over the range, the
range had to be known in order to calculate theameespeed. So long as ranges were
short, say, within 1,000 yards, the effect of esriorestimating the average speed was
small, but when the ranges lengthened, the effiestrors became large enough to make
it likely that torpedoes would miss their targets.

In 1903, the Royal Navy resumed experiments viighreducer to determine if a
new model would produce more uniform speeds. Indtegid, halving the variation in
the speed of an 18-inch torpedo, and it was appréeall torpedoe$® The effort to
achieve a more uniform speed gained momentum tleeviag year from the re-

establishment of the Torpedo Design Committee, lvmet for the first time in February

2Report of the conference, quoted in ART05/34—36.

13«paper prepared by the Director of Naval Ordnamcetfe Information of his Successor,” 1907, 37-38.
“Domvile to SecAdm, n.d. (but reporting on practieeried out 15 August 1904), quoted in ART04/62.
° ART03/38—41.
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1904 While the proximate cause for the reconstitutibthe Committee was the need
to design a new 18-inch torpedo, the Committee affsoned the desirability of uniform
speeds and suggested appropriate ones for eachdffampedo in service; the tactical
rationale for the speeds it suggested is discussiedv.’

In addition to faster submerged fire and unifopeeds, the gyroscope also put a
premium on new safety measures. If the gyroscajeféor any reason, the vertical
rudders actuated by the gyroscope would lock intiposand steer the torpedo in a circle
back towards the ship that had fired it, turninigib a source of danger to one’s own
fleet. While the Navy worked to eliminate the caiségyroscope failure, it also
attempted to develop safety gear for renderinggtiiescope harmless in case of failtfte.
Vernonbegan experiments along these lines in 1903, witigad a Royal Gunpowder
Factory (RGF) device to sink the torpedo if theoggope steered it too far off course,
and a Whitehead Company device to control the eooifrshe torpedo by automatically
moving the rudders from side to side at regularirals® Although both devices worked
well on some occasions, they caused the gyroscofad ivhen it was working correctly
on others, and were therefore rejected. In liemtwdducing safety gear into the
gyroscope itselfyfernonexperimented with different methods for increadimg turning
circle of torpedoes, the idea being that the lonigetorpedo took to turn back whence it

came, the less likely it would be to strike oneincships in the event of gyroscope

5See PQ/04/3011/229-30. The Committee was establish&514/2226/04 of 6 February 1904.
”Second Report of the TDC, n.d. but submitted 29ustid 904, ART04/134—-36.

18See “Paper prepared by the Director of Naval Orde@nd Torpedoes for the information of his
Successor,” 31 December 1903, 17; ART04/35; ART®5ART06/17; and minutes on G5864/06,
PQ/06/3224/685-86.

19 ART03/45.
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failure 2° After several alternatives failedernonsettled on reducing the size of the
vertical rudders as a temporary solution until tdsene was found.

Finding one took several years. In 1904 and 198Bontried five safety gears,
of which one emerged victorious: Gyroscope SafegiNo. 15 Twelve were issued
to the torpedo schools and seagoing ships foritrid®06 and performed satisfactorily,
but a simpler design, Gear No. 28, was adopte®@8.1only to develop its own flaws in
19097 The search for a gyroscope safety gear contimtedL912, when the adoption of
air-driven gyroscopes made such gear much lessips story is covered in Chapter

6 .23

New Designs: The Last Cold Torpedoes and the Firsteated Torpedoes

At the close of 1902, the most modern torpedogserNavy’s arsenal were the
14" RGF Mark X* and 18" RGF Mark V*, which embodidxbth the promise and the
problems of the previous seven years of torpedeldpwment. They had the latest
gyroscopes, valve groups, engines, and nickel-ate@iasks (distinguishing them from
the Mark X and Mark V), but they lacked enginesigiesd to work with the higher flask
pressures enabled by the use of nickel steel.

The 14-inch Mark XI torpedo, which began to bdthtni1903, was the first to
marry the nickel-steel flask with a new engffi®@epending on the reducer setting, with a

working pressure of 1,700 psi (as opposed to tB&0Lpsi of simple-steel-flask

20 ART04/45-46.

21 ART04/38-40, ART05/28-29.

22 ART06/16; ART 07/16—17 ART08/11; ART 09/19.
2 ART 10/48-49; ART 11/26-29; ART 12/18

24 ART03/47.
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torpedoes), the Mark XI could make around 29 kimt$00 yards and 24.5 knots for
1,500 yards. No sooner was this breakthrough aetigwwever, than the 14-inch
torpedo was abandoned altogether. There were gyobaderal reasons for this step.
First, from 1903 to 1905, longer ranges and higipeieds seemed to be the tactical future
of torpedo development, a trend which the 18-imcpedo, thanks to its larger air flask,
was bound to exploit better than any 14-inch mo8etond, although 14-inch torpedoes
cost less per unit than 18-inch models, eliminatiregtype altogether would have offered
obvious savings. Third, the class of ships thatdeded the 14-inch torpedoes—surface
torpedo boats—were no longer being built, becaes#rayers and submarines, which
carried 18-inch models, could perform their missioore effectively. Finally, in 1903,
the Fiume branch of the Whitehead Company offdnedAdmiralty a promising new 18-
inch modeF In addition to its nickel-steel flask capable efrig charged to 2,134 psi,
the torpedo had a four-cylinder engine which usecdhare efficiently than the Navy’s
service three-cylinder engine. This Whitehead mpdsked into service the next year as
the 18-inch Fiume lll torpedo, capable of makingarm speeds of 32 knots for 1,000
yards and 20 knots for 3,000 yardsSlightly improved versions of these torpedoes
became known as the Fiume IlI* and I11¥*,

While it ordered 100 of the new Whitehead Compangedoes, the Navy was
determined to have a home-grown version. In 1994yersee the development of a new

18-inch model, the Admiralty reconstituted the Tatp Design Committee, which had

% ART03/53-54; “Paper prepared by the Director of &la@drdnance and Torpedoes for the information of
his Successor,” 31 December 1903, 16.

* ART04/41.

2 ART05/19.
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been dissolved in 1898 The Admiralty also asked the Committee to consier
tactical scenarios in which torpedoes would be yaed it wanted the Committee to
design a torpedo especially for use from submafihes

Before it turned to designing a new 18-inch topeatie Committee considered
how to get more speed and range out of existinppdi8torpedoes without dramatically
changing the engines or air flask<One of the methods it pursued was heating the air.
This was the first indication of British interesttorpedo heating since the Admiralty had
rebuffed the Bliss Company’s offer to sell its sugater in 1901. The Committee
proceeded along lines very different from the Bfigperheater. One of its ideas was to
introduce a long coil in contact with the surrourglocean-water through which the air
had to pass before it entered the engines, thebieieg that the water would warm the air
as it passed to the engirfég.he other was to introduce a superheater betweseait
flask and the engine, in which a substance calledit would be ignited and heat the
passing air. The coil added a half-knot of speest dy500 yards, while the thermit
increased the amount of work done by the engin®bghly 10%°2 Since either heating
method would have taken time to develop for ugernpedoes on a large scale, the
Committee recommended charging air flasks to adrighessure as the only way to get
higher speeds quickly.

Accordingly, in 1904-1905, the Admiralty raisediac pressures from 1,350-

% Minute by DNO, 12 January 1904, G514/04, PQ/04/8229-30.

295ecAdm to CINC Portsmouth, 6 February 1904, PQUUXIR30.

%0 First Report of the TDC (with 6 appendices), it submitted on 29 August 1904, ART04/121-33.
31See Appendices E and F of the TDC's report.

2| found no documentary trail for these two avenofesxperimentation, despite the Committee’s request
to continue working on them. Some trail undoubtetlisted, if only consisting of an Admiralty order
discontinue experiments.
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1,400 psi to 1,600 psi for torpedoes with simpkekair flasks (14-inch RGF Marks IX-
X and Weymouth I, and 18-inch Marks 1*-V) and frdgv00 psi to 2,000 psi for those
with nickel-steel air flasks (14-inch Marks X*-X18-inch Mark V*)33 These changes
enabled the nickel-steel 14-inch Mark X* and Xkid two knots to their speeds at
1,000 yards; or, if the extra pressure was put tdsveange rather than speed, it enabled
18-inch torpedoes to make nearly the same spee@s0@0 yards as they had for 1,500
yards.

Raising the action pressure of older torpedoesesasntially a stop-gap measure,
however. The Admiralty also asked the Committeeotasider two possibilities for an
altogether new design: one with a stronger engmaehagher flask pressure, but of the
same dimensions; and the other with a greater bvenath, due to a longer flask. After
ensuring that a longer torpedo could be efficiedtscharged from the Navy's torpedo
tubes, the Committee informed the Admiralty thadréferred to design a longer torpedo
so that the extra air could be used to increasephed or the rangélts proposed Mark
VI torpedo would be a foot longer than the Markawgrk at 2,000 psi instead of 1,700 psi,
and have the Navy'’s first four-cylinder torpedo ieeg The Committee expected it to
make 33 knots over 1,000 yards and 23.75 knots 3080 yards, as compared to 28.3
and 20 knots, respectively.

Two experimental torpedoes were built to the Cottaas design and tested in
1905, along with six different four-cylinder engit@ The RGFVernon and the Torpedo

Design Committee all reported on the tests. ThgdoMark VI torpedoes did not meet

33 ARTO04/vii, 53; ARTO05/x, 30-31. Raising action presss meant that more air would be pumped into the
air flask.

% Third Report of the TDC, n.d. but late 1904 or 41905, ART04/141-43.

% See ART05/21-26.
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expectations regarding speed, though they wetdaster than the Mark V* torpedo,
making 23 knots for 3,000 yards and just over 2@tkifor 4,000 yards. The Committee
did not consider the moderately higher speed ofahger torpedo to be worth
complicating the stowage and loading arrangemesfcially since experiments with
new superheaters had shown that they could actheveame advantages without the
disadvantages associated with increasing the lefiggnAdmiralty therefore decided to
build the Mark VI torpedo to the same length avjmes models, correctly anticipating
that it would be the Navy’s last unheated 18-irmipédo. Manufacture of the Mark VI

began in 1905.

The Brotherhood, Armstrong, and Hardcastle Systemand the Changing Supply
Base

At this time, there were three prospective soucdesiprovement in British
torpedoes: two involving superheaters, and onelvitwgp an internal combustion engine
(as opposed to the existing external combustioimehgrhe latter was being developed
by the Brotherhood Company, which built the engiioedVhitehead torpedoes. One
superheater was being developed by the Armstromgp@ay, the great armaments firm,
and the other by an officer in the Royal Navy nai8gdney Undercliffe Hardcastle.
Reconstructing the story of these three lines géligment is extremely difficult. The
extant documentary record is thin. Moreover, whti¢ Isurvives must be treated with
extra care, because it was largely generated indbese of subsequent litigation, the
likely effect of which was partisan distortion. @rdevelopment of this importance, huge

volumes of paperwork must have passed through dmeiralty Secretariat—and yet
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there is almost no trace of superheaters in ADhd Admiralty Secretariat files at The
National Archives. This striking absence could be dntirely to the normal archival
“weeding” process; more likely, it is due both twrmal weeding and to targeted weeding
of papers that would have embarrassed the Admifadigcovered during litigatiof®
The relevant corporate archives are also disappgirthough occasionally helpful.
Given these archival limitations, the origins afifstrong’s work on superheaters
are murky. The earliest known date for Armstrongielvement is November 1904,
when it applied for its first superheater paternB (£5,003/1904), but its work on
superheaters must have begun some time befordthatpatent, filed under the name of
William Horace Sodeau, the Armstrong engineer wheas-headed the company’s
torpedo work, was for an inside dry superheatengsglchief point of difference from the
original Bliss-Leavitt superheater was the use séeond fuel tank to better control the
rate of fuel feed. In February 1905, Sodeau appbed second and much more novel
patent (GB 3,495/1905), describing an outside (@hastill dry) superheater—but this
patent was not accepted and published until Fepl@06, a noteworthy delay. In April
1905, Armstrong signed an agreement with the AmaarBliss Company in which the
latter agreed not to contest Armstrong’s efforttate out American superheater patents
in return for the Armstrong Company giving Blisg thmerican rights for any
improvements made to the superheater. This agrdegaea the Armstrong Company
access to the American market.

In September 1905, the Torpedo Design Committgedean Armstrong

% The Admiralty appears to have carried out jushsaitargeted weeding of papers related to guniirery
control for the period 1910 to 1914, when it inf&d Arthur Pollen’s patents (see Norman Friedman,
Naval Firepower: Battleship Guns and Gunnery in Breadnought ErgdAnnapolis: Naval Institute Press,
2008), 297n21.).
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superheater in an 18-inch RGF Mark IV torpéd@he device used on this occasion was
an inside superheater, probably similar to theaowered by patent 25,003/1904,
notwithstanding that Armstrong had applied to pagmoutside superheater several
months earlief® Despite its relatively primitive design, the insisuperheater added 6
knots in speed when the torpedo was set to ruereltfo00 or 2,000 yards, and it nearly
doubled the range for a given speed. “[N]o timeusthde lost in carrying out further
experiments,” the Committee advised, since theagewiarked “a new era” in torpedo
development and would “probably be shortly in thads of all foreign Governments.”
The government should undertake its own develop@ievioolwich, under the
supervision of a specially designated officer toyathe pace. The Admiralty should also
reach an agreement with Armstrong “so that modifices and improvements found
necessary may not be immediately made common gyoped that the benefits of early
experiments with this apparatus may rest with eavise.”® In this instance, the
Committee’s realization that new legal instrumemése needed to deal with command
technology was very quick.

Whether and how the Admiralty acted on that rediln is unclear, however,
because the relevant records have disappeared.ld$®is most unfortunate, because
this episode represented an important moment ie\beition of the military-industrial

complex in Britain. The officer assigned to overdegelopment of the Armstrong

%" These were probably the experiments promised ifi A04/54 and mentioned in ART 1905/x, and they
occurred more than a year before the better knogarénents with the Armstrong heater in Japanese
torpedoes.

% The fact that it was an inside superheater isstated but can be inferred from the Committee’sresfce

to “the use of fuel in [as opposed to outsidejvaissels” (Briggs to Jellicoe, 27 September 1905737257,
TNA), and from the distinction it drew a week labstween the Armstrong superheater and Hardcastle’s
outside superheater (Briggs to Jellicoe, 5 Octd9e5, T 173/257, TNA).

39 Briggs to Jellicoe, 27 September 1905, T 173/BVA.
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superheater was Lieutenant T. J. Croker, thentathto Vernon. Croker had taken out a
secret superheater patent himself in 1904, an@®7 he would be re-assigned as
Hardcastle’s assistant. Clearly, the situation maes for the informal exchange of
information between the public and private sectibmspuld be very interesting to know
whether it occurred and how the Admiralty dealtwit

At almost exactly the same time that the Admiralgs testing the Armstrong
superheater in Weymouth, Hardcastle, then statiah&hatham, came up with his own
idea for a superheater. While it is clear thatfthal version of the famed Hardcastle
superheater did not spring fully formed from hisachin fall 1905, lack of archival
materials make it very difficult to establish jugten the various steps that led up to his
final conception did occur. Certain facts are ¢laawever. In December 1904, then-
Engineer Lieutenant Hardcastle was transferredhatitam Dockyard to care for and
maintain torpedoe®. Sometime during 1905, and not as part of his iaffiduties, he
began thinking about superheaters. In the falla@fs] he gave a description of his idea—
the exact contents of which came to be hotly desghtfor an outside superheater to the
officer who supervised torpedo care and maintenabh@hatham and Portsmouth. This
officer, Captain Gibbs, took Hardcastle’s descaoptio the Torpedo Design Committee,
which considered it at a meeting on 4 October 1988. Committee found Hardcastle’s
idea sufficiently promising to recommend that hdrbesferred td&/ernonand given an

assistant to develop the superheater further,taaldd recommended that he take out a

“? Transcript of proceedings in Hardcastle’s RCAlrol§hereafter Hardcastle’s RCAI claim], p. 5, T
173/649, TNA.
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secret paterit: The Director of Naval Ordnance (John Jellicoe)fyvapproved both
recommendations. On 18 October, Hardcastle apfoiea secret patent (GB
21,176/1905), and on 22 October, he arrivedeahon*” Thus only a few months passed
between Hardcastle’s first ideas and his transf&etnonto devote himself to the
subject—hence the importance of the document tii#iszcarried with him to the
meeting of the Torpedo Design Committee on 4 Oct@B85, and of Hardcastle’s patent
application, in establishing what Hardcastle knexd @hen he knew it.

Hardcastle was deliberately vague in both docuspemd he had reason to be. I
was very careful not to put too much through tHeef at Chatham dockyard to give to
Gibbs, Hardcastle later testified. “There was agéam putting too much through the
office,” and it was “very desirable” not to mentianything more than was necessary to
obtain a secret patefitHardcastle was not alone in fearing that his ideasld be stolen
if he committed them to paper. In 1906, an intgradtmental committee charged with
investigating the status of inventors in governnsamvice reported that the requirement
of passing an invention through a long channebofimunication in order to obtain
patent protection “is apt to arouse the suspiciath® inventor that the nature of his
invention may be divulged before he has obtainetiegtion.** Naval officers in charge

of the Chatham, Devonport, and Portsmouth dockydratsked by the captain Wérnon

“1 Briggs to Jellicoe, 5 October 1905, T 173/257, TNA

“2 Jellicoe to Briggs, 7 October 1905, T 173/257, TNA

3 Examination of Hardcastle by Moritz, 4 April 19 ardcastle’s RCAI claim, p. 37; re-examination of
Hardcastle by Moritz, 4 April 1927, Hardcastle’s Rlaim, p. 76, T 173/649, TNA.

4 “Report of the Inter-Departmental Committee Appiethto Consider the Regulations as to the Takirig ou
of Patents by Officers and Subordinates in Govemrienployment, with Appendices, 1905-06,” 30 April
1906, p. 5, WO 32/5080, TNA.
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agreed that the existing regulations discourageehitors?> Hardcastle’s reluctance to

commit his ideas to paper at this stage, whichr ladenpered his attempts to establish
when he had conceived the various components afvestion, was by no means an

irrational fear.

The procedure for seeking patent protection favtinedyjovernment instead of the
inventor, and the provision of secret patents wasspecially powerful tool. Going back
to the seventeenth-century Statute of Monopollesgtanting of patents in Britain was a
matter of crown prerogativ&.By implication, what the crown could give, the oro
could interfere witH.” Without this principle, any parties besides theeittor and Patent
Office examiners might reasonably have been exdlfiden viewing the patent
application between its deposit and acceptancal{fsg); with it, government
departments had the justification they needed écapplications during the review period.
The government classified the first secret paterdi855, under the Patent Law
Amendment Act of 18528 The somewhat murky provisions of the 1852 actndigg
secret patents were put on more explicit footintpwhe Secret Patents Act of 1859, and
retained in the Patents, Designs, and Trade Macks @ 1883"° By keeping a patent

secret, the government could date its claim torghscovery in the case of future

> Appendix VI (“Précis of remarks by Admiralty offas on the working of the existing regulations”),
“Report of the Inter-Departmental Committee Appethto Consider the Regulations as to the Taking out
of Patents by Officers and Subordinates in Govemraenployment, with Appendices, 1905-06,” 30 April
1906, WO 32/5080, TNA.
“6T.H. O'Dell, Inventions and Official Secrecy: A History of Séétatents in the United Kingdo(@®xford:
Clarendon Press, 1994), 9-10.
*" This principle was given statutory codificationtire Patents, Designs, and Trade Marks Act of 1863
& 47 Vict. c. 57), Section 27. See Jan \&gk, A Survey of the Principal National Patent SystéResw
York: Prentice-Hall, 1936), 102.
“8 O'Dell, Inventions and Official Secrec#. The patent was for the “Application of Inceanyi Materials
to be used in Warfare.”
9 0'Dell, Inventions and Official Secrec§—22; Vojéek, A Survey of the Principal National Patent
Systems99-104.
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litigation, without divulging the contents of itssdovery. In effect, secret patents
combined two incompatible forms of protection: wagkcrets and patents. Trade secrets
derive protection from non-publication (but sacefiproof of prior discovery), while
patents prove prior discovery (but sacrifice segrddterally a contradiction in terms,
secret patents allowed the government to havelks and eat it tod

Roughly a month after Hardcastle arrived/atnonto work on his superheater,
the Torpedo Design Committee met to consider thid time of torpedo development in
Britain: the new Brotherhood engine. Judging frive €Committee’s laconic description
of “a torpedo engine in which carburetted air ipleded in the cylinders,” Brotherhood’s
design was not for a superheater but for an intesrabustion enging. The Committee
recommended that Brotherhood should be approachi¢id & view to obtaining
exclusive rights as the invention promises to beawisiderable value,” and that the
officer already designated to work on the Armstrsangerheater (Lt. Croker) take on the
Brotherhood engine as wéfl Brotherhood had already applied for a patent t@cthe
internal combustion engine, but it had not yet beellishec?® The Admiralty reached

an agreement with him to keep the patent secretapdy royalties per engine linked to

0 «patent” comes from the Latipatens meaning “open,” so “secret patent” means “segpen thing”—
which is nonsense.

*1 Briggs to Jellicoe, 1 December 1905, T 173/257ATBodeau’s and Hardcastle’s superheaters were
designed for external combustion engines: bothrtixéure of the fuel and air and combustion occuired
the combustion chamber, which was external todhgetlo engine. In Brotherhood’s design, the fuel an
air were mixed in the carburettor, but combusti@xglosion”) did not occur until the mixture wasside
the engine.

52 Briggs to Jellicoe, 1 December 1905, T 173/257ATN

%3 The number of the secret patent is unknown (Irgingd to track it down), but it should not be cosédl
with Brotherhood’s public patent 6,789/1905, applier in March 1905 and accepted in March 1906sThi
latter patent was for use with superheaters aretmeatt combustion engines, and it was primarily eoned
with controlling the rate of the fuel feed into tfexternal) combustion chamber.

199



the increase in energy achieved by the superh¥ater.

While Armstrong, Hardcastle, and Brotherhood wdrke their inventions, a
major change in the Navy’s supply base occurredatastrophically short order, the top
leadership of the Whitehead Company died: John &kibad, Robert’s son, in 1902;
Count George Hoyos, Robert’'s Austrian son-in-lam1905; Robert himself in 1905; and
E. P. Gallwey, the director of the Weymouth factanyl906. The Armstrong Company
had been angling to enter the torpedo market foresiime: the board of directors
appointed a committee, chaired by Henry Whiteheaelative of Robert), to deal with
the question of buying the Whitehead Company ie 1805>° Alas, “the Whitehead
interest is in so many hands, and what is worsd ofdeem ladies,” Henry reported,
“that | see little chance of their coming to reaaiole terms.*® Admiralty involvement
seems to have broken the logjam. Learning that\thiéehead Company was up for sale
and fearing that it would fall into foreign hantlse Admiralty summoned Sir Trevor
Dawson, an executive at Vickers, the armamentsdimchArmstrong rival, late one

evening in 1906, and asked him to buy ithe Admiralty made a similar approach to

>4«paper prepared by the Director of Naval Ordnamu Eorpedoes for the information of his Successor,”
1907, 37.

%> Board minutes of 16 November 1905 and 18 Janu@0$,1Accession 130/1267 (Minute Book #2), T&W.
On the family relationship between Henry (“Harrgid Robert, see Saxton Noble to Albert Vickers, 30
November 1910, Microfilm R306, VA.

*¢ Henry Whitehead to Rendel, 25 January 1906, Adme$l/7269, MF 1076, T&W.

" This story comes from a poorly understood manpserititied “The Whitehead Torpedo Companies” in
the Vickers Archive. The Archive actually contatms copies of this manuscript. One is to be found i
Document 771, mis-dated as 20 February 1935 andmdted to V. F. G. Pritchett. The other copyois

be found in Document 57, Folder 47, giving the ecridate of 21 February 1935 and the correct aathor
J. P. Davison, who was then the director of theMéayth branch of the Whitehead Company. In 1935,
Vickers was hauled in front of a Royal Commissionamms manufacturing, and the firm’s central office
asked Davison, among other subsidiary directorputdogether histories of their companies forinse
preparing testimony. “The Whitehead Torpedo Comgstnivas Davison’s reply. According to the
manuscript, Dawson told the story of being summadoetie Admiralty at a company gathering in
Weymouth on 24 February 1931. J. D. Scott, thehemst of Vickers who was given privileged accesiggo
papers, reported the storyVtkers: A History(London: Weidenfeld and Nicolson, 1962), 83—84hwiit
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Armstrong®® Sometime between January and May 1906, Vickers\amgtrong reached
an agreement to purchase control of the Whiteheadp@ny:® Vickers and Armstrong
each took 184 shares (or 368 total) of the 735eshiarthe Whitehead Company, leaving
367 shares in the hands of the Whitehead familg. durchase price for 184 shares was
roughly £200,000, or £1,087 per sh&t@he new owners registered the Weymouth
branch as a separate company (“Whitehead Torpedks\Wad.”) under English law on

1 January 190%

Armstrong’s purchase of the Whitehead Company p#vedvay for a long-
running patent battle with the Admiralty. In Felbnwa906, Sodeau’s patent 3,495/1905
was granted, and in April 1906, Hardcastle’s padn176/1905 was granted. Since both
patents were important in their own rights, andAhastrong Company would later
charge Hardcastle with infringing Sodeau’s patems, worthwhile to compare the two.
Sodeau’s dry outside superheater was an improveomelnéavitt's original patent for a
dry inside superheater. In addition to moving costimm out of the air flask, Sodeau
made the rate of feed of the fuel into the comleasthamber constant, and he made the
rate of feed of air, on the one hand, and of foelthe other hand, into the combustion
chamber maintain a constant ratio. For air andtmélbw into the combustion chamber,

the pressure within the combustion chamber neemlbd tower than the pressure acting

explaining the provenance of the story. Gray subsetly repeated the storyithe Devil's DeviceThe
Story of Robert Whitehead, Inventor of the Torp@smapolis: Naval Institute Press, 1991; first et&75),
176-78, having consulted (according to his statémerecords consulted) the version of “The Whitsthe
Torpedo Companies” dated 20 February 1935, andowitimentioning Scott's work.

%8 Gray, The Devil's Devicel76-78.

%9 The purchase was discussed at an Armstrong boaeting on 17 May 1906; see Accession 130/1267
(Minute Book #2), T&W.

0 Armstrong board minute of 17 May 1906, AccessiB/1267 (Minute Book #2), T&W

®1 The registration papers can be found in BT 31/27®5493, TNA.
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on the air and the fuel. Sodeau used a sprayaomoize the fuel entering the combustion
chamber, which required the pressure forcing tleéthrough the sprayer to be
“markedly higher” than the pressure within the caistion chambe¥ By contrast,
Hardcastle used something known as the “swirlehitiv projected the air into the
combustion chamber in the shape of a spiral cuaedtthe fuel in the shape of a contra-
rotating spiral current, such that the collisiortled two oppositely “swirling” currents
atomized the fuel. Whereas Sodeau needed a “mapkedsure differential to force the
fuel through the sprayer, Hardcastle needed o= yrttmimum differential required to
“pull” the fuel into the combustion chamber. Thérences to a “sprayer” and to a
“marked” pressure differential came to be at tharhef subsequent litigation between
Armstrong and the Admiralty.

While the battle-lines for a future patent dispwiere being drawn, the inventors
continued to work on their inventions. AccordingHardcastle’s log-book, he first used
water with his superheater in December 1905, twathmafter his arrival afernon®® In
January 1906, Hardcastle claimed, he showed hisugerheater to the captain of
Vernon® In July, Hardcastle submitted provisional speaiiiens for his patent
16,929/1906. The provisional specifications, whiontained several important

differences from the complete specifications suteditn February 1907, covered

Hardcastle’s efforts to adapt his superheater tkwath paraffin oil (kerosene) as a fuel

62 GBP 3,495/1905, Claim 1 (Line 16).

83 Examination of Hardcastle by Moritz, 4 April 192#anscript of proceedings in Hardcastle’s RCAI
claim, p. 39, T 173/649, TNA.

% Hardcastle to Gamble, 29 September 1908, enclosddrdcastle to Robertson, 15 April 1926, T
173/257, TNA.
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rather than alcohdf In August, Hardcastle carried out trials of hipestheater in an 18-
inch RGF Mark IV torpedo. The purpose of thesdgneas to test the ability of the
engine to withstand heated air, and the superhaagef for them was the one described
in Hardcastle’s patent 21,176/1905—a dry superheatdich still added 3 knots to the
Mark IV torpedo for 1,000 yard¥.In October 1906, Hardcastle later claimed, th fir
range trials of a wet version of his superheateuoed, but they were not successful,
due to the torpedo running into the sh&frelardcastle believed that the culprit was the
hanging-up of the engine’s piston valves, and bgdb@er 1906, he had invented a
double-beat valve to replace them. At the same, tittaedcastle submitted the first
drawing of a wet superheater whose date both heten@idmiralty later accepted The
captain ofVernonwas sufficiently impressed to recommend Hardcastassignment to
the RGF, which had better faciliti&$Hardcastle moved froivernonto the RGF in
January 1907, where he began to fit his wet supgehé& an 18-inch Fiume 1l torpedo
and to an 18-inch RGF Mark VI torpedb.

As Hardcastle moved from an outside dry superhéatamet superheater, the

Armstrong Company was moving from an inside to atside dry superheater. In

® Hardcastle to Briggs, undated but c. 29 Augus61@@closed in Briggs to DNO, 29 August 1906, T
173/257, TNA.

% See Briggs to DNO, 29 August 1906, T 173/257, TNArdcastle’s RCAI claim, pp. 69-71, T 173/649,
TNA. In the papers before the RCAI, an undated meppHardcastle was enclosed in the letter of 29
August 1906 from Briggs to DNO; both parties to thesm seem to have accepted that Hardcastle’'strepo
concerned these August trials.

%7 See Hardcastle to Gamble, 29 September 1908,s=ttln Hardcastle to Robertson, 15 April 1926, T
173/257, TNA, and re-examination of Hardcastle byritz, 4 April 1927, Hardcastle’s RCAI claim, pp.
77-78, T 173/649, TNA.

% For the Admiralty’s acceptance of the date, seéahlbad’s cross-examination of Hardcastle, 4 April
1927, Hardcastle’s RCAI claim, pp. 71-72, T 173/6ANA.

% Hardcastle to Gamble, 29 September 1908, enclosddrdcastle to Robertson, 15 April 1926, T
173/257, TNA. This letter refers to a letter fromdgjs to Jellicoe dated 17 December 1906, which beay
refer to the letter of that date which also appeais173/257, TNA.

" Hardcastle to Gamble, 29 September 1908, enclosddrdcastle to Robertson, 15 April 1926, T
173/257, TNA.
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December 1906, the Company invited Admiralty repnégtives to witness trials of its
newest superheater in a torpedo being built foddpanese navy. Whereas the
Armstrong superheater used in an 18-inch RGF Méoitpedo in the September 1905
trials was an inside version, probably conformindtmstrong’s patent 25,003/1904, the
superheater in the Japanese torpedo—an 18-incheRilitgpe, incidentally, no doubt
reflecting Armstrong’s recent purchase of the Wieid Company—was an outside
superheater, probably conforming to Armstrong’€ptB,495/1905. The outside
superheater added 10 knots to the speed of thedoffor 1,750 yards, as compared to a
6-knot increase for 2,000 yards for the inside sugeter’’ Although the Armstrong
Company had permitted the Admiralty to assign dicexf (Lt. Croker) to oversee
development of its original inside superheater,Goenpany kept the development of its
outside superheater very secfehccordingly, the captain of Vernon recommended tha
Croker be reassigned from working on Armstrong8de superheater to assist
Hardcastle at the RGEThe Armstrong Company also dealt cautiously wimew

partial subsidiary, the Whitehead Company, whendtier expressed a desire to become
the sole owners of the Armstrong outside supernéatdter some discussion, the
Armstrong Company decided not to sell the supeeneattright but instead to charge
royalties on it’®

From the RGF, in February 1907, Hardcastle fileldomplete specifications for

his patent 16,929/1906. Unlike the provisional #jations, the complete version

"L ART06/24-25.

2 Briggs to Jellicoe, 17 December 1906, T 173/23VAT

3 Briggs to Jellicoe, 17 December 1906, T 173/23VAT

" Armstrong board minute of 24 January 1907, Acces$B0/1267 (Minute Book #2), T&W.

S Armstrong board minutes of 10 April and 3 July Z98ccession 130/1267 (Minute Book #2), T&W.
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described a wet superheater. His was actuallygbersl patent for a wet superheater in
Britain—two Austrians, Johann Gesztesy and Julars Retravic, had left complete
specifications for a wet superheater (patent 713818) in September 1906—but no
litigation resulted. The complete specificationsHardcastle’s patent 16,929/1906
described two possible constructions for pre-heatue fuel before it reached the
combustion chamber. In the second constructiond¢#estle provided for the injection of
water into the combustion chamber “[t]o preventessive temperatures”—not to add to
the volume of the working fluid, a related but tfist purpose. Hardcastle did not
explicitly claim his use of water as a novelty,ulgh he may have intended to cover it
with his claim to the constructions he described.

In June 1907, the Admiralty began planning contpettrials of the Armstrong,
Hardcastle, and Brotherhood systefhilardcastle ran his wet superheater in an 18-inch
Fiume IlI** torpedo in July and in an 18-inch RGFRalk VI* torpedo in October 1907.
The other two systems were tried sometime durirgggériod as well, Armstrong’s in
two Fiume llI** torpedoes (one converted and ongppse-built) and Brotherhood’s in a
Mark VI* torpedo’’ Hardcastle’s Fiume 11I** torpedo made 33 knots 30000 yards,
and his Mark VI* torpedo made 35 knots for 3,00€dga both with considerable air
remaining (meaning that they could have gone faxtfié\rmstrong’s heated Fiume I11**
torpedoes, with little difference between the cotestand purpose-built models, made
roughly 36 knots for 2,000 yards and 32 knots {008 yards, as compared to roughly

27.5 knots and 20 knots for cold versions of theeséorpedoes, meaning that the heater

® Briggs to Jellicoe, 13 June 1907, T 173/257, TNA.

" ART07/25-30, ART08/18.

"8 Hardcastle to Gamble, 29 September 1908, enclosddrdcastle to Robertson, 15 April 1926, T
173/257, TNA.
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added roughly 8—10 knots in sp€édrmstrong’s performance for 3,000 yards was close
to Hardcastle’s performance with a Fiume [II** teqo, but significantly worse than
Hardcastle’s performance with a Mark VI* torpeddeTirials of Hardcastle’s superheater
in the Mark VI* torpedo were not complete, howeard the Whitehead Company was
prepared to guarantee 40 knots for 1,000 yards3ariahots for 3,000 yards using
Armstrong’s superheater, substantially better granof the Navy’s cold torpedo&S$.
Accordingly, the Torpedo Design Committee recomneehithat 50 cold torpedoes—46

Fiume llI** and 4 RGF Mark VI*—be converted to takee Armstrong superheaftr.

Procuring Heated Torpedoes

In October 1907, based on the completed trialb®frmstrong superheater and
the ongoing trials of the Hardcastle superhedterAssistant Director of Torpedoes,
Bernard Currey, wrote a minute which set the coafghe Admiralty’s procurement
policy for heated torpedoes for the next two ye'dtss needless to point out the
enormous value of large increase in speed to tipedo for use in destroyers or
submarines,” Currey reminded his colleagues.

Every knot of increase renders speed and coursearhy less difficult to allow

for, and therefore deliberate avoidance of the gnexore hopeless.

For our large ships, increase of range of the ttopeill be a valuable
addition, since it will tend to prevent close antiand, therefore, accentuate
gunnery skill. Moreover, with numbers of ships lose formation the target even
at 4,000 yards is by no means a small one.

At all events, it is necessary for us to be intae of all improvements in
torpedo warfar&?

9 ART06/23.

8 Gamble to Jellicoe, 28 October 1907, T 173/257ATN

81 Gamble to Jellicoe, 28 October 1907, T 173/257ATRhese were the 50 Fiume I1I** torpedoes referred
to in ART 07/30.

82 Minute by Currey, 22 October 1907, G16396/07, P(3845/156-57.
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He therefore submitted that the Navy request mdéoetvo purposes. One was to
convert 100 of the Navy’s present cold torpedodsetated torpedoes capable of making
the longest possible range at 35 knots so as troharied seagoing experience.” The
other was to construct six new heated torpedoes—ebrb for the Armstrong, Hardcastle,
and Brotherhood systems—capable of making 50 katats000 yard&®

The Director of Naval Ordnance, John Jellicoeregty backed the Assistant
Director of Torpedoes. “I am most anxious to obtgaproval” for Currey’s
recommendations, Jellicoe wrote.

It is impossible to over emphasise the enormou®itapce of a very fast torpedo

for our destroyers, and it is unnecessary to darethe tactical importance of

long range torpedoes for the Fleet. | fully reatisat the experiments are not final,

but they should be pushed on with great energymi¥st take the lead in this

matter, and allow no one to be on the same leveleselves?
John Fisher, the First Sea Lord, “fully” concurradd the policy was approved.

Accordingly, for fiscal year [FY] 1907/08, the Nawydered the conversion of 29
RGF Mark VI* torpedoes to take the Hardcastle sheater, plus the construction of the
six experimental torpedoes recommended by the tassiBirector of Torpedoes; and for
FY 1908/09, it ordered the conversion of anotheRGF Mark VI* torpedoes to take the
Hardcastle superheater, plus 50 Fiume III** torpegito take the Armstrong superheater
recommended by the Torpedo Design Commfttdéhese were the only Fiume I11**

torpedoes converted to the Armstrong superheaferédothe Hardcastle superheater so

decisively proved its superiority that the Admiyattrdered conversions of only RGF

8 These six torpedoes must be identical with theviixk VII torpedoes mentioned in ART 08/7 as being
carried over from FY 1907/08.

8 Minute by Jellicoe, 22 October 1907, G16396/07/02(3345/156-57.

8 ARTO7/30.
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Mark VI* torpedoes to the Hardcastle superheatéhénfuture®® Because the weakness
of the engines prevented converted torpedoes fmingdaster than 37 knots, the
superheater was used to increase their range tatetheir speed, and they were
allocated to ships rather than torpedo craft, whiebded higher-speed torpeddes.

The drop in torpedo orders while the Admiralty ddesed its procurement policy
hurt private industry. Having purchased more thé@d rpedoes in FY 1905/06, and
more than 550 in FY 1906/07, the Admiralty ordejiest 113 in FY 1907/08
Armstrong, the new owners of the Whitehead Complaegnly felt the decline. In April
1907, the manager of the Weymouth works informedAtimiralty that he would have to
disband his labor force unless the Admiralty placedte order§® In May, the Armstrong
board learned that the Weymouth works had receanggla quarter of the previous
year’s previous orderS.Weymouth'’s first order from the United States, 30rtorpedoes,
eased but did not overcome the crisis resultinmftioe lack of British order¥. By the
next year, the situation still had not improved muend the Armstrong board discussed
the gloomy outlook at a meeting in June 1898wo weeks after the board meeting,
Armstrong informed the Admiralty of its belief thdardcastle’s patents infringed
Sodeau’s® The timing of this bombshell supports Hardcastketsr contention that it

was a ploy to pressure the Admiralty into ordemmgre torpedoes from the Whitehead

8 «paper prepared by the Director of Naval Ordn&ioc¢he Information of his Successor,” 1909, 22.
87 Minute by DNO, 29 February 1908, G3264/08, PQ/8963157-58. See also ART08/18 on allocation
policy.

% ART 05/12, ART 06/8, ART 07/8.

89 | ees to SecAdm, 13 April 1907, enclosed in Leeslbert Vickers, 13 Apr 1907, microfilm M306, VA.
% Armstrong board minute of 30 May 1907, AccessiB6/1267 (Minute Book #2), T&W.

1 Armstrong board minute of 25 July 1907, Accesdi86/1267 (Minute Book #2), T&W.

2 Armstrong board minute of 18 June 1908, Acces$RB11267 (Minute Book #2), T&W.

% This letter, dated 2 July 1908, was not found,ibistdated and described in a minute by the Dinecf
Contracts, 17 October 1908, CP Patents 229, quotdmiralty Awards Council, Report 26, “Award to
Engineer Lieutenant S. U. Hardcastle, R.N.,” ADM624 TNA.
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Company*

The Admiralty’s relationship with its other torpedopplier—the War Office,
which ran the RGF—was also changing. In 1903, dube lack of ranges long enough
for adjusting future long-range torpedoes, the Adity began planning for a new range
near the great dockyard of Chatham, on the east cear the Thames estuary, which
would have been much closer to the RGF at Woolwieln the existing RGF range on
the south coast at PortlafitiThe price tag of £700,000 for the Chatham range tea
high for the Admiralty, however, and it began skarg for another locatioff. It found
one slightly to the northwest of Glasgow in LocihngoOwing to the distance from
Woolwich, and to the desirability of taking contadlnaval ordnance from the War Office,
the Admiralty decided to build a new factory in tiearby town of Greenock along with
its new rangé’ The coincidence of the factory idea with the afriof Fisher as First Sea
Lord was undoubtedly no accident, but part of RisHeng-running effort to secure
control of naval ordnance for the Admiralty. Duediglays in transporting machinery to
the new factory and in securing housing for work#rs new Royal Naval Torpedo
Factory (RNTF) did not begin producing torpedoes! late 1910 or early 191%.

Notwithstanding this industrial dislocation, trimgHardcastle’s wet superheater

% Hardcastle to SecAdm, 22 November 1922, enclaséthidcastle to Robertson, 15 April 1926, T
173/257, TNA.

% “paper prepared by the Director of Naval Ordn&océhe Information of his Successor,” 31 December
1903, 18.

%«paper prepared by the Director of Naval Ordnameetfe Information of his Successor,” 1907, 42.
’“paper prepared by the Director of Naval Ordnameetfe Information of his Successor,” February 1905
22; “Paper prepared by the Director of Naval Ordaresgior the Information of his Successor,” 1907, 42.

% See the undated article “Clyde Torpedo Factomygfass of Work at Greenock. Difficulties regarding
Housing,” and Acklom, “Notice. Transfer to Greendgdk September 1910, in SUPP 5/177, TNA.
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in the RGF Mark VI* torpedo were completed in Feu1908>° Hardcastle took out a
third secret patent (GB 27,347/1908) in Decemb@81%hich described his mature
system. The heart of this patent was the combustiamber, which Hardcastle termed
“a special continuous pressure fluid generatorfheny ways, it was similar to the
combustion chamber described in patent 16,929/18@6)nlike the earlier patent, which
mentioned water injection almost as an after-thoagi solely in the context of reducing
temperatures in the combustion chamber, patené2/1,808 emphasized water injection,
in the context not only of reducing temperatureisdtso of increasing the volume of the
working fluid in the engine. It retained Hardca'stidea of a “swirler” for helping to
vaporize the fuel and air from both of his earpatents.

Yet again, lack of documentary evidence unfortugdtampers precise dating of
the Admiralty’s commitment to the Hardcastle supeatbr. Since the official trials of
Hardcastle’s wet superheater in the RGF Mark Vip&alo were not completed until
February 1908, the Admiralty must have been vetyrogtic indeed to have ordered the
conversion of 29 Mark VI* torpedoes in late 1907 kY 1907/08'%°° The performance of
the Hardcastle superheater fully justified its edemnce, taking the RGF Mark VI*
torpedo from a cold 20 knots to a hot 34.25 knot4{000 yards, nearly a 15-knot gain
in speed, and roughly 10 knots faster than the &ong superheater’s 24.5 knots for
4,000 yards® The Admiralty’s order of only 12 more Mark VI* tpedoes for FY

1908/09, placed after the trials had been comfiteteeveral months, reflected not a lack

% Hardcastle to Gamble, 29 September 1908, enclasddrdcastle to Robertson, 15 April 1926, T
173/257, TNA.

199 Hardcastle to Gamble, 29 September 1908, enciosddrdcastle to Robertson, 15 April 1926, T
173/257, TNA.

191For the cold Mark VI* speed, see ART06/14. Forlleated Mark VI* speed, see ART08/18. For the
heated Fiume IlI** speed, see ART08/18.
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of confidence in the Hardcastle superheater, ut#laying effect of a debate over the
desirable range and speed for the converted togsedde first 50 Mark VI* torpedoes
were converted to have the maximum possible spethe &xpense of range (34.5 knots
for 4,000 yards), but since they were being isgoeships, which needed range more than
speed, it was decided to maximize their range &usté their speed (29 knots for 6,500
yards)!°? This decision required the balance chambers of/ek VI* torpedoes to be
lengthened to allow them to carry more fuel andewédr the superheater, and Mark VI*
torpedoes with the lengthened balance chambersreatesignated Mark VI**. Having
made a decision on the range question, the Admioattered the conversion of 196 Mark
VI** torpedoes for FY 1909/16%

In addition to converting cold torpedoes, the Aty was also developing new
heated torpedoes. Again, the story is difficultrexe. The Admiralty ordered six
experimental torpedoes in FY 1907/08, intendintyytdhe Armstrong, Hardcastle, and
Brotherhood systems in two each. The Brotherhotetnal combustion engine seems
never to have made it into a torpedo, however,enié Whitehead Company brought
out a new 18-inch torpedo, the Weymouth | (notéacbnfused with the 14-inch
Weymouth | discussed in Chapter 2), built aroured&hmstrong superheater and capable
of making an impressive 41 knots for 1,000 yard2&5 knots for 4,000 yard§! The
Navy ordered 20 Weymouth | torpedoes in FY 190840@,no more, since their

performance was swiftly eclipsed by the combinatibthe Hardcastle superheater with

192«paper prepared by the Director of Naval Ordnaocéhe Information of his Successor,” 1909, 22;
ART 09/11.

193 ART 091/7.

194 ART08/19.
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the experimental torpedoes ordered in 19698rials of these torpedoes seem to have
succeeded very quickly, since the Navy orderedaf1Bem in FY 1908/09. Of these 119
torpedoes, 79 were designated the 18-inch RGF MHrkvhile 40 were designated the
Mark VII*, the asterisk indicating a slight chanigethe proportion of fuel to air to
increase the range covered at 30 kn®t3he Mark VIl and VII* torpedoes made
approximately 41 knots for 3,000 yards or 29 krfots,000 yards®’ With some
changes, the Mark VII* remained the primary 18-inafpedo in the Navy's arsenal until
World War |.

As favorably as these numbers for heated 18-ingletitnes compared to those of
cold torpedoes, they in turn paled in comparisotiése of a still more revolutionary
development, the 21-inch heated torpedo. Becausewfgreater size, 21-inch torpedoes
were able to carry much more air than 18-inch tdogs, which greatly extended their
range. Their engines were “merely adaptationshose for the 18-inch Mark VI The
Navy ordered two experimental 21-inch torpedoemftbe RGF and two from the
Whitehead Company in FY 1908/09. The Whitehead Gomproved unable to get
satisfactory results with its 21-inch torpedo agcead to cancellation of the order, but
the RGF 21-inch torpedo met with greater suct®&4Bassing into service in 1909 as the
21-inch RGF Mark I, these torpedoes could makertisfor 3,500 yards and 30 knots

for 7,500 yards—the lower speed being one whichNiérey had struggled to sustain for

195«paper prepared by the Director of Naval Ordnameetfe Information of his Successor,” 1909, 22.
198 ART 08/7, ART 09/7. On the meaning of the asterisle “Paper prepared by the Director of Naval
Ordnance for the Information of his Successor,"9, 2.

107 ART 09/11.

1%8Minute by DNO, 7 March 1908, G3264/08, PQ/09/3388/458.

10%«paper prepared by the Director of Naval Ordnameetfe Information of his Successor,” 1909, 24.
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1,000 yards less than a decade eartfExperiments with a modified 21-inch Mark |,
which would become the 21-inch Mark I, were alreadderway in 1908 The Mark
I would be the Navy’s first 10,000-yard torpedd],,800% increase over the effective
ranges of just a decade earlier.

Due to the superiority of the RGF torpedoes wittirthlardcastle heaters over
those of the Whitehead Company, the Navy decidedaioufacture only RGF heated
torpedoes, to be built by the RGF and the Whitel@amipany:*? In order to preserve the
secrecy of the Hardcastle heater, the Navy hatiMinieechead Company manufacture the
torpedoes complete except for their balance chaarbheater fittings, passed the
torpedoes cold, sent the torpedoes to the RGF fittéa with heaters, and then passed
them hot**3 After years of buying Whitehead Company patterrise-eold 14-inch
Weymouth [, the cold 18-inch Fiume lll, and the &8tinch Weymouth I—the decision
to manufacture only RGF torpedoes marked a retuthe pattern-unification policy of
1894-1898. In contrast to the first iteration, s@eriority of the RGF patterns, thanks to
their Hardcastle heaters, seems to have beemm#aherely imagined. The return to the
pattern-unification policy was accompanied, asahginal had been in 1894/5, by the

dissolution of the Torpedo Design Committée.

Compensating Hardcastle

While the Admiralty’s procurement policy for hedt®rpedoes took shape, the

HOART09/11.
"Minute by ADT [Currey], 17 December 1908, G18178/88224/F34, BF.
112“Paper prepared by the Director of Naval Ordnamcetfe Information of his Successor,” 1909, 22.
113 1h;
Ibid.
114See minutes on G18020/07, PQ/08/3329/124.
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guestion arose of whether and how Hardcastle shmittbmpensated for his services. In
April 1908, two months after the conclusion of Isiaith Hardcastle’s wet superheater,
the captain oVernonrecommended that Hardcastle be promoted as addaalnis
invention’*® The Assistant Director of Torpedoes, Currey, oksgthat the value of the
superheater “could scarcely be over-estimated,’hbuttempted to arrive at an estimate
by comparison with what the Admiralty had agreegay for the two competing systems:
a royalty of £10 each for Brotherhood'’s internaintmstion engine, and a probable price
increase of £20-25 per Whitehead torpedo fittedh Witnstrong’s superheat&f The
Admiralty had never purchased the former, anddlted was inferior to Hardcastle’s
superheater. During the three years that Hardcdaatlespent developing his superheater,
Currey added, his pay had been “rather less thavoléd have drawn elsewhere.” The
Director of Naval Ordnance, R. H. Bacon, suppokerthoris recommendation that
Hardcastle receive early promotidd The Engineer-in-Chief chimed in that ordinarily
Hardcastle would not receive promotion until 191tha earliest and would pass over
132 officers if promoted immediately; he insteadgested that Hardcastle’s name be
considered for early promotion after reaching theiar list in 1911:*® Naval Branch,
which handled personnel questions and reporteget&econd Sea Lord, shifted the

debate away from promotion and back to a monetasyd noting that Hardcastle’s

invention was “to some extent outside the usuakwdian Engineer Officer—an

5 Minute by Gamble, 10 April 1908, A4321/08, desedhin Admiralty Awards Council, Report 26,
“Award to Engineer Lieutenant S. U. Hardcastle,”MR245/1, TNA.

118 Minute by Currey, 30 April 1908, A4321/08, desedhin Admiralty Awards Council, Report 26, “Award
to Engineer Lieutenant S. U. Hardcastle,” ADM 245/NA.

7 Minute by Bacon, 30 April 1908, A4321/08, descdlie Admiralty Awards Council, Report 26, “Award
to Engineer Lieutenant S. U. Hardcastle,” ADM 245/MA.

8 Minute by Engineer-in-Chief, undated, A4321/08satébed in Admiralty Awards Council, Report 26,
“Award to Engineer Lieutenant S. U. Hardcastle,”MR245/1, TNA.
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important point, because it implied that Hardcalsld conducted the work with limited
government assistan¢¥.The Second Sea Lord concurred with the suggesfian
monetary award instead of promotion and recommetitidhe issue be referred to the
Patents Committee, which probably reported to tledBor of Contract$?° Orders to

this effect were duly given.

The Armstrong Company'’s challenge to the validityHardcastle’s patents
arrived in the midst of the Patent Committee’slaiations. Around October 1908, the
Admiralty received replies from two experts it hmahsulted on the patent question. One
was the Treasury Solicitor, who provided legal cirio all government departments.
Although the Admiralty had a Naval Law Branch atked in-house counsel on matters
relating to civil law and therefore had to relyttve Treasury. It was happy to do so, for
reasons explained by the Admiralty Secretary in2190

[T]o create a Legal Department in the Admiraltyahtommensurate with that of

the Treasury Solicitor’s Department ... would invobse expenditure (at the cost

of the Navy Vote) virtually prohibitive.... [This cose] would deprive the

Admiralty of the very favourable conditions unddmigh at present thoroughly

responsible legal advice is obtained at once witkost to this Departmenht?

Fiscal realities constituted a powerful impedimenbureaucratic empire-building. In

addition to the Treasury Solicitor, the other expgensulted by the Admiralty was a “Mr.

119 Minute by Naval Branch, 21 May 1908, A4321/08,atésed in Admiralty Awards Council, Report 26,
“Award to Engineer Lieutenant S. U. Hardcastle,”MR245/1, TNA.

120 Minute by Second Sea Lord, undated, A4321/08, ritesst in Admiralty Awards Council, Report 26,
“Award to Engineer Lieutenant S. U. Hardcastle,”MR245/1, TNA. Admiralty letters were preceded by a
letter or letters indicating the branch which wriitem—-“G” for Gunnery, “M” for Military, etc. One

prefix was “CP (Patents).” “CP” presumably referte the Contract and Purchase Department, headed b
the Director of Contracts, and the “(Patents)” atally referred to a section within the Contract and
Purchase Department. The Patents Committee probsdyted to this section.

121 Admiralty Awards Council, Report 26, “Award to Enger Lieutenant S. U. Hardcastle,” ADM 245/1,
TNA.

122 Evan MacGregor, 10 December 1902, “Admiralty. \@aganization of Staff. Secretary’s Report,”
Docket “Admiralty, War Organization of Staff,” ADM/7658, TNA. Thanks to Nicholas Lambert for
calling my attention to this report.
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Swinburne,” who was almost certainly the same J&8uwasburne, patent attorney,
consulted by the Admiralty in 1913 in regard tolAnt Pollen’s fire control systef?®
According to the Director of Contracts, Swinburmgueed that the Armstrong patents
were “bad for want of subject matter,” meaning tihaty were invalid and therefore that
Hardcastle could not have infringed théth.

The Assistant Superintendent of the Royal Gunpowdetory, Lieutenant Cecil
R. Acklom, also contributed to the debate over relg Hardcastle. Acklom’s rank
clearly did not reflect his importance, and no dahle Admiralty found some other way
of compensating him. He essentially ran the RGéfigddo shop, which was primarily a
manufacturing job but necessarily involved a goedl@f participation in design and
experimentation work. When the Navy moved torpedmufiacturing from the RGF to
the Royal Naval Torpedo Factory [RNTF], Acklom beeathe superintendent of the
RNTF. From January 1907 through 1908, while Hartleagas stationed at the RGF,
Acklom was higle factosupervisor. Acklom praised Hardcastle’s superlesta great
success and noted that it could be used for comah@urposes other than torpedoes,
such as impact-wheel turbines and high-speed laoatsnotor cars. Hardcastle was
“entirely responsible for the invention,” and altlyh he had “of course been greatly
assisted by his position and by the use of pubbaey,” he would lose “the commercial
value of the invention®*® The juxtaposition of the contradictory claims thitrdcastle

was “entirely responsible” for the invention, or thne hand, and that he was “greatly

123 5ee Jon Sumidén Defence of Naval Supremacy: Finance, TechnodoglyBritish Naval Policy, 1889—
1914 (Boston: Unwin Hyman, 1989), 238.

124 Director of of Contracts, 17 October 1908, CP(R@te229/08, described in Admiralty Awards Council,
Report 26, “Award to Engineer Lieutenant S. U. Hastle,” ADM 245/1, TNA.

125 Remarks by Acklom, 3 October 1908, described imixdlty Awards Council, Report 26, “Award to
Engineer Lieutenant S. U. Hardcastle,” ADM 245/NAT
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assisted” with the invention, on the other, reelcone of the difficulties in dealing with
command technology. The question of “status”™—meghiow much government
assistance had contributed to Hardcastle’s inveatiobviously affected the question of
rewarding Hardcastle.

If one difficulty was separating Hardcastle’s wérdm the government’s work,
another difficulty was pricing the invention, redkess of who had done the work. The
superheater’s monetary value was “not easy to aesklom observed, and the best
metric was “to consider what the British Governmentild be likely to pay to an outside
inventor for such apparatus [sic].” The Armstrongerheater added 6.5 knots, while
Hardcastle’s added 15 knots. Acklom put the royadtiyie of the Armstrong superheater
(which Armstrong did not charge as royalty, but auotedly built into the price of the
torpedo) at £15, and the royalty value of the Hastle superheater at £40, these figures
being roughly proportional to the speed differdnfsance the Admiralty had a
superheater similar to Armstrong’s and capableroflpcing a similar performance
without any question of royalties two years ago-s-thay have been a reference to the
earlier dry version of Hardcastle’s superheatetrjtia unclear—Acklom deducted the
£15 royalty for the Armstrong results from the £4@alty for the Hardcastle results to
arrive at a net royalty value of £25 per Hardcastlperheater. The average annual
torpedo order was 392, which would produce netltiggof £9,800 (392 x £25) per year.
With orders for war material being so uncertaiat dverage number might hold good for
only five years, for which period the total royatiwould be £49,000. Conversions of old
torpedoes to take the superheater would genendteefuevenue at a rate of £100 per

torpedo (this sum representing the royalty valug2 plus an estimated £75 for the
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work of adapting the torpedo to take the superigathich would add an additional
£12,000 if 120 torpedoes were converted over thatyfear span. Thus Acklom’s
hypothetical outside inventor would make a tota£61,000 off the Hardcastle
superheater over a five-year period. Of coursedetstle was not an outside inventor,
but had received some £15,000 worth of assist#wutdéom estimated, from the
government in developing his superheater. Dedu¢hisgsum from the £61,000 would
leave Hardcastle with £46,000. To account for #utsf that the “details” of the
superheater “were worked out as a part of the gémark of the [RGF],” and that the
“‘idea ... came to Mr. Hardcastle as a Naval Officegtvever, Acklom would slash two-
thirds off the £46,000 for Hardcastle, leaving hifth an award of £15,00°

The question of an award to Hardcastle was refaoéhe Admiralty Awards
Council on 16 October 1908, and it delivered ittoramendations on 3 November 1908.
The Awards Council’s members, for Hardcastle’s caséast, were the Director of
Naval Ordnance (R. H. Bacon), the Director of Nawahstruction (Philip Watts), the
Director of Contracts (F. W. Black), and the AssmtDirector of Contracts (C. A. Oliver).
The Awards Council decided to use a different mdtom Acklom’s for evaluating
Hardcastle’s superheater. “We prefer not to comgitecase in the light of the ultimate
success of the invention which has undoubtedly Inesterially helped and accelerated
by the assistance afforded by the A.S.R.G.F. [A@sisSuperintendent of the Royal
Gunpowder Factory] and his Staff,” the Awards Coluexplained, “but rather from the

point of view of what would have been a reasonahbla to have promised the inventor in

126 Acklom to Bacon [DNO], 19 October 1908, descrifreddmiralty Awards Council, Report 26, “Award
to Engineer Lieutenant S. U. Hardcastle,” ADM 245/MA.
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the event of success at the time of his originslligmitting his ideas to the Admiralty
with a view to their development at the public exge” This metric avoided the
difficulty of separating Hardcastle’s work from tgevernment’s, but only to substitute
another problem, namely, determining what ideasle&stle had submitted, and when.
This determination was not necessarily easy to nsikee Hardcastle had reason not to
submit all his ideas at once for fear that they ldoe stolen.

The Awards Council ignored this complication, hoegeand imposed an
artificially simple solution. When Hardcastle sulttedl his ideas to the Admiralty, “the
invention was entirely the property of the inveritthhe Awards Council argued, “but all
subsequent work may be looked on as a performdrtas duty, in that he was specially
appointed to the ‘VERNON' and Torpedo Factory tealep the invention and was paid
his service pay for the work performed.” Insteacafsidering what Hardcastle could
have obtained commercially for his finished inventithe Awards Council considered
“what sum an outside firm would have been likelyhatve given for the crude invention
before the details had been worked out and theaté practical success obtained.” The
Awards Council dismissed Acklom’s quantificationtbé government assistance
(£15,000) given to Hardcastle on the grounds thais “considerable and impracticable
of assessment.” Using its preferred metric rathantAcklom’s, and taking into account
the Second Sea Lord’s promise that Hardcastle woeileligible for early promotion, the
Awards Council recommended that Hardcastle be axd€®,000—a third of the sum

recommended by Acklorf’

127 Admiralty Awards Council, Report 26, “Award to Enger Lieutenant S. U. Hardcastle,” ADM 245/1,
TNA.
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Hardcastle learned of his fate in December 1968.Admiralty informed him
that he would be noted for early promotion, thatoelld receive an award of £5,000 “in
full discharge of all claims which he may haveeéspect of this invention” (subject to
Treasury approval), and that he must keep the astendly secret?® Hardcastle
confirmed “that the award of a grant of £5,000 Ww#l accepted in full discharge of all
claims in respect of this invention and every éffoitl be made to keep the matter
strictly secret as directed® The Treasury approved the £5,000 award, and Hstidca
was promoted early to Engineer Commander in 1§12.

Was £5,000 and early promotion a fair reward? iever depends on the metric
used to determine the value of the superheatefoAtkised one (the commercial value
of the mature version of the superheater), whideAlvards Council used another (the
commercial value of the earliest version of theesbpater). Each of these metrics had its
advantages and disadvantages: Acklom’s avoidedehéd to estimate the value of an
experimental technology, at the cost of trying mbeimgle Hardcastle’s and the
government’s development work; while the Awards @ol's avoided the latter only by
over-simplifying the distinction between HardcastlEnd the government’s work. It is
noteworthy that both Acklom and the Awards Coutrgdd to establish the commercial
value of the device, that is, what Hardcastle migive received for it as a private
inventor on the open market, and neither justiffezlaward with reference to

Hardcastle’s existing salary. The sum of £5,000lddave been an enormous financial

128 secAdm to CINC Portsmouth, 3 December 1908, CBritaR37/43255/08, forwarded to Hardcastle on
4 December, T 173/257, TNA.

129 Hardcastle to SecAdm, 8 December 1908, T 173/PHA.

130 Minute by Toop [Engineer Admiral, Personnel], Buary 1922, on Treasury letter S11342/22, T
173/257, TNA.
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windfall for a naval lieutenant, amounting to adea decade’s worth of salary. The
unspoken calculation was what Hardcastle might nifake bolted the Navy for greener
private pastures. “You must remember that the itoremay be lured away from the
Government service for his brains,” the superinggnaf the RGF reminded the inter-
departmental committee investigating service ingemin 1905, “and then the
Government will have to pay a very much higherefir his inventions*** The
Admiralty had to make it worth Hardcastle’s whigestay in, and for that calculation, the
relevant metric was not Hardcastle’s existing naadhry but his potential commercial
profits. By that standard, if Acklom’s calculationgre correct, then the Admiralty got
Hardcastle’s superheater on the cheap.

Hardcastle later concluded that the Admiralty hatlawarded him adequately
and appealed for more money. On the surface, hedgdounds to complain, since he
had accepted the £5,000 “in full discharge of ldinas.” The Admiralty’s lawyer put the
case against Hardcastle this way:

[1]f the Admiralty or any Government Department ardinventor are to be in the

position of two bargaining forces, or bargainingtigs, one can always consider

the possibility of an arrangement by which someghimthe nature of an interim
award is made, that is to say, a smaller award avoaturally be offered to an
inventor if he were at the same time given thetragain to approach the
awarding body for a further award, having regarthe®subsequent history of his
invention.... [B]Jut where one has a case wheredefnitely stated that the sum
given is in full discharge of all obligations of®@side to the other, in my
respectful submission that means that a largertsasrbeen offered, and would
naturally be offered where there is to be no rightome back for further

consideration.... [T]hat is exactly the positiorthis case. What is a Government
Department to do in future?... [l]f a claimantascome and have a further award

131 Testimony of Colonel H. C. L. Holden (Superintendef RGF), 25 October 1905, Appendix VII,
“Report of the Inter-Departmental Committee Appethto Consider the Regulations as to the Taking out
of Patents by Officers and Subordinates in Goventreenployment, with Appendices, 1905-06,” WO
32/5080, TNA.
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it is a case really of ‘Heads | win, tails you I05&

That argument was persuasive, Hardcastle’s langentered, if the inventor and the
government department were analogous to free ageatprivate, competitive market—
but Hardcastle was no free agent: “the true posifosubordinate officers dealing with
such departments” means that “there is no bargaiMuch as experimental command
technology was not an ordinary commercial prodstan inventor in government
employ was not an ordinary commercial agent, anddeetherefore incapable of making
an ordinary commercial bargain.

Even more important, perhaps, than the justid@@butcome was the process
that produced it. In particular, the existencehaef Admiralty Awards Council, and its
function to make government employment financiatiynpetitive with private
employment, was highly significant. It meant tHa Admiralty had a system to
incentivize innovation. Although the Admiralty migspend £5,000 to buy ten torpedoes
without batting an eyelash, a request for £5,000et paid to an individual officer was
sure to raise Treasury eyebrows, and the Admicatynot have made it lightly. Fairness

to Hardcastle aside, the Admiralty was serious atemhnological change.

Torpedoes and Naval Architecture: The Protection Poblem
As the gyroscope and nickel-steel air flask inseekthe range and speed of
torpedoes, an experiment conducted in 1903 unéerline vulnerability of capital ships

to these ever more powerful weapons. In June 1®8@2Controller, William May,

132 Argument by Whitehead [no apparent relation toitiventor of the torpedo], 4 April 1927, Hardcastle
RCAI claim, pp. 85-87, T 173/649, TNA.
133 Argument by Moritz, 4 April 1927, Hardcastle’s RC&laim, p. 15, T 173/649, TNA.
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proposed experiments to determine the vulneralfitgapital ships to underwater
explosion. “Considering the far reaching effecsoéh an explosion on the structure of
ships as at present built, the enormous cost aftbdern ships and the increasing range
and improved accuracy of the Torpedo,” May told Eheector of Naval Construction,
I am most firmly impressed with the view that wesll make every effort to
safeguard our ships from the destructive effedtaspedoes. | look upon this
problem as by far the most important that the Desidnas to overcome, and |
consider no trouble or expense should be sparedriging out experiments that
may possibly gradually lead up to the protectioa tdrge ship from submarine
explosiont
After back-and-forth over securing a suitable tgrgdich turned out to be thgelleisle
May circulated the idea to the rest of his colleegjt® The First Lord, Selborne,
concurred: “I believe this experiment to be the nimportant we have yet tried
When the experiment was finally carried out in@ber 1903, the results were
discouraging?®’ It was “apparently impossible with plates and asgif the sizes at
present in use and with our present system ofingeb construct a side capable of
withstanding the explosion of such a large chafggua cotton.**® With regret, May told

his colleagues that “with our present knowledge itot possible to make a ship

invulnerable against the attack of the 18" Whitehegithout going to a prohibitive

134Minute by May, 30 June 1902, G6604A/02, Docket {rrsed Experiments with the view of finding the
best means of protecting bottoms of ships agakpbsive effects of Torpedoes,” ADM 1/7687, TNA.
13°Minute by May, 26 January 1903, G1064/03, DockBelieisle. Plan of Target for Torpedo Attack.
Proposed further experiment,” ADM 1/7687, TNA.

13¢Minute by Selborne, 1 February 1903, G1064/03, BaciBelleisle. Plan of Target for Torpedo Attack.
Proposed further experiment,” ADM 1/7687, TNA.

137 Admiral Superintendent Portsmouth to SecAdm, 1Bet 1903, G13107/03, Docket, “HMS
‘Belleisle.” Report of Torpedo Experiments,” ADM7687, TNA.

138Berry [for DNC] to May, 1 December 1903, G13107/D8cket, “HMS ‘Belleisle.’ Report of Torpedo
Experiments,” ADM 1/7687, TNA.
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size.™° May preserved the secrecy of this conclusion lgong the results of the
experiments to be “defaced” from tBelleislebefore the ship was sold, and the report
not to be printed?°

Not long after thdelleisleexperiments confirmed that better constructioriccou
not protect capital ships from torpedo attack,ah#ity of small craft to deliver torpedo
attacks improved. In 1904, the Navy figured outegy\o fire torpedoes fitted for
submerged discharge from above-water tubes, whedmtrthat destroyers, whose
torpedo-carrying capacity was limited, could borrmrpedoes from capital ship$.At
the same time, another potential defense agairsdo attack was stripped away. In
January 1904, the Ordnance Committee (a joint Wacg&Admiralty committee)
reported that 9.2-inch guns firing shrapnel shelth special fuses could sink a torpedo
boat even without making a direct hit—"but she wbptobably float long enough,” the
Director of Naval Ordnance gloomily elaborated, §&t off her torpedoes In any
case, he thought the method impracticable duesteegswith the fuse. Therefore, he
concluded, in a fleet action “you would have tg/reh your own fire from as many small
Q.F. [quick-firing] guns as were still availableanoeuvring the fleet so as to bring the
attacking boats astern, and above all on the coattick of your own destroyers.”

The performance of tHeiverclass destroyers ordered in 1902 suggested ténat th

139Minute by May, 7 December 1903, G13107/03, Docke®S ‘Belleisle.’ Report of Torpedo
Experiments,” ADM 1/7687, TNA.

1%Minutes by May, 30 December 1903, and anonymous, 13107/03, Docket, “HMS ‘Belleisle.’
Report of Torpedo Experiments,” ADM 1/7687, TNA.eSaso the discretion at work in ART03/37.
141Bpatswain (T) J. McCarthy to Commander Hubert Branduly; Brand to Captain (D) E. Charlton, 6
July; Charlton to CINC Home Fleet, 11 July 1904, T8R/Appendix E.

142The contents of this Committee’s report are describ a minute by DNO, 25 March 1904, G4421/04,
PQ/04/3067/310-11. The quotation comes from mibytBNO, 25 March 1904, G4421/04,
PQ/04/3067/310-11.

224



could be relied on to perform this mission. A wiihg attack on the class in 1903 by the
bumptious new Parliamentary and Financial Secretar®. Arnold Foster, forced a
review of British destroyer design. He argued thaRiverclass, which had been partly
inspired by the seaworthiness of German destrofiasnot kept pace with German
development: the Germans’ new destroyers managachieve speeds of 29 knots
without sacrificing strength and weight, as comparethe 25.5 knots of theiver

class*** The Construction Department sharply opposed hisnsl about German
performance and defended fRiver class:** Commanders of thRiverclass destroyers
lent their support to the Department’s argumentficming that these destroyers were
capable of accompanying a fleet without towtfitin theory, the seaworthiness of the
Riverclass improved its ability to defend a fleet fronemy torpedo boats.

As reports praising the sea-keeping abilitiedhelRiver-class destroyers poured
in, however, so too did a gloomy assessment ofa@lgsis’ gunnery, and by implication,
of their ability to defend a fleet from attack lypedo craft. In October 1904, the captain
of Excellent the gunnery school, and the captain of a destritytéla jointly reported on
experiments with the light, quick-firing, anti-tego craft armament carried by
destroyers. They concluded that the effect of vibrawould make it impossible to shoot
accurately at speeds over 15 knots and that itavoellimpossible to distinguish between
a hit and a miss against another destroyer ové0lyards-*° Accordingly, they defined

the range within which light quick-firing guns stba reasonable chance of hitting their

“3Minute by Arnold Foster, 16 February 1903, S566183184/F94, BF.

144There are many examples of the DNC's oppositicB@184, but see, e.g., minute by Deadman, 19
March 1903, S5661/03, SC184/F94, BF.

1%°See SC184b/F88, F115, and F172, BF.

1%%Erksine and Charlton to CINC Portsmouth, 28 Octdl$14, G15020/04, PQ/05/3145/500-508.
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targets as 1,000 yards—which was well within thegeaof gyroscopic torpedoes (and
close to the range of even non-gyroscopic torpeddée situation was even worse at
night, because the effective range of existingdgghts was only 500 yards. Moreover,
even if destroyers could make hits, the captaimsteo out, referring to the Ordnance
Committee experiments of 1901-1902, hits from 1@Aoler and smaller guns could not
be relied on to stop destroyers. Therefore, thegmenended the development of a new
gun that could be relied on to stop destroyers.

The Admiralty acted on their recommendation ie [B905 and early 1906 by
commissioning designs of a new 4-inch gt low-velocity version with relatively
weak recoil was intended to equip new destroyensse hulls were not strong enough to
withstand heavy recoils, while a high-velocity verswas intended for new unarmored
cruisers and armored ships.

The Admiralty’s decision to commission a new dasigme none too soon. In
January 1906, the Admiralty had experiments cawigcagainst the old destroygkate
fitted out to represent a new French destrd$6Fhe Director of Naval Ordnance,
Jellicoe, analyzed the results for his colleadi&$o begin with, he pointed out that anti-
torpedo craft armament needed to be able to irfeetvy damage quickly, partly to
prevent its targets from advancing after they weteand partly because, in night actions,
searchlights would not be able to keep the targsight for very long. Th&kate

experiments revealed that the 4-inch gun alonecapable of doing so, not the 12-

“"Minutes on G17235/05, PQ/06/3246/731-33, and GB3$Q/06/3247/734-35.

148Report by Superintendent of Experiments [Ordnanem@ittee], 31 January 1906, G2116/06,
PQ/06/3210/630-34; minute by DNO [Jellicoe], 8 M&05, G6789/05, SC128b/F155, BF. Note that
while German destroyers served as an inspiratioBfitish designs, French destroyers still servead a
threat—in 1906, two years after the conclusiorhefAnglo-French entente.

1*Minute by Jellicoe, 12 February 1906, G2116/06,08(3210/634—38.
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pounder (3-inch) or 3-pounder (47-millimeter). Aseault, “[T]he conclusion is forced

on the mind that the anti-torpedo boat armamefutafe ships should consist of 4-inch
guns” firing new 31-pound shells instead of the 2bdpound shells, especially since new
French destroyers carried one-inch armor arourid ¢éngine and boiler rooms. It might
be objected, Jellicoe observed, that the highabfiee obtainable with the smaller 12-
pounder and 3-pounder guns would compensate famiad effect of each hit, but this
argument “falls to the ground when it is realisedttwith the fire under proper control
the number of rounds that can be fired per minten{3-pr., 12-pr., or 4-inch is very
much the same.” Recent practice had shown thatdinérol was necessary to obtain
good effects, as well as “the extraordinarily sncatnce of hitting a torpedo boat at
night even under the most favourable conditiond,taerefore the absolute necessity for
obtaining the maximum possible effect from a hit'fact, the speeds of torpedo craft,
combined with limits on British searchlights, me#rdt one hit might be all that could be
obtained. Accordingly, Jellicoe recommended thap@@nder and smaller anti-torpedo
armament be abandoned, and that the high-veloo@tyawv-velocity 4-inch gun take

their place on ships and destroyers, respectiVély.Director of Naval Construction and

the Controller endorsed his views, and the FirstIS®d and First Lord approved’

The Probability of Hitting, Torpedo Settings, and Torpedo Craft Missions
A basic assumption underlying these decisions tadatirtorpedo craft armament
was that torpedo craft would be engaged at shages. The extent to which

assessments of enemy tactical intentions influetiiedassumption is unclear, but it is

1%Minutes on G2116/06, PQ/06/3210/634—38.
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clear that the Admiralty did not expect its ownpado craft to fire torpedoes at long
ranges. The rationale for this decision had it¢s@oa 1904 report by the Torpedo
Design Committee, which investigated the tacticahsirios in which torpedoes might be
used in order to lay down standards for torpededpand ranges’ The Committee’s
logic regarding speed was straightforward: the dégenodern battleships meant that the
minimum speed for torpedoes should be 20 knotsighdurther increases were desirable,
since higher speeds meant higher probabilitiestbhd (or, put differently, higher speeds
meant that errors in estimating target bearinggeaand/or speed would have less effect).
Notably, the Committee’s explicit use of probaliliheory began and ended there. It is
possible that the Committee was implicitly usingk®@ts as a sort of proxy for a given
probability of hitting, having discovered by calatibns that torpedoes at least as fast as
battleships corresponded to a certain probabifityitting, but there is no explicit
evidence for this interpretation.

The Committee’s logic regarding range was lesarcighether due to confusion
of thought or imprecision of wording. The Committeegan by noting that in daylight,
vulnerability to gunfire would force vessels tceftorpedoes at long ranges, while at
night, relative invisibility would permit them taré torpedoes at shorter ranges.
Battleships would use torpedoes only during a dag/fileet action, at longer ranges,
while torpedo craft would use them mostly in suspnnight-time attacks, at shorter
ranges, but would need to retain a capabilityr@tihem at longer ranges in a daytime
fleet action. For firing torpedoes at single shipg, Committee fixed the maximum range

at 2,000 yards, reasoning that the Navy could cotirately estimate target course and

151 Second Report of TDC, n.d., ART04/134-36.
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speed beyond that limit. Why the Committee contextepl the use of torpedoes against
single ships out to 2,000 yards, instead of contatimg the use of torpedoes against
groups of ships at all ranges, or instead of limgitihe range for single-ship use more
sharply, is unclear. It is noteworthy that the éadimiting the range to 2,000 yards was
not internal to the torpedo—Iike the strength & #ir flask—but external, namely, an
incapacity to estimate target course and speedl. that capacity improved, once the
2,000-yard range was reached, the Committee recoaedethat future increases in the
torpedo’s power go toward increasing its speeceratian its range.

The privileging of speed over range was an impngp@int, and probably a
sensible one, given the existing limitations onay’s ability to estimate target course
and speed, on the one hand, and the increasing efferrors as ranges lengthened, on
the other. In fleet torpedo practice, errors imnegting the target course and speed were
the most frequent causes of failures to'¥ifor instance, firing on the beam at a target
400 feet long and steaming on a parallel course+napfiring conditions, in other
words, because the target, presenting its broadsateat its largest—at a range of 1,500
yards, misestimating the target course by merdliyahaoint (5.625 degrees) and its
speed by one knot would cause a mrdsncreasing the speed of torpedoes directly
increased the tolerance for error in estimatingatcourse and speed. For instance, if the
target speed was misestimated by one knot, a 20t&rmedo would miss the point
aimed at by 300 feet, while a 40-knot torpedo waulss by only 150 feét? In this

scenario, if the target was 400 feet long (the @gprate length of capital ships), the 20-

152 ART04/66, ART06/10, ART07/10.
153Torpedo Manual for Her Majesty’s Fleet, in Thredwhes vol. 3 (1909), 323-24.
*%1bid, 325.
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knot torpedo would probably miss, while the 40-kimvpedo, despite the error, would
probably hit.

While the Committee, for these reasons, consid2j@@0 yards to be the
maximum range at which torpedoes should be usadsigangle ships, the limit for use
against groups of ships was much higher—3,500 yardich the Committee called the
“full effective limit.” Its terminology naturally &gs the question of how it defined
“effectiveness,” and the answer is that it did mbieast not explicitly. Clearly it assumed
some distinction between effective range when aggmihst single ships and effective
range when used against groups of ships. The iinfadgic behind this distinction was
undoubtedly that the probability of hitting was rhudgher when the target was a group
of ships rather than a single ship, due both ta¢lative size of the target and to the
relative ease of estimating target course and sfdwsl logic lacked the precision of a
guantitatively expressed probability of hittingwever. Thus, while it is clear that the
Committee’s definition of effective range was tweréd, one for single-ship targeting
and the other for group targeting, and that itsnik&dn had to do with probability
calculations, what probability it calculated aseefifve, or if it so calculated, is unclear.

Based on its vision of the future battlespace Gbenmittee recommended a
multi-tiered system of adjusting torpedoes. Foeoldrpedoes used at long range in a
fleet action, the longest range that they couldwithout falling below the minimum

speed of 20 knots was 1,500 yards when fired frattidships and cruisers, and 2,000

230



yards when fired from torpedo craff Because torpedo craft might fire their torpeddes a
shorter ranges in other scenarios, their torpedbesld also have a short-range
adjustment for 1,000 yards, which they could comehe high-20 knots. Newer
torpedoes with nickel-steel air flasks capableahl charged to higher pressures,
including the then-prospective 18-inch RGF Mark 8Hpuld be adjusted for 2,000 yards
for use from battleships and cruisers, which thayld cover in the high-20 knots; and
dual-adjusted for 1,000 and 2,000 yards for use fimrpedo craft. The counters of all
torpedoes should be capable of adjustment for 3yaéds, though the range between
2,000 and 3,500 yards would be run at a diminiskjeged.

The partially dissenting member of the Committae,ubiquitous Lieutenant
Acklom, Assistant Superintendent of the RGF, clmgjéel the majority on several
points™>® To begin with, Acklom disagreed with the majoritgontention that battleships
would fire torpedoes at single ships; he thougat thost firing by battleships would
target the enemy battle line, which he called “bmow,” although he thought that they
might have opportunities to fire at single battipshthat accidentally blundered into
torpedo range. Noting that “it is incomparably mdifcult to judge speed and course of
a ship by herself than of one of a line,” he reasbinat ranges would be too long for
sufficiently accurate estimates of single-ship seusnd speed, but he did not specify the
range he had in mind, or whether he thought gunaetgrpedoes would be responsible
for lengthening it. Unlike battleships, he argueght cruisers and torpedo craft would

fire at shorter ranges, presumably reasoning kit would discharge them either in

1%5The discrepancy in range was due to the fact tidieships and cruisers fired their torpedoes from
submerged tubes, for which the torpedoes needeaibfitings whose weight slowed them and/or
lessened their range, whereas torpedo craft fired torpedoes from above-water tubes.

156 Acklom’s partial dissent, Second Report of TDC,. nfART04/136-39.
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surprise attacks at night, relying on darknessl&iense, or in dashes between dueling
battle lines by day, relying on enemy confusiommattention for defense. Reflecting
growing uncertainty about the role of armored @tgswhich were becoming more and
more like battleships in terms of armor, armamant| displacement, he thought that
torpedo fire by armored cruisers would be splitrdydetween longer ranges like
battleships and shorter ranges like light cruiseid torpedo craft. In agreement with the
majority’s premise that speed and range were antaiyg he argued that battleships’
torpedoes should sacrifice speed for range, wigle truisers’ and torpedo craft’s
torpedoes should sacrifice range for speed; thesadpnt of the reducer would govern
whether speed or range was favored. For the fu@rsuggested that a reducer be
developed with dual settings, one for high spedtbft range, the other for low speed /
long range.

Unlike the majority of the Committee, Acklom alattempted to quantify the
probability-of-hitting issue. Acknowledging thatiopn as to what constituted a “fair”
probability of hitting was divided, he posited thagjainst a single ship, it was a 40%
probability, based on “lengthy calculations” whiclok into account “money value and
small number of torpedoes carried, probability etigg within range, speeds of ships
and torpedoes, &c**’ It is unfortunate that Acklom did not expand ugis tantalizing
mention of “lengthy equations” or prioritize hisutdry list of variables, as it would be
very interesting to know how he weighted them aext@ived their interactions. Acklom
thought that this 40% probability should govern $peed and range adjustments of

torpedoes for use against single ships. For usestgaultiple ships, by contrast, Acklom

157 Acklom’s partial dissent, ART04/138.
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abandoned his probability-of-hitting approach agcead with the Committee majority
that the speed of the target, not a certain prdibabf hitting, should govern the
adjustments of torpedoes, with the difference tigathought the speed of torpedoes
should be 20% higher than that of the target, wdsetlke majority said equal speed was
sufficient.

Based on his different vision of likely tacticaks@rios and on his probability-of-
hitting requirement, Acklom recommended a differggit of adjustments from the
majority of the Committee. Unlike the majority resmendation of just one adjustment
for torpedoes used from large ships, Acklom arghatiall torpedoes, whether used from
the submerged tubes of large ships or the aboverwaies of torpedo craft, should have
two adjustments, one high-speed / short-rangengdtir use against single ships and one
low-speed / long-range setting for use againstiplalships. Until a device for switching
between adjustments was invented, however, Ackiithtbat the torpedoes of large
ships should be adjusted for high speed and saoger, corresponding to use against
single ships. This recommendation seemed to cdotraid earlier statement that large
ships would rarely get chances to fire at singipshnd therefore should keep their
torpedoes adjusted for “browning” multiple shiggttis, for low speed and long range,
but Acklom reasoned that the roughly 500-yards-&wngnge gained by lowering the
speed would matter little in battle, on the groutids fleets determined to stay outside
torpedo range would stay much more than 500 yautisde torpedo range.

In forwarding Acklom’s and the majority’s reportee president of the Committee
and captain ofernon G. le C. Egerton, explained why the majority dat agree with

Acklom’s views. First, the majority thought thas0% probability-of-hitting
233



requirement was too high: given that the damadeiedl by torpedoes if they struck
ships was so high, and given that fleets wouldyarese the range sufficiently to enable
a 40% chance of hitting, the majority considergdat great “a loss of opportunity” to
hold fire until a 40% chance of hitting was obtain8econd, the Committee majority
disagreed with Acklom’s suggestion that large skipsuld keep their torpedoes adjusted
for higher speeds and shorter ranges (until a deeicswitching between adjustments
was invented), on the grounds that most officerald/ehoose a lower speed for 2,000
yards over a higher speed for 1,500 yards, privilggange over speed.

Notwithstanding these differences, the majoritgt Anklom agreed more than
they disagreed. Torpedoes should be adjusted tatruniform speeds for the first 1,500-
2,000 yards of their run, and at a diminishing siereafter. Their counters should be
altered to allow them to run for as long as th&ihald out. Torpedoes for use from
torpedo craft should be capable of dual adjustnweTd,for lower speeds over longer
ranges and one for higher speeds over shorter sahg&906-1907, the assumption that
torpedoes would run at diminishing speeds up t0@y&ards was replaced with a formal
extreme-range reducer setting of 4,000 yards ®mntbdern 18-inch nickel-steel
torpedoes in the Navy’s arsenal (RGF Marks V*-\ltume Il1-111**), which they could
run at speeds of 19-22 knots, with enough airdedr to take them another 500 yards at
diminishing speed§? The 18-inch Mark VI*, the last cold torpedo in tNavy's arsenal,
had three settings: short-range (1,000 yards) .@63nots, long-range (2,000 yards) at
29 knots, and extreme-range (4,000 yards) at 2&skno

It should be borne in mind that the Admiralty imded the extreme-range setting

158 ART06/14, ARTO07/18.
234



for use by battleships “browning” the enemy flewtt by torpedo craft. The Admiralty
did not intend for torpedo craft to stay with capghips outside enemy gun range to fire
their torpedoes. On at least one occasion, the Aadiyiscolded its own torpedo craft
commanders for firing torpedoes beyond 1,000 y&ttishe fact that it was necessary to
scold them, however, suggests that some commaneeesdeliberately challenging
Admiralty policy as to the proper range for theniite their torpedoes (although it may
simply have reflected their inability to estimatbem they were inside torpedo range,
rather than deliberate disobedience).

At the very least, aside from the question of Whetorpedo craft should fire
their torpedoes from inside or outside enemy gageaopinion certainly remained
divided as to their role in battle. In a work weittshortly before his death in 1904, B. W.
Walker—the former Assistant Director of Torpedabégen commanding the Cruiser
Division of the Mediterranean Fleet—echoed Fisheosplaint, discussed in Chapter 2,
that destroyers were being misused as cruiseraciige “somewhat like employing a
racehorse to haul coal® When the Channel Fleet conducted tactical exesiis@907,
the second-in-command, Reginald Custance (prewiamsiountered as the Director of
Naval Intelligence), complained that destroyers fidb appear to appreciate the work
which they are more immediately required to do,clilio my mind is not to torpedo the
enemy’s battleships, but to deal with his destrsy& Lord Charles Beresford,

commander in chief of the Channel Fleet, also goib the confusion surrounding

159 SecAdm letter of 27 April 1906, G5299/1906/06, ARI28—29.

160 \Walker, The Employment of Cruisers and Destroy@dmiralty: Intelligence Department, 1906), 38,

Eb 164, AL.

161 custance to Beresford [CINC Channel Fleet], 7 1917, enclosure in Beresford to SecAdm, 1 August
1907, Docket “Tactical Exercises. Channel Fledt,Gtuiser Sqdn. Scouts and Destroyers. June agd Jul
1907,” D675/1907, ADM 1/7795, TNA.
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destroyers’ missions, and urged that “some fundéamheninciples be tried and
established without delay®® The commander of the Home Fleet'’s destroyers, $ewi
Bayly, emphatically agreed with Custance’s viewt fhréority for destroyers was to deal
with enemy torpedo craft, not with enemy capitapshand with Beresford’s view that
this principle needed to be inculcated in themmypeacetime in order to prepare them
for war®® While agreeing with Bayly as to the prioritizatiohdestroyers’ duties, the
Director of Naval Intelligence, Edmond Slade, néveless argued that destroyers might
sometimes need to attack enemy capital ships, amedisted Beresford’s and Bayly’s
suggestion to dictate destroyers’ missions on tbargls that it would unduly limit fleet
commanders’ freedom of actid® Thus, not only was there disagreement over thgeran
at which torpedo craft should attack enemy caghgbs, there continued to be

disagreement over whether they should attack ercampiyal ships at all.

The Tactical Implications of Heated Torpedoes
For capital ships determined to stay outside wop@nge, the storm raging over
the role of torpedo craft was beside the point. d&eelopment of gyroscopic torpedoes

had significantly increased effective torpedo rarides increase had important

162 Memorandum by Beresford, 30 July 1907, enclosui@dresford to SecAdm, 1 August 1907, Docket
“Tactical Exercises. Channel Fleet, 5th CruiserrS@touts and Destroyers. June and July 1907,”
D675/1907, ADM 1/7795, TNA.

163 Bayly, “Duties of Destroyers in War,” n.d. but éssed in CINC Home Fleet [Bridgeman] to SecAdm,
10 November 1907, SC242/F11a, BF.

1%“Minute by Slade, 12 December 1907, SC242/F11aABRough the loaded and complex issue of fleet
commanders’ freedom of action is beyond the scépieeopresent work, it may be noted that Beresford’
role in this dispute fits closely with Nicholas Lhert’s interpretation of the Fisher-Beresford counérsy;
see LambertSir John Fisher’s Naval Revolutiph86—94, and “Strategic Command and Control for
Maneuver Warfare: Creation of the Royal Navy's ‘VRarom'’ System, 1905-1915]Jburnal of Military
History 69, no. 2 (April 2005): 385-9. The key to Lambeititerpretation is that the controversy between
the two men concerned fundamental questions of wbatd now be called command-and-control (both
tactical and strategic) and doctrine; it was almuth more than personality and politics.
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implications for British gunnery policy. Since nawedficials sought to keep capital ships
outside effective torpedo range (plus a buffer zasediscussed in Chapter 2), their guns
had to be able to hit at ever longer ranfé®y 1906, according to Jon Sumida, the
Admiralty “had increased its estimate of likely timtranges from 6,000 to 8,000 yards,
ordered that battle practice be carried out ateard 6,000 to 7,000 yards, and extended
the notion of long battle range from 8,000 to 9,986ds.*®° In general, although the
details were extremely complicated and the trertdunobstructed, the increase in battle
ranges worked to the advantage of a faction intedes developing a sophisticated fire
control system invented by Arthur Pollen. At rangegond 5,000 yards, continuously or
even frequently observing the fall of shot to corfer gun-aiming errors was impossible.
This inability put a premium on the ability to calate ranges mechanically based on
infrequent range observations, as Pollen’s systemised to dd®’

Like gyroscopic torpedoes, heated torpedoes clibBggsh tactical assumptions
and gunnery policy dramatically. In late 1907, befthe experiments with Hardcastle’s
superheater were completed, the Assistant Direttdorpedoes, Currey, had observed
that long-range torpedoes “will tend to prevenselaction, and, therefore, accentuate
gunnery skill.*®® In late 1908, after the Navy had completed expenisiwith and
placed a large-scale order for the Mark VII torpeaind while it was experimenting with
the 21-inch Mark | and Mark Il torpedoes, Curreynva step farther: “In considering the

use such long range torpedoes in ships can be justpointed out that a ‘Fleet’s

185 Jon Sumida, “The Quest for Reach: The Developrmghbng-Range Gunnery in the Royal Navy,
1901-1912,” in Stephen D. Chiabotti, edilitary Transformation in the Industrial Agg&hicago: Imprint,
1996), 50-51, 59-60.

1% pid, 59.

%7 bid, 66.

188 Minute by Currey, 22 October 1907, G16396/07, P{3B45/156-57.
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broadside of torpedoes’ fired at the centre of gposing Fleet would be a very
formidable means [of?] offence at a commencemeathttlebefore even the guns come
into action”*®® The Director of Naval Ordnance, Reginald Baconpaded that emotion:
“We have it now in our power to construct a torp@doch should effect considerable
damage on a line of ships outside practical gunrerge.*’° For Bacon, though not for
many other officers, the conviction that Britishnguvould not be able to out-range
torpedoes constituted a powerful argument agaimgtdr increases in battle ranges and
continued development of Arthur Pollen’s sophiggdabut expensive fire-control system,
and a correspondingly powerful argument in favod@feloping Frederick Dreyer’s

inferior but cheaper alternativé

Flotilla Defense and the Fisher Synthesis

Although tactics remained unclear in the facehefincreasingly long-range
torpedoes, a revolutionary strategic consensusewesging around them. When Fisher
took over as First Sea Lord on Trafalgar Day (Oetdtl), 1904, his main task was to
reduce naval expenditures. A lower budget meanttizeRoyal Navy might have to
sacrifice one of its two traditional missions, gating the home islands and defending
the empire (namely its trade and communicatiomsleéd, Arthur Marder interpreted two
of Fisher’s major reforms—the so-called redistribatof the fleet, which removed

capital ships from distant stations to concentiiaden in home waters, and the scrapping

169 Minute by Currey, 17 December 1908, G18178/08, 2834, BF. Emphasis added. | am grateful to
Jon Sumida and Nicholas Lambert for drawing myraitb@ to this folio. Sumida discusses it in “Thee3t
for Reach,” 74.

170 Minute by Bacon, 17 December 1908, G18178/08, S22, BF.

sumida, “The Quest for Reach,” 74.

238



policy, which eliminated smaller vessels that cdudused for commerce protection—in
just these terms, as analogous to Rome’s recétieofegions-’? The conventional
wisdom established by Marder holds that Fisher dbaed imperial defense in order to
concentrate on the German threat to the home island

Subsequent scholarship, however, has shown thlaéiFivas up to something
very different. Fisher formed his strategic viewsidg his command of the
Mediterranean from 1899 to 1902, not in the Noea$® The Mediterranean was the
linchpin of the British empire, and the enemiesé¢hgere France and Russia, not
Germany. Rapid changes in British diplomacy (theadase alliance in 1902, the French
entente in 1904) hardly disposed Fisher to thinterms of permanent threats. Instead of
focusing on a particular enemy, he wanted to Hieible capabilities that could respond
across a range of scenarios. He believed that témippnwould allow him to do so despite
reductions in the Navy’'s budget. The central acitotss vision were not battleships—
slow, expensive battleships that were extremelpenable to torpedoes—nbut torpedo
craft, battlecruisers fitted with superior fire ¢ systems, and revolutionary
communications and command-and-control syst&fhs.

In a scheme known as flotilla defense, torpeda ¢dafstroyers and submarines,

a.k.a. flotilla craft) would deny the Channel, NDBea, and Mediterranean to enemy

172 Marder, The Anatomy of British Sea Power: A History of iBritNaval Policy in the Pre-Dreadnought
Era, 1880-190%Hamden: Archon Books, 1964; first edn. 1940),~489 and~rom the Dreadnought to
Scapa Flow: The Royal Navy in the Fisher Era, 19949 \ol.1, The Road to War, 1904-19{/%ndon:
Oxford University Press, 1961), 38-43

173 See Ruddock MackaFisher of Kilverstong¢Oxford: Clarendon Press, 1973), 224-72.

174 Battlecruisers had the armament of battleshipsdsstarmor, which made them faster than battleship
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vessels, deterring them from invasion and interfezawith imperial tradé’> Calling
Admiral Tirpitz’s “risk fleet” bluff, Fisher accept that British capital ships could not
risk entering the North Sea, and then he turneuitZis logic on the Germans: so long as
the Germans could not enter the North Sea eithen, Britain would achieve its end. A
torpedo-based strategy of deterrence could achiatebjective just as effectively—and
much more cheaply—than a gun-based strategy ofigleddattle. In short, Fisher
answered the risk fleet with a risk flotilla.

While torpedo craft defended the narrow waterhienx@hannel, North Sea, and
Mediterranean, battlecruisers would control théntggas elsewhere. If the battlecruisers
got caught in a battle with enemy capital shipsytWould use their superior speed and
fire-control systems to hit the enemy while remagnoutside the enemy’s range, so that
their weaker armor protection would not be a prott€ An extraordinary series of
innovations known as the War Room System wouldktearemy merchant vessels and
guide the battlecruisers to them. Marrying advameéslegraphy with more centralized
command-and-control, the War Room System wouldraltee Admiralty to replace
blockade of the enemy’s coast with global economadare.

Far from recalling the legions, Fisher create@wa fiscal-technological-strategic
synthesis that would allow the Navy to continuefiqrening its traditional missions more

effectively and possibly for less money. It fundamadly redefined the metrics of naval

7> Nicholas Lambert uncovered the strategy of flatiefense, and this account relies entirely onvbis.

See Lambert, “Admiral Sir John Fisher and the CphoéFlotilla Defence, 1904-1909Jburnal of

Military History 59, no. 4 (October 1995): 639—-60; and Lamls&irtJohn Fisher’s Naval Revolutiph20—

26.

178 3on Sumida did the path-breaking work on Fishidess about battlecruisers and fire control, first
publishing his findings in “British Capital Ship Bign and Fire Control in the Dreadnought Era: 8imJ
Fisher, Arthur Hungerford Pollen, and the Battl@i€er,” Journal of Modern Historp1, no. 2 (June 1979):
205-30, and expanding themlimDefence of Naval Supremady which see especially pp. 37-51, 89-100.
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power. Instead of measuring naval power in big qansbattleships, it measured power
in torpedoes, torpedo craft, battlecruisers, fortwl, and communications. Instead of
seeking command of the sea through decisive b&igber sought denial and control of
the sea through flotilla defense, battlecruisend, the War Room System.

Fisher was happy to let others believe that heebed in battleships. In a period
of financial retrenchment, Fisher’s main goal wagieserve the Navy’'s budget—and
particularly its construction budget—from Army degations. Thus he publicly played
up the German threat in the North Sea and Brit@iofsesponding need to build capital
ships, even as he took a very different line ingde. “[T]he English Navy isowfour
times stronger than the German Navy,” he cheerfoftyrmed the king, “but we don't
want to parade all this, because if so we shaléRarliamentary trouble..[I have
recently read a paper] convincingly showing thatdea’'t want to lay down any new
ships at all-we are so strongt is quite true!*’’ By catering to the crudest metrics of
naval power, Fisher fooled not only contemporarltis@ns but also historians into

thinking he believed his own propagartd®.

Conclusion

Torpedo development from 1903 through 1908 wasubleé-edged sword for the
Royal Navy. Gyroscopes made torpedoes more accimatéhey required new practice
regimes and safety devices for reliable use. Thel¢éstle superheater increased

torpedoes’ range and speed, but it created fristiim the Armstrong Company and

17 Eisher to King Edward VII, 4 Oct 1907, quoted iambert,Sir John Fisher's Naval Revolutiphi4?2.
178 On historians’ errors, see also Jon Sumida, ‘@inJFisher and thBreadnought The Sources of Naval
Mythology,” Journal of Military History59, no. 4 (October 1995): 619-37.
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eventually with Hardcastle himself. The relocatadrthe torpedo factory from Woolwich
to Greenock gave the Navy control of this vitalggi®f naval ordnance, but it disrupted
the supply base at an important moment. Torped@eempossible the strategy of flotilla
defense, which enabled the Royal Navy to perfotritsalraditional missions despite
budget cuts, but they created severe tactical lvb@daNone of these dilemmas would go

away.
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Chapter 5: American Torpedo Development, 1909-Wa/t |

“[T]he patent laws were intended for the protectidithe inventor and
produce, and not for the oppression of the constimer
— G. W. Williams, 1912

Introduction

From 1909 up to World War |, the Bureau of Ordreasaffered the consequences
of its earlier errors in dealing with McNeillian monand technology—and it repeated the
errors. First, the Bureau’s dispute with the B&xsmpany over superheater royalties,
which had been simmering since 1907, boiled ov#mimating in a lawsuit. Next, the
Bliss Company called the Bureau’s Clause 19 bkdfarding the balanced turbine,
leading the government to file a lawsuit that walhthe way to the Supreme Court. As
both parties grappled with the consequences of gaglier actions, the pace of
technological development offered them no respiteew invention known as the wet
superheater, which enabled dazzling new speedsaages, developed the problems that
almost inevitably attended command technology.tifowdate the Bliss Company, the
Bureau invited another firm, the Electric Boat C@nyp to design torpedoes with wet
superheaters, only to be sued again for patenbg&gment, in another case that went all
the way to the Supreme Court. Thus, by 1914, tivemgmnent was involved in three

torpedo-related lawsuits. In its quest for legataiy, and under cover of so-called

! williams to Twining, 23 January 1912, BuOrd 2555 RRG74/E25/BB198, NARA.
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national security imperatives, the government alhiadisregarded private property
rights—arguably the most fundamental civil libertyth damaging implications for the

liberal political philosophy supposedly under-girgithe United States.

The 21-inch Mark Il and 18-inch Mark VI Torpedo Co ntracts

In late 1908, the Navy indicated its opennessrewa 21-inch torpedo contract
with the Bliss Company, but it also refused to riege for more 18-inch torpedoes until
the Company had developed a reliable model. Iryd&09, the Bureau and the
Company quickly negotiated two small contractsZbsinch torpedoes, which were
designated Mark IIf. The 21-inch Mark Il torpedoes, which had balantetines and
dry outside superheaters, were essentially sirtoléne last 250 torpedoes (Mark 1l and
Mark Il Mod. 1) ordered under the November 1905tramt’

Negotiations for a new lot of 18-inch torpedoesevaower but relatively smooth.
In May 1909, the Company informed the Bureau ttsanéw 18-inch model was ready
for trial.* After a series of trials, the Bureau and the Bissnpany signed a contract for
100 Mark VI torpedoes on 22 October 190Bhis torpedo involved an important change
in design. All previous Bliss-Leavitt torpedoes Hhadir turbine engines mounted so that
their axes were in the torpedo’s longitudinal aqsl their planes of rotation were in the

torpedo’s transverse-vertical plane. In the Markdrfpedo, the turbine was mounted with

2 The negotiations can be followed in BuOrd 1776G;7R/E25/B842—-44, NARA. Copies of the two
contracts, dated 20 April and 16 June 1909, cdiotred in NTS B64-213.

3 For a list of the differences, see Hellweg to MasbApril 1909, B64-213, NTS.

* Page to Mason, 25 May 1909, BuOrd 20065/17, RGZ#979, NARA. This letter confusingly refers
to the torpedo as the Mark VII but it was the madtet would become the Mark VI, not the Mark VII.

® The original contract can be seen under a markeektsion as an enclosure to BuOrd 23873/3,
RG74/E25/B1229, NARA.
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its axis in the torpedo’s transverse-vertical aid its plane of rotation in the torpedo’s

horizontal plane (see Figure 5.1).

>

y _

Figure 5.1: Mounting the turbine.

In the figure on the left, the turbine wheels a@unmted with their axes in
the torpedo’s longitudinal axis and their planesadétion in the torpedo’s
transverse-vertical plane (as in all Bliss-Leatdtpedoes before the 18-inch
Mark VI1).

In the figure on the right, the turbine wheels m@unted with their axes
in the torpedo’s transverse-vertical axis and thkine of rotation in the torpedo’s
horizontal plane (as in the 18-inch Mark VI torpgdo

Like the 21-inch Mark 1l and Mark 11 Mod. 1 torpeeis the Mark VI had an outside
instead of an inside superheater; it was the lassBeavitt torpedo to feature a dry

superheater.

Royalty Pains and the Continuing Supply Crisis: TheTorpedo Factory, the

Whitehead Company, and the Bliss Company, Decemb&®08—February 1911
At the very end of 1908, the simmering disputer®uperheater royalties

discussed in Chapter 3 erupted. In July 1908, tmeds had ordered another 130

torpedoes from the Whitehead Company, and it haairdd the right to build, free of
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royalty charges, 75 Whitehead torpedoes at theeBwrfFractory except for gyroscopes
and superheatefdUnlike the 1907 contract for 50 Whitehead torpexjmeade under
special waiver of its superheater rights from ttieBBCompany, the 1908 contract rested
on no such waiver. Accordingly, it sparked a covgrsy.

On 22 December 1908, the Company objected to theaBis purchase of
Whitehead torpedoes not covered by the special d@0er’ Since the 1907 contract,
when the Whitehead Company recognized the Blisspgaoyis rights to the use of the
Armstrong superheater in torpedoes furnished tdJthieed States, the Bliss Company
wrote, “the Whitehead Company appears to have bedess scrupulous.” Instead of the
Bureau buying Whitehead torpedoes from the Whitél@ampany, the Bliss Company
made the radical suggestion that the Bureau buyaisad torpedoes from the Bliss
Company instead—a return to the arrangement pregdkfore the development of the
Bliss-Leavitt torpedo. Shortly after receiving thismbshell, the Bureau placed its first
order with the Torpedo Factory, for the 20 torpedaethorized by Vickers in January
1908, having ordered 20 superheaters for thesedogs from the Bliss Company in
June 1908 (see pages 173—74 abBJest a couple weeks later, in mid-January 1909,
Bliss Company representatives met with the Segretathe Navy to discuss a test suit
against the government for infringing their pateghts by purchasing Whitehead
torpedoes abroatiA week after that, the Bliss Company’s patent lamsyproposed that

instead of turning to the courts, the legal stafiuhie Bliss Company could be established

® See “Contract for Torpedoes,” 7 July 1908, Cladsasd 16, enclosure to BuOrd 21723/29,
RG74/E25/B1086, NARA.

" Page to Mason, 22 December 1908, BuOrd 17761/368t(26817-8a), RG74/E25/B844, NARA.

8 Mason to SecNav, 6 January 1909, BuOrd 21017/8872@71-72, RG74/E25/B1043, NARA.

° A test suit, or test case, is one brought to “tést law where it seems unsettled and to estaplisbedent.
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by submitting the issue to the Attorney Generalpseénopinion would guide the
Department?

Asked to comment, N. E. Mason, the chief of theeAu of Ordnance, took a firm
line. “In neither contract [the 1907 and 1908 caats with the Whitehead Company] has
the Bureau in any way infringed the rights or ptdexi the E.W. Bliss Company,” Mason
informed the Department, “and the Bureau is na@riy way involved in the question
brought up by the attorneys for the E. W. Bliss @any in the within letter** For the
1907 contract, the Bureau had obtained the Blisagamy’s permission to order
torpedoes with superheaters, and for the 1908 acmthe Whitehead Company took the
position that it had the right to furnish torpedeeth superheaters without the Bliss
Company’s permission—and it obligated itself, bp@e 9 of the 1908 contract, to
protect the United States against patent clainmceSthe United States was not involved
in infringing any patents—the logic being thathieéte was an infringing party, it was the
Whitehead Company—Mason concluded that the matsted with the Bliss, Armstrong,
and Whitehead Companies, and that the Attorney &eoeuld not give an opinion
without statements from the two British firms. Rresbly based on Mason’s opinion as
to the government’s non-involvement, the Departnigiotrmed the Bliss Company’s
patent attorneys that the case presented no legatign on which it could seek the
advice of the Attorney GenerdiThe issue temporarily died down.

It was not going away, however. A year later, dnJanuary 1910, gearing up to

10 Fraser & Usina to SecNav, 23 January 1909, Bu@61/403 (Dept 26817-8), RG74/E25/B844, NARA.
1 Endorsement by Mason to SecNav, 6 February 1909y 17761/403 (Dept 26817-8),
RG74/E25/B844, NARA.

12 winthrop [AsstSecNav] to Bliss Co., 13 March 19B90rd 17761/403 (Dept 26817-8),
RG74/E25/B844, NARA.
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order more torpedoes from the Torpedo Factory, Masked the Bliss Company what
royalties it would charge for the right to makeBls-Leavitt torpedoes, including
superheater§ On 28 January, the Bliss Company replied thabitld charge a royalty
of $750 per torpedo, the same number it had guotBécember 1906 and November
1907* Mason thanked it for the offer and promptly pratesto order 25 Whitehead
torpedoes from the Torpedo Factory, the first ef 7b authorized by the July 1908
contract with the Whitehead Compdriyn October 1910 and February 1911, the Bureau
ordered the remaining 50 torpedoes under the 3¢ tontract from the Torpedo
Factory*®

The Bureau knew from the start that these 75 twee presented potential patent
problems. On 16 March 1910, a month after ordettedfirst 25, Mason asked the
Torpedo Station to investigate the subject of sugeter rights! Mark Bristol, the
commander of the Station, suggested that the Depattalso consult the Patent Office,
and it did, but he also ventured his own intergiete® He considered the Bliss
Company’s royalty of $500 on superheaters to bédexitant [sic]” and “out of
proportion,” given that it accounted for two-thirasthe $750 royalty on the entire
torpedo, and the Company’s price of $650 for supedrs to be “excessive,” given that

the Torpedo Station could make superheaters fod $46h (as indeed could the Bliss

13 Mason to Bliss Co., 24 January 1910, BuOrd 21&1374/E25/B1043, NARA.

14 page to Mason, 28 January 1910, BuOrd 21017/b@s, i

15 Mason to Bliss Co., 31 January 1910, BuOrd 210541S538/264; Mason to Bristol, 1 February 1910,
BuOrd 21017-LS538/368, ibid.

16 Mason to Bristol, 20 October 1910, BuOrd 2101 @éning 30 torpedoes); and Mason to Bristol, 11
February 1911, BuOrd 21017-LS600/494, ibid. A copthe letter of 20 October was not found, busit i
described in Bristol to Mason, 16 February 19110BL21017/132, ibid.

7 A copy of this letter was not found, but its distgiven in, and its contents can be inferred fr8mistol
to Mason, 19 March 1910, BuOrd 21017/108, RG74/B264A3, NARA.

18 See Bristol to Mason, 19 March 1910, BuOrd 21008/ Bristol to Mason, 19 April 1910, BuOrd
21017/111, ibid.
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Company, since $650 — royalty of $500 = productiost of $150). Therefore, he
suggested that the Bureau ask the Bliss Compaloyver its charges; that if the
Company’s response was still unreasonable, a lwdardval officers decide the charge
after hearing both sides of the case; and thaeilGompany disliked the naval board’s
decision, “this Station proceed with the manufaetamy way, and the Bliss Company be
required to recover the royalty through the Cofi€kaims.™ When asked to lower its
royalty on superheaters, the Bliss Company refd$&te royalty of $500 “is not based
on cost of manufacture,” the Company informed thecBu, but rather on “its value in
improving the weapon, of which it forms a smalltgat Private and public metrics of
value and price conflicted, just as they had irarddo the balanced turbine, as discussed
in Chapter 3.

A week after this failed attempt to convince tHs8Company to reduce its
royalty charges, the Patent Office finally deliv@its opinion on superheater rigfits.
The (dry outside) superheater used in the Whitebherpedoes ordered in 1907 and 1908,
it held, was “dominated” by two patents (Nos. 882 2nd 944,975, both dry outside
heaters) assigned to the Armstrong Company. She8liss Company controlled the
rights to these two patents by virtue of its 199Beament with the Armstrong Company,
the implication of the Patent Office’s ruling wést the Bureau would have to pay

royalties on superheaters used in these torpe@ue$8 April 1911, the Bureau

19 Bristol to Mason, 8 December 1910, BuOrd 21017/BX&74/E25/B1043, NARA.

20 Mason to Bliss Co., 12 December 1910, BuOrd 21TPF/this letter was not found, but its date isegiv

in, and its contents can be inferred from, Leawittlason, 20 December 1910, BuOrd 21017/122, ibid.

21| eavitt to Mason, 20 December 1910, BuOrd 2101Z/id.

22 Moore [Commissioner of Patents] to SecNav, 12 dgni911, BuOrd 21017/127 (Dept 8247-66i6), ibid.
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purchased 75 superheaters from the Bliss Compab§5t each®

The Patent Office ruling, dated 12 January 19frived in the midst of a renewed
torpedo supply crisis. Two weeks earlier, the Bissnpany had requested an extension
on its 18-inch Mark VI torpedoes, and Mason haddtened to cancel the contract and
purchase abroad if the Company did not hurry ugsghtwo letters, both dated 28
December 1910, actually crossed each other in #iB.fhDays later, the Bliss Company
went over Mason’s head and appealed to the Segmtadne Navy”

Fed up, Mason turned back to the Whitehead Compdter meeting with
Mason, the Company’s American representative, Fst@ridan, made an offer on 200
Whitehead torpedoes, including gyroscopes and bepgers® Mason wanted to buy 200,
but the obligation to pay duty—which went into ffreasury, leading Bristol to observe
dryly, “It certainly does seem peculiar to take stinmg out of one pocket and put it in
the other—meant that the Bureau could afford dr@9, and that was the number
contracted for on 29 March 1931 This contract also granted the Bureau the right to
make 100 Whitehead torpedoes free of royalty ctsaag¢he Torpedo StatiGh.

New leadership found the supply situation no nsatesfactory. N. C. Twining,
who replaced Mason as chief of the Bureau in Mayl19rivately confided that “the

torpedo situation is very unsatisfactory and | tiesee my way clear yet of making it any

2 No record of this purchase was found, but it istioeed in the Bliss Company’s petition of 29 May
1914 inE. W. Bliss Co. v. United Statés3 Ct. Cl. 47, 1917), pp. 7-8, a copy of which ba found as
BuOrd 28200/12 in RG74/E25/BBB316, NARA.

% Mason to Bliss Co., 28 December 1910, BuOrd 2286692/429-30; Page to Mason, 28 December
1910, BuOrd 22866/60, RG74/E25/B1173, NARA.

% page to SecNav, 17 January 1911, BuOrd 22997/(624FE25/B1180, NARA.

%6 Sheridan to Mason, 24 January 1911, BuOrd 241P8B4/E25/B1249, NARA.

2" Mason to Sheridan, 6 February 1911, BuOrd 24126899/418-19; Mason to SecNav, 11 February
1911, BuOrd 24126/2-L.S1/33-34, RG74/E25/B1249, NARAstol to Mason, 11 February 1911, B72-
204, NTS.

28 See “Contract for Torpedoes,” 29 March 1911, BO2;NTS.
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less so. So far as | can see, all the ships wik ha live from hand to mouth in the matter
of torpedoes for the next year or mofé.The Department was also unhappy with the
situation. “I know there is an impression in thei®éary’s mind, and in the minds of
other people,” Twining acknowledged to the Secygtaide, “that the Bureau has not
been keeping up to the mark in several ways forestime past® In October 1911,
evidently on his own initiative, and presumably otitmpatience, the Secretary ordered
Twining to solicit a bid from the Whitehead Compday 50 torpedoed' Twining did so,
the Company complied, and another contract wasdigm 25 October 1911, which,
together with the March 1911 contract, gave they\eBO torpedoes under contract with

the Whitehead Comparis.

The Development of the Steam Torpedo and the Contiing Royalty Dispute, Mid-
1910 to Late 1912

After Leavitt’'s invention of the first inside dguperheater in 1900, and its
installation in the first marks of Bliss-Leavittrpedoes—the 18-inch Marks IlI-1V, and
the 21-inch Mark I—the next major step in the eviolu of the technology was the
switch to an outside dry superheater in the 21-Malnk Il and Mark 11 Mod. 1 torpedoes.
The Bliss Company also installed the outside siwgadr in its then-experimental 18-inch

torpedo, which would become the Mark /1.

29 Twining to Glennon, 24 June 1911, RG74/E26/B1B/REB0-51, NARA.

%0 Twining to Andrews, 21 July 1911, RG74/E26/B1B/\AB/122—-29, NARA.

31 See endorsement by Mason to SecNav, 13 Octobér BaDrd 24733/1 (Dept 26548-89),
RG74/E25/B1267, NARA.

32 See Sheridan to Twining, 12 October 1911, BuOf#B341, ibid; “Contract for Torpedoes,” 25 October
1911, B77-314, NTS.

33 McCormick to Mason, 25 October 1907, BuOrd 2006R/@&74/E25/B979, NARA.
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The first glimmerings of the new superheater’s ddsmence arrived within a year.
In March 1908, courtesy of the Brazilian naval ett&ain Washington, the Bureau
received a copy of the January 1908 issue oR#énasta Maritima Brazileird“Brazilian
Maritime Journal”), which contained an article ddsiag awetsuperheater being
experimented with by the Whitehead Company at Fitfliiéis wet Fiume superheater,
which should not be confused with the dry supedragointly developed by its sister
company in Weymouth working with the Armstrong Canp, was based on the work of
Johann Gesztesy, an officer in the Austrian naegszBesy held both Austrian and British
patents. The earliest, which contained little deteas dated September 1905; a more
mature version of the system was described in Aasand British patents taken out in
April 19073

Exactly what happened after the Bureau receiveadrthgazine article is difficult
but important to establish, given the importancéefchronology in subsequent legal
proceedings. It is certain that the Bureau senathele to the Torpedo Station on 20
March 1908, but what the Station did in responsd,vahat communications passed
between the Bureau and the Bliss Company, are arnitla summary of correspondence
created for the legal proceedings indicated theBtireau sent the article or a copy to the

Bliss Company on 26 March 1908, and that the Compaknowledged receipt on 4

% See Mason to Gleaves, 20 March 1908, BuOrd 21 R43R/257, RG74/E25/B1086, NARA. An
original copy of this article can be found with tietter; an English translation can be found i& th
“Addition to the Record” before the Supreme CoanrElectric Boat Co. v United Staté363 U.S. 621).

% Austrian Patent 21315, issued 11 September 190&rian Patents 24150 and 28050, issued 10 May
1906 and 10 April 1907, respectively. The lattettafse two patents was taken out with Julius vdraRie,
of gyroscope fame, and it was identical to a Bripigtent that the two men applied for in March 1866
were awarded in March 1907 (7,390/1906).

3% Mason to Gleaves, 20 March 1908, BuOrd 21715-L 8282 RG74/E25/B1086, NARA.

252



April 1908%" These dates are plausible, but it should alsambedrthat neither of these
two letters was among the evidence accepted ireteeant lawsuit®

The Gesztezy/Fiume wet superheater was only ofieedinternationally. Two
others were British—one developed by the Armstr@ogipany, jointly with the
Whitehead Company’s Weymouth branch, and the dithé¢ne British Admiralty,
working from a design by an engineer officer narBetl). Hardcastle, discussed in
Chapter 4. The Bliss Company owned the Americantsi¢p the Armstrong wet
superheater through its 1905 agreement with thes&konmg Company. The latter applied
for its first American wet superheater patent inuky 1908, which was issued as No.
964,574 in July 1918’ Armstrong’s development work apparently continapdce,
since it applied for a second wet superheater pateluly 1910, which was issued as No.
1,008,871 in November 19£1The remaining two superheaters were Americaniiiror
one by the Electric Boat Company (better knownit®role in American submarine
development), working from a design by G. C. Darjsand the other by the Torpedo
Station, working from a design by an Ordnance Eejirfa civilian employee of the
Navy) named Harvey. D. Williams.

The Bureau unquestionably began to investigatesugérheaters independently

of the Bliss Company, but it is unclear when exatitht investigation began, and how it

37 Norton to Twining, 26 May 1914, BuOrd 25373/39 (D86266-417-1), para. 3, RG74/E25/BB156,
NARA.

3 For the list of evidence, see “Transcript of Recéndex” inE. W. Bliss Company v. United Sta(248
U.S. 37).

% This patent was equivalent to Sodeau’s GBP 6,@81/1The delay between application and issue
suggests that a battle over competing wet superhpatents was raging behind the scenes.
Armstrong/Sodeau had previously taken out a stsimymerican patents for a dry inside superheater
(827,891 and 828,432) and then a dry outside sep&zh (835,262, 850,307, and 944,975).
“0Whether the Bliss Company was using the superhdageribed in the first or second iteration of the
superheaters described in these two patents byl &1i@-is unknown.

253



related to another initiative undertaken by theddwrin late 1907 or early 1908, namely,
the design of a Bureau alternative to the Blissvittand Whitehead torpedoes. This
initiative was closely associated with H. D. Wittia** The first documented reference to
a torpedo designed by Williams appeared in Aug@671when Williams was still at the
Bureau®? In May 1908, he was ordered to the Torpedo Statind given a draftsman
named O. A. Thelin as an assist&h®ver the course of the next year, two torpedoes
were constructed according to Williams’ design; ofithem was lost! The first detailed
report on Williams’ activities appeared in Septemb@09, when Bristol, the Commander
of the Torpedo Station, wrote semi-officially to 8tm pleading him to let Williams stay
on at the Station. “It is evident now that when WMilliams took up the question of the
design of an experimental torpedo he was verg l@quipped for the work,” Bristol
allowed, “and thus far he has been eliminating \grimieas, without making much
progress; but now the whole question looks morerve, and we are beginning to
make some advance® Bristol also noted that Williams was trying to idgsa
superheater cooled by air instead of water in ailmlsave weight—suggesting that the
Station had previously tried experimenting with weperheaters, probably after
receiving the Brazilian article. By November 199@|liams had given up on the idea of

cooling the combustion chamber sufficiently withayecting water, and the Station’s

“1 On Williams, see “Cornell Alumni News,” Vol. 33,dN23 (16 March 1931), p. 277; downloaded from
http://ecommons.library.cornell.edu/bitstream/18528/13/033 23.pdP3 July 2009.

“2 Gleaves to Mason, 7 August 1907, BuOrd 18172/ZRE25/B873, NARA.

*3Mason to Gleaves, 8 May 1908, BuOrd 21017-LS442/RIG74/E25/B1043, NARA.

“4 Bristol to Mason, 5 August 1909 (Annual Report, FX08), para. 31A, B66-173, NTS.

“5 Bristol to Mason, 28 September 1909, ibid.
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experiments with wet superheaters resuffidithe next detailed report on Williams’ work
did not appear until June 1910, by which time twanorpedoes of his design had been
built, more mature than the two constructed in 1098’

The other American wet superheater was being dpedl by the Electric Boat
Company, better known for its control of the Holasubmarine patents. The Electric
Boat Company’s torpedo work was led by a familiame: G. C. Davison, who resigned
from the Navy on 1 January 1908 to become a viesigent at the Electric Boat
Company. The torpedo design community having beamall one (not unlike the
torpedo history community of today), he was follawe June 1909 later by O. A. Thelin,
the draftsman who had been assigned as H. D. Wliassistant at the Torpedo
Station?® Davison also took his notebooks containing infafaraderived from
experiments conducted at government exp&haihough Davison had assigned the
patent for the balanced turbine to the governnfentyould assign all his subsequent
patents to the Electric Boat Company.

By mid-1910, the three lines of American developtreWilliams at the Torpedo
Station, the Bliss Company (courtesy of the Armsgr@ompany), and Davison at the
Electric Boat Company—had progressed sufficieritit Mason ordered the Torpedo

Board to consider what characteristics the nexegion of torpedoes should poss¥ss.

“® This chronology is deduced from Yarnell [ACNTS]Rdstol, 25 June 1910, BuOrd 21017/114,
RG74/E25/B1043, NARA.

" Williams to Yarnell, 24 June 1910, enclosed in Bdi@1017/114, ibid.

“*8 The date of Thelin’s departure is given in NortorStrauss, 26 May 1914, BuOrd 25373/39 (Dept
26266-417-1), para. 3, RG74/E25/BB156, NARA.

9 Endorsement by Williams, 11 October 1913, BuOra872330, ibid.

*0 Mason to Bristol, 20 July 1910, BuOrd 18172-LS2A8-14, RG74/E25/B873, NARA.
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The Board delivered its report on 26 July 18180r armored cruisers, it recommended
the development of 18-inch turbine torpedoes capab®6 knots for 4,000 yards. In an
international context, such a performance was uresgive, considering that the 18-inch
torpedoes ordered from the Whitehead Company’s Vegimbranch in July 1908 were
guaranteed to make 26 knots for 4,000 yafds.the domestic context, however, the goal
of 26 knots for 4,000 yards represented an advaies the then-latest 18-inch Bliss-
Leavitt torpedoes (Mark VI) were guaranteed forydh000 yardsS® To meet the goal of
a 26-knot, 4,000-yard torpedo, the Board recommetticizt the Bureau try to develop
three different models: first, by adapting the ®8@rd Bliss-Leavitt Mark VI into a
4,000-yard torpedo; second, to develop the Willidongedo into a reliable weapon; and
third, to invite the Electric Boat Company to desan experimental 18-inch type.

The Board’s ideas about 18-inch torpedoes paledmmparison with its plans for
21-inch torpedoes. It recommended that the Bungato tdevelop a longer (21-foot
instead of 5-meter) 21-inch torpedo capable of @8tk for 10,000 yard¥. This was a
radical proposal: the most recent 21-inch Blissvitt#orpedo, the Mark Ill, was
guaranteed to make only 26 knots for only 4,00@yaSuggesting that work with the

Williams torpedo focus on perfecting an 18-inch mlpthe Board recommended that the

*1 Torpedo Board [Bristol, Norton, Williams, HellwellcCrary] to Mason, 26 July 1910, BuOrd 18172/41
(Dept 24003-4), RG74/E25/B874, NARA. The Board alfjuconvened on 26 July and did not finish
writing its report until adjourning on 28 July, ke Bureau and the Department always used the
convening date when referring to the report in eghent correspondence, so | have adopted their
convention.

2 See Davison to Mason, 8 August 1910, BuOrd 237 @E74/E25/B1223, NARA.

%3 See “Specifications for the Manufacture of Blissalitt Automobile Torpedoes, 5.2 Meters by 45
Centimeters, Mark VI,” October 1909, Ord. Pam. &2;losed in BuOrd 23873/3, RG74/E25/B1229,
NARA.

> Why the Navy abandoned the metric system is undbed the long 21-inch torpedo was known as the
21-foot torpedo instead of as the 6.3-meter torpedhie the standard 21-inch torpedo continuedeo b
known as the 5-meter instead of as the 17-fooetiop
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Bliss Company and the Electric Boat Company beaskelevelop 21-inch x 21-foot
designs. These will be referred to hereafter a®aftorpedoes instead of 21-inch
torpedoes, so as to distinguish them from 21-inBhnxeter torpedoes.

Mason acted quickly on the Board’s recommendati@ms5 August 1910, the
Bureau interviewed Davison to discuss the posgitili the Electric Boat Company
getting into the torpedo busineSsThree days later, Davison opened the written
negotiations with two letters. One dealt with prggian experimental a 5.2-meter x 18-
inch torpedo. As had been evident with the earlgBLeavitt torpedo contracts, the
guestion of price was fraught for experimental w@ice the work was experimental,
Davison explained, the Electric Boat Company wasilling to make ambitious
performance guarantees, while the Bureau was unwiib pay for experimental work
(as opposed to a finished product). To reduce tired’s risk to a level that it would
accept, Davison suggested taking the price an@peaince of the Bureau’s best recent
torpedoes—the 18-inch Whitehead Mark V and thenzh-Bliss-Leavitt Mark lll—as a
base, and then adding premiums for better perfocmatie proposed a minimum of
$5,000 for a minimum of 26 knots for 4,000 yargis.

Davison called this proposal “liberal” to the Bungand indeed it was. The
Bureau was guaranteed to get a torpedo at leggtagbas its present torpedoes for the
same price. The Electric Boat Company bore altidle namely, that if its torpedoes
failed to meet the guaranteed performance, it wgeltdho remuneration for its

expenditures on experimental work; and even ikdeeded the guaranteed performance,

% This interview is mentioned in Davison to Masom®&yust 1910, BuOrd 23713/1, RG74/E25/B1223,
NARA.
%8 Davison to Mason, 8 August 1910, BuOrd 23713/t ib
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it was unlikely to recover more than a fractiortladse expenditures. Of course, Davison
did not offer this “liberal” scheme out of genetgsiOur object in making this offer is to
demonstrate the torpedo with a view to future gdddavison frankly stated, and “[w]e
also assume that the Bureau in ordering an expetah®srpedo, would do so with a
view to placing further orders in event of a sati$bry demonstratior™* The

justification for taking on so much risk was thespibility of big rewards in the future—
but the assumption as to the Bureau’s purpose wlasgerous one. Instead of bringing a
new manufacturer into the business, the Bureaujsgse could just as plausibly have
been (as Davison later concluded it was) to stiteuta existing manufacturer (Bliss).
And if the Company was being used as a pawn, stgdeon its merits, then its risk-
reward calculus rested on a fundamentally flawedi@ption.

The other, and eventually more important, lettat Davison sent the Bureau
after the interview on 5 August dealt with the singater itself, separate from the
experimental torpedoes. Davison offered to selletk@usive American rights to the
Company’s wet superheater for $100,000 cash, plyaities of $1,200 each for the first
100 torpedoes containing the device, $950 eacthésecond 100 torpedoes, $750 each
for the third 100 torpedoes, and $600 torpedoealfdorpedoes thereafter, the agreement
to last for 15 years. The cash payment was to héngent upon the Company
demonstrating the superheater’s ability to mediopeance requirements in either a
Company-built torpedo or in one loaned to it by gogernment, and the agreement was
to include an escape clause for the Company ifdjelties failed to amount to $25,000

in any year. For the exclusive international rigitavison explained that the price would

" Davison to Mason, 8 August 1910, BuOrd 23713/t ib
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have to be “very much higher,” since the volum@atential foreign sales greatly
exceeded that of potential American safeNegotiations for the superheater alone were
not resumed for another year, but this letter wgsortant as the first word on the subject.
Thus far, Davison had only dealt with the posgipbdf building an 18-inch
[diameter] experimental torpedo. On 6 Septembegdviaasked the Electric Boat
Company to bid on a 21-foot [length] experimentapedo’ Davison replied that the
Company had not undertaken any detailed plan2dffaot torpedo, but that the range
and speed could be extrapolated from estimatdseci8-inch [diameter] torpedo’s
performance. Based on what the Bureau had paiorémious 21-inch [diameter] Bliss-
Leavitt torpedoes, Davison said that the lowesteptihe Electric Boat Company would
accept for a 21-foot torpedo was $7,500 for a quasof 26 knots for 5,000 yards. After
some bickering over the price, specifications, delivery date, the Bureau and the
Electric Boat Company reached agreement on both8kach and 21-foot experimental
torpedoes? The base price was $5,000 for 26 knots over 4y@d@s for the 18-inch
torpedo, and $7,500 for 26 knots over 5,000 yand$hfe 21-inch torpedo. The Company

agreed to deliver the former within 12 months arellatter within 18 month¥.The

*8 Davison to Mason, 8 August 1910, BuOrd 23712/17R625/B1223, NARA.

%9 Mason to Electric Boat Co., 6 September 1910, BUER754-LS574/165-66, RG74/E25/B1226, NARA.
60 capehart [Acting CoO] to Electric Boat Co., 6 Smpber 1910, BuOrd 23713/1-LS574/169-71,
RG74/E25/B1223, NARA,; Davison to Mason, 9 Septenil$di0, BuOrd 23713/2, ibid; Mason to Davison,
6 October 1910, BuOrd 23713/2-LS579/288-91, ibidyiBon to Mason, 10 October 1910, BuOrd 23713/3,
ibid; Davison to Mason, 10 September 1910, BuOrgb2®, RG74/E25/B1226, NARA; Mason to

Davison, 6 October 1910, BuOrd 23754/2-LS579/280#8&; Davison to Mason, 10 October 1910,

BuOrd 23754/5, ibid.

®1 For the 18-inch torpedo, see “Contract for the Maoture of One Davison 5.2m. x 45cm., Type Torpedo
for the United States Navy,” B73-315, NTS. A coffytee 21-inch contract was not found, but the price
scale can be found in Mason to Electric Boat C&®céber 1910, BuOrd 23754/2-LS579/280-82,
RG74/E25/B1226, NARA. In that letter, the Bureaquested delivery within 12 months, but the Company
demanded 18 months (Davison to Mason, 20 OctobEd, IBuOrd 23754/5, RG74/E25/B1226, NARA);
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contracts were signed on 17 and 23 January 19dfecéavely.

The Bureau was also negotiating with the Bliss gany. In September 1910, a
month after opening negotiations with the EledBaat Company, the Bureau asked the
Bliss Company to bid on experimental 18-inch andrzh torpedoes, proposing the
same terms that it was hammering out with the EteBbat Company? The Bureau
gleefully exploited the leverage it acquired frolaging another firm in competition with
the Bliss Company—Ieverage that the Bureau hacethak negotiating the first Bliss-
Leavitt contracts in 1903. “It is imperative thhist question shall be taken up at as early
a date as possible,” Mason wrote, “as the Bureauasposition to make contracts with
another firm for similar experimental torpedo&3The Bliss Company swallowed its
objections and signed contracts for experimentahtB and 21-foot torpedoes on 16

February 191%*

The Davison Steam Torpedoes and Superheater

After signing the contracts for two experimentalasn torpedoes in January 1911,
the Electric Boat Company spent roughly nine momthsking on them quietly. In
October 1911, however, Davison made a new propasitndependent of the
experimental torpedoes, he again offered to seltitihts to his wet superheater (also
known as his “steam generator”), which could thennstalled in Whitehead or Bliss-

Leavitt torpedoes to convert them from hot-airteas torpedoes. Forwarding a drawing

while no agreement to the Company’s demand wagdfaine fact that the Company signed the contract
indicates that it was agreed to.

2 Mason to Bliss Co., 6 September 1910, BuOrd 2375874/167—68; Capehart to Bliss Co., 9
September 1910, BuOrd 23753-LS574/172—-73, RG74B2%26, NARA.

% Mason to Bliss Co., 6 October 1910, BuOrd 23794879/231-32, ibid.

8 Leavitt to Mason, 7 February 1911, BuOrd 237542,
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of his wet superheater, he proposed to fit it iarpedo for trial, after the Bureau agreed
to pay royalties of $1,000 on each of the firsttienpedoes containing the device, $900
on each of the next ten, and $800 on each torgeteaftef> This offer differed
somewhat from the one that Davison had made in 8ut@10. He made no mention of
the exclusive American rights, and the royaltieseneamed for lots of ten instead of one
hundred torpedoes.

Asked to comment on Davison’s proposal, G. W. iftis, the commander of the
Torpedo Station, advised against acceptifijTo begin with—this was important from a
later legal perspective—Williams said that the dregfforwarded by Davison showed
insufficient detail to judge whether and how itfelied from wet superheaters being
tested by the Bliss Company and the Torpedo Staiiiout more knowledge, Williams
continued,

it is not considered wise to enter into an agreamwgh the Electric Boat Co. by

which the Bureau agrees to pay the Electric BoataQoyalty for the use of a

device in torpedoes presumably similar to devicaderby other companies, and

to one which is in course of development at thep@&do Station, as by that action
the Bureau would, in the opinion of the TorpeddiSia possibly involve itself in

dispute, if not in litigation, with the other compeas, and would be estopped [i.e.,

prevented] from further development of its own stpater.

As it turned out, William'’s concern as to futursplites, “if not litigation,” was most
prescient.

The Bureau did not share his concern, howevertaaamixture of carelessness

and patent law. The Bureau, Williams was told, baen “given to understand that this

generator is not in any sense a superheatert thas ibeen patented, and it is believed not

% Davison to Twining, 20 October 1911, BuOrd 2371R&74/E25/B1223, NARA.
% Endorsement by Williams to Twining, 27 October 19BuOrd 23712/2, ibid.
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to conflict with the present superheater righifsJust who had been giving the Bureau
this (incorrect) understanding was left unsaid,ibuwtas probably Davison. Patent law
prevented the Bureau from checking the validitpatison’s claims: until World War |,
no government department besides the Patent Q@fhigkel see patent applications (or
attempt to have a patent classified as se®@tus, even if the Bureau had wanted to
exercise due diligence, its options were limitetle@ these limits, Williams wisely
continued to argue against believing Davison’'snetafuntil the details of this device are
thoroughly well known, and it is clearly establiditbat the device is different from other
patented devices of the same natdre.”

As if to underscore the wisdom of Williams’ warnjrigavison wrote the Bureau
on 16 December 1911 with a list of the patentsgatdnt applications that the proposed
shop license (so-called because it would licensé\t@vy to build the devices in its own
“shop”) would cover, noting “that three of thesgbgations have not yet been issued.

A number of claims, however, have already beematbunder each of these

applications and the delay in issuing the patentkie to arguments now pending

in relation to certain claims which have been rigdcThe protection afforded,
however, is the same as if the patents had beead§s

Davison’s first wet superheater patent was noteidsuntil August 1912*
Despite Williams’ warnings, despite Davison’s owdication that his patent

claims were controversial, despite not seeing #terg applications that would be

covered by any agreement, and despite its bruesiicgunters with the Bliss Company

7 Endorsement by Norton [Acting CoO] to WilliamsNévember 1911, BuOrd 23712/2, ibid.

%8 See Gustavus Webdhe Patent Office: Its History, Activities and Onigation(Baltimore: The Johns
Hopkins Press, 1924), 32-39, 51-52.

%9 Endorsement by Williams to Twining, 27 October 19BuOrd 23712/2, ibid.

O Davison to Twining, 16 December 1911, BuOrd 2331bid.

! Note that the Court of Claims incorrectly credithi$ patent to Davison, not Gillmor; sEkectric Boat
Company v. United Stat¢s7 Ct. Cl. 497), para. 10.
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over property rights, the Bureau nonetheless foajexhd, sending Davison the terms on
which it would agree to have him install his sugater in two 18-inch Whitehead
torpedoes? Davison accepted the Bureau’s offéBecause of some confusion over the
ownership of patents assigned to a subsidiaryeoElkctric Boat Company, the
agreement was not signed until April 1912, butBlieeau shipped the two torpedoes in
January 1912? The contract for the two Whitehead conversionsibexknown as the
“shop license agreement;” no copy has been foumdother documents date it to 3 April
1912. Lacking a copy, the precise delivery dateautaed in the contract is unknown,
but it was probably in early June 1912. Togethehwie January 1911 contracts, the
shop license agreement meant that the Electric Boatpany was working on four
torpedoes: building two experimental Davison toge=i(one 18-inch, one 21-foot), and

converting two Whitehead torpedoes (both 18-inottake Davison’s wet superheater.

The Bliss-Leavitt Steam Torpedoes

Although the Bliss Company signed the contradisrdahe Electric Boat Company,
it had its experimental torpedoes ready soonéMovember 1911—a ten-month
turnaround. Given its greater experience in torpedaufacturing, beating the Electric

Boat Company was not surprising, but its speedstihsemarkable, and probably owed

2 The Bureau's letter, dated 9 November, was natdoits date and a very general idea of its coatean
be learned from Davison’s reply of 6 December, BL@B712/3, RG74/E25/B1223, NARA.

3 See the court’s opinion (by Justice Oliver Wenétllmes) inElectric Boat Company v. United States
(263 U.S. 621). The Bureau’s letter, dated 9 Novermbvas not found. Its date and a very general adea

its contents can be learned from Davison'’s repl§ Bfecember, BuOrd 23712/3, RG74/E25/B1223,
NARA.

" For the confusion over ownership, see Twining lexfic Boat Co., 1 February 1912, BuOrd 25373/6-
2/11; Davison to Twining, 5 February 1912, BuOr@2%/7; endorsement by Winthrop [Acting SecNav] to
Twining, 26 March 1912, BuOrd 25373/?, RG74/E25/BBINARA. For the shipment of the torpedoes,
see Norton [Acting CoQ] to Electric Boat Co. Insjpec10 January 1912, BuOrd 25373/1-0, ibid.

263



much to the fact that the Bliss Company did notehtavdevelop its wet superheater but
instead imported it from the Armstrong Company. X®rNovember 1911, the Torpedo
Board witnessed runs of both experimental torpedb&ag Harbor, where the Bliss
Company’s range was locatétDue to the difficulties of laying out longer rarsgenost
of the runs were made over a 4,000-yard rangehathwhe 21-foot torpedo performed
well, but it also made a 10,000-yard run at amested 27.76 knots. The 18-inch torpedo
showed large increases of speed and range ové&Btheeh Mark VI torpedo, even
though the Company was still tinkering with thelfaed water supply of its superheater
system. The Bureau began negotiating for the pseeb&50 of the 21-foot torpedoes,
and 70 of the 18-inch torpedo®sThe actual contracts, signed in June 1912, wer240
Bliss-Leavitt 18-inch steam torpedoes (Mark Vilidgor 50 Bliss-Leavitt 21-foot steam
torpedoes (Mark V1)’

In the meantime, the Bliss Company had also bigteam version of its 21-inch
by 5-meter Mark Il torpedo. The Torpedo Board wiged its official demonstrating
runs in June 1912, at which it made 26 knots f00d yards (as compared to the hot-air
Mark IlI's 26 knots for 4,000 yards¥.This torpedo was the prototype for the Bliss-

Leavitt Mark IX (then known as the Mark 11l Mod.,Which, together with the 18-inch

Mark VII and 21-foot Mark VIII, would become the didbone of the Navy’s torpedo

> Torpedo Board [Norton, Sawyer, Williams, Knox, @& Mason, 19 November 1911, BuOrd 18172/48,
RG74/E25/B874, NARA.

® Norton [Torpedo Desk, BuOrd] to Bliss Co., 17 Jaryul912, BuOrd 25325/3-0, RG74/E25/BB145,
NARA,; Twining to Bliss Co., 18 January 1912, 18uJary 1912, BuOrd 25145-1/27, RG74/E25/BB64,
NARA.

" The first 120 x 18-inch torpedoes kept their Meltkdesignation, while the second 120 became known
as Mark VII Mod. 1, due to their different reducefbe 50 Mark VIII torpedoes were originally knowaa
Mark 1V, the logic being that they were the nexti@déh mark after the 21-inch Mark Il torpedoest they
were eventually re-designated as Mark VIII on actai their longer length.

8 Torpedo Board [Norton, Williams, Sawyer] to Twiginl3 June 1912, BuOrd 26969/1,
RG74/E25/BBB135, NARA.
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arsenal through World War | and the inter-war peribhe prototype Mark 1X, however,
had trouble with depth-keeping, horizontal direstlieeeping, and uniformity of speed,
and by the time the Bliss Company was ready ta d@ffes a mature weapon in December

1912, other developments over-shadowéd it.

The Williams and “Standard” Torpedoes, the StatB@uperheater, and Royalty Pains
Redux

Sometime in early 1911, for unknown reasons amttunnknown circumstances,
H. D. Williams resigned from the Na#/Nevertheless, the Torpedo Station continued to
develop his two experimental torpedoes begun i 180910, requesting an additional
$5,000 in February 1911 and submitting a progregsrt in Marct* There the paper
trail on the Williams torpedo abruptly ends, ane tate of his torpedoes is unknown.

For several months, no trace of a Station-desigmgxtdo or superheater appears
in the record, although it is likely that the Staticontinued to experiment with the wet
superheater that had originated with Williams ia flope of avoiding royalty payments to
the Bliss Company. Then, in December 1911, a nejegtrappeared, the development of
a Navy “Standard” torpedo. In a general way, thiiggrt probably arose from the same
impulse to develop a design independently of thesBLompany that had given rise to
the Williams torpedo, but it was quite distinctrfirahe Williams project, and it may have

had something to do with the arrival of new leadgrsit the Bureau and the Torpedo

9 See Sawyer’s endorsement of 30 August 1912, B26969/8; Friedrick [Asst Bliss Insp] to Sawyer, 14
September 1912, BuOrd 26969/10, RG74/E25/BBB135RNA

8 His departure must have occurred before 8 Febrl@t§, when Bristol described him in a letter &t
ex-Ordnance Engineer”; see Bristol to Mason, 8 &atyr 1911, B72-204, NTS.

81 Bristol to Mason, 8 February 1911, BuOrd 21017/Mnell [ACNTS] to Mason, 3 March 1911,
BuOrd 21017/133, RG74/E25/B1043, NARA.
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Station. In May 1911, N. C. Twining had replacedsiia as chief of the Bureau, and G.
W. Williams (not to be confused with H. D. Willianseplaced Bristol as commander of
the Torpedo Station. In December 1911, the Burs&adithe Station to consider
designing a torpedo by mixing-and-matching the pests regardless of the manufacturer,
even at the cost of paying royaltf&3nilliams liked the idea and thought that royalties
could be avoided altogether, “except as regardsiplgshe superheater, and it is
probable that a new superheater may be deviseddeitils different from the present
superheater, so as to make the royalty paid aiguest equity rather than one to be
decided arbitrarily® The Station had in mind a torpedo with a dry shpater (or “hot-
air” torpedo) rather than a torpedo with a wet sheater (or “steam” torpedo).

On 30 December 1911, the Bureau ordered the Torpadtory to build 75
torpedoes, probably as part of the 100 torpedodg®ared by the March 1911 contract
with the Whitehead Compafi§/For the last 75 torpedoes built by the Torpedddescit
will be recalled, the Bureau had ordered superhme&iem the Bliss Company in April
1911. On 23 January 1912, Williams proposed ariffesolution: he suggested that the
Bureau re-open the question of superheater righies Bliss Company’s rights had never
been judicially confirmed, he argued, and evehefythad been, the size of the royalty
would still be open. While recognizing that thegudtrights of inventors were protected
by laws enacted under specific authorization ofGbestitution (specifically, Article 1,
Section 8), Williams submitted

that the whole tenor of the Constitution is that telations between the

® Norton to Williams, 1 December 1911, BuOrd 248R&74/E25/B1268, NARA.

8 Williams to Twining, 11 December 1911, BuOrd 24824bid.

8 Twining to Williams, 30 December 1911, 21017/178is letter was not found, but it is described in
Williams to Twining, 23 January 1912, BuOrd 25568 74/E25/BB198, NARA.

266



government and the individual and between indivisisaall be subject to the
rules of equity; that the written laws themselveslaut a codification of the rules
of equity, and that it was never intended by tlaenkers of the Constitution or the
framers of the law made in pursuance of constitudéiothorization that inventors
or others should receive an unjust compensatios bielieved that the patent laws
were intended for the protection of the inventad aroduce, and not for the
oppression of the consumer. This would seem toreasonable assumption in
any case, and in view of the history of the develept of the superheater it is
thought that the consumer—in the case at issuggadhernment—should be
exempt from an exorbitant charge as a matter atygepven shouldhe right of
eminent domaitbe held as not applicable to property consistingatent rights.
[Emphasis added]
To explain why the government should be equitakbngpt from high royalties,
Williams reviewed the history of superheater depeient. The increase in power due to
heating air had “long been recognized,” and thgpddo Station had experimented with
applying this insight to torpedoes as early as 18@8avitt had been responsible for the
“idea” of burning a combustible (alcohol) in thepoise air to increase the energy, and
his “method” consisted of burning alcohol in thefi&ask. The government had paid high
prices for early Bliss-Leavitt torpedoes to supplbet development of the torpedo,
effectively investing in experimental technologyo@nd the time that first 21-inch Bliss-
Leavitt torpedoes were delivered, the Armstrong @any invented the outside
superheater, and except for the fact that it hethidnpulse air and had a similar
ignition system, “it was a totally different devitc8etween subsidizing experimental
work through high prices and furnishing the Blissn@any with information, Williams
concluded that the government had made the Blisspaay’s development of the
superheater possible, and thus it should be alldwédild superheaters free of royalty.

He suggested that the Bureau try to reach an dxdgiiteaderstanding with the Bliss

Company by agreement or through arbitration, aatlithhat effort failed, the Bureau
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would be “ethically and legally” justified in maradturing superheaters without the
Company’s consent, leaving settlement of the Colyipaitaims to the Court of Claims if
the Company insisted on thé.

Williams’ letter was astonishing for its legal apldilosophical ambition. Eminent
domain, which refers to the right of the stateltgeoperty within the state, including the
power to expropriate private property for publieusas an old doctrine that was
incompatible with the liberal political philosoploy which the United States was
supposedly founded. Fundamentally, eminent donested on the assumption that the
state temporally and spatially precedes societypsagerty in nature, which are authored,
and therefore authorized, by the state. Classioaddl political theory, as formulated by
John Locke in the seventeenth century, alteredéfésionship®® Locke argued that
society precedes the state and property is indeperod the state in nature: society
authors the state by contract, and labor (nottdie)sauthors property. Notwithstanding
the current tendency to think of civil libertiestaad of natural rights, and to think of free
speech and religion as the quintessential civartiles, for Locke, natural rights were
effectively equivalent to civil liberties, and thaintessential natural rights were not free
speech and religion, but the rights to create ptg@ad make contracts. Hence, to limit
the power of the state, Locke struck at its cordfats control of property and contracts.
By eliminating the state’s ability to author sogiend by severely limiting its ability to
author property, Locke’s theory undermined theestatlaim to property rights.

Nevertheless, the Lockean social contract had déepHoles by which the state

8 Williams to Twining, 23 January 1912, BuOrd 2555 RG74/E25/BB198, NARA.
8 See Locke, Chapter 5 (“Of PropertySecond Treatise of Governmé¢h690). This is also discussed in
Chapter 3.
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could claim property rights. First, because Locksted the authorship of property in
labor, not in society, he left room for the stat@tithor property by its own labor—like
Williams’ claim that the government had particighte the creation of the Bliss-Leavitt
torpedo. Second, the state could claim to act withe limits of the social contract,
without appealing to non-existent natural rightsy&ference to the same common
interest which authored the social contract—Ilikdligins’ claim that the government
was obliged to prevent the oppression of the maaggumers), even at the expense of
the rights of the few (inventors/producers). Fumadily, the latter was a return to
eminent domain by new means: the state couldrsfilhge private property rights, but
by reference to the social contract rather thatstdivine rights. Indeed, Jean Jacques
Rousseau’s reformulation of social contract thedlywed the state to do so in the name
of the “general will.®’

If the problems that Williams was trying to solwedathe solutions he was
proposing were very old, the type of property ateswas newer. When the doctrine of
eminent domain originated in medieval times, thesthmoportant type of property within
the state’s eminent domain was land. The finarandl industrial revolutions created
equally important new types of property, but thegrevstill forms ophysicalproperty.

The type of property contemplated by Williams, loptast, wasntellectualproperty
(patents). Williams clearly understood the noveltyis proposition; hence his statement

that “theright of eminent domain [might] be held as not &m#ile to property consisting

of patent rights ¥

87 See Roussealihe Social Contracl762), Book |, Chapter 6 (“The Social Compact”).
8 Williams to Twining, 23 January 1912, BuOrd 2555 RG74/E25/BB198, NARA.
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By early February 1912, the general lay-out of‘®tandard” torpedo was
complete, but the impressive performances of thesRBleavitt experimental torpedoes,
the signing of a contract for the Davison superreaind progress with its own wet
superheater prompted the Station to suggest watindevelopments with steam
torpedoes before proceeding further with its hotdasign®® The Bureau agreed with the
Station’s suggestion, noting “that the method oféasing the range used by the E. W.
Bliss Company has been experimented with for same by the Naval Torpedo Station,
and so far as the Bureau is informed this methawigpatented and could be used by the
Bureau if the other methods of steam generationldifail after the completions of the
experiments® Accordingly, in lieu of developing a torpedo desithe Station reported,
on 19 February 1912, it would experiment with thet superheating methods used by the
Bliss Company and Whitehead Compéhy.

This seemingly mundane statement was actuallyyacteious one: how could
the Station experiment with Whitehead wet-superhgahethods, given that the Navy’s
most recent Whitehead torpedoes used dry superbgatel Whitehead’'s American
patent for wet superheaters was not issued untjl M4 232 The likely answer was that
the Torpedo Station was working from a descripiod detailed drawings of the
Whitehead wet superheater pirated in the fall df118y Mark Bristol, who, after leaving

the Station, became the Bureau’s inspector at thigehead Company’s Weymouth

89 Williams to Twining, 9 February 1912, BuOrd 25940RG74/E25/BB284, NARA.
% Endorsement by Norton to Williams, 17 February2,@uOrd 25940/1, ibid.

1 Endorsement by Hart [ACNTS] to Twining, 19 Febgu#®12, BuOrd 25940/1, ibid.
92 USP 1,028,037, applied for 14 October 1910, is@8May 1912.
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works, as well as its unofficial roving spy.

As the Station prepared to infringe the Whiteheath@any’s property rights, it
searched for a way around the Bliss Company’sfjabin Williams’ suggestion, Twining
asked the Bliss Company to reduce its superheayaities’ When the Company
refused, Twining submitted a long memorandum tddbpartment on the subject of
superheater royalties, quoting long passages verlam Williams’ letter of 23 January
1912, and emphasizing the Bureau’s willingnesgtdhe Court of Claims handle the
matter’> Sometime between late March and early June 18&Z)éepartment granted the
Bureau authority to build the superheaters withortther reference to the Bliss Company,
and the Bureau ordered the Station to build 75rhgagers on 17 June 193%The issue

of superheater royalties to the Bliss Company dmdn for a year.

The Bureau and the Bliss Company Go to Court, Winte1912/3 to World War |

In November 1912, the Bureau learned that thesBlismpany was trying to sell
the rights to its torpedoes to the Whitehead Comypamd a major crisis resulted,
culminating in a lawsuit that went all the way e tSupreme Court. To understand the
crisis, a brief digression is necessary.

Between 1907 and 1911, the Bureau had placedes sérorders with the
Whitehead Company which gave it reason to keepgpector at the Weymouth works.

In May 1911, Mark Bristol became the Bureau’s irtdpg followed by J. V. Babcock in

% The detailed drawings and description were noadpiut Bristol alludes to them in Bristol to Twriigj,

25 September 1911, BuOrd 24587/11, pp. 1314, REZBIB1263, NARA.

% Twining to Bliss Co., 13 March 1912, BuOrd 255625 RG74/E25/BB198, NARA.

% Page to Twining, 19 March 1912, BuOrd 25562/9 (Di&fy55-13); Twining to SecNav, 22 March 1912,
BuOrd 25562-4/15, ibid.

% Twining to Williams, 17 June 1912, BuOrd 25562/BZ0-290, NTS.
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August 1912. Both men were familiar with torpedagad the Navy'’s torpedo situation,
and therefore they were eminently well qualifiegpeform not only their official duty of
inspecting torpedoes, but also their unofficialydoft spying for the Bureau.

Bristol's detachment from the Torpedo Station cmlad with Twining’s
assumption of leadership at the Bureau, and Bristoh began writing unofficially to
him about foreign torpedo and ordnance matterduire 1911, about a month after taking
over at Weymouth, Bristol suggested that the Busgennsor him on an unofficial
intelligence cruise in the fall. The American naatthché in London struggled to get
information “because he is attaché,” Bristol expdal, “and if one attaché gets any thing
all others from the different countries expectshene. You can see how this handicaps
the attaché® The Director of Target Practice agreed, gushinbaming, “You cannot
get stuff of this kind [i.e., the kind that unofft spies like Bristol got] in our Office of
Naval Intelligence ® Bristol and Babcock scored several intelligenmeps: Bristol
procured drawings of the Fiume wet superheatedevBabcock made off with drawings
of the Ulan depth mechanism, and with drawings lohtwas perhaps the holy grail of
torpedo intelligence, the British Hardcastle supatbr’® The information they gathered
on these devices was sufficiently detailed thaflitpedo Station managed to build and
experiment with all three, and even went so faoasonsider putting the Hardcastle

superheater in American torpedd€s.

" Bristol to Twining, 25 June 1911, RG74/E26/B1L, RA.

% T T. Craven [Director of Target Practice] to Timig, 12 December 1911, RG74/E26/B1B/VR, NARA.
For a similar sentiment, see Twining to BristoAdgust 1911, RG74/E26/B1B/VG/PP167—68, NARA.
% See Babcock to Craven, 21 December 1912, RG78EBH/R, NARA.

199 0n the Fiume superheater, see Bristol to TwingSeptember 1911, BuOrd 24587/11, pp. 13-14,
RG74/E25/B1263, NARA. On the Ulan gear, see Babtodkvining, 20 October 1911, BuOrd 23839/5,
NTS B77-314, and Hart [ACNTS] to Twining, 15 Octold®12, B73-315, NTS. On the Hardcastle
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By mid to late 1911, it was apparent to Bristattthe two centers of gravity for
foreign long-range torpedo development were thet¥tilead Company’s Fiume branch
and the Royal Navy, and he and Babcock kept acpéatly close watch on theffi! In
September 1912, shortly after taking over as thd lespector at Weymouth, Babcock
began sending in a series of remarkable reportstatiome and the Royal Nav§? He
was convinced that both were struggling with thegiprocating engines in long-range
steam torpedoes. By mid-1911 at the latest, the®uhad learned that the Fiume branch
was working its own two-cylinder, horizontal altative to the usual Brotherhood four-
cylinder enginé® In September 1912, Babcock reported that the Regay was
experiencing trouble with the lubrication of Brotheod engines in Hardcastle
torpedoes?

Babcock enjoyed excellent personal relations ghdirector of the Whitehead
Company’s Weymouth branch, Edgar Lees, and witlditeetor of the Fiume branch,

Edward A. Jones. “Through personal acquaintancesing resulting confidences

superheater, see Babcock to Craven, 21 Decembgr R€174/E26/B1B/VR, NARA. In this letter,
Babcock refers to “BIR-5,” his fifth intelligengeport, which was not found, but it was probablieda
sometime in November 1912, since his BIR-4 wasdla@October 1912. “I have finally managed to walk
off with the whole British famous Hardcastle torpgdBabcock crowed of BIR-5. “I think this with my
previous reports on the same subject undoubtedheifirst authentic information that has escaped t
inner circles.” On the Torpedo Station’s considerabf using the Hardcastle superheater in itsedges,
see Williams to Twining, 11 February 1913, BuOr®2%/2, RG74/E25/BB284, NARA.

101 See Bristol to Twining, 25 June 1911, RG74/E26/BMARA, for the elimination of the rest of Europe,
and Babcock to Twining, 29 August 1912, RG74/E28B/R, NARA, for the elimination of the
Whitehead Company’s Weymouth branch.

192 5ee Babcock to Twining, 1 September 1912 (BIRBTB-315, NTS; Babcock to Twining, 14
September 1912 (BIR-3), B73-315, NTS; Babcock tiniivg, 21 September 1912 (see Confidential
Appendix), BuOrd 25082/104, RG74/E25/BB37, NARAbBack to Twining, 2 October 1912,
RG74/E26/B1B/VR, NARA; Babcock to Twining, 30 Ocwhl912 (BIR-4), B68-229, NTS; Babcock to
Twining, 7 February 1913 (BIR-12), BuOrd 25415, RE25/BB164, NARA; and Babcock to Twining, c.
7 February 1913 (BIR-16), BuOrd 25415, RG74/E25/B8INARA.

103 Bristol to Twining, 25 July 1911, BuOrd 24587/43R4/E25/B1263, NARA.

194 Babcock to Twining, 1 and 14 September 1912, BI3-BITS; see also Babcock to Twining, 30
October 1912, B68-229, NTS.
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therefrom,” Babcock unofficially informed Twininghd22 November 1912, “there is
reason to believe that the Bliss Company do [sat]urew torpedo developments for us
in such a way that they would hesitate in deleggftimeign rights of manufacture.” In
view of the trouble being experienced with recigting engines, he suspected that the
Bliss Company was trying to sell its turbine torpes abroad. As to the Company’s
possible motives, Babcock speculated,
Bliss are [sic] undoubtedly prompted in such praredrom reasons of financial
profit, as their patents built abroad means rogsaltr at least reciprocal treatment
in a similar way. Such a course perhaps is naftoal their standpoint, but it
strikes me that we are vitally interested parties should be consulted...
Experimental and development work is of courselgdstit it would appear that
although we do not pay for it as such, still isigficiently included in the contract
price of finished article [sic] as not to cause milass to them, and that hence we
have some degree of claim on the disposal of scobnaplishments to any but
ourselves.
“Although unsupported by direct evidence,” he conéd, “I consider it a possibility that
if Bliss either now has, or does later obtain, loagge results with a turbine, unless
obstructed, they are liable to sell or otherwispdse of their accomplishments abroad.”
If the Bliss Company did so, “it would simply metimat important developments in work
for us and with our financial support, would pa#® ithe hands of the principle [sic]
foreign services as a commercial artici®”
Several days after alerting Twining, Babcock learthat Jones and Lees, the
Whitehead Company directors, would be visitinglthnited States. “There is no question
in my mind but that the biggest obstacle confrantimese people abroad (all

Governments and firms) in developing the long raiogeedo problem,” Babcock

reminded Twining,

195 Babcock to Twining, 22 November 1912, RG74/E26/BIB NARA.
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lies in the propulsive power plant ... and | dosétiously whether they will ever

solve it with a reciprocating engine. There is @fise nothing to stop them

taking up the turbine if they so choose, but sudegarture for them will prove

very expensive indeed, unless they are able tolgitake our present

development and proceed on from there.

[, of course, may be wrong, but cannot avoid theviction that such is

the real object of the approaching visits of twotsleading torpedo méeff°
Babcock worried that the Bliss Company might gieendnstrations of turbine torpedoes
to the Whitehead representatives without the Busdawowledge or authorization.

Letters from Europe took roughly ten days to rethehBureau, so Twining must
have acted immediately upon receiving Babcockteteif 27 November, probably
telephoning the Bureau’s inspector at the Bliss gamy, F. L. Sawyer, for
information!®” On 6 December, a Friday, Sawyer reported thatldealsked the
Company’s vice-president, F. C. B. Page, who daatlltees and Jones were expected to
arrive on Monday and that the Company would comeateiwith the Bureat?® On
Monday, without waiting for the Company’s lettdretBureau cabled Sawyer to inform
the Company that it had to comply with Clause 19Quse 19 was renumbered as
Clause 20 in later contracts, so it is referreddweafter as Clause 19/20 to avoid
confusion), especially in regard to the balancebdine°® Sawyer communicated the
Bureau’s position to the Compahy.

The next day, 10 December, Leavitt sent the prethc®mmunication to the

Bureau. This important letter deserves careful ickemation, because, among other things,

198 Babcock to Twining, 29 November 1912; see alsocBak to Twining, 27 November 1912,
RG74/E26/B1B/VR, NARA.

97 The interval can be deduced by comparing the afsa@thorship with the receipt date stamped on
incoming official letters.

198 sawyer to Twining, 6 December 1912, BuOrd 26778/874/E25/BBB113, NARA.

199 Twining to Sawyer, 9 December 1912, BuOrd 267 T5/ibid.

110 sawyer to Bliss Co., 9 December 1912, enclosuBu®rd 26775/5, ibid.
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it laid out all the major arguments that the Companuld use to defend itself in a
lawsuit six months later. “In view of the rightathed by us and conceded in clause 2 of
the contract,” Leavitt wrote, “we did not considkat our invitation to visitors to inspect
the torpedoes, which are our property,” could bestrmed as being hostile to the
Bureau’s interest5! The clause to which Leavitt referred had firstegmed in the 1912
contracts for Mark VII and Mark VIII torpedoes. Thelevant portion, with the passage
on which Leavitt based his claim italicized, read:
[T]he drawings, plans, and specifications ... contafarmation of a confidential
character that can not be made public without hetnt to the Government’s and
the contractors’ interests, and they are to beddeas confidential by the parties
to this contractit being understood, however, that nothing in ttieaise shall be
construed as depriving [the Bliss Company] of tight to make and sell such
torpedoes to any other party or government whatsoexcept as limited by
[Clause 19/20] of this contract?
The Company advanced several lines of argumermt &by Clause 19/20 did not cover
the balanced turbine. First, it claimed that thstfiurbine torpedo built by the Company,
in 1898, contained a balanced turbine, becauseitt &ad been worried about the
unbalanced torque of an unbalanced turbine. Althdhg torpedo had been wrecked in
the summer of 1899, the Company said that drawehgs turbine were available for
inspection, and could be used to “easily” overthidavison’s 1907 patent for the
balanced turbine. Second, the Company challengedatlidity of the government’s
notification of Clause 19/20 protection for thedraded turbine, charging straight at the

crucial three months from October 1906 through dan@907, discussed in Chapter 3.

The Company claimed that it had begun independexthgrimenting with its own

111 page to Twining, 10 December 1912, BuOrd 2677bi6,
112 5ee “Contract for the Manufacture of One Hundned Bwenty (120) Torpedoes for the U. S. Navy,
Bliss-Leavitt, 5.2-meter by 45-centimeter, Mark ¥[12 June 1912, B75-316, NTS.
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contra-rotating turbine in the summer of 1906 aedided to adopt it in all torpedoes
then on order (21-inch Mark II). Not until Janud§07 did the government furnish the
Company with a blueprint of a balanced turbine, eneh then it contained just a few
changes to the Company’s original design to ma&enheels contra-rotate. Finally, the
Company argued that by taking out a patent on #tenloed turbine, the government had
nullified any claims to the importance of secreagler Clause 19/20. If the government
prohibited the Company from demonstrating its toeltiorpedo in the United States, the
Company concluded, it could simply take the torpaldmad for demonstration, but it
asked that the government save it the inconveniehdeing so by lifting the prohibition.
Twining, the chief of the Bureau, refused to doHee Bureau “must insist on
these restrictions [in Clause 19/20] being compligth in their broadest and most
complete sense,” he informed the Company, “in timatievice containing turbine engines
of the so-called balance turbipanciple [emphasis added] with rotors revolving in
opposite directions shall be in any way exhibitedescribed or any information given in
regard to it.” Responding to the Company’s clai@t the government had never notified
the Company that it wanted Clause 19/20 to coveb#lanced turbine, Twining referred
to two pieces of correspondence from the Buredbhgdompany: a letter of 9 November
1906, stating that the Bureau would furnish the @Gamny with plans of the balanced
turbine and wanted Clause 19/20 to apply; and dorsement of 9 January 1907,
forwarding blueprints of the balanced turbine depel by the Torpedo Station. Twining
said that the Company’s stamp indicated that itreadived the correspondence, a point
that the Company would later challenge in coure Navy’'s possession of a turbine

torpedo placed it at a “decided advantage” oveemtiavies, but if the visiting Whitehead
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representatives obtained information as to thenoald turbine, the United States would
be placed “at a decided disadvantage.” As for them@any’s notice/threat to take the
torpedo abroad if prohibited from demonstratinigp ithe United States, Twining replied
that the Navy Department believed that the restnstimposed by Clause 19/20 were
“so far reaching as to prohibit the exportationthwut the Government’s sanction, of any
device that may be used for war purposes manutatiarthis country embodying the
principle of balanced turbined®

Clearly sensing that the issue was not going atha@yBureau undertook two
initiatives. First, it began combing its files fi@cords related to the development of the
balanced turbine. On 13 December, A. L. Norton,Bhesau'’s torpedo officer,
summarized his historical findings, which were vsiryilar to those presented in Chapter
3 of the present worlt* After recapitulating the Bureau’s work on the In@led turbine
from its beginning in late 1905, Norton dealt witie Bureau’s attempt to secure Clause
19/20 protection. The chronology and pieces ofegpondence that Norton referred to
became a cornerstone of the government’s caseuit. co

The Bureau’s second initiative was to ask the Bllsmpany, in a meeting on 18
December, to submit an offer for the exclusiverma¢ional rights to the Bliss-Leavitt
torpedo—the same right that the Bureau had de@&dadhst purchasing in May 1904
(see Chapter 3). The next day, Page offered tdahseHtights for $1.5 million, the same
price the Company had named in 1904, even thouggligved that the rights had

become more valuable with the maturing of the waapecalling that the Bureau had

3 Twining to Bliss Co., 13 December 1912, BuOrd Z§370, RG74/E25/BBB113, NARA.
114 Norton to Twining, 13 December 1912, BuOrd 267788
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decided against the purchase of the exclusivesight904 in part because it believed
that the publication of patents had made the pvatien of secrecy impossible, Page

wrote that the failure of other governments to pitorpedoes like the Bliss-Leavitt
despite their best efforts “clearly demonstrateat the publication of those patents or
later patents in no way prevented the matter fremdkept secret:*

The Bureau forwarded the Company’s offer to theddanent on 26
Decembel*® This was the first time since 1906, when Masonihgdired about
patenting the balanced turbine and preventing Acaarcitizens from transmitting plans
of technology to foreign powers (see Chapter 3jt the Bureau had brought the
balanced-turbine issue to the Department, and tteworthy changes had occurred in
the interim. First, the position of Navy Solicitead been established in 1908, as a civil
counterpart to the Judge Advocate General. The irepat had new administrative
machinery at its disposal, and Twining directedihdgliry to the Solicitor.

Second, potentially relevant legislation was avddaln 1906, the only possible
legal means that the Secretary could think of feventing the export of technological
plans to foreign powers was Section 5335 of theigeehStatutes, which was based on
the 1799 Logan Statute (see Chapter 3). In Mardi,1@ongress passed a measure
called the National Defense Secrets Act, or NatiD@dense Act—not to be confused
either with the National Defense Act of 1916, toiebhit bore only an indirect relation, or
with the Espionage Act of 1917, to which it wasir@ct precursor. The 1911 Act read in

part:

115 page to Twining, 19 December 1912, BuOrd 2774(A74/E25/BBB238, NARA.
118 Endorsement by Twining to Solicitor, 26 Decemb@t2, BuOrd 27741/1-1/3, ibid.
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[W]hoever ... without proper authority, obtains, taker makes, or attempts to
obtain, take, or make, any document, sketch, papig photographic negative,
plan, model, or knowledge of anything connectedhwhe national defense to
which he is not entitled; ... or whoever, being lalyfintrusted with any such
document, sketch, photograph, photographic neggilae, model, or knowledge,
willfully and in breach of his trust, so communiesior attempts to communicate
the same, shall be fined not more than one thoudaltats, or imprisoned not
more than one year, or both.

It should be noted that the law dealt with bothawrfully and lawfully obtained

information.

Although the 1911 Act mirrored the 1799 Logan Sttosofar as both dealt with

the international communication of information, thead different intents: the latter

meant to regularize diplomacy, while the former niga prevent espionage. In reporting

on the proposed bill in 1911, the House Judiciaoyn@ittee described its purpose as

follows:

The effect of this bill is to protect the Nationasigst spying in time of peace.

The necessity for such protection has increasdu tvé growing
importance of national preparation for war in tiofeoeace.

... In this contest of preparations, the questioknmiwledge on the part of
the enemy is of vital importance, particularly e tcase of the location of forts,
of batteries, of mines and torpedoes. Such knowelexgy indeed actually settle
the contest.

To prevent the acquisition of this information, ngall of the nations of
the world with any developed system of nationakdeé, except the United States,
have upon their statute books stringent laws undiéch they can restrain and to
a degree prevent spying by inflicting punishmerdgrupersons found guilty.
America alone has no such law and our nationalndefsecrets as a consequence
have no protection against spies.

The examples of espionage that the report wend @ndvide made clear that Congress

had in mind a particular kind of information, thegaring on the location of the nation’s

physical defenses, and a particular kind of esgenaaditional state-on-state spying.

7 House Committee on the Judiciary, Report 182To Prevent the Disclosure of National Defense
SecretsH.R. 26656, 61 Cong., 3d sess. (19 January 1911), 2.
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The Bureau of Ordnance saw an opportunity to afi@yAct to very different
information, actors, and purposes than Congressntaded. Aside from information
relating to physical defenses, the Bureau sougimcdade intellectual (i.e., non-physical)
information relating to national defense; inste&ttaditional state-on-state espionage,
the Bureau sought to control the complex publiesgde nexus that was the international
arms market; and instead of preventing espionageBtireau sought to regulate
proprietary and commercial rights. Under patent iffjas not the Navy Department the
exclusive rights to dictate as to the uses to whelterial including the principle of
Balanced Turbine Engines may be put,” Twining askedSolicitor, “and, under the
National Defense Act, the power to enforce suckatian?*'2 In other words, instead of
bringing a civil suit against the Company for daesépr patent infringement, could the
government instead bring a criminal prosecutioriresjahe Bliss Company with fines
and imprisonment as possible penalties? Using #iohhl Defense Act—instead of
patent law—to enforce patent rights was a novel,ided clearly not what Congress had
intended.

In its assumptions about property, contracts, hedelationship between state
and society, Twining’s suggestion to apply the biadil Defense Act to balanced turbine
rights echoed Williams’ suggestion in January 1&lapply eminent domain to
superheater rights. Twining proposed that the sts¢ethe National Defense Act to
expropriate property not created by its own lapat as if the state claimed property by

natural right or eminent domain. Although the instent was a specific statute, not a

118 Endorsement by Twining to Solicitor, 26 Decemb@t2, BuOrd 27741/1-1/3, RG74/E25/BBB238,
NARA.
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medieval political doctrine, the underlying assuimpg and desired results were the same.
Twining’s suggestion that legislation created by sitate (in 1911) could retro-actively
affect, even supersede, a contract entered intbébgrivate sector (in 1905) reversed the
Lockean notion that society’s right to disposetsfaroperty by contract precedes, and
therefore supersedes, the state, replacing itRatlisseau’s emphasis on the right of the
state to act on behalf of the general will—say,tfer common defense. In Twining’s
conception, the National Defense Act was the aiffgpof an unholy union between
eminent domain and Rousseau’s social contractyheor

On 10 January 1913, the Department decided iBtheau’s favor, holding that
Clause 19/20 covered the balanced turbine, thagakiernment could apply the penalties
prescribed by the clause if the Bliss Company atétlor sold torpedoes containing the
balanced turbine, and that the government coutnlsdsk equitable remedies necessary
to protect its interests?

No sooner had the Department handed down itsidaa the balanced turbine
than the Bureau stepped into a new mess. Sincg E3tl, the Bliss Company had
struggled to maintain uniform horsepower and spiesd,in its hot-air Mark VI
torpedoes and then in its steam torpedé¥%o deal with the problem, the assistant
inspector at the Bliss Company, E. Friedrick, haggested trying a two-stage reducer
(which became known as the “double” or “compouretiucer) in place of the existing

one-stage reducer, and the Torpedo Station begekingmn the ided?* An impasse

119 See Twining to Sawyer, 10 January 1913, BuOrd 27179, ibid.

120 5ee Page to Twining, 5 June 1912, BuOrd 26862k eadorsement thereon, RG74/E25/BBB125,
NARA.

121 Eor the Mark VI horsepower problems, see Sawyédadson, 21 February 1911, BuOrd 22866/83,
RG74/E25/B1173, NARA. Friedrick’s proposal was faind, but Sawyer to Twining, 14 January 1913,
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developed: the Company complained that it couldnmet the contract requirements as
to uniformity of horsepower, but the Bureau refusedhange the requiremerité On 14
January 1913, four days after the Department haddedh its decision on the balanced
turbine, the Bureau’s inspector at the Companly, Bawyer, reported that he had finally
convinced the Company to experiment with a doudtieicer, and that the results were
promising. The Bliss Company, he wrote, “had begnishedverbally with theidea
[emphasis added],” and the Bureau had furnisheddhee in writing on 4 January 1913.
In order to comply with the requirements of Clat8&0, Sawyer “urgently
recommended that the Bureau inform the E. W. Blismpany in writing that this device,
method or idea be considered as falling withinrtteaning of Clause 20 of the
contract.*** The Bureau so notified the Company on 18 Jangaigting Sawyer’s letter
of 14 January verbatirtf!

The Bureau’s handling of the double reducer in1+9913 was almost an exact
replay of its handling of the balanced turbine @93-1907, and in both cases, it botched
the job. Clause 19/20 required the Bureau to “statee [Bliss Company] in writing, at
the time when the said device or design is itsafiveyed to the [Bliss Company] by
written communication from the [Bureau], that tBaifeau] considers that the said
device or design is embraced within the provisiohihis clause.” Where the contract

requiredwritten communication of d@evice or desigrnBureau representatives had

BuOrd 25698/102, B80-232, NTS, dates it as 9 Ma&Hl. For the Torpedo Station, see Endorsement by
Williams to Twining, 24 October 1911, BuOrd 2458F/RG74/E25/B1263, NARA; and Torpedo Board to
Twining, 23 April 1912, Para. 17, BuOrd 26542/6, RE25/BBB86, NARA.

122| eavitt to Twining, 12 December 1912, BuOrd 25628/B80-232, NTS.

123 Twining to Bliss Co., 4 January 1913, BuOrd 256281/15; Sawyer to Twining, 14 January 1913,
BuOrd 25698/102, B80-232, NTS.

124 Twining to Bliss Co., 18 January 1913, BuOrd 25698, ibid.
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verbally communicated to the Bliss Company itiea of the balanced turbine in October
1906 and thédeaof the double reducer with the Bliss Company ia1t9912. More

than stupidity was at work here, however. As nate@hapter 3, the Bureau had drafted
the provision in such a way as to make it impossiblmeet, no matter how intelligently
observed, because of the dynamics of McNeillianroamd technology: the provision
required the communication of a mature design, wdtenmand technology required the
collaboration of private industry to make it matufae Bureau had set itself up for
failure.

And the Bliss Company knew it. On 10 February 1%i8the advice of legal
counsel, the Company rejected the Department'siecthat Clause 19/20 covered the
balanced turbine and suggested a meétitwyweek later, the Company responded to the
Bureau’s application of Clause 19/20 to the douwbtkicer. Calling attention to the
above-quoted proviso in the clause regarding matiion, the vice-president of the
Company, F. C. B. Page, wrote,

We regard it as perfectly clear from the languaige contract that it has no

application to mere intangible ideas or principkasd that it applies solely to a

device embodied either in a model, or in a worldnawing constituting a design

illustrating such device. Furthermore we regamabkinecessarily implied by the
language of the contract that the device or deidre furnished to us by the

Bureau in order to be covered by said clause nmashie of which we are not

already in possession, and must be something edgenbvel, since obviously to

include matters of common knowledge or ordinarypséxpedients, would be
contrary to the spirit of the contract. It cleangs not intended that this clause
should entitle the Bureau to notify us of thingeatly known or used, or of mere
intangible ideas and thereby to put us under astyicon concerning such things.

In our view the intent of the clause in questiors\laat in the event that the

Bureau should at any time work out any new improsehand embody it either

in an operative device or in a drawing or desigswafh device, and should
communicate it to us, that such device or desigmuilshbe within the prohibition

125 page to Twining, 10 February 1913, BuOrd 2774Dpt 17755-144-2), RG74/E25/BBB238, NARA.
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of Clause 20th, if the proviso giving us noticertad was also complied with.
Any interpretation obligating us beyond this we matraccept?®

Although the Company had seemed to acquiesce iBuheau’s application of Clause
19/20 to the balanced turbine (not a genuine asqgaree, but probably a ploy to allow
itself to argue later that it had never receiveziBlureau’s notice of application), its
eruption over the Bureau’s application of the ctatesthe double reducer covered the
case of the balanced turbine equally well.

After the winter storm, the next couple monthsewguiet. The calm ended in
May 1913, with two letters from the Bliss Compa®y 2 May, the Bliss Company
demanded the payment of royalties on superheasexsio the Whitehead torpedoes built
or purchased by the Buredi.The Company had let this issue lie since Decerh®6,
probably because others had dominated its reldtipngith the Bureau, and the timing of
its resurrection was undoubtedly an effort eitlbemiake the Bureau wilt under the
combined onslaught of the superheater and balatucbohe cases, or to gain leverage in
the balanced-turbine case. A week later, on 9 MeeyBliss Company informed the
Department that would sell the foreign rights te Bliss-Leavitt torpedo to the
Whitehead Company unless enjoined (i.e., prevelyesh injunction) by 1 June 191%

As for the Company’s letter of 2 May, dealing wétliperheater royalties, Twining
made his recommendations to the Department on 32 N&adivided the Company’s

claims into two categories. Twining dismissed tingt fdealing with royalties on the

126 page to Twining, 18 February 1913, BuOrd 25698/#i2fendant’s Exhibit 67, “Transcript of Record,”
E. W. Bliss Company v. United Sta(248 U.S. 37), p. 376.

127 page to SecNav, 2 May 1913, BuOrd 28200/1 (Dep54715). This letter was not found; its date is
given and its contents are described in the endwseby Twining to SecNav, 22 May 1913, BuOrd
28200/1, RG74/E25/BBB316, NARA.

128 page to SecNav, 9 May 1913, BuOrd 27741/6 (Depba7L4-5), RG74/E25/BBB238, NARA.
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Whitehead torpedoes purchased from the Whiteheaab@oy, by referring to the clause
in the Bureau’s contract with the Whitehead Compahich obliged the Company to
hold the Bureau harmless from patent infringemé&itts—meaning that the Bliss
Company’s claim regarding these torpedoes was legtwtend the Whitehead Company,
not involving the Bureau. The second category efBliss Company’s claims concerned
the Whitehead torpedoes built by the Bureau ratiaar purchased from the Whitehead
Company. Twining dismissed these claims by quotirpatim from Williams’ long letter
of 13 January 1912, the one that had raised the isteminent domain. He reminded the
Department that in June 1912 it had authorizedBtmeau to manufacture superheaters
for 75 Whitehead torpedoes being built by the Tdgo8tation, and repeated the
recommendation that he had made on that occasaomely, that the Department let the
Bliss Company turn to the courts before it recogdithe latter’'s superheater claif3.
The issue of royalty payments to the Bliss Compaey lapsed again for almost a year,
probably because other issues dominated the neddtijp between the Company and the
Bureau.

As for the Company’s letter of 9 May, threateniagell the foreign rights to the
Bliss-Leavitt torpedo unless enjoined, the Depaninit@mediately asked the Attorney
General to seek an injunctidff.On 27 May, the Bureau produced a brief for the
guidance of the District Attorney for the EasteristBict of New York, which contained

Brooklyn and formed part of the Second CircdttMuch of it recapitulated the

129 Endorsement by Twining to SecNav, 22 May 1913, BUZB200/1, RG74/E25/BBB316, NARA.

130 See Franklin Roosevelt [Acting SecNav] to Twinifig, May 1913, BuOrd 27741/6 (Dept 17755-14-5),
RG74/E25/BBB238, NARA.

131 Norton [BuOrd officer] to Youngs [District Attoryg 27 May 1913, BuOrd 27741, RG74/E25/BBB238,
NARA.
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chronology of relevant correspondence dating batke conception of the balanced
turbine in 1905 presented in Norton’s memorandurh3December 1912, previously
discussed, except that the Bureau now took thg btmek to the idea of using the turbine
in torpedoes, claiming that it originated with Bereau in 1901. (In fact, as
demonstrated in Chapter 1, the idea went back $8,18hd the Bureau and the Bliss
Company seem to have reached it independentlyughip the same time.) From its
summary of correspondence, the Bureau asked thedDAttorney to note
that the idea of turbine propulsion was conceivethe Bureau of Ordnance, and
that the improvements for which the United Stat@s$rassigned patent rights for
causing the turbines and their gear to revolvepimosite directions, thereby
placing the entire propelling mechanism in dynabatance, was the principle or
method[emphasis in the original] whereby the applicatdrturbine propulsion
of [sic] torpedoes was made possible, and thatpttngiple and method is so
covered by the patents assigned to the UnitedsStlaé¢ any application of
turbine propulsion whereby turbine wheels and timt@rconnecting gearing, by
which the propellers are driven, is caused to l#yimamic balance by means of
having the turbines revolve in oppose directioagavered by the restrictions of
Clause 19 in the earlier contracts and Clause #eiater contracts.
Aside from its historical inaccuracy, the Bureastatement contained two other errors.
First, it conflated “principle” and “method.” Theseere in fact distinct—"principle”
meant a general idea, whereas “method” meant aplart arrangement of mechanical
details—and the distinction was a key one, asl#éwsuit and others would show. Second,
the Bureau conflated patent law and contract ldwaugh the syntax of the passage was
hard to follow, the Bureau stated that the balariugaine was so covered by the patents

that it was covered by the contracts—a false stténsince patent rights do not confer

contract rights.

In the federal court system, the United Statesvisleld into circuits, which are sub-divided into
districts. District courts are trial courts, circaourts are appellate courts, and the Supremet Gotlre
highest appellate court.
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On top of its brief to the District Attorney, tiBeireau called in support from the
Torpedo Station, which submitted a “CompilatiorDafta on the Development of
B[liss].L[eavitt]. Torpedoes through Governmentdff’**? The major points in it had
been made before, and need not be repeated heheuld be noted, however, that the
Bureau had asked the Station to search its filesformation relating not only to the
balanced turbine, but to the whole Bliss-Leavitp&alo. The resulting compilation of

data proved useful in more than one lawsuit.

United States v. E. W. Bliss Company

On 27 May, the District Attorney filed a formal bdf complaint (“Complaint,”
for short) at the district court, which subpoen#eziBliss Company and ordered it to
show cause why an injunction should not be issO®er the next two months, the
government filed an amended Complaint, the Blissy@any’s attorneys filed an Answer
to the amended Complaint, and the judge, Van Vect#eder, issued a temporary
injunction while the case was pendifig.

The government’s amended Complaint, dated 24 J8h&, et the terms of the
case™** To begin with, the government brought the cassgjnity, a term of art
distinguishing it from a case in law. Equity wascemmon-law tradition which generally
supplemented civil law (written statute) where lditéer did not exist or was inapplicable,
and the choice of equity over law had importantliogpions for the type of claims that

the government could make, for the jurisdictiortred district court to hear those claims,

132 williams to Twining, 29 May 1913, BuOrd 28200/3GR4/E25/BBB316, NARA.

133 The “Complaint” and “Answer to the Complaint” shémot be confused with briefs, which the parties
did not submit until November, after testimony walsen at trial.

134Youngs, “Bill of Complaint as Amended,” 24 Junel39in “Transcript of Record,” 1-8.
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and for the remedies that the government could. $aets Complaint, the government
singled out two contracts as being at issue: theeNiber 1905 contract for 300 x 21-inch
Bliss-Leavitt torpedoes and a June 1912 contract20 x 18-inch Mark VII Bliss-

Leavitt torpedoes, quoting Clause 19/20 (appeanimgpth contracts) and Clause 2
(appearing only in the later contract). Although @omplaint averred that the
government had contributed to nine distinct pafthe torpedo, including three distinct
aspects of the gyroscope, making eleven contribstio all, the crux of the government’s
case concerned the balanced turbine. “[T]he effyeand value of the several torpedoes
above mentioned [in the 1905 and 1912 contracespisely due,” the government
claimed, “to the use therein of turbines revolving@pposite directions for the propulsion
of the torpedo, to wit: the balanced turbine metbbgropulsion.” The government
further claimed that the Bureau of Ordnance hadewed “this feature” in late 1906 and
early 1907 and that the Bureau had “duly informén’ Bliss Company that Clause 19/20
applied. As evidence for its claim to have invertteglbalanced turbine, the government
noted Davison’s patent. The government charge@liss Company not only with
violating the contracts, but also with violatingtNational Defense Act” In sum, the
government’s case rested on the three relatedigting pillars of patent, contract, and
Statute.

In its amended Answer to the Complaint, dated 2ve 1913, the Bliss Company

13 The government made the technical but importaguraent that the district court had jurisdiction to
hear claims under the National Defense Act in gdfigis opposed to in law). Distinguishing betweea tw
kinds of relief—damages, which are sought in adation, and injunctions, which are sought in anitgyqu
action—the government averred that, because theyinpused by the Bliss Company violating the
National Defense Act would be so large and irrelplarat could not be relieved by damages undena la
action, but only by an injunction under an equitfi@n. This argument was counter-intuitive, insciar
equity was supposed to supplement civil law, n@jdeern where a statute existed, but the goverrment
claim was that the statute failed to provide adegjtelief.
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counter-attacked on a number of fronts. Firsterhdrred from the government’s
contention that the efficiency of the Bliss-Leatitpedo “is entirely due, or is due in
great measure” to the balanced turbine. Secoadgited that the principle of the
balanced turbine had been widely known before 18@4,it had conceived a balanced
turbine before the government, and that it, notgbeernment, had designed the
particular balanced turbines used in Bliss-Leawvifbedoes—these claims bore on both
the contract question and the patent questiondThidenied that the government had
duly applied Clause 19/20 protection to the baldrtaebine. Fourth, while admitting that
it had embodied some of the Bureau’s contributiarthe superheaters of torpedoes built
under the 1905 contract, it denied embodying artha@se contributions in the torpedoes
built under the 1912 contract. The foregoing wergély questions of fact; the Company
also challenged the government’s interpretatiotheflaw. It denied violating either the
contract or the National Defense Act. Moreovemaved to dismiss that portion of the
government’s Complaint resting on the National De&Act, on the grounds that the
government could not bring such an action in eguitye idea being that equity was
inapplicable where a statute existed. As for themaaspect of the government’s case,
the Company sought to turn it against the governnigntaking out the Davison patent,
the government compromised the secrecy of the bathturbine, effectively nullifying

its attempted application of Clause 19/20; and Unyiriy the rights to Davison'’s foreign
patents, the Company had the same rights to tlaaded turbine abroad as the
government claimed to have in the United Statesum, the Company argued that the
government had mis-applied the contract, soughirtoDavison’s patent against the

government, and tried to remove the pillar of tregidhal Defense Act.
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On 10 November 1913, the trial 0hited States v. E. W. Bliss Compdmagan.
Since records survive from the case that tell tamm@any’s side of the story in its own
words, it seems opportune to narrate here fronCthrapany’s perspective instead of the
government’s, which has dominated so far due todh&nce on government archives. In
1898, the Company claimed, with implications fag ttontract and patent aspects of the
government’s case, it had invented a balancedrterénd applied it to the experimental
torpedo that was wrecked in the summer of 1899 (dempter 1). Leavitt explained what
had led him to switch from the balanced turbinthmexperimental 1898 torpedo to the
unbalanced turbine in the experimental 1903 torgeubsubsequent Bliss-Leavitt
torpedoes (see Chapter 3). Leavitt believed thatrdalanced turbine would be
mechanically simpler, but before adopting one lfigr 1902 experiments, to assure
himself that gyroscopic action would not causetttpedo to roll, Leavitt ran the same
experiment the government later ran in 1906, hanthie torpedo from its nose and
running the turbine at full speed, whereupon hengidnotice “any [gyroscopic action] at
all.”**®* He also carried out mathematical calculations tvisiznvinced him that the
gyroscopic tendency (measured as the wheels’ sunedfa) was “so slight in proportion
to the whole mass of the big heavy torpedo ... [ttie]gyroscopic effect would be
negligible.” Leavitt then went through the experitted 1903 torpedo and the report of
the Chambers Board thereon, which stated thaotipedo did not sheer, to the serious
sheer problem with the 18-inch Mark Il torpedoéfoth the experimental 1903 torpedo
and the Mark 11l torpedoes had unbalanced turbiaed,the 1903 torpedo had not

sheered, the Company’s attorney asked, why halfiink 111 torpedoes sheered?

136 | eavitt's testimony, 18 November 1913, “TranscopRecord,” 180; see also 183-84.
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“[T]here were all sorts of opinions expressed,” lidaeplied; “my opinion always was
that it was not due to [the unbalanced turbirt&].”

Consistently with Leavitt's skepticism as to théitytof the balanced turbine,
Leavitt and Page argued that the Company’s balatcbthe—which it claimed to
predate and differ from the design proposed bygtheernment—was actually Page’s
initiative. Bulldozing through the loophole createglthe Bureau’s careless
communications with the Company in October 190@eRastified that the balanced
turbine was a matter of “general talk” that falkwihg had the “thought” of the balanced
turbine for some time, Page made his first effopuat it into a “practical design” on 1
November 1906, immediately after returning from ¢hecial 30 October meeting of the
Torpedo Board?® The Company offered into evidence several drawirigsbalanced
turbine which it claimed to have made in the fwstek of November 1906; the
government attacked their authentic¢ityAs for the letter of 9 January 1907, in which the
government claimed to have forwarded a designebtianced turbine to the Company,
the Company claimed never to have received ithating that the inspector’s clerk, not
the Company’s secretary, had put the receipt stamip™*°

The government volleyed back that such formalivese beside the point. “The
Government’s contention is that under the languddke contract, a design may be

disclosed to those skilled in the art verbally,’easf its attorneys stated, “without the

necessity of its being necessarily a drawitfy.This was (or should have been) a jaw-

137 |_eavitt’s testimony, 18 November 1913, “TranscopRecord,” 184—85.

138 page’s testimony, 18 November 1913, “TranscrigRetord,” 148.

139 page’s testimony, 18 November 1913, “TranscrigRe€ord,” 149-52.

140 cross-examination of Moses O'Brien, 11 Novembek3l9Transcript of Record,” 63—64.
141 Comment by Coles, 20 November 1913, “TranscrigRe¢ord,” 204.
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dropping comment, considering that the contexglicitly stated that a drawing was
needed to trigger Clause 19/20 protection. Apparéiné government believed that a
thousand words are worth a picture.

The notification issue was straightforward comparecklated questions of what
the balanced turbine was and what it did. Waitiaciple or a design? Was it the turbine
wheels alone, or did it include the gearing andtsig? Was it defined by its
construction or by its function? The debate oveséhquestions, though difficult, is
crucial to come to grips with, so as to avoid thereof allowing the limits of
understanding, rather than the arguments, to determterpretation of the debate.

Evidence of this error was ample in the testimohthe official who had
examined Davison'’s balanced turbine patent apphicait the Patent Office, Delbert
Decker, a witness for the government. On directreration, Decker claimed that he
understood “the operation of the mechanism disdibseDavison’s patent, which was
the “same” as the balanced-turbine design sentdyorpedo Station to the Bureau in
January 1907, and that the Davison design “donfuilatiee structure” of the balanced
turbine used in the 18-inch Mark VIl torpedo. Opnss-examination, the Company’s
attorney asked Decker what he meant by “balanadihtet” Decker replied, “I mean
[the term] to apply to a turbine in which differestages [i.e., wheels] are mountgzbn
the same axito rotate in opposite directions [emphasis addédijeady, this definition
was problematic, because Davison’s patent for eéafled balanced turbine showed a
construction not only in which the wheels turnedpposite directions on the same axis,
but also one in which the wheels turned in oppatitections on parallel axes. The

Company’s attorney elicited from Decker the furte&Etement that it was “essential” to
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make the speed of rotation and weight of the whaatt that their moments of inertia
would be equal. The attorney then directed Declaténtion to the part of the
construction which governed the speed of rotati@mely, the gearing. Decker replied,
“I do not consider the connecting gearing as phtth@ balanced turbine.” How could the
turbine be balanced, the attorney asked, if theslghdid not rotate at equal speeds?
“That would be a matter of design, of mechanicaigle” Decker replied, undoubtedly
meaning that the weights of the wheels could bagéd or redistributed to compensate
for unequal speeds. “You have not examined thamgas to its gearing ratio to
determine in either instance whether the counteedp are alike, have you?” the attorney
asked. “I have not,” Decker confirmed, “my examioathas been made of the balanced
turbine per se in each of the three instances.”
Q: You differ from the statements made by Mr. Bawi in his patent that to
accomplish the results intended he equalizes tpesie moments of inertia
of the respective parts; you consider that unnecgsgo you?
A: As far as this question here is concerned aghether or not a balanced

turbine is used??
The attorney had laid a trap, and Decker had faflefio stay true to his argument that
the gearing did not matter, Decker had to arguetbeamoments of inertia, which
depended in part on the gearing, did not matterhisuargument that the moments of
inertia did not matter contradicted his earlietestaent, as well as Davison’s statement in
the patent, that equality of moments of inertia Yessential” to the balanced turbine.
Decker had to admit either that he had approveatenp missing an essential component

(details of gearing), or that an essential compboéthe patent as he had approved it

(equality of inertias) was actually inessential.

142 Decker’s testimony, 11 November 1913, “TransavipRecord,” pp. 64-73.
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The point of the Bliss attorney’s trap was to shbat the balanced turbine had to
be defined as a particular design, not as a piecgnd that the Davison patent, as
embodying only a principle, was invalid. Withouthua showing, the Company’s
contentions that it, not the government, did thellveork in designing the turbine, and
that this labor entitled it to claim the balancetbine as its own property, were largely
irrelevant. With it, the Company’s contentions wpegsuasive.

Bypassing the distinction between principles aesighs and focusing on the
difference between construction and function, tbenany also sought to show that the
balanced turbine failed to remedy the problemsithaas meant to solve, namely, initial
roll and sheer. It offered two pieces of powerfuldence. One was that the 10 x 21-inch
Mark | torpedoes with balanced turbines run bygbeernment at Pensacola in the
winter of 1907/8 had shown a tendency to roll ameks (see Chapter 3). The other was
that the 18-inch Mark VI torpedoes, which also eam¢d balanced turbines, also showed
a tendency to roll. Interestingly, both the 21-imM¢ark | and 18-inch Mark VI torpedoes
were submerged-fire torpedoes. According to theegawent’s theory of initial roll
worked out in the fall of 1905, it was while movitigough the air when fired above-
water that torpedoes were most susceptible totr@lwater, once they were in it, offered
more resistance to the rolling tendency. Therefoyehe government’s theory, even with
unbalanced turbines, the Mark VI torpedo, as a supetedischarge torpedo (it was
issued to submarines), should not have been pooraltin fact, G. W. Williams
admitted in court, even with balanced turbinesds subject to “very heavy rolling?

The Company did not stop at undermining the gawemt’s link between the

143 williams’ testimony, 11 November 1913, “TranscriitRecord,” 51.
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balanced turbine and initial roll, but offered diemative explanation. The explanation
was not new: the Company had first proposed iaimudry 1908 (see Chapter 3), but its
value as a signal was probably lost amidst the owent’s noise about the balanced
turbine. It was that the exhaust from the torpegoed directly into the space where the
propellers turned, causing partial cavitation (Bévison’s original theory)* The
Company fixed the problem simply by adding a budidhevhich redirected the exhaust.

Taken together, the Company’s evidence amounptmagerful case that the
balanced turbine did not really matter that muchy\¥hen, had the government placed
this technology at the center of its suit? It iiclilt to say, and undoubtedly different
government officials had different reasons. Withknidwing more specifically what the
different officials thought, it cannot be said winet the government was cynically
suppressing its knowledge or sincerely ignoranhay have really thought that the
molehill was a mountain. There is certainly gooasian to believe that naval officials did
not fully understand the science behind gyroscépives**

In his opinion, Judge Veeder took both sides efghnciple-vs.-design, essence-
vs.-function debate without knowing that he didM]y criterion has been: do the
essential features and function of the device app&&eder wrote. “If they do, then
mechanical alterations, though they add to itsiefficy or even improvements which
disclose invention, are immateridf*® This phrasing was non-sensical. If the essence was

all that mattered, then Veeder’s dismissal of mal# alterations made sense. But if, as

144 | eavitt's testimony, 21 November 1913, “TranscopRecord,” 229-31.

145 See Bristol to Twining, 21 July 1911, BuOrd 2438&nd endorsements thereon RG74/E25/B1263,
NARA,; Craven to Twining, 12 June 1913, BuOrd 28298&hd endorsements thereon, RG74/E25/BBB324,
NARA. These exchanges show a remarkable diver§ibpimion on the gyroscopic properties, or lack
thereof, in the turbine.

148 \/eeder’s opinion, 14 April 1914)nited States v. E. W. Bliss Company
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he stated, the function also mattered, then hedamotl dismiss mechanical alterations
which improved the functioning. There was anotl@rtadiction. If, as Veeder implied
in one clause, invention consisted of developing assence, then how, as he stated in
the next clause, could inessential mechanicalalters also disclose invention?

The problems with Veeder’s opinion did not end¢hdo resolve the tension
between the contract and patent portions of thegowent’s case, he pretended that the
patent portion did not exist. “It seems necessaaint out that this suit is based upon
contract, not patent infringement,” Veeder wrotéiM/that distinction was true in one
sense—the government was not suing for patenhggment, but for breach of contract
and violation of the National Defense Act—it wakséin another sense, namely, that the
government had cited the issuance of Davison’spateevidence that it had invented
the balanced turbine and therefore could justlynci@lause 19/20 protection for it. In
other words, it was not only the Company, but #i&ogovernment, that linked Clause
19/20 applicability to patentability.

Veeder’s error on the patent portion of the cadedin comparison to his
treatment of the contract portion. He was awarehisadecision might “bear heavily
upon the defendant.... But if the consequences ébitsal agreement were at all
relevant to the issue,” Veeder continued, “it wolkdreasonable to suppose that they
were carefully considered in the formation of igsywvaluable business relations with the
Government.” In effect, he meant that the Compdmoukl have anticipated that a judge
would hand down Veeder’s decision. Contra Veed@ras much more reasonable to
suppose that after careful consideration, the Coampancluded that the contract had

abundant loopholes it could exploit, and consid@ledging the loopholes to be the
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government’s responsibility, not its own. Only thest perverse interpretation of
business relationships could hold that one partjutg-bound to correct the errors of
another party rather than to exploit them. “[lJryaavent,” Veeder perversely continued,
“it would be obviously inequitable to permit [th@@pany] to use [the balanced turbine],
for a period of years, in making torpedoes for@wernment, and then when it seeks to
sell the developed torpedo to other persons or (Bovents, to raise for the first time an
issue of prior knowledge or prior art.” On the qany, if there was any inequity, it was
the government using Clause 19/20 to secure tHasxe rights it had been unwilling to
purchase at the Company'’s asking price. Moreof/grgiCompany was responsible for
anticipating and accounting for the possibilityaof adverse judicial decision, then the
government was equally responsible for anticipaséind accounting for the Company’s
resistance to its application of Clause 19/20. ¥e@gplied a double standard.

Veeder did get one thing right, and that was jecte¢he government’s application
of the National Defense Secrets Act. He did so,éwes not for the substantive reason
that it was unjust to add the Act to the conteacpost factpbut for the technical reason
that a court of equity lacked jurisdiction to emj@ crime. He did not say that the
government was wrong to try the Act, in other woltulg only that it was going about the

attempt in the wrong way. In 1918, the Supreme Caffirmed Veeder’s decision.

E. W. Bliss Company v. United States

No sooner had the government won its case agai@®liss Company than the
Company exhumed a buried issue: its claim to r@gtin the superheaters of Whitehead

torpedoes built or purchased by the government.€diare in April, probably, the
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Company asked the Department to state how manyeWéad torpedoes it had purchased
or built, a sure sign that it was contemplating.$ti

The case was an interesting one—intrinsicallynftbe perspective of legal
history, and from the perspective of the developagal fora in which private individuals
or groups could bring claims against the governmigat because the court’s decision
turned much more on an abstruse legal point—whéfigeBliss Company was a licensee
or an assignee under the terms of its 1905 agreemtmthe Armstrong Company, and,
as such, whether it had standing to sue for patémigement—than on the merits or
demerits of the Bliss Company’s claim, the casissufficiently interesting from the
perspective of the present work to warrant detadiedussion. The court’s ruling, issued
in December 1917, was that the Bliss Company wasra licensee and therefore lacked

standing—in other words, the court again ruledfiergovernment.

The Davison Torpedoes, the Superheater Shop Licensend the Origins ofElectric
Boat Company v. United States, Winter 1912/3 to World War |

As of late 1912, when the Bureau’s dispute withBtiss Company over the visit
of the Whitehead representatives was unfoldingHlketric Boat Company had four
outstanding torpedoes under contract: one 18-ireoiddn torpedo, one 21-inch Davison
torpedo, and two 18-inch Whitehead torpedoes faversion to the Davison superheater.

In November 1912, the Electric Boat Company sett bbthe Whitehead torpedoes to

147 No letter from the Company was found, but a rémyn the Department was found (Roosevelt [Acting
SecNav] to Bliss Co., 27 April 1914, BuOrd 2820(&pt 17755-15), RG74/E25/BBB316), NARA, and
the probable date of the incoming letter can beriefd from the reply.
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the Torpedo Station for testif¢f On 10 January 1913, the Company informed the
Station that it had executed its Whitehead contradtwould make no further
demonstrating tests, and on 14 January, the Congesied the Bureau for payméfit.
Just what had happened with the two torpedoes eatNevember 1912 and January
1913 became the subject of a dispute which agagated the difficulties of dealing with
command technology.

In its letter of 14 January requesting paymer,Glompany argued that despite
the poor condition of the two torpedoes that theeBu had sent it for conversion, the
addition of the Davison wet superheater had enablea to demonstrate their ability to
meet the contract range and speed requiremertige ilynamometer tank. Williams, the
commander of the Torpedo Station, disagreed. Tipetimes, especially the engines, had
developed flaws due to the Davison superheatetortbieir original condition; the
dynamometer runs had been informal tuning-up rmosofficial demonstrating runs; and
runs in the water, not only in the dynamometer tavdre necessary to satisfy the terms
of the contract™

The Bureau agreed with Williams and refused the gamyg’s request for payment.
The contract, it pointed out, had called for th&afation of the wet superheater in two
Whitehead torpedoes and continued,

The installation of steam generating device [t superheater] shall cause

these torpedoes to have an increased range afsat.le6,000 yardsn their

demonstratiorat the Naval Torpedo Station; it being understibad this device is

to be capable of increasing the range to... 8,000sydrhe requirement of 6,000
yards minimum range is the lowest that will be ¢desed as fulfilling the above

148 See Davison to Williams, 10 January 1913, B73-3IES.

149 Davison to Williams, 10 January 1913, B73-315, ND&vison to Twining, 14 January 1913, BuOrd
25373/18, RG74/E25/BB156, NARA.

150 Endorsement by Williams to Twining, 20 January3,9BuOrd 25373/18, RG74/E25/BB156, NARA.
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services for the conversion of the two torpedadsmitted for test and
demonstration[Emphasis added]

The Bureau argued that the torpedoes had not dératatstheir ability to meet the
contract range and speed requiremétits.

In his return volley a couple days later, Davisoed a novel approach. The
Bureau’s intent in making the contract had beenmsecure a torpedo of a particular
range and speed, Davison argued, but to stimutatgetition. The Company had been
“undoubtedly the first in the field with a devica fthe wet superheater] principle, as is
shown by the dates of our patents,” and its exptmhad been the first to show the
potential of wet superheating to increase speedamgke. Because of its trailblazing in
the field—not because of demonstrated ability t@nparticular range and speed
requirements—the Bureau awarded a contract to ¢tmep@ny. As for the Bureau’'s
complaints that his superheater caused the entgircesteriorate, Davison responded that
he had adopted the arrangement which caused tbeatation as a matter of expediency,
“since, in any case, [the superheaters] were reglaad experimental and merely for the
purpose of demonstrating to the Bureau what coelddzomplished.” Where the Bureau
argued that it had contracted for an ordinary dgwedl commercial article, Davison was
arguing that it had contracted for an extraordiregerimental one—exactly the same
argument that the Bliss Company had made from 1®08907 about the Bliss-Leavitt
torpedo. Given that the intent of both parties baen to show the device’s potential
rather than to achieve a specific performanceCii@pany “assumed that by delivering

the torpedoes at Newport we had fulfilled our caatf’ If so, it was an unjustified

5! Twining to Electric Boat Co., 23 January 1913, Bi@5373/18, ibid.
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assumption, since the contract explicitly calleddemonstration after delivery. More
justified was the Company’s assumption that theegowment, not itself, would bear the
responsibility for making any demonstrations. “8ods the wording of the contract is
concerned,” Davison noted, “there is nothing whialis upon us to make any tests,” and
the Company, knowing the risks and expenses ahtgstiould never have agreed to the
contract if it expected to conduct the tests itSeie most that the Bureau could require
the Company to help with was dynamometer testsdéee that the Company was
responsible for open-water tests, which requireéxansive supporting apparatus of
boats, personnel, and ranges, was abSa@n 11 February 1913, however, the Bureau
informed Davison that it would not bud§g.

Probably crossing the Bureau’s letter in the mait a letter from the Company
dated 12 February about the 21-foot Davison torp€de Company had originally
undertaken development of the two experimental Smviorpedoes in response to
encouragement from the Bureau, Davison explaingdiyath every reason to believe
that if the torpedoes did well, the Company wowdeive a large volume of orders. Since
the Company’s 21-foot torpedo was bound to be ammil design to its 18-inch torpedo,
and the latter was farther along, the Company eeiid finish and test the latter to make
sure that the design was successful before pravgedth the former. The 18-inch
torpedo was nearly ready for test, but the Compuiayot want to complete the 21-foot
torpedo in view of changed market conditions: iadtef competing on an open playing

field, its 21-foot torpedo would be competing agaian already successful model, the

152 Davison to Twining, 25 January 1913, BuOrd 25303i8id.
153 Twining to Davison, 11 February 1913, BuOrd 252032/25, ibid.
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Bliss Company'’s. “We believe that, due to the ctinds existing,” Davison continued,
“we rendered to the Bureau a real service merelyrigertaking this work.” Here he was
implying, as he had with regard to the two conwkkéhitehead torpedoes, that his
Company’s willingness to accept the contract, reéigas of its torpedoes’ performances,
had stimulated competition which led to the develept of better products. This claim
of indirect responsibility for the products of otttmmpanies was obviously problematic,
but it was not absurd. Accordingly, Davison askeglBureau to compensate the
Company for the work it had done on the 21-foopéoio, even though the Company
would not finish it, and in return the Company webturn over its drawings, material,
and patents associated with the 21-foot torpeddyding superheater patents) to the
Bureau for unrestricted usg'’

Davison’s proposal intrigued the Bureau, whicheasthe Department for
conditional approval and hosted a meeting with Bawion 17 March 1913° Based on
that meeting, Davison supplemented his offer raggrthe 21-foot torpedo by offering to
turn over drawings of the 18-inch torpedo as W&lDn 20 March 1913, the Bureau
probably informed Davison that it wanted the Comyptancomplete and demonstrate the
21-foot torpedd®’ Davison expressed surprise, stating that the Bigedfer was
“entirely different” from what had been discussédh& 17 March meeting, but he
complied—reserving his right to modify the offemt¢ained in his letter of 12 February,

since the value of the property covered in thaetevould increase with successful

154 Davison to Twining, 13 February 1913, BuOrd 25145RG74/E25/BB64, NARA.

155 Endorsement by Twining to DeptNav, 24 February3l®uOrd 25145/16-3/5; Davison to Twining, 17
March 1913, BuOrd 25145/18, ibid.

156 Davison to Twining, 17 March 1913, BuOrd 25145/ib.

57 BuOrd to Electric Boat Co., 20 March 1913, BuO&d #25/16-3/29, ibid. This letter was not found; its
contents are a guess based on inference from Dewisaply.
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demonstrating runs?

In April 1913, trials of the two converted Whiteltetorpedoes resumed, and
those of the 18-inch Davison torpedo began, aTtipedo Statiori>® In late July, having
gotten disappointing results, the Station suspetvid of all three. It recommended that
the Bureau give up on the two Whitehead torpedodssand the 18-inch Davison
torpedo back to the Electric Boat Company for meoek.'*° Several days later, on 4
August 1913, Davison sent the Bureau a long lettd@ewing his Company’s position on
all four torpedoes. For the most part, he recagiiéa the familiar arguments that his
Company was first in the American field of wet stpgaters, that the Company had
performed a service to the Bureau by stimulatingpetition, that the Company had not
accepted any responsibility for demonstrating ransl, that the two Whitehead torpedoes
sent by the Bureau for conversion had been in pbape. He made a new and ominous
point, however, which hinted at a patent disputtheoffing. When the Company had
made the shop license agreement for its wet sugttheith the Bureau in April 1912,

the Bureau had no steam generator [i.e., wet saptrt] working on this

principle in sight. Since that time, the Bliss Canp has developed a heater or
steam generator which works virtually on the samecpple and the Torpedo

Station is now experimenting with a very similavite. Just how much

assistance the knowledge of our generator wastddlpedo Station, it is

difficult to say, but it is a fact that experimemisre not begun at the Torpedo

Station until after our device had been made kntonthe Bureau.

In sum, he concluded, the Company had spent a geahof money to perform work of

value to the Bureau, and it did not wish to spemgraore. Therefore, he asked the

Bureau to cancel the contracts for all four torpesdafter arranging to buy such work

158 Davison to Twining, 5 April 1913, BuOrd 25145/F8G74/E25/BB64, NARA.
159 See Norton [for CoO] to Davison, 10 April 1913,@a 25373/22-4/22, RG74/E25/BB156, NARA.
180 williams to Twining, 29 July 1913, BuOrd 25724RG74/E25/BB245, NARA.
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(drawings, materials, patents) on them as the Cagnpad produced, and to reconsider
the shop license agreeméfit.

The Bureau promised to have the Torpedo Boardupkée whole subject of
contracts with the Electric Boat Company at itstmageting; in the meantime, it ordered
experiments with the two converted Whitehead toopsdbut not the 18-inch Davison
torpedo, at the Torpedo Station to continifed month later, in early September 1913,
before the Torpedo Board had met, Williams, the mamder of the Torpedo Station,
reported that one of the two converted Whitehegaetdoes had sunk, and he ordered
work with the other one to stop for fear of invaigithe Bureau in claims for damagdés.
On 6 September, Twining informed the Company thatBureau, in view of the
disappointing performance of the converted Whitdhtegoedoes and expense of testing
them, planned to stop testing them at the endeofrtbnth unless the Company could
justify continuing*®* In his reply of 8 September, Davison, complairtimat the Bureau
had dealt “very harshly” with the Company, repedisdarguments that the Company
deserved payment® On 12 September, Williams and Davison reachedhpdeary
armistice, agreeing to run the remaining (i.e.sunk) Whitehead torpedo several times
in the dynamometer and the wat®rlt managed a run of 27 knots for 6,050 yards, the
first successful run by any of the Company’s farpedoes, and Williams was sure that

the Company would re-declare victory and demanangsy. To the contrary, he argued,

151 Davison to Twining, 4 August 1913, BuOrd 25145/RG74/E25/BB64, NARA.

52 Twining to Electric Boat Co., 8 August 1913, Bu@#tL45/21, ibid.

183 williams to Twining, 2 September 1913, B73-315, T

%4 Twining to Electric Boat Co., 6 September 191308 25373/28-9/20, RG74/E25/BB156, NARA.

185 Davison to Twining, 8 September 1913, BuOrd 2539 3ibid.

166 Agreement between Davison and Williams, 12 SepeeriB13, B73-315, NTS. This document has only
Davison’s name on it, but it reads like an agreédraad makes sense as one in the context.
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the Company had not met “the understood objedt@tbntract—the fitting up of a
practicable torpedo®’ Davison, of course, had consistently maintained tie object of
the contract, as understood by both parties, wasorfa up a practicable torpedo but to
show the potential of the Company’s superheatet@astimulate competition in the
torpedo design market.

In the midst of the brewing crisis over the Compaifiyur torpedoes, Davison
touched off a new crisis. On 16 September 1913otvearded the Bureau a copy of an
opinion by the Electric Boat Company’s patent atéys, Pennie, Davis, &
Goldsborough®® Davison had sent the attorneys sketches of botfidtedo Station’s
wet superheater and the Bliss Company’s wet suptghealong with a sketch of his own
wet superheater, and asked whether the formermesiffinged the latter. The attorneys
held that they did. Both the Station’s and the 8{ompany’s superheaters “involve the
ideaof burning fuel with the air in a combustion chanbo as to produce products of
combustion of high temperatures, and injecting wiat® the products of combustion to
reduce their temperature and increase their volemghasis added].” Davison had
applied for his first wet superheater patent, N63@,080, in March 1909. The “primary
object” of that patent was to produce a device wWwild generate the desired range and
speed, with sufficient reliability and safety ofavption, and the “characteristic idea” of
the patent was to make the water and the fuel mgpiutually depend on the same
source of pressure, subsidiary to the main airlgutiereby achieving the desired

objects of performance, reliability, and safetyh&lpatent contains specific claims, as is

157 Endorsement by Williams to Twining, 18 Septemb@t3, BuOrd 25373/29, RG74/E25/BB156, NARA.
188 Davison to Twining, 16 September 1913, BuOrd 2330 3ibid.
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usual, for this refinement of the invention,” tioaeneys argued, “but it also contains
broader claims which cover the underlying idea abstated.**® This statement, that an
idea could dominate specific claims, was absolutalgial to the attorneys’ case—and,
as it turned out, highly dubious. They acknowledtied, “[s]trictly speaking,” the Bliss
and Torpedo Station superheaters differed in cenechanical principles and details
(for instance, which pressures governed the fueiveater supply), but they argued that
the details of Davison’s superheater that the athperheaters avoided infringing were
not “essential” to Davison’s claims, which were flohited” to these particular details.
Therefore, it was “quite clear,” they concludedttthe Bliss and Torpedo Station
superheaters infringed Davison’s patEfiAnd so it was—as long as their claim that a
general idea could be patented and held to domvzaieus arrangements of details was
unchallenged.

Asked to comment on Davison’s demand for royaltédljams quoted from the
superheater section of the “Compilation of Datadtttihe Torpedo Station had put
together in May 1913 for use in the Bureau’s infiorcsuit against the Bliss Company.
Information on Davison’s superheater work whilehet Station was scarce, Williams
explained,

due to the fact that Mr. Davison kept the recordsi® official investigations in a

note book, which he took away with him when he detched from the Torpedo

Station. He had this notebook in his possessi@ndate not in the remote past.

This notebook appeared to be of the type and dradeshed by the Government

for the use of Officers at the time of Mr. Davisetour of duty at the Torpedo

Station!’*

189«Claims” in this context was a term of art, refeg to the “claims” section that concluded everiepa
1% pennie, Davis, & Goldsborough to Electric Boat,d®. August 1913, BuOrd 25373/30, ibid.
"L Endorsement by Williams to Twining, 11 October 39BuOrd 25373/30, RG74/E25/BB156, NARA.
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The implication, of course, was that Davison hddatively stolen commodified
information gained at government expense and usedieveloping his superheater at
the Electric Boat Company, thereby giving the gaweznt a claim to have participated in
the development of his superheater even afterfhthéeStation.

On 27 September, the Torpedo Board took the corepsete look at the
Bureau’s contracts with the Electric Boat Compdargt Twining had promised Davison
in August. The Board recommended canceling theraotst for the four torpedoes
without penalty to the Company, but it was unabldécide whether the Company
should be compensated for the work it had perforlmegurchasing its drawings,
material, and patents. This question was “intinyatelnnected” with the shop license
agreement of April 1912 covering the Davison wetesheater, “and in the consideration
of this connection there arose questions of contnad patent law which the Board found
itself unable to decide without the assistancepetmlist attorneys.” Notwithstanding
this acknowledged lack of expertise, the Boardeveld that “a true and equitable
decision in regard to the rights in these mattarsanly be reached after a thorough
judicial investigation”—i.e., by going to court—aitdecommended that the Bureau
make no payments for the four torpedoes to the @ompntil such an investigation of
the superheater occurred, lest the Bureau compeditsisights in any wal/?

The Bureau approved the Board’s report and commatemicits decision to the
Electric Boat Company, explaining that the issuéhefwet superheater was so

intertwined with the four torpedoes that the Compsimould submit a proposition

172 Torpedo Board [Norton, Williams, Procter, DefreliCrary, Babcock] to Twining, 27 September 1913,
BuOrd 26542/10, RG74/E25/BBB86, NARA.
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covering not only the four torpedoes, but alsotémms on which the Department could
cancel the April 1912 shop license and purchasa#tesuperheater rights for a lump
sum?’

While the Bureau awaited the Company’s replgjted States v. E. W. Bliss
Companywent to trial in Brooklyn.

Davison replied on 18 November 1913. His argumeribavhy the Company
should be compensated for its work on the fourddges was familiar—the work was
experimental and the Company had stimulated cotigreti-but other points in the letter
were new. The Company could not agree with the &useview, Davison explained, that
the issue of wet superheater rights was so intijnatsnnected with the settlement of the
torpedo contracts as to require canceling the §bepse and reaching a new agreement:
the shop license could govern the payment of riagtin wet superheaters in any
Davison torpedoes built by the government, whike @mpany was not asking for
royalties on any other part of the torpedo, mesetne-time purchase of the drawings,
material, and patents (excluding the superhedtienyertheless, the Company was willing
to agree to cancellation of the shop license adhpat of a one-time lump sum for its
superheater rights, so long as the lump sum waguatie—meaning that it could not
merely reimburse the Company for its expensesweldping the superheater, but also
had to account for the sacrifice of income fromgmbial royalty agreements with others.

Given that the Company considered its superheigtaisr‘very important,” and the

potential income from them large, the minimum lusgm that it would consider was

173 Endorsement by Twining to Norton, 4 October 1H30rd 26542/10, RG74/E25/BBB86, NARA,;
Clark [Acting CoO] to Electric Boat Co., 4 Octold13, BuOrd 25145/21, RG74/E25/BB64, NARA.
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$1.5 million"

The letter regarding a lump-sum payment for theeghgmater rights was not the
only one that Davison sent on 18 November. Havoigiad the Bureau in September
that its patent attorneys considered the Bliss Gy and Torpedo Station’s wet
superheater to infringe Davison’s patents, Davisow demanded payment of royalties
under the shop license of April 1912. He understibad the Bureau doubted the validity
of the Company’s claims, so he asked the Bureaonsult “the highest expert authority
in the country, namely, the Commissioner of Pateard obtain his personal opinion
thereon.” In a statement of the Company’s positiriransmission to the Commissioner,
Davison traced the Company’s development of theswperheater back to 1908 (the
same year that he had resigned from the Navy anddahe Company), explained the
practical problems that the Company had overcontledrdevelopment of its superheater,
and noted that the Bureau'’s contracts with his Gompredated the Bureau’s contracts
for steam torpedoes with the Bliss Compafiy.

In an endorsement for the Department dated 20 Dieeefr®13, the Bureau went
straight at the Company’s key contention that aqupie, as opposed to a particular
mechanical arrangement, was patentable, attackiragher fronts as well. If the
“essential” “idea” of wet superheaters was to usaxure of air, fuel, and water for
motive power, then the first patent for a wet shpater was not Davison'’s, but one (No.
641,787) taken out by Hudson Maxim in 1900. Thaidas also the same as the

“principle” of the Gesztesy superheater, whichBueeau had described to the Bliss

174 pavison to Strauss, 18 November 1913, BuOrd 2245bid.
175 Davison to Twining, 18 November 1913, BuOrd 25343(Dept 26817-43), RG74/E25/BB156, NARA.
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Company in March 1908 (by sending it the articenfrtheRevista Brazileira Maritima
Contra Davison'’s claim to have been first in theegkitan field of wet superheater
development, therefore, others had beaten himewhé Bureau and the Bliss Company
had at least tied him. Moreover, even if the d&tBavison’s claim was conceded, his
responsibility had not been clear. At the Torpethii@ in 1906-1907, “[Davison] was
in a position where it was his duty to obtain asd to advantage all information relative
to the improvement of torpedoes,” the Bureau olegriand he undoubtedly used much
of the data and information obtained at the Torp&@dion in the development of the
[wet superheater]"—information which, the Buread dot need to add, had been
obtained at government expense. Despite the beaxigfits information, talent, and
capital, the Electric Boat Company had not beer,atarting at the same time as the
Bliss Company, to meet its minimum contract requeats, while the Bliss Company
had succeeded. There were differences betweenatiedn, Bliss, and Torpedo Station
superheaters, “and the question of infringemenhefpatents, in the opinion of the
Bureau, can only be settled by the cout{§.”

On 6 January 1914, two weeks after firing off thieadside to the Department,
the Bureau turned its epistolary guns on the EeBnat Company, replying to
Davison'’s two letters of 18 November 1913. Davisonéw that the government had
benefited merely by the Company taking on the emt$rand stimulating competition,
regardless of its failure to fulfill the contratite Bureau argued,

can hardly be considered sound. Contracts wereeshitleto with the Company,

and depending on the success of the Company, laotlewere supposed to
benefit. Had the Company been successful, it whaice been in the field with a

178 Strauss to DeptNav, 20 December 1913, BuOrd 23a782/31 (Dept 26817-43), ibid.
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torpedo presumably valuable enough to afford a goadket for the Company’s
product and they [sic] would have profited accogtinin other words, it was an
ordinary business venture which depended for sre on the skill,
perseverance, and capital of the firm, and whialiny these necessary factors,
might result in loss and this loss can not be bsnthe Navy Department.
As for the Company’s offer to sell its superheaigits for $1.5 million, the government
had to determine the validity of the patents ingio& before it could determine their
value, and therefore would take no further steghénmatter “until a careful legal
investigation has made it clear whether the Compeasyany rights at stakeé’?

The author of the endorsement to the Departme® @ecember 1913 and of the
letter to the Company of 6 January 1914 was JoSépluss, who had replaced Twining
as chief of the Bureau on 21 October 1913. Althatghentirely possible that Twining
would have taken as hard a line as Strauss digrtieless the novelty of Strauss’s
position may have affected his conduct. If Davis@rhphasis on the intent of the
contracts placed by the Bureau with the ElectriaBdompany was justified, then
Strauss’s non-participation in the history of tleatracts was important. And if there was
a learning curve for the Bureau chief to understiiedcomplexities of dealing with
command technology, then Strauss’s depiction ottdmracts as “an ordinary business
venture’—which, as Davison kept correctly insistitigey were not—can be as plausibly
attributed to the newness of his job as to a cymegotiating ploy.

In the dispute between the Bureau and the EleBtvat Company over
superheater rights, there were two striking ironmsich arose in large part from the

twisted menage-a-trois among the Bureau, the Edd8trat Company, and the Bliss

Company. To review, the government was accusin@liss Company of infringing

17 Strauss to Electric Boat Co., 6 January 1914, BuZB145/27, RG74/E25/BB64, NARA.
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Davison’s balanced turbine patent, while the Ele®oat Company was accusing the
government of infringing Davison’s superheater paie Bliss-Leavitt torpedoes, while
the Bliss Company was accusing the governmentfohg@ing its Armstrong superheater
patents in Whitehead torpedoes. On the Electrid Boapany’s side, the irony was that
the breadth of Davison’s patent claims, which hended as a strength, could be turned
into a source of weakness. The Company had wittesuperheater patents with
“sufficient scope to fully protect our interests”a-@ther words, not so much to describe
the invention as constructed as to prevent otliers patenting anything like 12 On the
government’s side, the irony—more like flagrant bgpsy—concerned its argument
about the patentability of principles. Even aggieed against the Electric Boat Company
that a principle could not be patented (wheredtribt control the relevant patents), it
argued against the Bliss Company that a principléccbe patented (where it did control
the relevant patents).

After receiving the Bureau’s letter of 6 Januarf49the Company evidently
disengaged for several months. On 29 April 1914-babty just a few weeks after the
Bliss Company demanded the payment of royaltieth®Armstrong superheaters used
in the government’s Whitehead torpedoes—Daviscengaged, tersely demanding
payment of royalties under the shop license agreefoethe wet superheaters used in
Bliss-Leavitt torpedoes purchased by the governrhént

To counter the claim, A. L. Norton, the Bureau'spexdo officer, produced a 77-

page memorandum. After reviewing the history ofsbperheater, Norton spent the bulk

178 Davison to Twining, 24 September 1913, BuOrd 23245ibid.
17 Davison to Strauss, 29 April 1914, BuOrd 25373R6,74/E25/BB156, NARA.
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of the memorandum analyzing the differences betvizsanson’s and the Bliss
Company’s wet superheaters in excruciating dekaiks was precisely the level of detail
that the Electric Boat Company’s attorneys hadcthtb engage, because they believed
that the general principle of Davison’s superhedteninated the details, rendering them
irrelevant. The Bureau was trying to demolish #igument (even as it used the same
argument in its case against the Bliss Companyje8an this detailed review, Norton
argued that “[tlhe specific method of introductioihwater as used by Mr. Davison and
claimed as a novelty and in which claim patent grasited does not appear in either the
operation, construction or principle” of the Bliset superheater, and therefore the
Electric Boat Company'’s claim for royalties on Biléss superheater were invalid.
Norton suspected, however, that the Electric Baah@any did not really care about the
merits of the claim, but rather was using it “ier to force the Bureau of Ordnance to
purchase certain material’—namely, the drawingdenel, and patents associated with
the two Davison torpedoes. Insofar as “the LEGAJhts” of the government were
concerned, Norton recommended that the Bureauusgtismb to Company’s ploy, but
instead refuse to pay royalties, refuse to buymheerial associated with the Davison
torpedoes, and cancel the contracts without petaltye Company. “However there is
another aspect to the situation, that is one ofaasligation or equity,” Norton
continued:
Without doubt there is much in the claim of Mr. @sn that the undertaking of
contracts by the Electric Boat Company spurredtberacontractors to a more
rapid development of a long range torpedo. Alss & fact that the Electric Boat
Company has expended a considerable sum (withcotgense) in the

development of their steam generator and their ¢fgerpedo, including much of
the valuable time of Mr. Davison.
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Although the Company had undertaken the contraetdl ‘knowing” these risks, there
was “a middle ground on which the Navy Departmeightwith justice and without
prejudice to the Government’s interest meet thetEteBoat Company, and perhaps
reach an adjustment which would recompense thatp@ognfor its outlay in the
development of its torpedo.” The Department coadaoel the shop license agreement,
purchase the 18-inch Davison torpedo which wasliiil but had not met its contract
requirements, and purchase the drawings and miassaciated with the unfinished 21-
foot Davison torpedo. The price would be a lump sunto exceed $50,000, and in
exchange, the Company’s would agree to quit itsnddor royalties by assigning its
patent rights to the governméfit. If the Company rejected this proposal made out of
“moral obligation or equity,” then the governmehbsald behave in accordance with its
“LEGAL rights.”*8!

On 16 June 1914, the Department finally decidechtacel the Electric Boat
Company’s contracts, reserving its decision on jhesgpending the Bureau’s
negotiations with the Compan¥? The next day, Davison and Strauss met to negotiate
Among other things, Strauss probably proposed yotlhe experimental torpedo material
and patent rights for $50,000, as Norton had sugdeand he evidently invited the
Electric Boat Company to undertake new contraatsdigpedoes—a surprising invitation,
in the context of the Bureau’s deteriorating relaship with the Company, but

unsurprising in the context of the peculiar torpetkrket, where the Bureau’s

180 Davison had stated that the Company’s expenditmese two Davison torpedoes were $56,356.65
(Davison to Twining, 29 September 1913, BuOrd 2%285RG74/E25/BB64, NARA), by which standard
Norton’s proposed $50,000 was low, but not grotekgso.

181 Norton to Strauss, 26 May 1914, BuOrd 25373/3%(26266-417-1), ibid.

182 Roosevelt [Acting SecNav] to Strauss, 16 June 1BL®Drd 25145/28, ibid.
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relationship with its most important supplier (fBkess Company) had deteriorated even
further. On 23 June 1914, Davison replied thairlkgation was “attractive”—and that
whatever reimbursement the government paid faxXperimental torpedoes would
contribute to the capital necessary for the enisep? Having again been advised by the
Company’s patent attorneys that his patents doexhidte Bliss wet superheater,
however, he was unwilling to give up the Comparsyiperheater patent rights for a small
lump sum and insisted on the payment of royaltlesygh he was willing to negotiate
lower royalties than those contained in the Ap8il2 shop license agreement. On 1 July
1914, through its attorneys, the Company offere@tiuce its royalty charges by 25%,
from $800 to $600 per superhedf®iNo reply from the Bureau was found, and on 29
July 1914, the Company filed suit in the Court ¢difs to recover royalties on the
superheater used in Bliss-Leavitt torpedoes pusthbg the government. The case

would eventually go to the Supreme Court, but enrtieantime, World War | began.

Conclusion

While the performance of American torpedoes imptbgturing this period thanks
to the invention of the wet superheater, the parégrce of their human developers
lagged. The same pattern that characterized theaBisr dealings with private industry
from 1903 to 1908 repeated itself from 1909 to \Wawmlar I. Instead of learning from
earlier mistakes in dealing with the Bliss-Leatattpedo, for instance, Bureau officials

repeated them in dealing with the double reducdrtdumndered into a second dispute

183 Davison to Strauss, 23 June 1917, BuOrd 251428,
184 Johnson [Electric Boat Co. attorney] to Strausdyly 1914, BuOrd 25145/31, ibid.
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over superheater rights, despite clear and prase@@mings from the commander of the
Torpedo Station. Remarkably, the Bureau manageettdaself involved on the opposite
sides of two lawsuits—in one, defending the patatitg of principles; in the other,
challenging the patentability of principles—yetim both. These victories testified to
the power of the government rather than to thdligémce of its officials. No matter how
many resources private arms manufacturers possegseztnments had more. Where the
Electric Boat Company relied on attorneys who waerable or unwilling to grasp the
sophisticated technology involved in superheateesgovernment had Commander
Norton produce a long memorandum analyzing thevaglietechnology in great detail.
Might did not make right, however. The Bureau dagpld persistent disregard for private
property rights, resorting to the medieval doctwh@minent domain despite the damage
done to the liberal political philosophy on whidtetUnited States supposedly rested.
According to this philosophy, property rights wéhne fundamental civil liberty; hence
the government’s effort to use the National Defehseto infringe property rights
constituted an assault on civil liberties in theneaof national security. However

unfamiliar the technology at issue, the governnsecthduct was familiar indeed.
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Chapter 6: British Torpedo Development, 1909-Wakiar |

“[W]e are left with a very bad gap in the torpedo
armament of the Navy.”
—Vernon 1914

Introduction

By 1909, the Royal Navy had entered the wet sigaen age. After converting
some 18-inch Fiume IlI** torpedoes to take the Atrosg dry outside superheater,
which enabled them to make 4,000 yards at 25 kaats purchasing 20 troubled 18-inch
Weymouth | heated torpedoes, the Admiralty realthedsuperiority of Hardcastle’s wet
superheater and decided to end its use of the Aonggsuperheater. Thereatfter, it
converted 18-inch RGF Mark VI*-VI** torpedoes tokHardcastle’s superheater, so
that they could make 6,000 yards at 29 knots; addveloped the Navy'’s first heater
torpedoes, the 18-inch RGF Mark VIl and VII* torped, which could make 6,000—
6,500 yards at 29 knots or 3,000 yards at 41 kiioddso completed successful trials of
the Navy'’s first 21-inch torpedo, the Mark I, whicbuld make 3,500 yards at 45 knots or
7,500 yards at 29 knots; and it began testing gdo@1-inch torpedo, which would

become the Mark II.

“In the following chapter, torpedoes converted fraotd to hot are referred to as “converted” andotedh
by an “H” after the mark designation, e.g., 18-ifgark VI** H. New heated torpedoes are referrecso
“heater” torpedoes, and the “H” after their marksideation is omitted, as per the Navy’s convention.
L ART14/36.

318



The Hardcastle superheater proved remarkably matndergoing only minor
changes from 1909 to the war, but it created probleith torpedoes’ vertical and
horizontal direction-keeping that were not entirebyved when the war broke out. The
proper speed and range settings of the heaterdoggevere not obvious, and the issue
was tied up with difficult tactical questions. Tthevelopment and introduction of angled
gyroscopes also created new tactical possibiliiasthe Navy struggled to develop
torpedo control systems that would allow it to exlhem. The performance of heater
torpedoes made it desirable to increase torpedwalices at the same time as the Navy
was dealing with the removal of the torpedo facfooyn Woolwich to Greenock, and the
result was a supply shortage. For fear of exacerdpéte shortage by losing torpedoes in
practice firings, the Navy limited the use of taipes in exercises, hindering the
collection of data about torpedoes’ likely effeictbattle. Still, the Navy knew enough
about the threat from long-range heater torpedmésvelop new tactics which
neutralized the threat while promising decisivergeny results. The continuing torpedo
threat and the return of stringent financial caods also impelled the Navy to adopt
Fisher’s plan of flotilla defense (described in Gteat 4) on the eve of World War |.

Gaps in the documentary record loom especiallyeléog this period. The
Admiralty case files which enabled detailed recougof the gyroscope in Chapter 2
were nowhere to be found for the superheater stdadyin Chapter 4, but the latter could
at least be patrtially reconstructed through rectnats the post-war Royal Commission
for Awards to Inventors and from corporate archi&silar records for the period from
1909-1914 are unavailable, forcing almost compieiiance on just four sources for

understanding angled gyroscope development, heaferdo development, the
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procurement policy for heater torpedoes, and taygeed control: the annual reports of
Vernon the papers drawn up by departing Directors ofdll@rdnance for their
successors, therincipal Questions Dealt with by the Director ocd%l Ordnanceand
ships’ covers (see Appendix C). Even basic inforomelike the price and delivery dates
of various torpedoes is missing from these soui$tl§. careful reading of them can at
least tell us more than we currently know aboyteédo development in this period, while
the work of Jon Sumida and Nicholas Lambert perthissnewfound knowledge to be

placed in larger tactical and strategic context.

Standing the Heat

The 21-inch Mark | torpedoes tried by the NavyL 808 were limited to a length
of 18.5 feet so that they could fit in existingpedo tubed.The increase in length to 22
feet for the 21-inch Mark Il torpedoes allowed &3#hcrease in the weight of air
carried® The Navy ordered four Mark Il torpedoes in 1908 amperimented with them
in 1910, though it was sufficiently confident ofcsess, and desirous of permitting
manufacturers to accumulate material in advancerder 224 Mark 1l torpedoes in 1909,
before the four experimental torpedoes had beed.tt paid for the order from a
supplement to the fiscal year [FY] 1909/10 budget fiom the 1910/11 budgé#s it
turned out, depth-keeping problems at speeds adokeaots prevented the projected

speed of 50 knots from being attained, and thetgred charge of the Mark 1l was used

2 ART09/22.

® ART09/11.

* “Paper Prepared by the Director of Naval OrdngBaeon] for the Information of his Successor
[Moore],” 24 November 1909, G19535/09, 24.
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to attain a 2,500-yard increase in range, but noherease in speed, over the Mark I.
The approved speeds and ranges for the Mark Il d&itanots for 4,500 yards and 28-29
knots (depending on whether the torpedo was fifttedubmerged discharge) for 10,000
yards® Despite the slightly disappointing speed perforceahe 21-inch Mark Il was the
Navy’s first 10,000-yard torpedo.

Notwithstanding the impressive speed and rangkeo€onverted and heated
torpedoes, two problems bedeviled them: poor dorédteeping and poor depth-keeping.
The converted 18-inch Mark VI** H torpedo sufferiedm zig-zagging (but not depth-
keeping problems), while the heated 18-inch MarkWiI* torpedoes and both 21-inch
torpedoes displayed bad depth-taking and depthitkgébut not zig-zagging) (Depth-
taking referred to a torpedo’s ability to “takes proper depth at the beginning of its run,
while depth-keeping referred to its ability to “lpdets proper depth over the course of its
run.) The first problem to be solved was the bgatlid&eeping of the Mark VII-VII*
torpedoes, which was overcome by the substitutf@nheavier pendulum weight in the
depth mechanism in 1909 his solution of the depth-keeping problem did fitothe
depth-taking problem, which arose from excessibeation in the balance chamber and
was not fixed until 1918.

Uncertainty over the causes of zig-zagging indreverted 18-inch Mark VI** H
torpedoes slowed the development of a ¢lire. first, Vernonsuspected that the

gyroscope was to blame, since zig-zagging was aggetation of the normally mild

5 ART11/36.
5 ART11/36.
" ART09/12.
8 ART09/12
9 ART10/16.
10 ART11/29-30.
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sinuosity of the torpedo’s course due to correctiapplied by the gyroscope. Upon
discovering that torpedoes with perfectly adjugigbscopes still zig-zaggedernon
looked elsewhere. Extensive experiments carriednoi®11 showed that the real culprit
was two-fold: rolling of the torpedo as it was diacged, and toppling of the gyroscope.
The former could be almost eliminated by reducheggize of one of the gyroscope
rudders, while the latter could be entirely elimethby better manufacturing of an
important valve.

The depth-taking and depth-keeping problems ir2thvéch torpedoes proved
most intractable of all. Part of the problem—thg&mloes’ tendency to break the surface
and remain on it after discharge—was solved in I8lihcreasing the clearance of
certain pivots in the balance mechanism by a m&2idches. “This cure, though
somewhat unscientific ¥ernonsheepishly admitted, “has proved most efficacidtist
was also a remarkable example of mechanical mization and precision engineering.
A more fundamental problem remained unresolved gvew The ignition of the
superheater caused a rapid acceleration of heatfeeldoes shortly after discharge,
rendering proper adjustment of the depth mechasiBiking gear very difficult, the
torpedoes liable to rise or dive sharply upon disgh, and recovery of their proper depth
unlikely.*? To solve the problem/ernonbegan experimenting in 1911 with a depth gear
known as the Ulan gear after its inventor, but dodt get it to work satisfactorily and
stopped trying in 191% At the same timeyernonbegan experimenting with a “double-

beat” (instead of single-beat) hydro-static vathe, idea being that the additional valve

1 ART11/17.
12 ART11/17.
13 ART11/18-19, ART12/13-14, ART13/17, and ART14/25.
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would be able to correct for more severe deviatfoms the proper deptl.Although it
worked well in an 18-inch torpedo in 1911, it wad perfected for 21-inch torpedoes
until 1912, whereupon it was approved for both diters.> Evidently it was not a
complete success, however, since British torpedoffered serious depth problems in
the first year of the waf.

The design of the Hardcastle superheaters remamsdally unchanged. Their
igniters were gradually made more reliable, andgéerator (i.e. combustion chamber)
was improved! The introduction of a new type of valve called toenbined non-return
valve controlled the rate at which fuel and air evpermitted to mix more effectively and
increased the range of torpedoes to which they fiteed by 500 yards®

Engine technology also remained fairly stablehis period—strikingly so,
considering the much higher heat to which the esgyof heater torpedoes were subjected.
The Navy was apparently satisfied with the abiityeciprocating engines to withstand
the heat. The Director of Naval Ordnance reporteltig successor in 1909 that after
35,000 cumulative yards of running, the engine béated 18-inch Mark VIl torpedo
was in perfect condition except for cracks to thgiee belt which did not interfere with
the efficiency of the enginéd The metal of the engines was occasionally fourtuhice

turned blue from the intense heat of the exhaustggdui/ernonsolved the problem in

1 ART11/17-18.

15 ART12/13.

8 ART15/vii, 29, 44-45.

17 0On the igniter, see ART10/27, ART11/32, ART12/22-8RT13/24-25, ART14/27-28; on the generator,
see ART11/30, ART12/20-21.

18 ART10/30, ART12/21.

19 “paper Prepared by the Director of Naval OrdngBeeon] for the Information of his Successor
[Moore],” 24 November 1909, G19535/09, 24.
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1910 by adding a pump to cool the exhaust chafifiére oil used to lubricate the
engine parts was a continual target of trial-andrezxperimentation, but the difficulty
arose primarily from the variation in climates amater temperatures in which the Navy
stored and used torpedoes, rather than from thegeearated by the superheater, and in
any case the issue was not unique to reciprocatigines’> A more serious problem
which did arise directly from the high heat was dgmto the springs controlling various
engine valves. To address\fernonbegan experimenting in 1913 with a tappet- (inbtea
of poppet-) valve engine, in which the tappet valpeotected the springs from exposure
to heat, but the experiments were not completedrbehe waf? Notwithstanding these
issues, a telling measure of the Navy’s satisfactidh its reciprocating engines was
Vernoris quick rejection of a “well thought out” desighacombined generator (i.e.,
combustion chamber) and turbine engine, on themgi®that turbines had to discharge
their exhaust into a vacuum to be efficient but lddwave to discharge their exhaust

against pressure in torpeddés.

The Gyroscope: New Impulses, New Directions

The Navy had begun experimenting with an angledspope capable of curving
the torpedo from its initial line of fire in 190But the effort faltered. As discussed in
Chapter 1, a significant implication of the angtgaoscope was that it allowed large
surface ships to fire their torpedoes from fixetdrearged tubes regardless of helm. The

significance of angled gyroscopes was even gréatesubmarines, at least in theory.

20 ART10/24.

21 ART10/23—24, ART10/60—61, ART11/22, ART14/26.
22 ART13/19, ART14/26.

B ART11/21.
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Until the E Class submarines of 1912, Royal Nauynsarines carried fixed torpedo

tubes only in the bow and stern, not on the be&ipssby contrast, carried at least two
fixed tubes on the beam, in addition to a stere téovessel that carried tubes on three of
four sides was likelier to get a shot than oneywagrtubes on only two of four sides; or,

if the former had to turn to bring a tube to beaitlwe target, she would probably have
had to turn through a smaller angle than the latteilo so. To compound the difficulty,
submarines were harder to maneuver than surfaps.skius, submarines had a greater
need for a device that would obviate the need toeueer.

At the initiative of the head of the submarinevem, the Navy directed its first
attempts at developing angled gyroscopes in 199@rtts submarines rather than surface
ships?* Three different designs evolved, including twothg RGF and Whitehead
Company capable of deflecting the torpedo 45° Grf@iin its initial line of fire. Trials
showed that the device was unsuitable for submsrimavever, due to the large and
unpredictable “advance” of the torpedo along itgahline of fire before the gyroscope
began to curve ft Because submarines fired torpedoes at short rargesnore than
1,500 yards, and usually closer to 500 yards—froair targets, a large and
unpredictable advance would have left them unaedsito whether a torpedo would
complete its curve and steady on its ultimate abefore reaching its target. Since ships

fired at longer ranges, however, a large and ungaale advance was less problematic,

24 ART07/30.

% ART09/20, “Paper Prepared by the Director of N&adnance [Bacon] for the Information of his
Successor [Moore],” 24 November 1909, G19535/09ndBute by ADT [Nicholson], 10 June 1910,
SC251/F134, BF.
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and therefore the Navy turned to trying the angigwscope from ship®.

Before trials on a ship occurred, the Navy begaestigating the possibility of a
barless training (as opposed to fixed) tube adtamative to the angled gyroscope. As
discussed in Chapter 4, the Navy’s dissatisfaatith the bar originated with its desire
to increase the rate of fire in 1903, when it ekpented with leaving the bar out instead
of running it back in after every shot. By 1909ished to dispense with the bar
altogether, and its reasons had changed. Insteadrefising the rate of fire, the Navy
was chiefly motivated by the appearance of a bsiti#se in a foreign cruiser, and
probably more importantly, by the desire to buildaaning submerged tube, for which
dispensing with the bar was a prerequisiti addition, the officer commanding the
Navy’'s submarines, Sydney Hall, saw that barlessh@dirge was necessary for broadside
tubes on submarines, probably because they latieesptaice for a motor to run the bar in
and out® He regarded the advantages of broadside disck@argabmarines as
“enormous” and so “obvious” that he did not identtiem, but he undoubtedly had in
mind the fact that broadside tubes would requitergarines to maneuver less to get a
shot and would allow them to attack from other clicns than bows-on, which required
them to turn at least eight points to make theiape®

The idea of barless tubes preceded the idea afdsantaining tube¥.Preliminary

experiments with barless discharge in 1909 werenjgiag: with the firing shipFurious

% ART09/20, “Paper Prepared by the Director of N&adnance [Bacon] for the Information of his
Successor [Moore],” 24 November 1909, G19535/09, 25

2" ART09/25.

% Minute by Hall, 11 August 1909, CN0936/09, SC291/BF.

29 Minute by Hall, 12 November 1909, CN0936/09, SCE3]1 BF.

30 For this chronological sequence, see minute byadlaon, 19 November 1909, CN0936/09, SC291/F1,
BF.
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moving at speeds up to 17 knots, torpedoes cléhestlibe and ran correctly. Although
the torpedoes suffered varying degrees of damatieeinourse of dischargéernon
attributed the damage largely to the fact thaigalss tube was used, and expected that a
purpose-built tube would eliminate the problEmnother round of experiments was
carried out irSpartiatein early 1910; again, the torpedoes suffered stameage, but
again,Vernonbelieved that a purpose-built tube would solvepttablem®

As a result of these trials, the Admiralty conveaezbnference in May 1910 to
discuss the design of a barless training ttibEhe key change for a purpose-built barless
tube was bell-mouthing. In a typical tube, the ¢paided the torpedo as it left the tube,
preserving its trim and preventing its after erafrfrclanging against the mouth of the
tube. In a barless tube, higher impulse pressuralsl compensate for the lack of a guide
bar to some degree, but a bell-mouth gave the dorpdarger margin for error in losing

its trim as it left the tube (see Figure 6.1).

Typical Tube without Bar " Bell- mouthed

Typical Tube with Bar Barless Tube

Tube H lr
- T do —
Bar e — Totpedo Tube Tow? Tub ’/@//
ube

iy -

Figure 6.1: Bell-mouthing torpedo tubes.

Aside from bell-mouthing, the conference also dedithat the barless tube’s arc of

training should be 35° before and 20° abaft thevhdarequested authorization for the

31 ART09/25; see also minute by CaptairMefnon[Phipps Hornby], 30 October 1909, CN0936/09,
SC291/F1, BF.

32 ART10/40.

% Report of Conference, 4 May 1910, G0303/10, SCZ518) BF.
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Portsmouth navy yard to design a tube embodyinggtfeatures.

Before approving the conference’s request, thetrGtber, John Jellicoe, asked for
an update on the development of the angled gyresaapich was clearly an alternative
to the training tubé&? In the spring of 1910/ernonhad carried out trials of the angled
gyroscope fronfurious® Unlike the gyroscope used in the 1907 submariabstthe
model used in the 1910 trials could deflect thpédo at angles of 10°, 20°, 30°, and 40°
from its initial line of fire instead of just 45hd 90°. The trials were successful, the
Assistant Director of Torpedoes informed Jellidogt, even so, he wanted to proceed
with the design of a training tube, since he watssnce that angled gyroscopes could be
used in very high-speed torpedd@slis uncertainty probably related to the poor
direction- and depth-keeping of some early higheddgeater torpedoes, previously
discussed. In any case, Jellicoe approved theatladbarless training tube, and the order
went out to Portsmouth Yard in August 1F10.

In Decembenryernonreported that the design was ready and asked for a
conference, which was held in March 19iThe participants proposed a number of
modifications to Portsmouth Yard’s design and asked€10,000 to manufacture a
prototype®® The First Sea Lord, A. K. Wilson, quashed the id@he object to be
attained by the training tube has been, to somengxnet by the successful trials of the

angled gyro,” Wilson minuted. “I do not think theopable advantages are sufficient to

34 Minute by Jellicoe, 6 June 1910, G0303/10, SC25113/ BF.

% ART10/46-48.

% Minute by Nicholson, 8 June 1910, G0303/10, SC251:3, BF.

37 Minute by Jellicoe, 8 June 1910, G0303/10; SecAalvdmiral Superintendent Portsmouth, 10 August
1910, G0303/18344/10, SC257m/F13, BF.

38 Phipps Hornby to Adm Supt Portsmouth, 9 Decemb&01G0719/10, SC257m/F17, BF.

39 Minutes by ADT [Nicholson], 22 December 1910, &fIT [Charlton], 10 March 1911, G0719/10,
SC257m/F17, BF.
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justify the expense of proceeding further with ehasals for which the £10,000 now
asked for would only be the first instalment [$i¢] The disappointed Captain #érnon
R. S. Phipps-Hornby, protested Wilson’s decisioguing that a barless tube was
desirable even if it did not train, particulariyse the bar’s omission would make the
tube stronger and allow the use of higher imputesgures. These were desirable in
connection with the development of the new “MarkI¥8-inch torpedo, almost certainly
a reference to the 18-inch Mark VIII torpedo thenly designed especially for
submarines, which needed to use higher impulseyres to launch the torpedo to make
up for the absence of the BaiThe Assistant Director of Torpedoes, Edward Chaylt
chimed in on Phipps-Hornby’s behalf, observing thatomission of the bar would
eliminate the need for heavy torpedo fittings thated torpedoes along the bar,
increasing their speed by 1-2 kntts\Vilson refused to budge, however, at least unél t
“Mark A” torpedo had been asses$éand so the idea of a barless training tube died.
The fine performance of angled gyroscope doubtiezed to kill the barless
training tube. A further round of successful trifitsm Furiousin November 1910
persuadedernonto recommend the limited issue of angled gyrossapeships for sea-
going trial** In anticipation of favorable results, the Admiyadrdered that all 21-inch
Mark Il torpedoes intended for issue to ships tiediso as to allow them to take the
angled gyroscop€ When the limited sea-going trials of the angletbggope occurred

in 1912, they vindicated the Admiralty’s faith imetdevice, and it was approved for all

0 Minute by Wilson, 31 March 1911, G0719/10, SC2571&, BF.

“1 Phipps-Hornby to CINC Portsmouth, 27 April 1910386/11, SC257m/F19, BF.
2 Minute by Charlton, 15 May 1911, G0306/11, SC25720/, BF.

3 Minute by Wilson, 21 June 1911, G0306/11, SC2520/BF.

4 See minute by ADT [Nicholson], 12 December 19107%1/10, SC257m/F17, BF.
4 ART11/25.
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torpedoes intended for submerged discharge frops$hirhe only further significant
change to the concept of the angled gyroscope dé#ferwar was to reduce the gradation
of the angles from 10° to 8% The Admiralty did not reverse its 1907 decisioaiagt

fitting angled gyroscopes to submarines’ torpedgesyg only so far as to approve
fittings for submarines’ torpedo tubes that wouldke it possible for them to work with
the angled gyroscopé.

Although the angled gyroscope was a success,javan it known as gyroscope
control gear was not. The idea of gyroscope comggeal was to cause the torpedo to run
in a circle or zigzag once it had reached the eggchrange of the target, so that it would
cross the target’s track multiple times insteadrude, increasing its chances of hitting. In
1912, an officer named F. H. Sandford invented lottular and zigzag gyroscope
control geard’ The circular gear was useful chiefly for firingaaline of ships, since
succeeding ships would cross the track of theiogdbrpedo, while the zigzag gear was
most promising for firing at single ships, sincaviuld follow or converge on the target
if it missed at first. The Admiralty authorized thenufacture of two circular gears and
two zigzag gears for experiment. The zigzag geaveu too complicated, but the ship to
which the circular gear was issued reported oavibfably, noting that it would greatly
increase the probability of hitting at long rang&Bespite the gear’s promise, the

outbreak of war and the pressure of other workedithe suspension of its development

46 ART12/16.

4T ART13/21, ART14/27.
48 ART14/46.

4% ART12/20.

S0 ART13/23-24.
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in 1914. Thus it was not embodied in the torpeduiés which the Navy began the wir.

The adoption of angled gyroscopes was not the imaljpr development in
gyroscope technology during this period. In 190@,same year that the Navy began
experimenting with angled gyroscopes, it also beggrerimenting with air-driven
gyroscopes? As distinct from purely spring-driven gyroscopieswhich the gyroscope
wheel received a powerful initial impulse but nbsequent impulses, air-driven
gyroscopes relied on a spring for the initial inggubut then on air to accelerate and
maintain the velocity of the wheel’s rotation. Tavy likely began investigating air-
driven gyroscopes for fear that spring-driven ggogses could not provide a sufficiently
long spin time for heater torpedo ranges, evenghdiothVernonand the Director of
Naval Ordnance claimed in 1909 that the conventispang-driven gyroscope was
satisfactory at then-maximum rangé3he Navy may also have hoped that the
continuing air impulse would remove a frequent eanisdangerous gyroscope failure. If
the spring of a spring-driven gyroscope faileddiease, generally due to a failure to cock
it, the gyroscope wheel would not spin and the ggope rudders would go hard over one
way, producing a circular run that might endangentlly vessels. If the spring of an air-
driven gyroscope failed to release, however, thevauld still spin the wheel, not acting
quickly enough to keep the torpedo on its initia¢lof fire, but exerting enough directive
force on the gyroscope rudders to prevent them fyoimg hard over and causing a

circular run. This safety benefit was certainlylim=d by 1911, if not earliéf: Finally, air

L ART14/27.

2 ARTO7/17.

3 ART09/20; ART09/20, “Paper Prepared by the DirecfoNaval Ordnance [Bacon] for the Information
of his Successor [Moore],” 24 November 1909, G1983525

> ART11/24.
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impulse enabled a higher rotational speed thasphiag alone, thereby increasing the
gyroscope’s directive power.

After the 1907 experiments with an air-driven ggape, the results of which did
not warrant changes to the existing type, the N@gms to have dropped the matter in
1908 before picking it back up in 1909, when itriegt out experiments with an air-
driven gyroscope designed by the Whitehead CompPany1910,Vernontried an air-
driven gyroscope of RGF design, which gave goodltesver ranges at which spring-
driven gyroscopes proved unreliaBfén 1911, after additional experience with the RGF
model,Vernonrecommended its limited issue to ships for seagtial and stopped
experimenting with the Whitehead Company’s desiga t its inferiority?’ In 1912,
after the ships which received the limited-issuedaven gyroscopes reported
enthusiastically, the Navy ordered the large-sadfgption of the air-driven models, at the
same time as it approved the adoption of angledsgypes? The relative safety of air-
driven gyroscopes compared to spring-driven gyrpssa@llowed/ernonfinally to end
its decade-long search for a gyroscope safety°gear.

In addition to its work with air-driven gyroscopaise Navy also experimented
with air-spun gyroscopes. The difference betweed@ren and air-spun gyroscopes was
that the latter received both its initial and swjusnt impulses from air, while the former
received its initial impulse from a spring and osljbsequent impulses from air. The

chief appeal of the air-spun gyroscope was thaiutd cause the gyroscope to start

55 ART07/17; ART09/20.
56 ART10/50.
5" ART11/24.
58 ART12/16.
%% ART12/18.
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spinning more quickly than a spring impuf8én the 1909 experiments with barless
tubes discussed previousWernondiscovered that torpedoes fired from a moving ship
deflected 1°-2° abaft their line of fire beforeithgyroscopes gained sufficient rotational
speed to take ovét.This unpredictable but small deflection matteiitttelwhen ranges
were short, but it probably became a concern agesalengthened due to heater
torpedoes. For instance, a 2° deflection would eamserror of only 35 yards at a range
of 1,000 yards, but it would cause an error of &8s at a range of 10,000 yafdThe
Navy’s desire to develop a barless tube also maag kent urgency to its quest for a
faster gyroscope release.

Vernonfirst tested an air-spun gyroscope designed bR@BE in 191> The new
Royal Naval Torpedo Factory (RNTF) took over theFRGwork in 1911, and the
manufacture of experimental air-spun gyroscopesapasoved in 1912 When tried in
1913, however, they were not a success, and furilbés were suspended due to the
pressure of other wofR.Neverthelessyernonmanaged to salvage one idea from the air-
spun attempt, namely, the early release of thesgye to take up its proper direction.
Spinning up the gyroscope while the torpedo wdlsistihe tube was only a partial
remedy to the problem of the torpedo deflectingpleethe gyroscope could take over its
direction; unless the gyroscope was freed fronttheeh which held it in place to ensure

that the air impulse hit it at the correct angleoiuld not take up its proper directith.

50 ART10/51.

51 ART09/26.

62 Tan(2°) = x / 1000 or x / 10000; x = the displaeatat 1000 or 10000 yards.
53 ART10/51-52.

54 ART11/25, ART12/18.

5 ART13/21.

56 ART12/17-18.
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By reducing the size of a gyroscope part calleditingng sectorVernonwas able to
shorten the time lag between the tripping of tmdester and the release of the clutch.
(Gyroscopes with their driving sectors reduced vwkei@vn as “short-release”
gyroscopes.) Short-release gyroscopes reduced/¢inage horizontal deviation at 2,000
yards by more than half, and the short-releaserfeatas approved for future air-driven

gyroscopes in 191%.

Supply, Allocation, and Lots of Demand

The advent of converted and heater torpedoes pesegrocurement challenges:
what vessels would get the new weapons? To ansvgeguestion, the Navy made
assumptions about the tactical uses of the tormederause destroyers would fire
torpedoes at shorter ranges against single shipthanefore needed higher speeds to
minimize the effects of errors in estimating enerayirse or speed, while capital ships
would fire torpedoes at longer ranges against tieeng battle-line and therefore could
afford greater errors in estimation, convertedriéiiheaters whose engines could not
withstand the high speeds enabled by superheatzesissued to ships rather than
destroyer$® The heated 18-inch Mark VIl and VII* torpedoes,osk engines were
designed to withstand higher speeds, went to tarpeaft® The short 21-inch Mark |
torpedoes went to tiR@eagleclass destroyers of the 1908/9 building prograncestheir

construction was too far advanced to allow the tegiging of their tubes to take the 21-

" ART12/17; ART13/21.

% Minute by DNO [Bacon], 16 April 1909, G5891/09, @8-11/3360/178-80; “Paper Prepared by the
Director of Naval Ordnance [Bacon] for the Inforioatof his Successor [Moore],” 24 November 1909,
G19535/09, 23; “Paper Prepared by the Directorafall Ordnance and Torpedoes [Moore] for the
Information of his Successor [Tudor],” 30 May 19G0)596/12, 2.

%9 ART09/14.
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inch Mark Il torpedoes first ordered in financiaay 1909/10° For the time being,
submarines, which fired their torpedoes at verytstamges, continued to be supplied
with cold 18-inch Mark V* torpedoes adjusted to 1000 yards at 32.5 knots.

As will be recalled from Chapter 4, the conversibicold torpedoes to heaters
began in FY 1908/09, when money for 100 conversioas appropriatelf. Half of these
conversions were of the much inferior 18-inch Fidih# torpedo, useless both for
destroyers due to its limited speed and for shiygstd its limited 4,000-yard range (at
only 21 knots). Thus only 50 conversions werede#r for the much superior 18-inch
RGF Mark VI* torpedo, also useless for destroyers tb its limited speed but useful for
ships due to its 6,000-yard range at roughly 2ada@lthough it was believed in early
1908 that the maximum range of the converted R@fettoes was only 3,000 yards. In
February 1908, the Admiralty approved a proposahieyDirector of Naval Ordnance to
expand the program for converting RGF torpedoesder to supply the Navy’'s 45 large
ships with two converted torpedoes each. As atatel number of conversions
increased sharply from 50 Mark VI* conversions ¥OB/09 to 196 Mark VI**
conversions in FY 1909/1G.This increase was borne solely by the RGF: althdhg
Whitehead Company as well as the RGF built heatpetioes of RGF design, only the
RGF carried out conversions of RGF torpedoes, hadRbyal Naval Torpedo Factory

(RNTF) was not yet up and running.

0 “paper Prepared by the Director of Naval OrdngBaeon] for the Information of his Successor
[Moore],” 24 November 1909, G19535/09, 22.

L ART11/51.

2 See minutes on G16396/07, PQ/09/3345/156-57. @etthat ART08/7 suggests that 29 of the Mark
VI* conversions were carried on the FY07/08, notOBX09, budget.

3 See minutes on G3264/08, PQ/09/3346/157-58 ulhdtear what classes the DNO was including in the
“45 large ships.”
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In April 1909, the Director of Naval Ordnance,HR.Bacon, proposed another
major expansion of the conversion program. Notived the Navy had heater torpedoes
“very superior, so far as is known” to foreign onasd that converted torpedoes on ships
would be “invaluable for use during a fleet actiand would give us a very great
advantage over our possible enemies should thgypmsisess 4,000 yard torpedoes,” he
suggested a five-fold increase in the allowanceoofverted torpedoes, from 2 to 10 per
ship, going all the way back to the pre-dreadnobgliieships of th&ing Edward VII
class and including the thréevincible-class battlecruisers. His proposal probably had
something to do with learning that the 3,000-yamige assumed for both Fiume I11**
and RGF Mark VI* torpedoes in the February 1908aition scheme was 50% too low
for the converted RGF torpedoes. There were olestdolexpanding the conversion
program, however. The money for converting old ¢oliges was the sum left over after
spending on new torpedoes, and the new heatedch&imd 21-inch torpedoes had
turned out to be more expensive than anticipatethere was little money available for
conversions. Unless the pace of conversion incagd&son informed his colleagues, the
expanded scheme would require seven years for etiopl To increase the pace without
providing additional money in FY 1909/10 would ttwthe brunt of the work on FY
1910/11, more than could be handled that year.€Fbies, Bacon requested an additional
£20,000 to spend in FY 1909/1bHis request was approved, with the First Lord,
Reginald McKenna, adding that he should raise thganagain as soon as the

supplemental £20,000 was spé&tithe expansion and acceleration of the conversion

" Minute by Bacon, 16 April 1909, G5891/09, PQ/08:3860/178-80.
S Minute by McKenna, 21 May 1909, G5891/09, PQ/083360/178-80.
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program increased the burden on the RGF.

Increases in the allowance of new heater torpeddded to the RGF’s burden. In
December 1908, the Assistant Director of TorpedBesnard Currey, had proposed that,
due to the greater effectiveness of heated overtogbedoes, ships with two broadside
tubes carry the same number of torpedoes thatitheégarried when they had four tubes
(i.e., 9 per tube instead of 5 per tube), anddlesatroyers carry at least two instead of one
torpedo per tub& In general agreement with Currey, the DirectoNaf/al Construction,
Philip Watts, determined that although it was taie fto exchange 18-inch for 21-inch
torpedoes in the lone battleship in the 1908/9 @ogNeptune her allowance of 18-inch
torpedoes could be increased to 18 instead ohBdattleships of the following year’s
program (the 1909/1CGolossu<lass) could carry 21-inch Mark Il torpedoes, #wat
their allowance should be increased; and that algsts of the 1909/10 program (the
Acornclass) could carry two 21-inch Mark Il torpedoes fube’’ The increase in
allowance meant that the Navy would need almosblgathe previous number of
torpedoes to outfit new construction.

On top of the increase in torpedo allowances th @assel, in November 1911,
the new First Lord, Winston Churchill, urged thag Navy's torpedo reserves be brought
up to full establishmerf® Informing him that ships had no reserves beyondtiey
carried, Bacon'’s successor as Director of Navah@nde, A. G. H. W. Moore, suggested
that their allowance be increased; agreed thatetberves for destroyers be increased,;

and further proposed that the allowance for futdestroyers (i.e., the 1911/A2astdK

® Minute by Currey, 17 December 1908, G18178/08, 834, BF. The tactical contents of this minute
were discussed in Chapter 4.

" Minute by Watts, 12 January 1909, G18178/08, SGF34 BF.

8 Minute by Churchill, 14 November 1911, PQ12/F43®3)a397, AL.
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class) be increased from 6 td°®@ue to the difficulties of expanding productionpdte
planned to prioritize thAcastaclass before turning to the allowance of oldetrdgsrs,
and even then to limit the increase to destroyang/img 21-inch torpedoes. Based on
Moore’s estimate that 100 torpedoes would be reguior this program, the
Superintendent of Ordnance Stores calculated hlegbtoposed increases would cost
£131,200, plus an extra £43,000 if the increaskedvahce was to include destroyers of
the 1912/13 program (theaforeyL class). In March 1912, the Board approved the
increases for both the 1911/12 and 1912/13 cld8ses.

In September 1912, the new Director of Naval OndeaF. C. T. Tudor, broached
the topic of reserves and allowances again. Hojgrexpand the allowance increase to
include older destroyers once the new ones weff@tedf Tudor proposed that all
destroyers back to the 1908/B8agleclass receive the same increase from 6 to 8. In
addition, he proposed to increase the allowancedbmarines from 7 to 10 for each pair
of tubes, plus an extra 6% for replacements; tatera 10% general reserve for ships and
destroyers; and then to increase the 18-inch tarpédwance foiTribal- andRiverclass
destroyers from 6 to ¥.The Financial Secretary, noting pointedly thatyase of
Tudor’s proposals—the increase for Beagleclass—had been contemplated in the
March 1912 increase, calculated that Tudor’s progreould cost a colossal £470,5850.
Even so, in November 1912, the Board approved tbgram in its entirety, except that it

set the general reserve at 5% instead of 10%.

9 Minute by Moore, 22 December 1911, PQ12/F43/P380J&8 397, AL.

80 Note at the bottom of PQ12/F43/P336, Ja 397, AL.

8 Minute by Tudor, 28 September 1912, G01080/12, PRXB/P330—36, Ja 397, AL.

82 Minute by Macnamara, 23 October 1912, G01080/{2 ®F43/P330-36, Ja 397, AL.
8 Note on G01080/12, PQ12/F43/P330-36, Ja 397, AL.
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A major dislocation in the supply base exacerb#tedotential impact of these
several increases in demand. As they occurred\#vg’s torpedo factory was being
moved 450 miles from the RGF in Woolwich to the ieWTF in Greenock. The
Admiralty seems to have under-estimated both tfiewdties involved in the transfer and
the ability of its existing supply base to meet danch In late 1909, the Director of Naval
Ordnance (Moore) predicted that only a month ofipation would be lost as a result of
the transfer, but the effects were still being yelars later, and the RNTF did not begin
production until late 1910 or early 19%1.

These delays doomed a proposal made by the commanrdaef of the Home
Fleets (Admiral George Callaghan) in 1912 to re-aapital ships back tbreadnought
with 21-inch torpedoes in lieu of 18-inch torped&&4t would be practically impossible
to get these additional 21-inch Torpedoes withiaasonable period,” the Superintendent
of Ordnance Stores minuted, “in view of the largeens to be placed, and of the fact that
we are limited to two sources of supply,” namely Whitehead Company and the
RNTF® The Assistant Director of Torpedoes, Edward Charlagreed that the supply
shortage was the “chief objection” to Callaghadisa, “although no doubt it would be
advantageous®®

The supply situation also handicapped the Naw§sts to carry out realistic

long-range torpedo practice. As discussed in Chdptikeet torpedo practice was not

84 «“paper Prepared by the Director of Naval OrdngBaeon] for the Information of his Successor
[Moore],” November 1909, G19535/09, 26. On the gasee the undated article “Clyde Torpedo Factory.
Progress of Work at Greenock. Difficulties regagdittousing,” and Acklom, “Notice. Transfer to
Greenock,” 8 September 1910, in SUPP 5/177, TNA.

8 Minutes on G01247/12, PQ13/F5/PP44-51, Ja397, AL.

8 Minute by SOS, 24 December 1912, G01247/12, PGIBAB, Ja397, AL.

87 Minute by ADT, 8 February 1913, G01247/12, PQ1#9, Ja397, AL.
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designed to simulate real battle conditions. Tatfleet exercises (PZ exercises) were
more realistic, but they forbade destroyers fraindi torpedoes and required them to fire
lights indicating a hypothetical launch instead,f&ar of that the destroyers would be
unable to recover their torpedoes in the confusiberent to a tactical exercise. In
August 1912, the commander-in-chief of the HometI€allaghan, informed the
Admiralty that he wanted to carry out exercisewimch destroyers “browned” the battle-
line with real torpedoes, rather than merely firigits to indicate when torpedoes would
have been fired, “in order that actual and not igeseppositious [sic] results may be
arrived at.® The cheeky commander of one of the destroyeti#stin the Home Fleet
chimed in, “In view of the fact that the Battle Biae of a Battle Ship costs about the
same as a 21 inch Heater Torpedo and that we aituegtixpenditure by the Battleship
without comment, why not accept a percentage [b¥smpedoes and write them off
annually whether they are lost or nét?”

The Admiralty had a different perspective. Theeffof losing a torpedo,
observed the Director of Naval Ordnance, Tudor, {mas directly commensurate with
the money value of the torpedo.” With the factoaeull output, if torpedoes were lost
in practice, it might not be possible to compléte torpedo outfits of new construction,
let alone to complete recently approved increasdisd reserves. Tudor proposed a
compromise: half of the participating destroyerslddire lights, as usual, while the

other half could fire their torpedoes to run a fi@t of the range to the battleline, and

8 Callaghan to SecAdm, 3 August 1912, Docket “Mareesn1912,” ADM 1/8269, TNA. Callaghan
planned for destroyers to carry out browning ateficm their own battleline not only in practicet lalso
in war; see Sumida, “Expectation, Adaptation, aedignation: British Battle Fleet Tactical Planning,
August 1914-April 1916.Naval War College Revie@0, no. 3 (Summer 2007): 104.

8 Henderson to Commodore (T) [Lambert], 8 August2l Tlocket “Maneuvers 1912,” ADM 1/8269,
TNA.
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follow them to recover ther?.

Callaghan was having none of it. “[I]t is not catesied that satisfactory results
could be obtained in the manner proposed,” he iinéal the Admiralty. “Whenever
torpedoes are fired they should be fired to Hiflelivalue can be placed on calculated
results, the data for which would, at best, be liaivke.”** The Admiralty refused to
budge, however. While “generally” concurring witis argument, the Admiralty thought
it “perhaps not altogether applicable” to the ditwaat hand. Since destroyers were
almost as fast as torpedoes, observing their actiéwilowing their torpedoes would
indicate whether their torpedoes would have crofisedrack of the battle-line.
Observations thus gained could be collated with dained from fleet practice, which
showed that the probability of striking a ship be#wn the van and rear of the battle-line
roughly equaled the proportion of ship space tewspace. Then theoverall probability
of hitting a ship in a browning attack by destr@yeould be calculated, presumably by
multiplying the probability of a torpedo reachirgettarget area by the probability of it

striking a target if it reached the target aree (Sigure 6.2 below}

% Minute by Tudor, 20 January 1913, Docket “Manesvk312,” ADM 1/8269, TNA.
% Callaghan to SecAdm, 21 January 1913, Docket “Maeis 1912,” ADM 1/8269, TNA.
92 SecAdm to Callaghan, 7 April 1913, M0158/13, PGRBPP2-8, Ja 397, AL.
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Figure 6.2: Calculating the probability of hits.

Let there be 8 ships in the enemy battle-line atmgedoes (A-D) fired in
a browning attack by own destroyers (not shown).

Say that torpedoes B-C will cross the enemy’s tizetkveen the rear and
van of the line, meaning that there is a 75% priityathat torpedoes fired in
such a browning attack will cross the enemy’s tiaetwveen the rear and van of
the line.

Say that the ratio of ship space to water spateeienemy battle-line is
1:3, meaning that there is a 33% probability tbgbédoes which cross the
enemy’s track between the rear and van of thewitiestrike a ship.

Thus the overall probability of a torpedo firedsinch a browning attack
striking an enemy ship is 75% x 33% = 25%.

The reliability of the Admiralty’s method seems 8tful, however, since the destroyers
would have followed their torpedoes only 2,500 gawd so, leaving another 7,500 yards
over which their course would have been projeatetiactual. Though more realistic
than having all destroyers fire lights, the compisaof having half the destroyers fire
their torpedoes over part of the range was harsliealistic as having all destroyers fire
their torpedoes over the whole range, not leastumeit failed to account for the
possibility of the target altering course to avihid torpedoes. The results would still
have to be “calculated,” to use Callaghan’s terat,ilsstead of placing “little value” on
them, both Callaghan and the Admiralty seem to da&eed a good deal of value on

them (see below).
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Finally, the supply shortage hampered efforts teeti®p realistic expectations
about the control of torpedo fire in action. Ineld912 or early 1913, the Inspector of
Target Practice proposed firing torpedoes duringnguy battle practice, as the results
“up to date point to the necessity of more oppaties of combined firing of guns and
torpedoes being afforded®The Director of Naval Ordnance, Tudor, was opetiéo
idea so long as adequate arrangements for recgveripedoes could be made, but John
Jellicoe, back at the Admiralty as Second Sea Lawdpted that adequate arrangements
were possible and proposed to defer combined gdrteapedo battle practice until the
torpedo reserves were in a better condifibfihe potential significance of this lost

opportunity is discussed below.

Torpedo Settings and Tactics

In April 1912, the Director of Naval Ordnance, Tudtoated the idea of re-adjusting
the long-range setting of the 18-inch RGF convefhéark VI*** H) and heater (Mark
VII*) torpedoes aboard ships (as opposed to dests)yo run 10,000-12,000 yards at 22
knots instead of 6,500 yards at 29 knots, and ahgimng converted torpedoes’ single
adjustment (low speed / long range) to a dual aaheist (adding lowest speed / extreme
range), and heated torpedoes’ double adjustmegt @peed / short range and low speed /
long range) to a triple adjustment (adding lowestes! / extreme rang®)In easier
visual form, the three options were:

* high speed, short range

% Minute by DNO [Tudor], 24 January 1913, G097/1Q1B/F3/PP9-10, Ja397, AL..
% Minute by Jellicoe, 27 January 1913, G097/13, FEA/PP9-10, Ja397, AL..
% Tudor to SRNTF and Captain Wérnon 3 April 1912, PQ13/F5/P16, Ja397, AL.
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o0 ~3,000 yards at 41 knots, for 18-inch Mark VII*
o0 ~3,500 yards at 45 knots, for 21-inch Mark Il
* low speed, long range
0 ~6,000 yards at 28 knots, for 18-inch Mark VI***&hd Mark VII*
o0 ~10,000 yards at 28 knots, for 21-inch Mark Il

* |owest speed, extreme range

0 ~10,000 yards at 22 knots, for 18-inch Mark VI***a&hd Mark VII*

0 ~12,000 yards at 22 knots, for 21-inch Mark Il
The Superintendent of the RNTF, C. R. Acklom, regblihat the torpedoes could run just
under 10,000 yards at 22 knots, or 12,000 yartteiEpeed was reduced to 20 knots, and
that triple adjustments could be obtained by repesg the combustion chamber, but he
worried that triple adjustments would increasepgbircentage of bad shots. He also
guestioned whether such long range was desiralsiechtlow speeds on tactical grounds,
noting that enemy speed and the limits on spo#irextreme ranges should fix the
framework within which the probability of hittingp¢ target from various bearings should
determine the minimum acceptable speed. He sughesftaring the question to the War
College®

The Captain o¥ernon W. C. M. Nicholson, opposed the conversion of-speed

Mark VI*** H torpedoes to two speeds, on the groanidat the expanded conversion
program undertaken in the summer of 1909 (see abenfewhich more than a third
remained outstanding—had over-strained the Naw&iag supply capacity, causing a
“serious arrears” in new manufacti¥eNicholson also objected to triple adjustments for
Mark VII* torpedoes, partly because depth-keepind eeducer action would be poor at

the lowest speeds proposed, and partly becaussneedrange lowest-speed torpedoes

would not make many more hits than long-range |lpeesl torpedoes given the speed of

% SRNTF to Tudor, 4 May 1912, PQ13/F5/PP16-17, Ja807
" Nicholson to DNO, n.d. but May 1912, PQ13/F5/PP16-Ja397, AL.
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modern battlefleets. Despite his doubts, Nichosgreed with the Superintendent of the
RNTF that the issue should be referred to the Wdlie@Ge. He further suggested that the
War College consider whether the high-speed / slaoige setting should be abolished in
future 21-inch and 18-inch torpedoes for shipsnbied that a single adjustment would
allow reductions in the weight of the engine, whiebuld in turn allow a gain in range.
Implicit in his suggestion was that torpedoes Huoittships should differ from those built
for destroyers and submarines, thereby reducinghtechangeability of parts.

Acklom questioned the wisdom of such a step, howéde pointed out that the
torpedoes carried by ships were regarded to soteatexs a reserve for destroyers, and
abandoning the high-speed setting would make thechrtess useful to the latter. It
would also complicate the re-distribution of outethpatterns in the future. Nevertheless,
he allowed that a ship’s torpedo built for a singke-speed adjustment could gain an
extra 1,300 yards at 29 knots thanks to the savmgeight, with the possibility of even
greater gains in range if the weight saved was tssttengthen the air flask to allow a
greater charge of air to be carri¥d.

Examining the issue from a tactical perspective,abmmander of the War
College, H. B. Jackson, reached more or less time sanclusions as the Captain of
Vernonand the Superintendent of the RNTF. He observaithile an extreme-range
torpedo could be fired with some chance of hitimgmore bearings than could a long-
range torpedo, its chances of hitting would dectaq@dly as the bearing passed abaft the
enemy beam. That is, if the firing ship was betbeenemy’s beam, the enemy was

moving towards it, making up for the extreme-rat@pedo’s lack of speed by closing

% SRNTF to DNO, 13 June 1912, PQ13/F5/P22, Ja397, AL
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the range; but if the firing ship was on or abbh# enemy’s beam, the target was moving
away, and a higher-speed torpedo would have thentage, the more so as the target’s
speed increased. Turning from a purely theore#inalysis of the probabilities of hitting
based on the “practical” variables of torpedo spé&sdet speed, and target bearing,
Jackson considered variables that would obtaieatity, such as visibility, the duration
of the torpedo’s run, and errors in estimatingttrget's course and speed, all of which
worked in favor of the higher-speed torpedo. Githenspeed of modern battlefleets, he
thought that torpedoes should have a minimum sp&8@ knots. Accordingly, he
recommended against an extreme-range settinglatdg, but he suggested that the
Admiralty seek the advice of officers with recentramand experience at sea before
making any decisions.

Acklom re-entered the debate. Championing thedalctitility of the extreme-
range setting, he argued that although the longeraetting seemed superior on certain
bearings, the ranges at which that setting achié@sexiperiority were so short as to be
inadmissible from a gunnery perspective. Acklomeztjdiespite his concerns over the
complication inherent in a triple-adjustment torpethat he would prefer that option to
sacrificing the inter-changeability of ships’ anesttoyers’ torpedoe's?

With the opinions of shore officers in hand, thewdlty turned the question
over to the Navy's premier battlefleet, the Homeef| for seagoing opinions. Jellicoe,
commanding the" Battle Squadron, which was effectively the Flettstics-

development unit, argued against any extreme-raagmg at only 22 knots. He feared

9 Rear Admiral commanding RNWC to CINC Portsmouttiully 1912, PQ13/F5/PP23-27, Ja397, AL.
10 SRNTF to DNO, 11 July 1912, PQ13/F5/PP28-32, Ja807
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that such slowness would make the allowable emrestimating target course and speed
too small, and it would give the target too muchetito take evasive action during the
torpedo’s time of flight’* His ideal torpedo would have dual adjustmentsFart range
of 4,500 yards at 45 knots and long range of 10y@00s at 30 knots. He did not want
the short-range setting to exceed 5,000 yards, img#mat any potential increase in the
torpedo’s power should go towards increasing tleedup to that range. He opposed
building single-adjustment torpedoes of differeatt@rns for ships and destroyers not
only on supply and distribution grounds, but alsdlee tactical grounds that ships might
find the high-speed setting at 4,500 yards “of gvaéue” in certain circumstancé¥
This tactical rationale is significant, becauslemtds support to Jon Sumida’s thesis,
discussed at greater length below, that Jellicoesemed taking a fleet well within
enemy torpedo range, and it suggests that Jeltiocoeemplated not only a decisive
gunnery advantage at medium ranges, as Sumidadardguiealso firing a torpedo salvo
before turning awa$f®

For the same reasons as Jellicoe, the commanaiehof the Home Fleet,
Callaghan, agreed that the proposed extreme-raattgegsfor 21-inch torpedoes was
undesirable, and therefore he opposed the trifjlestrdent ided® Doubting that 18-inch
torpedoes with the present 6,000-yard long-rangagevould be useful to ships, on the
grounds that battlefleets would close to so shoainge only late in an action, by which

time the equipment needed to aim torpedoes wouwld haen wrecked by gunfire, he

191 See Jon Sumida, “A Matter of Timing: The Royal Mawd the Tactics of Decisive Battle, 1912—-1916,”
Journal of Military History67, no. 1 (January 2003): 103-4.

192 jellicoe [VA2BS] to Callaghan [CINC Home Flt], Oictober 1912, G01247/12, PQ13/F5/PP41-43,
Ja397, AL.

193 Sumida, “A Matter of Timing,” 85-136.

104 callaghan to SecAdm, 22 October 1912, G01247/QA,3%F5/PP38-40, Ja397, AL.
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suggested re-arming all capital ships bacRteadnoughtvith 21-inch torpedoes
capable of 10,000 yards; as discussed above,rifp@pal foundered on the supply
shortage. As for the short-range settings, Callaghaught that the 4,500-yard / 45-knot
setting of the 21-inch Mark Il would be useful tagss in dark or misty weather, but that
the 3,000-yard / 41-knot setting of 18-inch Mark*tbrpedoes would be too short-range
to be useful to ships. Since destroyers would tieedhort-range setting on 18-inch
torpedoes, however, he recommended keeping ihéosake of inter-changeability and
re-distribution in later years. The Admiralty actapJellicoe’s and Callaghan’s
recommendations to stick with the double-adjustnsgatem and to seek increases in

speed at present ranges rather than increasesge’fa

Torpedo Fire Control: Equipment and Tactics

The application of the superheater and the angyeascope to torpedoes greatly
increased their potential tactical utility—but tieoretical ability to hit meant little
without an effective targeting system. While guyn@rgeting in this period has received
careful attention from historians, torpedo targgtnas not. The following section
represents an exploratory effort to outline theapaaters of a complex and difficult
problem that merits further study.

The Navy basically had three different types fsets capable of delivering
torpedo attacks (putting aside the vexed questidheorole of scouts and light cruisers):
capital ships, destroyers, and submarines. As argkrule, capital ships were expected

to fire their torpedoes at long range in a “brovgiiattack on the enemy battleline;

195 Minutes on G01247/12, PQ13/F5/PP44-51, Ja397, AL.
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destroyers were expected to fire their torpedo@sealium range against single ships; and
submarines were expected to fire their torpedosbh@t range against single ships.

These expectations were not set in stone, howAsetiscussed in previous
sections, Jellicoe contemplated capital shipsditorpedoes at medium range. A
proposal to outfit submarines with heater torpedizgmble of covering medium ranges
was put forward after the 1912 maneuv8f$erhaps most controversial of all was
Callaghan’s idea of using his destroyers to makag-range browning attack, which
provoked an energetic debate at the AdmirditWncertainty over what vessels would
attack what targets at what range must have madertdturement of equipment for
aiming torpedoes very difficult.

Even without knowing the precise conditions of ukere was clearly a trade-off
between firing against single ships at short reargebrowning attacks at long range. On
the one hand, the small size of a single-ship targele targeting more difficult. On the
other hand, the shorter range in the case of sstgjetargeting facilitated observation
and estimation of target course and speed, anadeddhe probability that errors in
estimating the target course and speed would Gausss. Therefore, both single-ship
and browning attacks could reasonably claim thatgreneed for accuracy in targeting;
whether one had a greater claim than the otheddmeidetermined only by a more
thorough investigation of the effects of error undarious conditions of attack than the
present work can undertake.

As discussed in previous chapters, the Navy’s bespigpment for torpedo

1% Brandt to CINC Home Flt, 22 July 1912, Docket “Marers 1912,” ADM 1/8269, TNA.
197 See SC284/F112, BF. For a summary of the issed\i#olas LamberSir John Fisher's Naval
Revolution(Columbia: University of South Carolina, 2002)6221.
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targeting was the director. When the director wasimed directly above the tube, the
range of the target did not have to be known. Wherdirector was mounted away from
the tube, however, the range had to be known iardadaccount for parallax between the
tube and the director. The correction for parallas applied on an extra piece of the
director called the tangent bar by moving a site ¢ear sight) a certain distance along
the tangent bar: instead of looking straight altreline-of-sight bar through the (fore)
sight on the end of the sight bar, the directaicefflooked through the corrected line of
sight between the tangent bar’s rear sight anditite bar’s fore sight. Figure 6.3

illustrates the principle on which the tangent Wwarked.

enemy

T
T

T D A
Figure 6.3: Setting the tangent bar on the director

* T =location of torpedo tube

* D =location of director

» E = correct point of aim

* E’=incorrect point of aim, if not adjusted forrpdax

* TE = true line of sight

» DBE = false line of sight

* AD = distance that rear sight must be moved alangént bar

» DB = length of sight bar (known constant of 17 iegh

* AT = distance from director position to torpedoduyimsition (this would have
been a known constant, roughly 32 yards)

» TE =range to point of aim (must be estimated)

» DBE must be pivoted through B so as to point at E.

 Now ATE and ADB are similar triangles, such that ADB = AT / TE. If this
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equation is re-arranged to solve for AD, then ADA¥ x DB) / TE, or, with
substitution, (distance that rear sight must beedmiong tangent bar) =
[(distance from director position to torpedo tulosigion) x (length of sight
bar) / (estimated range to point of aim)]. Thus,éwample, if the estimated
range is 2,000 yards, the length of the sight ®47iinches, and the distance
from the director position to the torpedo tube posiis 32 yards, then the
rear sight must be moved 0.272 inches along thgetarbar.

The required input data for the director was theesipof the torpedo; the speed
and course of the firing ship; the speed and cooirige target; and, if the director was
not mounted directly over the torpedo tube, thgeaof the target. Of these data, the
easiest to get was the speed of the torpedo, wiisha known constant. Own course was
the next easiest, and then own speed, but heneuld be borne in mind that the ease of
ascertaining and transmitting own speed was chgrigithe period under discussion.

The Navy did not acquire an electric log (the Feilspeed log) for continuously
measuring own speed until roughly 19¥2Speed and course of the enemy had to be
either estimated by direct observation or calcdlétem a plot representing at least two
observations. The former was easier, since, asithe the inconvenience of having to
make a calculation, plotting required knowledgéhef range. The equipment for finding,
keeping, and transmitting the range to variousrobpbsitions in the vessel was also
changing.

The introduction of the angled gyroscope compliddte director and required
additional input data, especially when the diregtas not mounted directly over the tube.

All directors for use with angled gyroscopes werargged so as to swivel around a

198 Norman Friedmari\aval Firepower: Battleship Guns and Gunnery in Breadnought ErgAnnapolis:
Naval Institute Press, 2008), 28.
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central pillar through the angle for which the gsgeope was set. Allowing for angle fire
in directors mounted away from the tubes was mifiewt. The theory for adjusting the

tangent bar to account for angle fire is illustdate Figure 6.4.

Figure 6.4: Setting the tangent bar to accounafwle fire.

» D = center of torpedo’s imaginary turning circleA 3 the torpedo’s turning
radius.

* TCA = track of torpedo

* T =location of torpedo tube

» C = point at which torpedo begins to curve

* A= point at which torpedo ends curve and settlgs final straight course

* TC ="advance” of the torpedo along its initialdiof fire before beginning its
curve

» BA =tangent line to point at which torpedo endsseuand settles onto final
straight course

 BA=TA

» TB = distance that sight on tangent bar must beetidw account for the
torpedo’s curve

* The bearing between B and the director (not shaw®s the angle at which
to set the tangent bar.

As can be seen in Figure 6.4, the turning radiubetorpedo had to be known to adjust
the tangent bar correctly. In theory, the turniadius was the same for all torpedoes
within the same mark and was found by experimemntahing at the torpedo ranges. In

practice, however, it could vary within the samekmdue to the eccentricities of
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individual torpedoes. The significance of this a#ion in terms of causing error is
unclear. It can also be seen in Figure 6.4 thatltstance which the torpedo traveled from
the tube before beginning its turn—also known as‘#uvance”—had to be known. This
distance varied with the impulse pressure usedstthdrge the torpedo from the tube. In
theory, the advance was a known constant for angimpulse charge. On the one hand, it
seems unlikely that variation in this constant dduve been a significant cause of error,
given that the advance must have been small comparthe remaining distance covered
by the torpedo on its way to the target. On theotand, it will be recalled that the
reason the Navy abandoned the angled gyroscopeitfonarines was the impossibility of
allowing “with sufficient accuracy for the largedmariable advance” of the torpedo
along its initial line of fire"° Again, the significance of error in accounting foe

advance is difficult to gauge. In any case, thethéor adjusting the tangent bar to
account for angle fire could be applied for themas angles at which torpedoes could be
fired and a table made up for each director pastioowing the angle at which the
tangent bar should be set (which did not vary whérange) and the distance which the
rear sight had to be moved along the tangent blaictwndid vary with the range).

Error could creep into the torpedo targeting precsa number of points. For all
directors, whether mounted directly above or aistadce from the torpedo tube, mis-
estimating own or target speed and course wouldecthe torpedo to be fired too early
or too late. These errors also affected directayanted away from the torpedo tube, as

did mis-estimating the target range, or deviatigrab individual torpedo from the

199 «paper Prepared by the Director of Naval OrdngBeeon] for the Information of his Successor
[Moore],” 24 November 1909, G19535/09, 25.
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supposed constants of advance and turning radiyxfavhich would have thrown off
the tangent-bar setting and the line of sight,ragausing the torpedo to be fired too
early or too late.

On top of errors in estimating and inputting détare was also potential for
errors in transmitting data. Unless the transmissicthe data was automated, there was
bound to be a time lag between the generation ezelpt of data, during which the
accuracy of the data might degrade. In additiom ntlanual transmitter (i.e., a human
being) might make a mistake. As the instrumentaéguiring data like range and
bearing for the sake of gunfire became more effecthe temptation to use the same
data for torpedo purposes must have grown. Thesnafegunnery and torpedo fire
control were at odds in at least two ways, howel@fire torpedoes from fixed
submerged tubes on the correct bearing withouteangyroscopes, it was necessary to
turn the whole ship—but it was practically impossito maintain accurate gunfire during
a turn. In theory, the Argo Clock Mark V of 1913ght have offered a way out of this
dilemma by providing the Royal Navy with helm-frgennery fire-control equipment,
i.e., capable of keeping the target range while ship was turning (under helm). The
Argo Clock Mark V was not adopted, however.

The angled gyroscope offered another potential oudyof the tension between
gunnery and torpedo needs, at the cost of creatuifferent tension. It allowed
torpedoes to be fired from fixed submerged tubesoawmit turning the whole ship—but it
exacerbated the competition for skilled fire-cohpersonnef'° In 1910, a conference

was held at the Admiralty to determine the firedtoharrangements of future armored

110 ‘am grateful to Jon Sumida for suggesting thissitaility to me.
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ships, after which the Director of Naval Ordnandepre, circulated a list of the
personnel needed to man the armored tower in wheetorpedo as well as gunnery
targeting instruments were locatiig.He provided just one officer for torpedo purposes,
to man the directdr? Effectively, this one officer was responsible naty for adjusting
the director, but also for acquiring the input da¢gded to adjust the director and for
working the telegraph which sent the correct gyopscangles to the torpedo tubes. If he
wanted to acquire input data from the gunnery umsénts instead of by direct
observation, he had to work a phone to the tratisigistation where gunnery data was
collected and calculated. To perform the same citle, calculation, and transmission
functions for gunnery purposes, at least a dozemweze provided. Even if adequate
personnel for torpedo control had been providegl Navy would have had to practice
them in conjunction with their gunnery counterpamtserder to make them effective,
practice which it was unwilling to undertake dudtte same supply shortage which
prevented Callaghan from carrying out long-rangsrdger exercises.

One way to avoid these problems was to developums&nts for ascertaining the
input data needed for the torpedo directors—targetse and speed—especially for
torpedo purposes, instead of relying on hand-menddvom the gunnery equipment.
The first serious attempt to develop such an insént for torpedo purposes was a so-
called “speed and course of enemy indicator” desidmy a midshipman named

Macnamara in 1906 The instrument did poorly in trials at first, Bégrnonre-issued it

11 Minute by Moore, 18 August 1910, G0655/10, PQ1#PP29—-35, Ja 397, AL.
12 Minute by Moore, 21 December 1910, G0655/10, PEA/HP29-35, Ja 397, AL.
13 ART06/21-22.
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in modified form for trial at se&*

Officers in the battleshiBellerophonreported unfavorably on the modified
Macnamara’s indicator in 1910. Target bearings@oatt be taken from the instrument
itself but had to come from the compass; the apptin of the bearings was limited; and
the bars for representing own speed and enemyesuoraetimes fouled each other. As a
plotting instrument, the indicator was “rudimentéaiy a sweeping statement,
Bellerophors officers argued that

a separate plotting system for torpedo work is sgme/, as the most suitable ship

to fire torpedoes in action is not necessarilyygually, the one the guns are firing

at; this plotting system should be self-containgd, independent of range-finders
used for gunnery purposes, and the necessary@tafbrking it should be at the
torpedo officer’s disposat?
It is noteworthy that this proposal came from aitedghip instead of a destroyer.
Although the target for capital ships in a brownattack was very large—a battleline
could stretch for miles-Bellerophonevidently felt that a better system than estingatin
target course and speed by eye or than relyinguaneyy instruments for the data was
needed.

To create such a system, the Navy experimentddanitumber of instruments
before the war. In 1912, an officer named A. MBYown proposed a partial method for
adjusting the director called deflection plotti{§ From the scant details given in
Vernoris annual reports, it seems that “deflection” reddrto the angle at which the

director’s sight bar was fixed relative to the aticating the path of the torpedo, rather

than to its gunnery meaning of “rate-across.” Iftben the goal of plotting the deflection

114 ART09/22.
115 ART10/34.
116 ART12/27.
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was presumably to find the slope of a line conmectine plotted points, which slope
would have corresponded to the rate at which tlfleat®n was changing, in order to be
able to predict the correct deflection during pesivhen direct observation of the target
was impossible. Deflection plotting may also hagerban attempt to get around the need
for knowing the range. The idea of using plottingtbrpedo control, instead of relying
exclusively on observations of target course am@dpindicated dissatisfaction with
existing methods for predicting the target’s looat{position-keeping). Another officer,
named W. M. James, invented a combined deflectiottipy board and slide rule so that
the necessary deflection could be read directlyreffboard. A third officer, named B. E.
Reinold, invented a system for automatically sgtflames’ instrument with data obtained
from a range-finder, gyro-compass receiver, and&sispeed lod:’ James’ and

Reinold’s ideas indicated a desire to mechanizesamaimate the process of torpedo
control.

In its annual report for 191%ernonmade its first attempt at laying out a
comprehensive policy for torpedo control. Its intpot statement deserves to be quoted
at length. “The advantages of deflection plottingtably its simplicity, have led to its
very general adoption in the Fleet in one formrother,”Vernonbegan.

A considerable number of methods of ascertainiegdirector angle or deflection,

and of applying them when found, have been propbsed various quarters.

In some cases these consist of means for findiedpdaring rate [i.e., the
rate at which the target bearing changed] to beaétrds [used as the basis for
calculating other necessary data]; in others, umsénts are used which aim at
eliminating even the small amount of calculationalved in that process.

There is no doubt that, in action, calculationsuoy kind by the use of

slide rules or otherwise, will be extremely liabdeerror; consequently methods
which avoid calculations, provided they are suffitly accurate, are much more

17 ART12/27.
357



likely to be successful.

The majority of these [non-calculating] methodsykuer, rely for their
accuracy on the taking of two observations of tharing of the enemy, with a
time interval between. With the present facilitiestaking bearings, even in ships
fitted with gyro compasses, the accuracy with wiiehrings can be taken is
much too small for two observations only to giveulés of any value; though in
certain cases a spurious accuracy is attainedefatlure to realise the exactness
requisite in taking bearings, more particularlyoaity ranges.

Thus in these [non-calculating] methods, accurasacrificed to
simplicity.

Several proposed methods obtain accuracy at theotaawieldiness or
obvious impracticability under the conditions likéd obtain in action.

These attempts at dealing with the problem conttoughow the necessity
for automatic means of finding the enemy’s course speed, director angle, or
deflection, if the accuracy of the means of coftitigltorpedo fire is to be
commensurate with the accuracy attainable withwbapons themselvé®

In Vernoris opinion, the combined deflection-plotter andistrule invented by James fell
short of requirements: it could not give any maceusate results than a series of bearings
taken with existing equipment, and it, like anynfioof slide-rule calculator, would be
difficult to use in actiort*®

More promising, fromernoris perspective, was a device invented by an officer
named J. R. Middleton for automatically indicatimgen torpedoes should be fired,
without manual calculations to find the bearingerat to derive the deflection from the
bearing raté?° It consisted of hand gear for training a telesdopieeep on the target. The
hand gear was connected to a shaft which turnetle, iwhich in turn rotated on the
surface of a disc driven at constant speed by ambhe roller took up a position at the
center of the disc proportional to the rate at White hand gear was turned. A

mechanical calculator in two parts calculated ttaltdeflection due to the bearing rate

118 ART13/29-30.
119 ART13/30.
120 ART13/30.
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(which reflected changes in both own and targetsmand speed) and the deflection due
to course and speed of only own ship; the two defles were added or subtracted
depending on whether the target was drawing aheastern, and each had a pointer. A
gyro-compass receiver worked on a differential gedne telescope rod to eliminate the
effect of own-ship’s yaw. The input data necess$aryhe calculator was speed of own
ship, torpedo speed, and mean range. Once it viagednthe operator kept the telescope
trained on the enemy by turning the hand gearfiaed when the pointers on the two
parts of the calculator came into line and rangzzbr.

The ingenious disc-roller arrangement at the hafavtiddleton’s device was
known as a variable-speed drive. These drives drplthe fact that objects at different
distances from the center of a rotating disc matatifferent speeds: an object on the
outer edge of a rotating disc turns through a ladggance than one closer to the center
in the same amount of time. Variable-speed driasleen a staple of Navy gunnery
fire-control instruments since 1968. The idea of using hand gear to “tune” the
variable-speed drive was undoubtedly borrowed fgumnery fire-control equipment
designed by Frederick Dreyer, and it was surelgaincidence that the Navy asked the
same firm, Elliot Bros., which built Dreyer’s equignt to manufacture prototypes of
Middleton’s}?? The prototypes were still being constructed whenwar broke out?®

Neither Middleton’s device nor deflection plottinffered a way to determine the
range at any given moment or to predict it, i.avay to keep the ranggernonnoted

that the only way to achieve range-keeping wastamkthe rate at which the range was

12! EriedmanNaval Firepowey41-42.
122 EriedmanNaval Firepowey 48.
123 ART14/31.
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changing (the range rate), but it considered thgeaate less important than deflection,
“particularly as it is probable that in many caseaction torpedo fire will be directed at
ships in a line at which gun-fire is being dire¢ted that data obtained by the gun control
using all rangefinders which are intact will be itakale for both purposes For reasons
already discussed, the assumption that gunnerycdatd be used for torpedo purposes
was overly sanguine.

The Navy experimented with other methods for deieing deflection based on
the bearing rate. One was a gyrostatic bearing plarked off the training gear of the
rangefinder for torpedo control; another was a D modified for torpedo
purposes?® A third possibility was to keep the target on astant bearing, but that
method was difficult with existing compasses andienawn ship an easy gunnery
target'?°

When the war broke out, most ships lacked any swetluments beyond
extemporizations, and the only equipment beingiesbibr new ships was the two
prototypes of Middleton’s device, which offered quearantee of succes$’ The situation
was “very far from satisfactory¥ernonand the commanders of the Grand Fleet agreed.

It goes without saying that any ship having longgatorpedoes should have

something better to set directors by than estimatate of change of bearing

[bearing rate] is as important to the Torpedo @ffias rate of change is to the

Gun Officer, yet while the latter is supplied ireey ship with a complete set of

instruments for determining this, the Torpedo Qffigets practically nothing even

in ships fitted with the gyro compass.
In the ordinary course of events the whole matteuld have in due

124 ART13/30.

125 ART12/27, ART13/32; ART13/30-31. The Dumaresq, edrafter the naval officer who invented it in
1902, was a device for representing own and tagsgtions. It could be used to generate the rande a
bearing rates. See Friedmatgval Firepowey 29-31.

126 ART14/32.

127 ART14/36.
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course solved itself, the various extemporisedumsénts at sea being gradually
evolved and eliminated until a satisfactory instemtwas found. The outbreak of
war has completely knocked this process on the heddve are left with a very
bad gap in the torpedo armament of the N&vy.
Why this “very bad gap” came to exist is an impottguestion without obvious answers.
This section has attempted to identify the factangch a search for answers would need
to comprehend: the interaction between torpedont@olgy and torpedo fire control; the
methods and equipment of torpedo fire control;tterance for error in torpedo fire

control; and the interaction between gunnery angkido fire-control equipment and

personnel.

Battle Tactics and War Plans

These related subjects have been covered by Joid&and Nicholas Lambert
for the half-decade preceding World War I. The pne¢svork will review the
conventional interpretation from which Sumida’s armanbert’s work differs, identify the
flaws of the conventional interpretation, reviewn8da’s and Lambert’s findings, and
indicate how the present work supports them.

As with so many things, Arthur Marder establisttieel conventional interpretation
of battle tactics and war planning in the Royal Waefore World War | in the first
volume of his serieBrom Dreadnought to Scapa Flows for war planning, Marder
proposed that the Navy planned to conduct amphsbo@erations and to establish a

blockade of the German coast, in support of whigianned to seize a base in the North

128 |pid.
361



Sea'® As for battle tactics, Marder argued that the Neag dominated by the desire for
centralized command-and-control, a rigid battleJiand the achievement of gun and
torpedo fire superiority by capping the enemy (ifezossing the T")**

Major weaknesses in Marder’s theses are evidanst, Ris treatment of the
Navy’s war planning was superficial. For instartoe noted that the Admiralty’s policy
varied among close, observational, and distantkalde from 1910 to 1914 without
investigating the reasons behind such major chaimgeslicy*' His account of the
Navy’s interest in amphibious operations restegllans drawn up in just three years—
1905, 1908, and 1911—as though the other yearsetife war did not matté

Marder’s account of battle tactics suffered frormoinsistencies. He began his
section on tactics by stating that there were turchallenged” tactical “fetishes” in the
Royal Navy: rigid reliance on the line of battledarentralized command®
Notwithstanding this “fetish” for centralized comnth there were “important
exceptions,” such as William May, George Callaghiamn Jellicoe, and David Beatty.
These four “exceptions” held command of the Napysmier fleet for all but one year
from 1909 to 1918, begging the question of just Hexceptional” their views were, and
just how “fetishistic” and “unchallenged” the Nagycommitment to the principle of

centralized command was. Having made the Navyombétmonolithic, Marder lamented

129 Marder,From Dreadnought to Scapa Flow: The Royal NavhinFKisher Era, 1904-1919o0l. 1,The
Road to WalLondon: Oxford University Press, 1961) [hereaRBXSF 1], 367-95.

39 Marder,FDSF1, 395-404.

31 Marder,FDSF1, 369-72.

132 Marder,FDSF1, 383-95.

133 Marder,FDSF1, 395.

134 Marder,FDSF1, 397-98.

362



its “lack of uniformity of thought” several pagextér>®> The one exception to the lack of
uniformity was a commitment to “crossing the T"tbé enemy in order to concentrate
gun and torpedo fire on the enemy’s vatThe fact that the Navy adopted this tactic in
order to concentrate gunfire belies Marder’s claimthe following page that “[n]o effort
was made to co-ordinate tactics and gunnery,” as tite existence of a two-inch-thick
docket in the Admiralty archives entitled “Gunnerypassibility of concentration of fire
etc. of new developments in Fleet Tactics,” of whidarder was evidently unawaf®.

Marder attributed tactical troubles in the Royavi& “the ascendancy of the
‘materiel school.” By contrast, it was “the ‘historical’lscol” that “correctly saw that the
‘sublime’ aspects of the profession, strategy atids, went undernourished in
comparison with the energies focused upon the ghépgun, and the torped&®® This
interpretation uncritically assumed that tacticsevasulated from technological change
over time. Marder accepted slanders against tiedent of members of the “material”
school—especially Fisher—by a school of self-ideéedi “historical” reformers (most
notably Herbert Richmond) who had an obvious se#est in making others look bad.
Marder seems to have unreflectively assumed tleastiidy of history was or should have
been important to naval officers at the time. H&mbt seriously consider the possibility
that Fisher’s characterization of history as “aordoof exploded ideas” was actually
correct, at least in this conte’xf.

Sumida and Lambert have offered far more persuasiggoretations of battle

135 Marder,FDSF1, 399.

136 Marder,FDSF1, 400.

3" Marder,FDSF1, 401; ADM 1/8051.

138 Marder,FDSF1, 401.

139 See Sumida’s criticisms of Marder’s interpretatidriactics in “Expectation, Adaptation, and
Resignation,” 102.
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tactics and war planning. As Marder’s own evidesigggested, the Navy was highly
fragmented over battle tactics—there were no ‘fietss” Some advocated the use of
destroyers offensively against the enemy fleetesthvanted destroyers confined to a
defensive role protecting their own fleet. Some t@drio adopt divisional tactics (in
which the fleet operated in divisional units insted in a single line); others thought that
limits on existing command-and-control capabilitheade divisional tactics foolish.
Some proposed to deal with the torpedo threatdhtifig at very long ranges or by
maneuvering; others had different idéds.

The most imaginative solution came from Jellicamtcary to the reputation for
caution earned by his disengagement at Jutlandpfidi#em with fighting at long ranges
or with maneuvering to avoid torpedoes, Jellicadized, was the inability to achieve
decisive results with existing gunnery fire contcapabilities-** Arthur Pollen’s fire
control system might have allowed the Navy to aghigecisive results under such
difficult conditions, but in 1910, the Admiralty deled to adopt Frederic Dreyer’s fire
control system instead of Pollen’s. Dreyer’s systeas cheaper, but its general
performance was inferior to Pollen’s. It could cope well with the high and changing
change of range rates (range rates) that fleetsgémgy and maneuvering to avoid
torpedoes would encounter. Nevertheless, it hacesaitractive features for dealing with
easier conditions. Improved range-finders, intredlin 1912, enabled more accurate

range observations to be taken, which could thepldtéed on paper. The range plot

140 See Sumida, “A Matter of Timing,” 88-92.

141 This entire account of Jellicoe’s solution drawsSumidajn Defence of Naval Suprema@i8-20,
and especially on two of Sumida’s path-breakingled: “A Matter of Timing,” 93-104, and “Expectati,
Adaptation, and Resignation,” 104—-107. Norman Friad supported Sumida’s findingshtaval
Firepower, 84-91.
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could be averaged quickly to produce a number @¢dfie “mean range-finder range of
the moment.” From the range plot, a range ratédcalso be estimated. If the range was
changing, the mean range-finder range of the mowcwrit be fed into a machine (a
“clock”) which used the estimated range rate toegete the estimated range at any given
moment, and this estimated range could be useet the gun-sights. The estimated
ranges were automatically plotted on paper, wheeg tould be checked against a plot of
observed ranges, and the clock could be manugihstadl if the two plots did not
coincide. The combination of the plotting systenthwvthe clock was known as the Dreyer
Table.

When ranges were within 10,000 yards, which wasffeztive limit of the new
range-finders, and when the range rate was notgohgthe combination of the
improved range-finders and the Dreyer Table coutdlpce ranges so accurate that only
one or two shots to check the range (“ranging Shoisre necessary, after which the fire
became so accurate that continuous spotting tdkdhedall of shots was unnecessary.
The system of setting the sights from the Dreyé&l@avithout continuous spotting, based
on the mean range-finder range of the moment, waw/k as “range-finder control.”
While guns had to fire in simultaneous salvos,(net independently) if spotting was
necessary, because the splashes from independesinsaide spotting impossible,
obviating the need to spot meant that the gunsdirgl independently, rather than in
salvos, and as rapidly as possible. This methodkwagn as “rapid-independent fire.” If
the gun-layers could also overcome wave actioh,antl yaw to keep their guns
continuously on the target (a method known as ‘iooious aim”), then they could, in

theory, maintain a devastating fire.
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To work, the system depended on several conditiims.enemy had to be visible
and within 10,000 yards, so that the range-finderdd take accurate initial ranges. The
seas had to be calm enough, or the mechanicaintgaaf the guns adept enough, to keep
the guns continuously on the target. Finally, thersy fleets had to be steaming in
straight lines in the same direction (though natessarily parallel) so that the range rate
was not changing rapidly, because the Dreyer Tednldd not generate sufficiently
accurate ranges when the range rate was changiiyraBut the need to steam on a
straight line within 10,000 yards of the enemyediserious problems from a torpedo
perspective: one’s own fleet would be highly vuli®e to a “browning” attack from the
enemy. How could the Royal Navy achieve decisigelte given the limitations in its
gunnery without intolerably exposing itself to lerange torpedoes?

Beginning in 1912, Jellicoe developed a novel amsavéhe question. At the start
of the engagement, the British fleet would rapigbproach the enemy fleet. During this
phase, the range rate would be high, and neitBet Would have the fire-control
capabilities to inflict serious damage on the atferce the British fleet reached medium
range, it would turn onto a course parallel wite @memy, such that the range would be
constant. (The British expected the Germans togmgasimilar tactics.) While the
courses were parallel, the guns would adopt raimgkeif control and rapid-independent
continuous-aim fire to inflict decisive damage be enemy fleet. Given existing torpedo
speeds of 30 knots for 7,000+ yards, an 8-gun lsidada heavy-gun firing interval of 30
seconds, and accurate initial range observatibesBtitish fleet would be able to steam
on a parallel course for 5—-8 minutes, during whiste each heavy gun would be able to

make 24-38 hits. Before the browning torpedoesiiakly fired by the enemy could
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reach the British fleet, it would execute a simuétaus turn-away and simply out-run the
torpedoes. Even if torpedoes managed to reachritistBine after the turn-away, it
would be in line abreast, offering its ends rathan its broadsides, and thus greatly
reducing the probability of torpedo hits.

This “technical-tactical synthesis” became secidihialty policy in 1912.
Several factors account for the timing. The fiesgk-scale order for 21-inch Mark II
torpedoes capable of making 10,000 yards had beeagin 1909, but the supply
bottleneck, discussed previously, probably prewvetiiem from entering service in large
numbers until 1911 or so. In 1911, Jellicoe tookrasommand of the Home Fleet’s
Second Division (re-named the Second Squadroni)]19vhich served as the Navy’s
technological-tactical laboratot§? Assisted by Dreyer, Jellicoe experimented with
various fire control systems, including Dreyer’sdawith 21-inch torpedoes. Long-range
firing with 21-inch torpedoes in 1912 suggested ##6 would be “dangerous to the
enemy.” To deal with the torpedo threat, Jellicoedt divisional tactics, but he found that
they presented insuperable command-and-controlgarab The elimination of divisional
tactics left a turn-away as the best option folidgawith the torpedo threat. In late 1912,
Jellicoe rejoined the Admiralty as Second Sea Land, within two weeks of his return,
the Admiralty informed Pollen that it was rejectinig fire-control system on
“unspecified tactical grounds.” Presumably, Jei¢t@d convinced his fellow Board
members that the technical-tactical synthesis budtind Dreyer’s system, range-finder
control, and the turn away would work.

While Jellicoe’s “technical-tactical synthesis” eféd the Royal Navy hope of

142 This remainder of this paragraph is based on SajrfiiMatter of Timing,” 103-5.
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achieving decisive results in battle despite timgicange torpedo threat, others planned
to deal with the torpedo threat by avoiding battegether and finding other ways to
apply naval power. These plans signified a retarRisher’s ideas, discussed in Chapter 4.
Given the risk of losing capital ships, plus it®ievance to imperial defense, there
seemed little reason to seek battle in the North 8ed much reason to avoid it. As a
former Director of Naval Intelligence, Edmund Sladet the matter in 1913:
The German policy seems to be perfectly clear.iSkbadeavouring to frighten
Great Britain into concentrating all her forceshe North Sea and so leave the
communications of the Empire open to attack.... Nawnerease in the number
of Battleships and no victories in the North Set séve us from the danger
which threatens our trade in distant seas. Our gristence depends upon, not
only the maintenance, but also the increase oftthde in war, and if it is
neglected we shall fall more certainly than if wed a battlé
At the same time, a renewed financial crisis ie (813 gave the Admiralty compelling
reasons to revisit Fisher’s plans for applying h@eaver on a budgét? By the eve of
the war, the highest reaches of the Navy’s leagetsid accepted the discounted value
of battle and battleships. The First Lord, Wins@urchill, with the full backing of his
professional advisers, planned to replace twodsdtips in the 1914/15 building program
with flotilla craft, chiefly submarines, which héapned to use to deny the North Sea to
German naval and merchant vessels. This plan nae@tirn to Fisher’s conception of
flotilla defense, but the outbreak of war compléeghits implementation.
Torpedo development is at the center of Sumidaklaambert’s interpretation of

British tactics and strategy, and it belongs th&he development of increasingly long-

range and accurate torpedoes made traditionakliatitics based on a close-order

143 Report by Slade in Docket “HM Ships. Duties in &=a-Types required +c. Report of Hopwood
Committee, 1913,” ADM 1/8328, TNA.
144 This account is based on Lamb&it, John Fisher's Naval Revolutip96—-303.
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gunnery engagement at short range suicidal, astantilated the search for new tactics,
some of which assigned torpedoes a significantlianyiif not a primary, role. The
development of small craft to deliver torpedo dadirst in the form of surface torpedo
boats and in most devastating form as submarieedgered the Navy'’s traditional
strategy of close blockade equally impractical, forded it to search for new methods of

applying naval power.

Conclusion

Torpedo development confronted the Royal Navy wktremely difficult
problems from 1909 to World War |. Although the Heaistle superheater was a great
success, undergoing remarkably minor changes dthiageriod, the Navy did not solve
the depth-keeping problems caused by high torppdeds before the outbreak of war. It
introduced angled gyroscopes in 1912, but the \&fsat needed them most—
submarines—did not get them. Moreover, limitationgorpedo fire control prevented
the Navy from fully exploiting the angled gyroscopé&e Navy'’s failure to develop
torpedo fire control as energetically as it develbporpedoes left it with “a very bad
gap,” in the words offernonand the Grand Fleet's commanders, when World War |
broke out.

The Navy did better at accounting for limitationsts gunnery fire control
systems. Jellicoe developed a novel technicalealcsiynthesis which held out the hope
of inflicting decisive gunnery damage despite thegtrange torpedo threat. The
conditions required for this synthesis to work dat obtain at the Battle of Jutland,

however. Instead of engaging at medium range withrnge rates, the fleets engaged at
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long range with sometimes high range rates. WheirGérman fleet disengaged, Jellicoe
did exactly what two decades of British tacticahking suggested he do, and turned
away. He may have lost his chance at immortality+Heudid not lose any of his capital

ships to the torpedoes fired by the retreating Gerfreet:*

145 Eor an analysis of German torpedo fire, see AndB@ndon, The Rules of the Game: Jutland and British
Naval CommandAnnapolis: Naval Institute Press, 1996), 454,431
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Conclusion

The Torpedo and Naval Power: Perception and Reality

In The Structure of Scientific Revolutipifiomas Kuhn famously introduced the
concepts of scientific “paradigms” and “anomaliesliich historians of technology and
war have adapted to speak of technological antesitaparadigm$ . Torpedoes have
generally been depicted as anomalies within tacicd strategic paradigms defined in
Mahanian terms, in which capital ships with heaupgsought command of the sea
through decisive battfeOr, to use the language of today’s armed for¢estdrpedo
presented an asymmetrical threat to a conventippaliverful navy, much as improvised
explosive devices (IEDs) present an asymmetricabtito conventionally powerful
armies today. According to this logic, the U.S. Maas a relatively weak power seeking
to revise the naval status quo, had every reasemhyace the torpedo; while the Royal
Navy, as the hegemon seeking to conserve the sfatyhad every reason to reject the
torpedo. Given the small size and cheapness oédogs and torpedo vessels compared

to big guns and battleships, casting the formdédasds to the latter’s Goliaths has a

! Kuhn meant something very particular by “paradigmt “anomaly,” but there are enough affinities
between his and my uses of the terms to justifyathesion. See Kuhnhe Structure of Scientific
RevolutiongChicago: University of Chicago Press, 1996; fadh. 1962), especially pp. 10-11, 23-24,
52-53, 64-65; William McBrideTechnological Change and the United States Nawg5-11®45(Baltimore:
Johns Hopkins University Press, 2000), 5-7.

2 See, e.g., Robert Loveljstory of the U.S. Navy, 1775-19@arrisburg: Stackpole Books, 1992), 373-76;
Arthur Marder,From the Dreadnought to Scapa Flow: The Royal Naxie Fisher Era, 1904-1919

\Vol.1, The Road to War, 1904-19{9ondon: Oxford University Press, 1961), 329-30.
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superficial logic.

Beneath the surface, however, this logic breaksndde begin with, the
dichotomy of torpedoes and torpedo vessels veligugums and capital ships is false.
Battleships carried torpedoes as an integral gdhteir armament, after all, and naval
officers generally limited torpedo vessels to sezoy roles in battle, like charging in for
the kill after the guns had wounded their preyieg the primary importance of capital
ships unchallenged. In these contexts, torpedoes adguncts to, not anomalies within,
the capital-ship paradigm. In other contexts, taine, torpedoes could topple the
paradigm. Both the American and British naviegdtirwith the idea of using destroyers
to launch torpedoes at capital ships during thly ssages of a battle, giving primacy to
torpedoes rather than to guns. Neither navy, howewent so far as to contemplate a
battle fleet composed solely of torpedo vesselschwvould have been the ultimate
challenge to the paradigm.

Torpedoes delivered on their paradigm-shatterotgrgial at the strategic rather
than the tactical level—but not for the nation ttiet conventional wisdom would
suggest. By making battles riskier for capital shapd by making close blockades
impossible, torpedoes threatened the two traditifmuandations of naval strategy. It
might be thought that the British, who especiadlifad on these foundations, would
therefore prove especially hostile to torpedoessbmething closer to the reverse was
true. Granted, examples of hostility to torpedces loe found in British naval circles—
recall First Naval Lord Richards’ comment, for exste, that “no man did his country a
worse service” than Robert Whitehead (see Chapt&van where it existed, however,

hostility did not prevent Richards and others frioresting enough resources to stay at
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the forefront of torpedo development. In any c#ise hostility disappeared entirely when
Fisher became First Sea Lord in 1904. Fisher betig¢hat he could use torpedoes and
torpedo craft, along with advances in capital-sleépign, communications, and fire
control, to carry out the Navy’s traditional migssoin the face of budget cuts. Instead of
seeking command of the sea through decisive b&igber sought control and denial of
the sea in the service of home and imperial defense

Both Fisher’s contemporaries and most historiane ltanflated the propaganda
that Fisher peddled for budgetary reasons witlmdaspolicy. Fisher proved particularly
adept at manipulating the Liberal government tbaktpower in 1905. The higher taxes
that paid for the butter in the People’s Budget @99 also paid for more guns: naval
expenditure in 1910 leapt above £42 million, higian it had ever been under the
Conservative$.Unlike his Liberal successors, Conservative leddur Balfour
followed naval affairs closely and kept up a rolemtrespondence with Fisher, who
repaid Balfour’s interest with honesty about hiand for flotilla defense. Hence the
supposedly militaristic Tories brought Fisher inlwa mandate to reduce the naval
budget, while the supposedly pacific Liberals akovhim to increase it.

Naval officials had reason to camouflage their xéalvs about the morality as
well as the power of torpedoes, and historians lpaeeen gullible in crediting their
attempts to stigmatize torpedoes as “illegitimatethe “weapons of the weak.” No
doubt some British naval officers regarded torpedasesneaky and uncivilized, and yet

any moral qualms they may have had did not pretiemh from spending large sums of

% Sumida,n Defence of Naval Supremadble 3, “British Naval Expenditure, 1889-90 @14-15"; see
also pp. 185-96, 335-7.
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money to stay in the forefront of torpedo developm#oreover, officers without moral
gualms had excellent reason to pretend that thetyDlegitimizing torpedoes might
discourage other nations from developing them, kéngpa threat to Britain’s naval
hegemony (based as it was on capital ships), ahetirgy Britain’s need to spend money
on torpedoes in order to stay abreast of foreigreld@ment. The Royal Navy pursued a
similar strategy when it came to submarines, feigrlisinterest and loudly denouncing
them, even as it carefully monitored foreign depatent and made plans to leapfrog the
competition? Although torpedoes certainly could be the weagah@weak, they could
also be the weapon of the strong, as Fisher realRerhaps this very strength gave the
British the self-confidence to embrace the torpedo.

Indeed, the American experience suggests thatdogs were not so much
weapons of the weak as weapons of the insecuréranttially comfortable. Compared
with the Royal Navy, the U.S. Navy was an ambitipiygssqueak—prime candidate, if
torpedoes were really the natural weapons of trekwe embrace the torpedo
wholeheartedly. And yet something closer to theasjip occurred. Whereas naval circles
in Britain embraced torpedo-based flotilla defeas& means to cut costs without
sacrificing strategic ends, politicians interestedutting the budget forced it on a
reluctant navy in the United States, and then tmby limited degree. The U.S. Navy was
so determined to preserve its budget, and perlogpove itself as a major power, that it
mimicked the behavior it associated with naval negey (building capital ships) and

rejected the behavior of the real naval hegemanil(fi defense). The U.S. Navy was

* See Nicholas Lambergir John Fisher’s Naval Revolutig€olumbia: University of South Carolina Press,
2002), 38-55.
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proof that the Royal Navy’s efforts to persuadeesotiavies that it embodied an ideal
even as it acted contrary to that ideal succeeded.

It is all too easy to fall back on technologicaterminism as an explanation of
historical change without carefully investigatitng tdetails of torpedo development and
considering the motives behind naval officials’moancements on the subject. Historians

need to look beneath the surface of rhetoric teetstdnd them.

The Pace of Technological Change

The thesis that the dominant navy within a paréicplaradigm embraced
anomalous technology more than the weaker navysé&enun into trouble when it
comes to the pace of technological change. The iksanes adopted the gyroscope and
superheater before the British, who did not adiopttirbine engine at all. If the Royal
Navy was so keen on torpedoes, why did it adopt togpedo technology more slowly
than the U.S. Navy? The answer has to do with natesources and the balance of
power.

Both navies adopted the gyroscope, but they dat slifferent paces and for
different reasons. Tactically, the main impetusAuorerican interest in the gyroscope was
that it would facilitate submerged torpedo firer; floe British, it was that the gyroscope
would allow torpedoes to be fired outside gun ragehe time, the Royal Navy had
much less reason than the Americans to be worafiogit submerged fire: it had fired
thousands of submerged shots, while the Americaddired zero. Inexperience primed
the Americans to emphasize an implication of theggope that experience allowed the

British to de-emphasize.
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In addition to differences in tactical motivatighe two navies adopted
mechanically different gyroscopes. Both navies exrpented with spring-driven and air-
driven gyroscopes on the one hand, and with pirdtkeall bearings on the other. The
Americans could not find a spring or ball bearitiyst satisfied them, while the British
did. Springs and bearings are hardly the stufegéhd, but these small details reveal
three important lessons. First, substantial teadgichl change can result from
incremental mechanical changes rather than conalgpdwadigm shifts (see below).
Recall, for instance, the 0.02-inch change to cegavots in the balance mechanism
which alleviated the depth-keeping problems of s&mtsh torpedoes (see Chapter 6).
Second, incremental technological change playsd@tvantage of those with superior
R&D resources, because they can test minor chaitigeey find one they like. Third,
Britain’s industrial ability was evidently superitwr the United States’ in this particular
instance: because ball bearings had to be verydrmatdiery fine, they were not easy to
manufacture, and American industry was not up ¢ctaisk.

The two navies also moved at different pacesair thegotiations over and
adoption of the gyroscope. The U.S. Navy workedugh an intermediary, the Bliss
Company, and on the basis of trials with one gyspsdasting eight days in late 1897,
ordered the gyroscope to be installed in all 15pedoes then under contract. By contrast,
the Royal Navy purchased several trial gyroscopegdelf from the Whitehead
Company, not working through an intermediary, @muli the device through several
phases of trials, including limited issue to seagahips, which the Americans skipped.
Britain placed its first bulk order in late 1898year later than the Americans had made a

comparable commitment. Only in late 1899 did it méw paying a lump sum, which the
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Americans never did.

The pattern repeated itself with the superheates. Americans adopted Leavitt's
original dry outside superheater in 1901. WhenBl&s Company offered to sell the
superheater to the Admiralty, a naval officer nosgith horror that that supposedly
“exhaustive” American trial “only rests on 22 ruh&ee Chapter 2). The Admiralty
turned down the Bliss Company'’s offer and insteaglam to conduct its own
superheating experiments in 1904. These were sapigierseded by Hardcastle’'s and the
Armstrong Company’s efforts in 1905. Just whenlh®. Navy was introducing the dry
outside superheater—imported from a British firhe Armstrong Company, via the Bliss
Company—the Royal Navy was finalizing the detaflglardcastle’s wet outside
superheater. It entered service in 1908, two Vieelsre the Americans even began to
solicit wet superheater proposals from the Blissn@any and the Electric Boat Company,
and four years before the Americans placed comstfactsteam torpedoes with the Bliss
Company. Even then, with the failure of the ElecBoat Company to produce a home-
grown wet superheater, the U.S. Navy still hacetg on a British firm, the Armstrong
Company, for the wet superheaters used in Blissittdarpedoes. While building up
two sources of domestic supply, the British managddap-frog the Americans, skipping
two steps—the dry inside and dry outside superheatthat the Americans passed
through. The time thus saved helped the Britishetat the Americans to the wet outside
superheater by four years, despite their latet stauperheater development.

Also helping the British was their decision to ktwith the reciprocating engine,
despite periodically flirting with the idea of thérbine engine. The U.S. Navy committed

prematurely to the turbine engine in 1902 and tehto spend the next six years
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making it work. The process involved much wastédrebn unnecessarily balancing the
turbine, when in fact errant exhaust was to blaoneife torpedoes’ tendency to roll, and
it generated great friction with the Bliss Compatyiminating in a lawsuit that went all
the way to the Supreme Court. These efforts domthtite U.S. Navy’s experimental and
industrial agenda and came with a high opporturost. In late 1905, for instance, while
Hardcastle was having the first inklings of his sdneater ideas, the Americans were
struggling to fix the turbine engine while wresgliwith the Bliss Company over property
rights in relation to the balanced turbine. Abgéetopportunity cost that came with
committing to the turbine, the Royal Navy was freeoncentrate on superheater
development.

The relative weakness of the U.S. Navy explainesitstive openness to change in
a very particular sense. The explanation is ndttttetorpedo was the “weapon of the
weak” (see above), but that the U.S. Navy was we&&D resources. This weakness
hampered the U.S. Navy’s efforts to compete withRoyal Navy in torpedo
development. Perhaps counter-intuitively, givent#relency to think of torpedoes as
asymmetrical weapons of the weak, the U.S. Naw&rest in torpedo development was
symmetricalthe Navy compared its torpedoes to other torpgduet to capital ships. In
an asymmetrical competition of torpedoes againsitalaships, the Royal Navy’s
superiority in the latter was a weakness. In a sgirinal competition of torpedoes
against torpedoes, by contrast, the Royal Navysesarity in R&D resources was a
strength. To compensate, the U.S. Navy had todmdrea in which it enjoyed a
comparative advantage. The only possible candidagetheoretical design work, which

did not require the same experimental infrastrects a trial-and-error approach to
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technological change: brains were cheap compartatgedo ranges, testing barges, and
personnel. Poor in the latter, the Americans coelder hope to compete with the British
if torpedo technology changed through an incremgetapirical process. Their only
hope was to change torpedo technology through leajas in design, trusting to the
drafting room rather than the testing range. Un#ébleok before they leapt, they paid for
their poverty with a troublesome turbine and cqroggling delay in superheater
development.

Lack of infrastructure explains why none of thesthreally successful wet
superheaters—the Armstrong, Hardcastle, and Ggzstedels—were American. The
Americans could compete at the relatively primitieeel of dry superheaters, but their
lack of R&D resources crippled them when it caméh®much more advanced
technology of wet superheaters. Granted, the Isagnice behind wet superheaters was
not much more advanced than that behind dry suptstse for both, the idea was that
hot air was better than cold air. Applying the basiience, however, was much more
difficult for wet superheaters than for dry supetees. Whereas it was comparatively
simple to gin up a working design for a dry supatbe optimizing fuel flows and the
like in wet superheaters required extensive tral error. Neither the U.S. Navy nor the
Bliss Company had the facilities to undertake sexgeriments. The Royal Navy did,
and what is more, two private companies (Armstrangd Whitehead) were able to
undertake R&D work on a greater scale than the Na®y (let alone the Bliss Company).

In different ways, both Robert K. Merton and Thorkasn offered the
beginnings—but only the beginnings—of a theory t@atounted for the role of R&D

resources in scientific and technological innovatidoth scholars were trying to
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understand the phenomenon that Merton called “plaki—ideas discovered more than
once by different partiesA theory which emphasized the genius of singléviddals as
the main factor behind innovation seemed unabéetount for “multiples.” Both
scholars instead pointed to the importance of enwirent in fostering innovation and
“multiples.” Merton argued for a “sociological” they of innovation, which attributed
innovation to environment, as opposed to a “psyagioal” (or “heroic”) theory, which
attributed innovation to individual men of genfu§uhn also accepted the existence of
what Merton called “multiples,” and he attributéein to the power of “paradigms”™—
guintessentially sociological, rather than psycgaal, phenomena—in directing
scientific researchMerton noted that scientists’ efforts to estabfisiority of discovery
implicitly testified to their belief that “all scrgific discoveries are in principle multiples
[rather than singletons],” while Kuhn argued that existence of multiples was “a
symptom of something askew in the image of sci¢haegives discovery so
fundamental a role>”’As against the “heroic” theory of innovation, with emphasis on
“discovery,” Kuhn pointed out that the majority sfientists spend most of their time not
on revolutionary breakthroughs, but on “mopping-thg implications of a minority’s

revolutionary breakthroughsn these “mopping-up operations,” Kuhn realize@tenial

® Merton, “Singletons and Multiples in Scientificddovery: A Chapter in the Sociology of Science,”
Proceedings of the American Philosophical Soci€ly, no. 5 (October 1961): 470-86; Kufthg
Structure of Scientific Revolutiondote that these seminal works were publishediwghyear of each
other, so the authors did not have the opportuaigut their work in dialogue.

® Merton, “Singletons and Multiples in Scientificddovery,” 475, 484.

" Kuhn, The Structure of Scientific Revolutipg§ (“[A] significant scientific novelty so ofteemerges
simultaneously from several laboratories”).

8 Merton, “Singletons and Multiples in Scientificddovery,” 477; KuhnThe Structure of Scientific
Revolutions54. In his tenth type of evidence testifying téestists’ belief that innovation occurs multiply
rather than singly—"the institutional expedientsideed to protect the scientist’s priority of coptien’—
Merton might well have included patent systems ¢bler482).

° Kuhn, The Structure of Scientific Revolutipad.
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resources were key, as his frequent referencesdntsic apparati make clear—and yet
he, like Merton, focused on intellectual rathemthaaterial resourcés.

Merton’s and Kuhn’s models did not account suffithe for the difference
between basic and applied science, and therefeyedild not assign a sufficiently
explicit role to material resourcésWith torpedo technology, basic science neededsrai
more than material resources. Applying the basense so that a prototype could
successfully be produced on a mass scale, howeggliyed an extensive R&D
infrastructure, consisting of servant technologypges, barges, and testing personnel, to
name just a few components. Regardless of howdnrilthe intellects behind innovation
were, when the science and technology at issue eoenplex and expensive, multiples
(like the wet superheater) were unlikely to occithaut a strong R&D infrastructure,
and the momentum of singletons (like the turbingire®) was difficult to sustain. Take
Leavitt and the turbine engine. His intellect waswgh to identify an anomaly and build
a prototype, but it took many intellects—salaried autfitted with expensive
instruments—to carry out the “mopping-up operatidhat went to make up most of
“normal” technology within the new turbine paradighThe United States was on a
relatively even playing field with Britain whendgame to basic torpedo science, but it

was at a severe disadvantage when it came to dmaience, due to its weaker R&D

109 See, e.g., Kuhrihe Structure of Scientific Revolutio6s.

1 0Or, in Joel Mokyr’s language, the difference batwéepisteme” and “techne”; see MokJhe Gifts of
Athena: Historical Origins of the Knowledge EconofRyinceton: Princeton University Press, 20@2)15.
Merton, in particular, tended to elide the distimetby using “discovery” and “innovation”
interchangeably—hbut they are not really synonyribgs¢overy” implies learning something that already
exists, while “innovation” implies creating sometginew.

12 As part of a larger effort to adapt Kuhn's worksmience to his own on technology, Edward Constant
adapted Kuhn’s notion of “normal science” to “notiechnology”; see Constarthe Origins of the
Turbojet Revolutior{Baltimore: Johns Hopkins University Press, 19806.2.
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infrastructure. A full sociological theory of innatton must account for material as well
as intellectual resources.

In theory, the U.S. Navy’s efforts to escape thath of its material infrastructure,
however ineffectual, were the result of a ratignash/pull dynamic. The push was the
recognition that the Americans would remain at mpgarative disadvantage in the status
quo, because they lacked the R&D resources negassaxploit fully the technology
that defined the status quo. The pull was the libaethey could exploit their theoretical,
as opposed to empirical, designing abilities teimbetter technology, and with it a new
status quo in which they enjoyed a comparative @igge. The Americans’ under-
estimation of the difficulty involved in perfectirdgsigns of the gyroscope, the
superheater, and the turbine was a by-producteif tational fear that they would remain
at a comparative disadvantage in the technologtesiis quo, and of their rational hope
that they would come out at a comparative advanggeying to revise the status quo.

As hegemon within the status quo, Britain expexeha different, but not quite
inverse, push/pull dynamic. The push was the teatr¢hange would lead to relative loss.
In connection with this prospect of relative lag® British had to account for one
variable much more carefully than did the Americaranely, the pace of foreign
development. The American Navy was sufficientlydéirthe lead that, in relative terms,
it effectively had nowhere to go but up; accordinghhere was almost no chance that
foreign advances would destabilize its relativeigpms For the hegemonic British, by
contrast, there was a very high probability thaeiign advances would destabilize its
relative position. But the Royal Navy considered plositive as well as the negative

implications of change, especially the possibilitsit the Navy might be able to exploit
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change to widen its relative lead; this was thdl*gar Britain. The fact that
technological change&multaneouslyffered the prospects not only of net loss and no
gainbut also of net gairs crucial to understanding the Admiralty’s caltions.
Moreover, the prospect of net gain was not nedkgibecause the same existing
infrastructure that gave the British more to Ids&ntany other nation also meant that it
was better positioned than any other nation to ¢hiange to its advantage.

This kind of retrospective theorizing about theerof material resources in
determining torpedo development is one thing, bistanother to establish what naval
officials at the time believed to be determiningitidecisions. The latter task is
complicated, in a comparative work like this ongdifferences in the primary source
bases caused by differences in institutional celt@onsider British and American
decision-making about the gyroscope, for instahcéhe Admiralty, a report on
gyroscope trials at Fiume went all the up to thstHiord, who used it to meditate on the
nature of British hegemony and then circulated ihie Assistant Director of Torpedoes,
the Director of Naval Ordnance, the Director of Bla€onstruction, the Director of
Naval Intelligence, the Controller, the Secretarthe Admiralty, and the Senior Naval
Lord. By contrast, when the report of the Ameri€aume Commission that withessed
trials of the gyroscope at Fiume arrived in thei@ffof the Secretary of the Navy, the
Secretary did not send it on to the Bureau of Ondaavith an endorsement meditating
on the gyroscope’s implications for the standinghef United States in the balance of

power; rather, the Bureau of Ordnance, in consattavith the Torpedo Station, made
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decisions about the gyroscope without drawing irenparts of the Navy Departmérit.
The American naval bureaucracy was vertical andpeostmentalized where the British
naval bureaucracy was horizontal and consultative.

These historical differences create a historiogieg problem. On the British side,
it is possible to substantiate the push/pull thedrechnological change with primary
sources. The exchange of minutes about the gyresdeprly shows that perceptions of
material resources and the naval balance of pavilelenced British naval officials. In
the absence of such an exchange, caused by thecalisfea consultative culture that
impelled officials to spell out the considerati@ifecting their decisions, it is impossible
to show that American naval officials were thinkinghe same terms.

That said, even if American officials did not coisrsly think in those terms,
material shortages and their second-tier positidiné naval balance of power may have
determined their decisions unconsciously. Provimegower of the unconscious is
difficult if not impossible, and perhaps a task tiee psychologist rather than the
historian. It is possible, however, to make moré&es educated guesses about the factors
affecting naval officials unconsciously, and thare several potential explanations. One
is that Americans developed torpedo technologyldyisecause the asymmetrical threat
presented by torpedoes suited their weakness tlesf@ps. This thesis was discussed and

dismissed at length above. Another possibilithet Americans developed new

13 The consultative nature of Admiralty decision-nmakmay have reflected financial constraints: with
money hard to come by, the Admiralty had to be guappreciated the financial consequences of its
decisions, and this imperative required robust tiebam indebted to Jon Sumida for making thisipto
me.
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technology quickly because of their attractionhe ftechnological sublime** The

records used for this study do not support thabthgsis. Torpedoes provided American
naval officials with more headaches than aestipdtiasure, and changing torpedo
technology appealed as a relief, not as a valite mwn right. In this case, it seems more
accurate to think of technological change as ancesesin problem-solving rather than as
a cultural characteristic, and the push/pull thesrgompatible with this conception. For
the Americans, changing torpedo technology quieklgiressed the problems of R&D
shortages: they adopted new technology quickly ise¢hey lacked the means to test it
adequately.

Although the difference between the British and Aigan primary-source bases
complicates the task of substantiating theorigseitorms the crucial function of
sensitizing readers to the contingency of histbjicdgment. The greater richness of the
Royal Navy's official documentary record, thankstsomore consultative decision-
making process, exposes it more, for worse or étteb, than the U.S. Navy. On the one
hand, it makes it possible to notice inconsistentiean official’'s logic over time, as was
the case with Walker, the Assistant Director ofpEatoes (see Chapter 2). On the other
hand, it shows a canny group of minds at work, Wigiasped most implications of the
gyroscope, ranging from the tactical to the granategic. By contrast, the American
Navy, with a less consultative system, fewer resmiities, and fewer resources,
grasped and funneled the largest part of its enenggrds just one tactical implication of

the gyroscope, its facilitation of submerged fire.

1 This is David Nye’s famous term, adapted from Rtslnotion of the aesthetic category of the sublime
see NyeAmerican Technological Sublinf€ambridge: MIT Press, 1994). Robert O’Connelfedis about
American naval officials’ love of battleships isdaly a variant on Nye's thesis; see O’Conreticred
Vessels: The Cult of the Battleship and the Riskeof).S. NavyBoulder: Westview Press, 1991).
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Given the asymmetry in institutional style and seubases, it would be unfair to
apply symmetrical standards of judgment. Withoabmparative alternative, it is
difficult, if not impossible, to detect either thature of the British or American decision-
making process or the dependent interpretive bias.consultative nature of the
Admiralty and the compartmentalized nature of tleeyDepartment were so pervasive
as to be invisible, so continuous as to hide tbaiitingency. It takes a comparative
approach, the introduction of a relative frameedérence, to realize that their natures

were neither inevitable nor absolute, that thereeveisting alternatives.

Property Rights and the National Security State
“Our arms must be mighty, ready for instant actiétresident Dwight D.
Eisenhower famously warned his fellow citizens i1 1061 Farewell Address,
so that no potential aggressor may be temptedkdis own destruction.... This
conjunction of an immense military establishmerd arlarge arms industry is
new in the American experience.... [W]e must guarireg} the acquisition of
unwarranted influence, whether sought or unsoumhthe military-industrial
complex.
Although the scale of the military-industrial coraplwas new in Eisenhower’s time, the
phenomenon itself was not. It had its origins ia te nineteenth century, when
industrialization and the emergence of what WilligoNeill called “command
technology” transformed the existing military-maacturing relationship into the
military-industrial complex.
Previously, when governments purchased naval téogy from the private sector,

it was a finished commercial product. The new comanizchnology was so expensive

and sophisticated, however, that private firms dawdt successfully develop it by
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themselves. Thus the government could not buyettieniology as a finished commercial
product but had to invest in research and develop(®&D) by the private sector. By
changing the dynamic from conventional purchasinigiteraction throughout the
development process, command technology may beshiave put the complex in the
military-industrial complex.

The present work draws out three significant ingilans of McNeill’s brilliant
thesis. First, it shows how command technologygppitemium on the development of
“servant technology,” that is, technology which geated information for improving the
performance of command technology. Dynamometelifygaegisters, and testing tanks
were all examples of servant technology. Secorairtftormation generated by servant
technology was a commodity unto itself, becaubsad the power to affect market
relationships by offering insight into the valuecoimmand technology. Moreover, this
commodified information was also a new kind of dp. It was not a physical form of
property, like command technology, nor was it tame as traditional forms of
intellectual property. The acquisition of infornatigenerating servant technology meant
a stronger position in the information-commodityrked, giving servant technology
some value independent of its contributions to camadrtechnology. The third and most
important implication of McNeill's thesis relates property rights. By definition, the
invention of command technology involved both tlsblx and private sectors, instead of
one or the other as previously. With two partigdaeing one, it became much more
difficult to establish who had invented what andewhCommand technology therefore
created thorny problems regarding intellectual proprights.

Not every piece of torpedo technology was an exaraptommand technology.
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The gyroscope, for instance, fit into the old pagad In the United States, gyroscope
development by the Navy and the Bliss Company mwed separately, as did
development by the Whitehead Company and the Reyapowder Factory in Britain:
the public investment in private R&D which charaizies command technology did not
apply. The superheater and the turbine enginephirast, were examples of command
technology—nbut not in both countries. Only in theitdd States did the Navy invest in
the Electric Boat Company’s experimental wet supatér and the Bliss Company’s
experimental turbine. In Britain, the Navy did rmaolopt the turbine engine, and it
developed the Hardcastle superheater internaltyinnmllaboration with a private firm.
While Armstrong’s superheater patent infringemeamtduit against the Admiralty was the
rough British equivalent of the Electric Boat Compa and Bliss Company’s
superheater lawsuits against the Navy DepartmeatRoyal Navy did not have to deal
with an equivalent to the American lawsuit over tindine engine. In short, Britain
avoided the worst legal headaches of torpedo comremnology.

It achieved this outcome for three reasons. Onetlnagreater extent of its R&D
infrastructure. Neither the public nor private sestin the United States could match the
experimental facilities of the Royal Gunpowder BagtRoyal Navy Torpedo Factory,
Whitehead Company, or Armstrong Company—Ilet altweenterger of Whitehead’s and
Armstrong’s resources after 1906, which probabéated industrial laboratories on a
scale more commonly associated with the interwaogeand World War 1l than the pre-

World War | period'> Because the British government itself had gre@sources and

15 See Kendall A. Birr, “Science in American Industip Science and Society in the United Stages
David D. Van Tassel and Michael G. Hall (Homewo®le Dorsey Press, 1966), 66—70.
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could contract with private firms possessing gneggsources, it had less need to
collaborate with the private sector in developirgvriechnology. By contrast, lacking
resources on a comparable scale in either thegabjrivate sectors, the American
government had to assist private firms in develggarticularly expensive and
sophisticated new technology.

The second reason that the Royal Navy avoided/tnst headaches of command
technology was its internal structure for incerging innovation. The Admiralty Awards
Council provided incentives for innovation withimetservice. To reward its leading
superheater expert (Hardcastle) for his inventioninstance, the Admiralty Awards
Council granted him £5,000 and accelerated promofibe U.S. Navy lacked a similar
body and gave its leading superheater expert (Dayisothing. What happened?
Hardcastle stayed in the Royal Navy while Davisohdal for the private sector—taking
his government notebooks with him and then suieggibvernment, for good measure.
Keeping Hardcastle was well worth £5,000 and egambynotion.

By institutionalizing incentives for innovation the form of the Admiralty
Awards Council, the Royal Navy kept one of its btest minds from fleeing to the
private sector. The Royal Navy could therefore suppardcastle’s efforts internally,
instead of having to invest in private experimeefébrts to maintain a relationship with
Hardcastle. Avoiding investment in the private seabeant that it avoided one of the
common pitfalls of command technology: a disputeveen the public and private
sectors over property rights. To maintain a retegfop with Davison, by contrast, the U.S.
Navy had to invest in experimental efforts by thecEic Boat Company, and a lawsuit

resulted.
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Of course, the Royal Navy’s method of internaliginvention did not prevent
disputes altogether: it merely kept them from inurady the private sector. Hardcastle
later concluded that he had been exploited andhpatclaim for additional compensation.
As Davison’s case shows, the relevant comparispRidodcastle’s award was not his
naval salary (by which standard the award was @hogly generous) but what he could
have made in the private sector (by which stanttedward was much less generous, if
not niggardly). Contrary to what one might expé@ctimiralty and Awards Council
officials never suggested that Hardcastle shoulgrageful for what he got: they accepted
the need to measure his award against the prieatersnot against his naval salary.
Given this acceptance, the award may not have gpeeerous, but it nevertheless
reflected a sophisticated understanding of thetamylindustrial complex and
technological change, or at least a more sophisticanderstanding than the U.S. Navy
possessetf.

The third reason that Britain avoided the worstdaeties of command
technology was its legal system, specifically #semt laws and anti-espionage legislation.
Since 1852, the British government could classdtepts as secret, and since 1889, it had
an Official Secrets Act. By contrast, the Unitedt8¢ lacked any provision for secret
patents until World War |, when Congress authorittedclassification of patents related
to national security. This improvised measure ldpgehe end of the war but was re-

instated at the start of World War II. Only in 198itl Congress put this ad hoc approach

16 Understanding the Admiralty’s policy further unoenes the hoary stereotype of the Admiralty as
technologically conservative, which historians sashlon Sumida, Nicholas Lambert, and John Beeler
have disproved.

390



on permanent footing, with the passage of the ItisrrSecrecy Act’ Furthermore, the
United States lacked any equivalent to Britain'§cfl Secrets Act until the National
Defense Act of 1911. The Americans lagged a certiahynd the British when it came to
secret patents and several decades behind themiidene to anti-espionage legislation.

This lag put the American government at a disachgain dealing with command
technology. Secret patents allowed the British gowent to respond effectively to two
characteristic difficulties of command technologgtablishing property rights in a
potentially collaborative process of invention, andintaining secrecy in a competitive
industrial and international environment. Hardegstbecret patents established prior
discovery against future claimants without publiwizhis work. The American
government could not do the same for Davison’s vaorkurbines and superheaters, even
if he had remained in government service. In tlse cd the balanced turbine, the
government had Davison take out a (public) pawprotect itself from rival claims by
the Bliss Company, despite its desire to keepehbkrtology secret. The Bliss Company
recognized that the government was on the horasddémma and exploited its
vulnerability: how could the government claim tkia¢ balanced turbine was secret, the
Bliss Company reasonably asked, when it had puddishe technology in the form of a
patent? The inability to take out secret patenposgd the American government to
attack.

Like secret patents, anti-espionage legislation avesnportant weapon for the

state in dealing with command technology. ThankBritain’s superior R&D

" Herbert N. FoersteBecret Science: Federal Control of American SciemzkTechnolog{Westport:
Praeger, 1993), 165.
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infrastructure, which enabled private firms to depesophisticated torpedo technology
without government assistance, and to the Admisaiiygtitutionalization of incentives
for innovation, which enabled it to keep Hardcastléhe Navy, the British government
did not have to threaten anyone with the Officiati®ts Act in regard to torpedo
technology. Its reticence had nothing to do withreleter, however, and everything to do
with lack of opportunity. When opportunity knockexd, it did in the case of Arthur
Pollen’s fire control system, the British governrhproved perfectly willing to use anti-
espionage legislation to regulate proprietary asmroercial rights® The American
government was equally predatory, and thanks tooitsparative mishandling of torpedo
technology, it had more opportunities than theiglrito showcase its aggression. As soon
as it had anti-espionage legislation at its disposthe form of the National Defense Act
of 1911, the U.S. government used it to prosetgeBliss Company. The government
showed equal cynicism in its attitude towards paien, taking entirely contradictory
positions in its cases against the Bliss Companytia@ Electric Boat Company.
Command technology was only one subset of a laigss of technologies likely
to elicit predatory behavior from governments. Camnuchtechnology invited such
behavior because it was developed in collabordigiween the state and society, and
because it was militarily sensitive. Other probahlggers for state interest in technology
would include dual-use (civilian and military) potel or, in the case of purely civilian
technology developed with government aid, the pgaiefor commercial profits. It is not

at all surprising to find a government trumpetihg tnviolability of property rights when

18 See Jon Sumidén Defence of Naval Supremacy: Finance, Technolag,British Naval Policy, 1889—
1914(Boston: Unwin Hyman, 1989), 220-49, especially-Z38.
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it had nothing to los& The real test of its commitment to property rigtesne when
security or money was at stake.

Realizing that the state was unlikely to resistg&ation, the classical liberal
political philosophy on which Britain and the UrdtStates were putatively founded
sought to limit the state’s ability to abridge peoty rights under any circumstances. John
Locke, the father of liberalism, grew up during ghaglish Civil War and later had to flee
abroad because of his belief. He took for grarted the state oppresses civil liberties
when it feels threatened. For him, the fundamesital liberty was not free speech but
private property. The U.S. government’s use ofNlational Defense Act of 1911 against
the Bliss Company’s property rights thus represetiie ultimate betrayal of Lockean
principles—yet it has received far less attentlmantthe use of the Espionage Act of
1917 against the free speech of Eugene Bbs.

The readiness of the British and American goverrimnabridge property rights
associated with command technology serves as ademihat states do not always rely
on sophisticated Gramscian hegemony: sometimesvitedg their power openly, bluntly,
crudely. The warfare state, after all, has beearatanuch longer than the welfare state.
Historians do not need Foucault to recognize thaletion of commercial and
proprietary rights through anti-espionage legislats an abuse of state power. With a
little classical political philosophy, a lot of tarin the archives, and a sense that war is

central to the human experience, historians hdwbealngredients they need to produce

19 A point that is neglected throughout B. Zorina &}/iehe Democratization of Invention: Patents and
Copyrights in American Economic Development, 179201New York: Cambridge University Press,
2005); see especially p. 51.

% ronically, one of the reasons that the governniemid Debs so threatening was his Socialist iysti
property rights—perhaps he reminded the governteeninuch of itself.
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major insights into the relationship between tlaesand society.
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Appendix A: General Overview of Torpedo Technology

Launching the Second Industrial Revolution (in Miniature)

Consider the launch of a primitive American torpgtthe 45-centimeter x 3.55-
meter Mark | Whitehead torpedo, from an above-watee. As can be seen in Figure A.1
below, the torpedo consisted of five main parte:wtarhead (“A”), air flask (“B”),
balance chamber (“B™), engine room (“C"), and til"). >* The space between the
engine room and the tail, along with the enginematself, was known as the afterbody
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Figure A.1: General outline of the torpeto.

For propulsion, the Mark | carried an air chargaiair flask (“B”), which operated a

%L The British referred to some of the space betwieerengine room and the tail as the “buoyancy
chamber,” but the Americans did not. Together,ghgine room and buoyancy chamber made up the
“afterbody.” Depending on which country’s terminglois used, the gyroscope, discussed below, went in
either the buoyancy chamber or afterbody.

2 plate 1,The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavatk Il, Mark Ill, and 45cm x 5m. Mark

| (1898), downloaded from http://hnsa.org/doc/whitetiplates2.htm, 21 April 2009.
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three-cylinder reciprocatingngine (located in theengine room “C”). The engine
rotated ashaft (“E”), which was geared (“G”) in such a way asoferate a pair of
contra-rotatingoropellers (“UU”). Figure A.2, below, shows what the enginelted like
from the side (the same perspective as Figure Bole), as well as what it looked like

from the front.

Figure A.2: The engin& The view on the left is a side view, and the viawthe
right is a front view.

The engine of the Mark | had threglinders (“AAA”). Each cylinder had aylinder

valve (“aaa”), around which a disc called teegine cam(“c”) rotated in such a way that,
at any given time, one valve was open to admitar its cylinder and move thgston
(*JJ3J"), another was closed to cut off the admissibair to its cylinder, and the third was

open to allow air to be exhausted from its cylinder

% plate 8,The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavatk Il, Mark Ill, and 45cm x 5m. Mark
| (1898), downloaded from http://hnsa.org/doc/whitetiplates2.htm, 21 April 2009.
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After an air or powder impulse ejected the torprdm the tube, various
arrangements prevented parts of the torpedo frartirgg before they were supposed to.
One, called the locking gear, prevented the deraegeof the depth mechanism; it is
discussed with the depth mechanism below. Anothergmted the engine from starting
until it was fully immersed in the water, sincertay the engines while the torpedo was
in the tube or in the air wasted the precious la@rge and interfered with the torpedo’s
accuracy. Figure A.3 shows the arrangement, whih kmown as theetarding (or

delaying) gear

Figure A.3: The retarding ge#.

Contact with the water released (or “tripped”) Weter tripper (“c”), which released the

bell-crank lever (“b”), which released theetarding lever (“a”). The release of the

% plate 12The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavlatk 1l, Mark 111, and 45cm x 5m.
Mark | (1898), downloaded from http://hnsa.org/doc/whitetiplates2.htm, 21 April 2009.
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retarding lever lifted theontrolling valve (so-called because it controlled the reducing
valve), which allowed air to begin flowing througtereducing valve? In Figure A.1,
the general outline of the torpedo, these valvesrathe valve group (“V”). They are

shown in more detail in Figure A.4 below.

Figure A.4: The valve group (side vief).

The reducing valve (“A” in Figure A.4) was the masportant valve in the
torpedo. It reduced the air pressure from its gi@aessure in the air flask to the
working pressure of the engine. By controlling #repressure reaching the engine, the
reducing valve controlled the torpedo’s speed. f@du5 shows the reducing valve in

more detail.

% The British 14-inch Mark VIII torpedo had an adilital retarding arrangement.
% plate 10The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavlatk 1I, Mark 111, and 45cm x 5m.
Mark | (1898), downloaded from http://hnsa.org/doc/whitetiplates2.htm, 21 April 2009.
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Figure A.5: The reducing valvé.

As the torpedo moved through the watedepth mechanism(sometimes

referred to as the immersion mechanism or balareshanism) controlled its depth and

trim.?® Figure A.6 shows the depth mechanism.

Figure A.6: The depth mechanism.

%" plate 11,The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavlatk I, Mark 11l, and 45cm x 5m.

Mark | (1898), downloaded from http://hnsa.org/doc/whitediplates2.htm, 21 April 2009.
2 The balance mechanism was “The Secret” behind RuMieitehead’s torpedoes; see Edwyn Giigye

Devil’s Device: Robert Whitehead and the Historyhef TorpeddAnnapolis: Naval Institute Press, 1991;

first edn. 1975), 57-58.

2 plate 6The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Madatk Il, Mark Ill, and 45cm x 5m. Mark
| (1898), downloaded from http://hnsa.org/doc/whitetiplates2.htm, 21 April 2009.

399



The depth mechanism consisted of two main parehytrostatic piston (“c”) and the
pendulum (“vv’). By responding to changes in the pressaf¢éhe surrounding water,

the former controlled the torpedo’s depth, while atter controlled its trim. The
movement of the hydrostatic piston was amplifiedasyeering engine(“F,” in Figure

A.1 above) and transmitted through a seridewérs and rods(primarily “S” in Figure

A.7 below) to operate theorizontal rudders (“R,” in Figure A.7 below). The steering
engine was located in the engine room rather thmalance chamber, and the levers
and rods passed through the afterbody. FiguresiAows the system by which the motion

of the hydrostatic piston was transmitted to thezdomtal rudders.
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Figure A.7: The system for controlling the depth.

Like the main torpedo engine, the depth mechanatnahsystem that prevented it
from beginning to operate at the moment of thedgdgolaunch. The delaying gear for the
depth mechanism was known as lineking gear (because it “locked” the depth

mechanism in place; the British called it the “cotling gear”). When the torpedo was

400



launched, the inertia of the pendulum causedlagas the rest of the torpedo moved
forward, and the pendulum would only recover itspar position once the torpedo
stopped accelerating and attained its final speatlowed to occur, this lag would put
the horizontal rudders down and cause the torpetiake a steep initial dive, which
might run it into the bottom in shallow waters orperil recovery of its proper depth. To
prevent this lag-induced dive, the locking geakémtthe steering engine in place until
enough time passed (corresponding to a given nuoflrervolutions of the engine shaft)
to allow the pendulum to operate normally.

If none of the many working parts malfunctioned #imeltorpedo ran true, contact

with its target detonated tiearhead.*® Figure A.8 shows the detonation system.

3\\\\\\\\\\\\\\%&&\\}\\ = =
= :

ORI
Figure A.8: Warhead (left) and war nose (rightThe figure on the right is a

close-up of “W” in the figure on the left.

The warhead (“A”) carried the wet gun-cotton explesand therimer-case (“P”)

carried a dry gun-cottoprimer . Theexploder (“a”) was a copper tube containing a

30 American torpedoes infamously suffered from detonproblems in World War II; see Frederick Milford
“US Navy Torpedoes—Part Two: The Great Torpedo 8ahri941-43, The Submarine Reviei@ctober
1996).

31 Plates 1 and 4 he Whitehead Torpedo. U.S.N., 45cm x 3.55m. Madaik Il, Mark 111, and 45cm x 5m.
Mark | (1898), downloaded from http://hnsa.org/doc/whitediplates2.htm, 21 April 2009.

401



mixture of mercury fulminate and gun-cotton, cappath apercussion capat its

forward end. Théring pin (“c”) was held clear of the percussion cap Bhaaring pin
(“d™). The rotation of thescrew fan(“i") as the torpedo moved through the water tarne
atraveling nut (“h”), which moved aft along the screw fan’s shaftil it pressed up
against the firing pin, such that only the sheapmgresisted the pressure of the firing pin
against the exploder. Contact with the target mredienough force to break (“shear”) the
shearing pin, allowing the firing pin to strike thercussion cap at the forward end of the
exploder. The subsequent flash from the explodemdged first the primer and then the
explosive.

Of course, the Mark | was a relatively simple tapelt had no means for
ensuring accuracy in the horizontal plane, andpeed and range were only 28 knots for
800 yards” Later torpedoes included two complicated piecesdinology to address
these shortcomings:gyroscopeand asuperheater.

The gyroscope was first introduced in the late 53@0mprove torpedoes’
horizontal accuracy. Although gyroscopes were @ikt modified over subsequent

decades, they all had the same basic structurehvidishown in Figure A.9 below.

32 ugpecifications for the Manufacture of Whiteheaastédmobile Torpedoes,” 23 January 1891, B7-137,
NTS.
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Figure A.9: Obry gyroscope (hamed after its inveritadwig Obry) used
in early American Whitehead torpeddés.

Thegyroscope whee(“F”) spun around aaxle, which was connected by bearings to an
inner gimbal (or inner ring or horizontal ring) (“G”). The inngimbal was connected to
theouter gimbal (or outer ring or vertical ring) (“H”) by anotheet of bearings, and the
outer gimbal was in turn connected to tgroscope frame(“A”) by a third set of
bearings. Thus there were three sets of two beagagh. The bearings connecting the
inner gimbal to the outer gimbal were sometimesakmnas theside bearings and those
connecting the outer gimbal to the frameéa@sand bottom bearings due to their

relative position. Some gyroscopes used pivot hgariwhile others used ball bearings;
some drew their initial impulse fromspring (“K,” in Figure A.9 above), while others

drew it from air; and some drew a continuing impui®m air, while others had only an

% The Whitehead Torpedo. U.S.N., 45cm x 3.55m. Mavlaik II, Mark IIl, and 45cm x 5m. Mark I.
(Naval Torpedo Station, 1898), plate 21, http:/&hasy/doc/whitehead/plates4.htm (accessed MayH))20
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initial impulse.

The gyroscope relied on the angular momentum atdatehe spinning
gyroscope wheel to control and correct the torpegosition in the horizontal plane—a
counterpart to the depth mechanism, which relietherpressure of the surrounding
water to control and correct position in the vettiglane. Just as a steering engine
amplified the action of the depth mechanism to ntbreehorizontal rudders (which
moved the torpedo up and down), so anosiieering engine(*C”) amplified the action
to move thevertical rudders (which moved the torpedo in from side to side).

While the gyroscope dramatically improved the aacyrof torpedoes, a device
known as the superheater dramatically improved 8pged and range. Without a
superheater, the pressure and the temperature odittining air in the flask fell as the
air in the air flask was used over the course toffpedo’s run. Because the air was colder,
it could perform less work per unit of weight inwiing the engine. Heating the air as it
passed to the engine allowed the air to performemark.

The superheater passed through three distinct plodsievelopment. The first
and most primitive superheater, shown in FigureédAélow, was invented by an
American engineer named F. M. Leavitt in 1901. dsvknown as aimside superheatey

because the superheater was located inside tHaskir
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Figure A.10: Leavitt's inside superheatér.

The fuel for supporting combustion was stored fned reservoir (“C”) outside the flask,
and it was connected byf@el-feed pipe(“b”) to the combustion chamber(*D”), where
it was ignited by amgniter (“H”). Air was heated in the combustion chambeglsed

into an inverted funnel (“E”), whence it passedtigh a pipe (“a™) to the reducing
valve and engine (“B”).

While Leavitt’s inside superheater increased fyeed and range of torpedoes, it
had a serious disadvantage which limited the sufaleese increases: when the air passed
through the reducing valve on its way to the engine air lost pressure and therefore
grew colder, meaning that it could do less worklmengine once it got there than if it
remained as hot at the engine as it had been wsilde the flask. To avoid this problem,
superheaters could instead heat the air aftesgquhthrough the reducing valve. Such
superheaters were knowna@gside superheatersbecause they were outside the flask.

The first phase of outside superheater developmastthedry (or “hot-air”)

outside superheatey so-called because water was not introduced dtin@gombustion

process. The earliest successful dry outside sep&h shown in Figure A.11, was

34 Leavitt's USP 693,872 (applied for 12 April 19@8sued 25 February 1902), Figure 1.
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patented by the Armstrong Company in 1906.

Figure A.11: The Armstrong dry outside superheBte

In Armstrong’s dry outside superheater, toenbustion chamber(“e”) took the form of
a bulge in the pipe (“q”) leading from the air #a® the engine. The fuel for supporting
combustion was stored irfael reservoir (*h”) outside the flask, and it was connected
by a fuel-feed pipe to the combustion chamber, witavas sprayed throughmazzle
(“k”) and ignited by the firing of @rimer (“n”).

Although heating the air after it passed throdghreducing valve increased
speeds and ranges beyond what Leavitt’'s origirsdlensuperheater could achieve, the
inability of the engines to withstand temperatuabeve a certain point still limited the
potential increases. To cool the products of comtmusnd avoid over-heating the
engines, water could be injected into the fluidgoag to the engines. Water injection had
another benefit, which was to increase the voluftbhefluid passing to the engine. Thus

water injection allowed higher-calorie fuels toused and greater speeds and ranges to

3 Armstrong’s GBP 3,945/1905 (applied for 20 Febyuk805, issued 1 February 1906), Figure 2.
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be achieved.

Superheaters with water injection were knowmas(or “steam”) outside
superheaters and they marked the third phase of superheateioj@nent. There were
several successful wet outside superheaters. Idtevas invented and patented in 1908
by a British naval officer named S. U. Hardcadfigure A.12 below shows the general

arrangement of Hardcastle’s superheater.

|22

Figure A.12: Hardcastle’s wet outside superhe&ter.

In Hardcastle’s wet outside superheater, air flofveoh the air flask (“18”) through the
valve group (including the reducing valve, “15")d&into thecombustion chamber(“1”).
Water was stored in theater reservoir (“17”) and fuel in theuel reservoir (“16”),

whence they passed through separate pipes (“30*&riyito the combustion chamber.

Figure A.13 shows the combustion chamber in gresstail.

% Hardcastle’s secret GBP 27347/1908 (issued Dece®8), Figure 2, copy in T 173/257, TNA.
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Figure A.13: Hardcastle’s combustion chanmier.

Air from the air flask and fuel from the fuel regeir passed through two inlets (“8” and
“7” respectively) into anixing and atomizing chamber(*3”). On its way,spiral ribs
("6a”) around thduel sprayer (“6”) gave a spiral motion to the air, which help®
atomize the air and support efficient combustiaoni-the mixing and atomizing
chamber, the air and fuel mixture passed intararular passagg“4”) around a burning
fire tube (“12”), which vaporized it. The vaporized fluid gsed into the combustion
chamber proper, where it met water entering thraugipe (“9”) and converted it to
steam. The combustion chamber consisted @iuder casing(“1”) and aninner casing
(“27), which carriedspiral ribs (“2a”) on its exterior. These ribs gave a spiration to
the steam, causing it to cling to the edges ottmbustion chamber and thereby

protecting the chamber from excessive temperatiifessteam also mixed with the fuel

3" Hardcastle’s secret GBP 27347/1908 (issued Dece®8), Figure 1, copy in T 173/257, TNA.
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and air mixture, reducing its temperature and iasirgy its volume before it exited the
combustion chamber through a pipe (“1a”) and passéage engine (“15” in Figure
A.12).

As is evident from the pictures, the wet outsideesheater was mechanically
much more complicated than the dry outside or msigperheaters. Without any
superheaters in the late 1890s, torpedoes strugmi®adke 29 knots for 1,000 yards.
With wet superheaters on the eve of World Warrpedoes could make 29 knots for

nearly 7 miles, or almost 50 knots for 1,000 yards.
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Appendix B: Note on Citations, United States

In general, | have observed Chicago style, butthee a few peculiarities of the
Navy’s filing system—specifically, those for the i@au of Ordnance (BuOrd) and the
Naval Torpedo Station (NTS), to whose files manyngfcitations refer—that Chicago
does not cover.

The BuOrd files are held at the National Archiaesl Records Administration
(NARA) in Washington, DC. NARA organizes its recsraccording to a record group
(RG)/entry (E)/box (B)/[and sometimes volume (Mtigage (P)] system, going from
largest unit to smallest. NARAs filing system doest coincide with the Navy’s original
filing system but is rather an artificial framewqslaced over it.

Until 1904, the BuOrd filing system for incomingtkrs worked as follows: the
letters were stamped consecutively with what | ealll “file numbers” (so as to
distinguish them from the “LS numbers,” discusseltbW), regardless of their subject
matter—thus, for example, a letter on armor plabn@1 February 1895 might be
stamped #1056/95 (the number after the slashatidgthe year), and a letter on fuzes
arriving the same day might be stamped #1057/98 .ntimbering started over each year.
Letters relating to the same subject were oftedfibgether, rather than individually,
creating a bundle, which frequently contained cgpomdence from multiple years. Thus,

for instance, there is a bundle on the initial negions for the Whitehead torpedo among
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the Navy, the Bliss Company, and the Whitehead Gmypn which the “parent” file, so
to speak, is BuOrd 3134/90, a telegram from thet¥tieiad Company to BuOrd offering
their terms. All the letters in the bundle are watt84/90 in Box 91, rather than scattered
among many different boxes as they would be if tlveye filed separately. A letter in the
bundle with BuOrd 3134/90 would appear in my citas as, for example, “BuOrd
1980/91 with 3134/90.” BuOrd kept track of the misite locations of its files—whether
they were filed by themselves, or with anotheelettin a series of leather-bound letter
registers.

In 1904, BuOrd's filing system for incoming lettersanged. Instead of assigning
letters on the same subject with different file tnems and then bundling them together,
BuOrd began assigning them the same file numbergotuadditional number to indicate
their place in the sequence. Thus, for exampla,bandle on Bliss-Leavitt torpedoes
under file number 15157, the first letter in thenble was simply “15157,” the next
incoming letter was “15157/1,” the next “15157/3arid so on. After 1904, therefore, the
number after the backslash in my BuOrd citationssdaot refer to the year but to the
letter’s place in a sequence, and there is no teesdy that a letter is “with” another letter,
since the number before the backslash indicateletiee bundle.

Two important bundles at NARA are partly misfiledese are noted in my
citations. One is BuOrd 9404/00, relating to theedepment of the superheater, part of
which is filed as 9404/Din Box 479, instead of with 9404/00 in Box 434 eTdther is
BuOrd 12865/03, relating to early Bliss-Leavittgedoes, part of which is filed as
12865/@ in Box 664, instead of with 12865/03 in Box 575.

Most of BuOrd’s correspondence was initiated byn@oming letter, but on the
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rare occasions that BuOrd initiated correspondeteeut-going letter would also be
stamped with its own number. Otherwise, out-gogttets from BuOrd in response to
incoming letters would receive the same file numdsethe incoming letters they
responded to. In addition, all out-going letters—et¥ter initiated by BuOrd or in
response to incoming letters—received an “LS” nunfpeesumably standing either for
“Letter Series” or “Letter Sent”). These LS numbeexe in the form “#A/#B”: #A, the
number before the slash, was like a series nurabdr#B, after the slash, was a page
number. Thus the reference for a one-page reglyetamaginary letter of 21 February
1895 above might look like BuOrd 1056/97-LS35/76jlerthe reference for a two-page
reply might look like BuOrd 1056/97-LS35/77—-78h@ve used hyphens to connect text
and en-dashes to connect numbers, as per Chicdgg $he LS numbers ran
independently of the file numbers discussed abogeded not restart every year but
instead when the page count for a particular seei@shed about 500. Press copies of
BuOrd'’s replies were kept on tissue-like paper fatdied together with the letters that
they replied to. While the BuOrd numbers are essktat tracking documents, the LS
numbers are not.

In NARA storage, the boxes containing the BuOndegpondence files are
labeled with both the NARA box number and the ordgiBuOrd file numbers contained
therein. Technically, therefore, citing just the@®d file number would be enough to
enable researchers to find the materials | usdd, giue the box number as well in order
for convenience’s sake. (The box number withoutBh®rd file number is not enough,
since within the boxes the organization is by filtanber.) Beginning with letters from

1912, NARA switched from filing letters in foldeddkets to filing them flat, and began
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renumbering its boxes; thus the box numbers in itayi@ns go up to Box 1268 (from
1911) and then back down to Box 1 (from 1912).

My citations for the NTS records are different &nese these records are organized
differently from NARAS. Technically the NTS recadre part of the Naval War
College’s larger Naval Historical Collection (NH®)t they do not share the NHC filing
system, and therefore they lack an NHC record-graupber. Accordingly, in my
footnotes, | have given them the archival desigmatNTS” rather than “NHC.” The
only identifying information for the NTS recordsashox number, of which there are
about 90 for my period. These numbers proceed woless in chronological order,
though with some large exceptions—for instanceagtiean important bundle of files
from 1898 in Box 5, which otherwise contains fifemm 1890-1891. Unlike the other
records in the NHC, the NTS boxed are stored ¢éf{sy a records management company,
which gives its own chronologically meaningless hemto each box. To request the
boxes, one needs to have the storage company’saruather than the NHC’s number.

In my footnotes, | give both box numbers, in thenfat “NTS [NHC Box #]-[storage
company #]” (using a hyphen instead of a slashsswoato indicate that the relationship
is hierarchical).

Like BuOrd, the NTS also maintained a filing syst&hereby it stamped each
letter with a file number. | note them occasiondlyfortunately, there are no surviving
letter registers from the NTS. Aside from the bolzemg in loose chronological order,
there is no organization to the NTS records. Tlheeesome bundles of related
correspondence scattered throughout the boxesativaj that they were better organized

at one time, but these can only be discovered bypad not by reference to a letter
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register as with the BuOrd records.

| occasionally found copies in the BuOrd recorfiles that | had seen in the
NTS records. Where this was the case, | have ¢éeBtiOrd citation govern, since the
BuOrd files are better-organized and more accessidiile also noting the NTS box in

which a copy exists.
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Appendix C: Note on Citations, Great Britain

As with the citations in my American chapters, tlmees in my British chapters
reflect a few archival and file idiosyncrasies ged of explanation.

To begin with, citations of the Annual Reportstod Torpedo SchooMérnor)
and to the various “Paper[s] prepared by the Direat Naval Ordnance and Torpedoes
for the Information of his Successor” do not prevatchival references because | got all
of my copies from Jon Sumida. That said, copiegh@fAnnual Reports can be found in
ADM 189 at The National Archives in Kew; at the Aulatty Library in Portsmouth; at
the HMSCollingwoodCommunications and Radar Museum in Portsmouthaatite
Hampshire Record Office, in Winchester. Copieshef‘tPapers prepared by the DNO”
can be found at the Admiralty Library in Portsmauth

| spent the majority of my time in England at T¥ational Archives (TNA),
where the two main record groups | used were ADMh& Admiralty Secretariat files,
and ADM 116, the Admiralty case files. Both of taegoups generally consist of two
references numbers, the class number (1 or 11lléed by a sub-dividing number (a
box number, in the case of ADM 1, and a volume nemnin the case of ADM 116), but
there is occasionally a third sub-dividing numliséles in ADM 1 come in brown boxes
which contain multiple dockets; thus it is necegsarspecify not only the box number

but also the docket, which is conventionally dogeHze title on the first page in the
415



docket. For instance, references for ADM 1 appedineé format, “Docket ‘Proposed
Experiments with the view of finding the best meahprotecting bottoms of ships
against explosive effects of Torpedoes,” ADM 1/76BNA.” Files in ADM 116

generally require no identification beyond the vo&unumber, because the volumes are
generally not further sub-divided—which is unforéite, since some of the volumes are
huge. Thus references to ADM 116 appear in thedgrithDM 116/518”

In my citations for Admiralty records, | have inded not only the archival
reference, but the Admiralty’s original file numbeT he latter, though perhaps not
strictly necessary, are extremely helpful in atténgpto navigate Admiralty
correspondence, because Navy officials used thearsast of shorthand, often without
any other information (like an author or date)reter to files relevant to the subject at
hand. For instance, one frequently sees the fotiooldOn G588/97, it was decided
that...,” and it helps to know what G588/97 was.

| also relied heavily on Ships’ Covers (SC). Thieskng to the National
Maritime Museum, Greenwich, but are held at thesBfgoundry of Woolwich Arsenal.
Ships’ Covers are bound volumes divided into numthdolios; both the volume number
and the folio number are necessary to identify netd?age numbers are not used. The
bound volumes have two sets of reference numbérishvwean be translated from one to
the other. One is the original Admiralty numbemwentionally preceded by the initials
“SC” (for Ships’ Cover) to indicate that the origilAdmiralty reference is being used.
The other is a number assigned by The Nationaliesh which once held the Covers as
record group ADM 138; the TNA numbers are in therfat “ADM 138/37,” for example.

A full reference (with “F” for “folio”) appears ithe format “SC146/F8” or “ADM
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138/37/F8.” The staff at the Brass Foundry can fiatlimes by either the original
Admiralty reference or the later TNA reference) save supplied only the former.

ThePrincipal Questions Dealt with by the Director chWal Ordnanc€PQDNO)
formed another major source. These were boundeggrivolumes dealing, as the title
indicates, with important questions dealt with bg DNO. Copies can be seen at the
Admiralty Library in Portsmouth (where they formllaaumber Ja 397), in the Priddy’s
Hard archive at the Hampshire Record Office in Wester (where they form record
group 109M1/PQ), and at The National Archives (wehéey are in record group ADM
256). | saw most copies at the Admiralty Libranydanly a few at TNA.

In addition to the archival reference informattorfind a volume, th®€ QDNO
require additional information to navigate withiolumes. Each volume, whose pages
were numbered, was divided into consecutively nuethéminutes.” TheseQDNO
minute numbers bore no relation to the original Adity minute numbers, which were
often given in the margin. | have given my citasan the format “PQ/last two digits of
year/minute number/page number.” Thus, for exangtEtation taPQDNO minute 1207,
on page 107, in the 1902 volume appears as “P@02/107.” In terms of ease of
finding the source, giving both tiRQDNO minute numbers and page numbers is
redundant, but I have included both because pagdens are conventional, and minute
numbers are helpful for the same reason that tigenat Admiralty minute numbers are
helpful—namely, they were used as shorthand diirties for instance in the formulation,
“See previous [PQ] Minute 2217.PQDNOpage numbers were not used as shorthand.)

ThePQDNOdid not always reproduce minutes with perfectfaiiness—I

noticed one originally multi-paragraph minute ttte@PQDNOcompressed to “Concurs
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generally.” ThePQDNOare wonderfully convenient and often reliable—émely
provide insight into what the DNO considered impatt—but the originals are more

reliable.
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Appendix D: List of Torpedo Marks and Contractsjtgd States

The information contained in this table comes fraomrespondence and contracts

in the records of the Bureau of Ordnance (RG74/BZRA) and the Naval Torpedo
Station.
The table uses the following abbreviations:
BL = Bliss-Leauvitt

Conv = converted to
Diam. = Diameter

Elec Boat Co = Electric Boat Company
Expl = experimental
Mod = Modification
NTS = Naval Torpedo Station

-

W = Whitehead
W Co Wey = Whitehead Company Weymouth

# Source Length| Diam. Mark Order Date
100 | Bliss Co 3.55m| 18" W MK | 19 May 189!
50 | Bliss Co 3.55m| 18" W MK 5 Dec 1894
100 | Bliss Co 5m 18” W MK | [conv to Mod 1] 21 OBI6
50 | Bliss Co 3.55m| 18" W MK 111 22 Oct 1896
9 | Bliss Co 3.556m| 18" W Mk 111 30 Mar 1897
25 | Bliss Co 5m 18” W Mk | [conv to Mod 1] 10 Dec9B
50 | Bliss Co 3.55m| 18" W Mk 11l 27 Apr 1898
30 | Bliss Co 5m 18" W MK 21 Feb 1900
2 | Bliss Co 5m 21" BL Mk I Mod 1 28 Dec 1903
50 | Bliss Co 5m 18" BL MK 11l [conv to Mod 1] 11 Jdr®04
50 | Bliss Co 5m 18” BL MKk IV 29 Mar 1905
50 | Bliss Co 5m 21" BL Mk | [conv to Mod 1] 22 Nowl5
50 | Bliss Co 5m 21" BL Mk Il Mod 1 ditto
200 | Bliss Co 5m 217 BL Mk Il ditto

50 | W Co Wey 5.2m 18” W Mk V 3 Jul 1907
64 | W Co Wey 5.2m 18” W Mk 'V Mod 1 7 Jul 1908
66 | W Co Wey 5.2m 18” W Mk V Mod 2 ditto

20 | NTS 5.2m 18” W Mk V [Mod 17] 1 Jan 1909
42 | Bliss Co 5m 21" BL Mk 1lI 20 Apr 1909
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60 | Bliss Co 5m 21" BL Mk 111 16 Jun 1909
100 | Bliss Co 5.2m 18" BL Mk VI 22 Oct 1909
25 | NTS 5.2m 18” W Mk V Mod 3 1 Feb 1910
24 | Bliss Co 5m 21" BL Mk 111 27 Jul 1910
30 | NTS 5.2m 18” W Mk V Mod 3 20 Oct 1910
32 | Bliss Co 5m 21" BL Mk 111 24 Dec 1910
50 | Bliss Co 5m 21" BL Mk 111 24 Dec 1910
1 | Elec Boat Co| 5.2m 18” expl 17 Jan 1911
1 | Elec Boat Co| 21 21" expl 23 Jan 1911
20 | NTS 5.2m 18” W Mk V Mod 3 11 Feb 1911
1 | Bliss Co 5.2m 18” expl 16 Feb 1911
1 | Bliss Co 21 217 expl 16 Feb 1911
180 | W Co Wey 5.2m 18” W Mk V Mod 4 29 Mar 1911
50 | W Co Wey 5.2m 18" W Mk V Mod 4 25 Oct 1911
2 | Elec Boat Co| 5.2m 18" W Mk V conversion 29 D&d1
75 | NTS 5.2m 18” W Mk V Mod 5 30 Dec 1911
1 | Elec Boat Co shop license 3 Apr 1912
120 | Bliss Co 5.2m 18" BL Mk VII 12 Jun 1912
120 | Bliss Co 5.2m 18" BL Mk VIl Mod 1 26 Jun 1912
50 | Bliss Co 21 21" BL Mk VIII 26 Jun 1912
8 | Bliss Co 21 21" BL Mk VIII 9 May 1913
144 | Bliss Co 5.2m 18" BL Mk VIl Mod 1 20 Jun 1913
60 | Bliss Co 5m 21" BL Mk IX 20 Jun 1913
20 | Bliss Co 5m 21" BL Mk IX 21 Jun 1913
90 | NTS 5.2m 18” BL Mk VII Mod 2 22 Jul 1913
198 | Bliss Co 21 21" BL Mk VIII 27 Mar 1914
70 | Bliss Co 5m 217 BL MK IX 6 Apr 1914
96 | Bliss Co 21 21" BL Mk VIII 9 Apr 1914
200 | NTS 5m 21" BL Mk IX Mod 1 18 Jul 1914
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Appendix E: List of Torpedo Marks and Contractse&mBritain

The information contained in this table comes primdrom the Annual Reports
of the Torpedo School, HM®ernon It is full of holes and unreliable compared te th
table in Appendix D, because most of the relevantracts and correspondence on the
British side have not survived. | have not includleel occasional small orders placed
with Greenwood & Batley.

The exchange rate during this period was roughly $3.

The table uses the following abbreviations:

conv = conversion

Diam. = Diameter

expl = experimental

FY = Fiscal Year

L =long
RGF = Royal Gunpowder Factory
S = short

W Co Wey = Whitehead Company Weymouth

FY Diam Mark Total 'i)l:gl RGF Price V\\//\/g; Price
1891/2 14" 302 102 52 0
18” 200 100 100
14" RGF Mk VI 96 £297.00 £340.0D
1892/3 18" L
18" S 30 £385.00
14" RGF Mk IX 100 0
1893/4 18" L RGF Mk I 30 0
18" S 19
14" RGF Mk IX 100
1894/5 18" L RGF Mk 11 62
18" S
1895/6 14" RGF Mk IX 429 180 30 150 £320.0D
18” RGF Mk IV 249 189 £392.00 60 £400.40
1896/7 14" RGF Mk IX 605 240 120 120 £350.0p
18” RGF Mk IV 365 215 100 £430.00
1897/8 14" RGF Mk IX 410 80 80 0
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18" RGF Mk IV 330 180 100
14" RGF Mk X 50 50 0
1898/9 Wey MK | 450 100 0 100
18" RGF Mk IV 300 150 100
14" RGF Mk X 130 130 0
1899/0 Wey MK | 465 100 0 100
18" RGF Mk IV 235 85 100
14" RGF Mk X
1900/1 Wey MK |
18" RGF Mk IV 225 200 £408.00 200 £455.(
14" RGF Mk X 140 140 0
1901/2 Wey MK | 490 85 0 85
18” RGF Mk IV 265 5 210
14" RGF Mk X 51
1902/3 RGF Mk X* 235 o9
18" RGF Mk V 100
RGF Mk V* 25
14 RGF Mk X* 100
1903/4 - RGF Mk XI 315
18 RGF Mk Vv* 215 65 68
82
14" RGF Mk XI 77
1904/5 18" RGF Mk Vv* 458 106
175
Fiume MK 111 100
14" Mk XI 54
18" 111
RGF Mk Vv* 146
11
24
1905/6 RGF Mk VI 607 25
0
FIL:IrIrﬁ Mk 100
Fiume Mk I11* 22
Fiume Mk I11* 114
14" n/a 0
18" 31
RGF Mk VI 336
1906/7 551
144
Fiume Mk Il
40
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18” RGF MK VI* 7
74
RGFMk VIl | 113 5
1907/8 _[H]
Fiume Mk
1]+ 24
RGFMKVI*H | conv| 17
conv 12
RGF MK VII
18” 79
[H]
RGF MK VII* | 139
40
[H]
Wey Mk | [H] 20
1908/9 RGFMKVI*H | conv| 17
Fiume Mk
0 H conv 38
meeHMk conv 12
21" RGF MK | expl 2
18” RGF MK VII* 118 58 60
21" RGF MK | 228 | 106
1909710 RGF MK II 4 4
*%
18” RGF MHk Vi conv 143
18” MK VII*-VII* 243 | 183 60
1910/11 [ 217 RGF MK | 808 | 106 | 106 0
RGF MK II 459
18” MK VII* 280 | 183 97
Wey MK I* 84 0 84
1911/12 24 1138
21" MK | 106 | 106 0
MK Il 668 | 267 401
* _
18" M'\‘/IY” 125 | 25 100
Wey MK I* o7 | 118 0 118
1912113 53> MK -1+ 56 | 56 0
MK 11-11* 688 | 308 380
Fiume expl 2 0 2
* _
18’ M'\‘/IY” 243 | 77 166
Wey Mk [I* 1003 | 34 0 34
1913/14 ™57 MK I* 6 | 16 0
MK [1* 710 | 316 394
18” MK VI expl 2 2 0
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