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ABSTRACT

The triode vacuum tube (so-called “Audion”) was invented in 1906 by Lee de Forest
(1873-1961), an American inventor-scientist. It was the most important electronic device until
the transister was developed in 1948. Most Historians of technology who had investgated the
origin of triode vacuum tube argued that de Forest’s invention resulted from the modification
of the Fieming valve.

In this thesis, I argue that the invention of the triode vacuum tube originated from de
Forest’s independent research. Since his graduation from Yale Shefield Scientific School in
1899, de Forest had worked on the detectors for wireless communition. He succeeded in
developing the electrolytic detector in 1903 and the flame detector in 1905, which consolidated
his belief that the control of ions would play an important role in these devices. His grid
“Audion” in 1906 was the fruit of this line of research, and it made his conviction even
stronger that ionized gases were the main charge carriers in Audion. In this respect, his
understanding of vacuum tube, whether it was Audion’s or Fleming’s valve, was quite
different from Fleming's; in the latter case, the “electrons” rather than “ions” were the charge
carriers. In conclusion, the triode vacuum tube originated not from the modification of the
Fleming valve but from de Forest's original research on detectors. In the whole process of
invention and modification, the most important factor was de Forest's belief on the role of
ions in tube. However, it prevented him from improving the Audion to higher vacuum tube,
which would be carried out by the new generation of engineer-scientists.
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1947] ZHE 20471 Zol 24 UYd 25FH B9 HFL )2 v NG Argle A
A3 AL AdF AEE FAGD F29 AEAE2 dEHE TEEHS A™Y 7%
THEA @ Fe AEH JES F5Y £ UTE P, AN HEo o3 TAHEHL Hy
o] Al%g d4g stEEA g 53 BA¥9EE o2 3Y(Guglielmo Marconi, 1874-1937)7}
1890 dholl HAA 7] BB Adstet 2 HE olo] ZA|(Sir Oliver Lodge, 1878-1955), &
2t <=(Ernest Alexanderson, 1878-1975), Z# " (John Ambroce Fleming, 1849-1945) So} uln
g AHHA 7TE Yo o2 ojd Rolrd: wE A% & 5 AU

olFA FAFFEE teEA Ad A8 FA T AF 289 AL AAVIRE HoF T
HE F v AT Bl A9 = ¥ ~E(Lee de Forest, 1873-1961)7} “Audion”
olzt WHHIYY HFAATHL ol oWl HAr|RYE £+ A7 5E 7R Yoy o
g% AEE FEE £ AWV WE TAAZY FAE FRHoz HFF 5 YA B
ofel 922 A% (continuous wave)E LAY 5 Q7] E A4 AR 7| g Mo
d o itk o] AAe HegdE FAFEAN AMEE] 4% ARr|E ngHAAT 1 J)e
Y 7t gAHEA Ao AEFA FA, FAEN] d&m 2y ARs\ve 2E7) 5
o2 AREHAT Yolrt gt FA7e dHu A 47 Tl $45EAM AR FA Eofd gl
of A 7h #MAA FA7 HArh e TE ASAFTHY AR dEFo 2vd g4
R GgnIolyd A E 9% Fon 2EFH dAd Jdd JUerles ¥ dA o 2
AAIA AAAYRY g 7Y Rojr}2

T ¥Y2EQ oYL FHYY 237 F#H 1 et FAEAY] 92 A FA Vet
gAse 2 ¥EY S s &S FolfgHd 1 FAE s & A Lne9
71 24, F 'erLo ded] THW WEY BEHRII ojYH = ¥AEY EXFH Aoy
B2 JE7 s Aotk iR Ee dFAEL = FPAEY U S v Ty YHo ¥
4 32 PJrrdaaged, d8 59 ) ZE(Edward Appleton)® 3 H(Robert A. Chipman)&
= ¥Y2EV dEe ¢ £ A 93] ™) 475 5 AN AFHE gy oy,
AL EHY @R %Y £A4E e Zud AUA gt FA}[TY wE o oEA
(Hugh G. J. Aitken)2 °lg]g F%o] = Ea|~E9 ol g FEE 7HAHAA vZE 2 F

D AgellMe] u% FAH G disix= Alfred D. Chandler, Jr., The Visible Hand (Cambridge,
Mass.: Harvard University Press, 1977), 79-206%W; Scale and Scope: The Dynamics of Industrial
Capitalism (Cambridge, Mass.: The Belknap Press of Harvard University Press, 1990), 53-61, 252-260,
411-4148 & #A2E A,

2) o] ZeA grjer]golet T FHrL FAVE T}
1=

3) Hugh G. J. Aitken, The Continuous Wave: Technology and American Radio, 1900-1932 (Princeton:
Princeton University Press, 1985); Edward Appleton, “Thermionic Devices from the Development of
Triode up to 1939”7, Institute of Electrical Engineers ed., Thermionic Valves 1904-1954 (London, 1955),
17-25; Robert A. Chipman, “De Forest and Triode Detector”, Scientific American, Vol. 212, No. 3
(March 1965), 92-100.

4) Appleton, “The Thermonic Devices from the Development of the Triode up to 1939”, 17%; Chipman,
“De Forest and Triode Detector”, 1009.
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1 FAEEA ouee = ¥ErE ExY A7 AZo|gttn FFHAGS 2E o)W
AFRE] HE F 717 FRY AAL ANSHT o]F =wag. ReA YL ‘T FY2rE
b M efjeg nAFoR wEAR HPou FAFoz ARGy & Aojded, doE
A& = ¥P2Es HLRH ‘olestd VA s At wkAEn HAYS) GE ole &
Wztolety BStTh FHA 4L ‘oo AMZE Aol N AEP= T BT
= TYPAEE o2 Al o7 Holz: AP = Aot olo] WHME oolEL
AA g gAY oo £58A Axlel sMu FEH Aol ofya} Mg o] &3tE 7|4
opxbo] 9% AHo|gth= HE So] = TP2EY oL FEL YUz Hotalx £ AL
ohUgits FAstA

goge =99 AHe 298 2, A4 Fd ‘= TxreEr} 20 AEHs AYs
ol#faT AL, A ‘S TIPLE7 BT Bd gEHx g1 SA4HeT QoULe
PysgEsl 2 428 4 QU ojd W W WBg orjeo] oud HHL A Uy
HUE7E A9n A20FBY AFF 7190 ogd AAETE FIH 2 @

4 28N E 19008 A9 FHENIEAY Age A7) 93 vt2ade] FHAFAAA
g3 g ABe AESD, o2 T8 utzady MAdHE ARVt ASHY EAFeE
JololgitE B¢ AAY Aotk oo} 3HAME & TP2ES ATHHE 189989 AL
=R ARE 190699 4TAFH YR Auuwx F3QF0e) Lol Y WEe o
$% muol A u2E Ao| ohlg 19 =x4 AFe] AEYL FHY Aotk of HejNE =
¥Y2E7 AoE 78 € 577 vl23de AarRg S8 N2 S Har|g 2o
= xHold HEHALS AAY g, oLy who] Zy Wue) T&y WHPojPE BE
e x5 F43E g 1809¢ olFe ALE A7 AFM MFHULL A ZW
A4 BY Aolth B3] o235ty Mol g 1o BAo] AF{Hoz oL LPL o] FoY
dE 3L BY Aotk ofgd 3HAME ZHW Wt ouy AFE AHN LEHAUEE
AREEY, SYYL & FYU2EGE 9 o]FNFBo] BABANENA Hojuper ofd g
2, & $8718 @ Az o& #FETG AAHALL BY Aolth oY PEE T ¢
ooy 3 AZEE ARE g AITATHH o)FAFRL A 1 o2 AFHH
vheate] B EQSS A € Aotk mN oz 4BoME oree] AFHYL GEEA, =
ZY2ET} ol23t® Mol dsA ALsA FHE F Aol AFHANNE 938 19 &4
2 A4yt 3¢ 29 Aol

0. mpzzuyel BAAAY H)

82 % (Heinrich R. Hertz, 1857-1894)% 18864iolA] 188859 4&9) d8g oM HA|
g BYANT S U FHT IRE FHY £ A U 1USAT 2= 2nanIeN
Sgss d/EHe VELES olfdhd AVISHE AN B Y el A DI
S 2AE olgd BN LA AT wo] A WA 2E WAk} o2& P4
g olgatd HAsne FFE 2RI 1 £E7 TS WAL G RIS

5) Aitken, The Continuous Wave, 219-22%,
6) o] Al7] ot HEmo MYSo] FHHOR oWy WAoE WAL dHME o2, 7
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Hado] Hay] oj@H FHER APHY HFAM 2 7|27 vtEEHNdAY T B 5 dd a8y
oA 4% AT BHAM HRY AdEFAE AR FAHAZ A7) AdME B
& 7]€d Wy Eo] FHueloryt Frl 53 227 Bl JAV|HE APHor HEE 5 4
e £ 92 FHENAAZE FAHE ° oM FAROE F8F FAYG
29 28382 B (Edouard Branly, 1844-1940)9 98 = Anla|st ZalA
Fee 2H524E80] &3 2 e FEI EEddE AFE 2 5347
A A, #e) ZAAA Arlafa & FE£3% AV ¥ dojvw F4£2748 I
Fro Axwrt 543 F7Mgve A 2ASAGD o] AN AU S FH &£&
A A § Arle A3 Wl A G527 5] & d X7 Wi dojus Ao
2 ol Hqes, 2 o] &g “coherer’z} olFEAYY MY F£Z2ZLE ALHM AR
AA Bol A7l dE & ¥ Az HrtE wolgeln ¥ F A fHe HHHE FEHEEY
E£ golgotersr o) 2 X9 ¥ ¥ Z(Alexander S. Popoff, 1859-1906)= B #ale] :3]e] 24
AANAT go] A28 ZAEsE v (automatic tapper)E FEAFCEHR o EAEZ MAHsAL
Aol A&Hoz 33|y E EEXUA dA7IFd g3 A L sE52FGES A =
&3 24 7R AHE 9EY dAEt $AE F #E FAAHE BEAYY ool =
dolgl7t M AWz AL F A HA Hole AP AdolHE AR7|ge] Wy
H&ol Bot F4&A HAx, FHAEANY 84 7tsAel #F o EohAoh

18954 mlEside Ag4 Ay gRod FAEL HAAE FAE 7t =9
FEZ dfol FMNEAAAE FAsSE d AT vf2ads $4 Bge-22 I3 &
MEFste AAREH ZFdlad Aee 2o FYAAY AT 2349 shg 3 ¢y e
HAE TFEAH dxord FL £ gtk T AdaztddA Uyers dxrjgd F o Fe
BU7] g8 gAAD W EAE $4 dHYUYR AMEEE R, BUF doe 94 HAE 2de
Z @ FAHUE Fd wEE wEdTY ava 13E i G4 AAIIgs F4 GHYG
g B FFoz SAHAY. FFE dopzt A3 E FAdHY g RolEAAA 1 o
AL A ¥R w3 otely Alolo] A FZI|AAHE AAAN 7|EV|E ADHY A3 75
Ak wrEIYE 18953 o] FAE colgelotd HAFAL, 18%6INE FReE M FIHE
NAsET olF 28 AFHA AEE 3 HolHA A9 FAAMAN d&HYE dFIAa
obE g 1899l 8 #¥E JlEA2ZE FHAEMA AFEAT. oJZA o 271HA FHEo
e B BAFAAAY dgHd 242 I o)At

gy mf2zyrl 1899del AAE ZFAENAAE F bR FHE AT A=, due
“%Zx"(syntony) Aol fthE Aod:, ©E e HHvld ARG £ Fx FAE
AR 189999 sl2zye ZAMAE Fxieg o x| ¥ty g 293
oA wrAEE meo FoEZ AAY £ AT By olyEt ik VAN Hyd BA
gue wolSole Aol ofdzt Wyl 49 Axr|se Wz e FEI OEE

o] 1886\ d-1888d M =}v] AQ" T@T B R, A15E M2E (19933 1249), 188-2109 7 Hugh G.
]. Aitken, Systnoy and Spark (Princeton: Princeton University Press. 1985), 48-799& #=% 2L

7) Chipman, "De Forest and Triode Detector”, 93%.

8) John A. Fleming, Fifty Years of Electricity (London: The Wireless Press, 1921), 295%. coherer®} %%
Ao i FA g o225 whElAE= E. C. Green, “The Development of the Coherer and Some
Theories of Coherer Action”, General Electric Review, Vol. 20, No. 5 (1917), 369-374¥& #z¥ A.

9) Fleming, Fifty Years, 296%.
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(atmospherics)oll 213 AT T A PolES7] ol +4d BANEV FAg Ed=Xt B
g oyl @ty g2 A48 g Adr FAHNE v ntEads 93 g FAF
Alo] MFe AFEN 19003 2 FRFAAA F7o HFHA dats FHsy Az HEH
o7 AT Pgolegd £ A Ho WrFY AEE ERHoZ AAHE 5 JUTI0 18
21901 1290l & M dE 7FEAEE 30000td e B B4l A4 FsE D

T vl2ay AA £ g dHUYE AU EAe I ojelrt M o3 HA 2
Roke ) AATHI2 gty FEe] g AS dAE AN HYHAG FARSH Ao 7]
Exo] 7|29 A5V AL FIeXN & F Ue W BhL H2e S Asge 48 o
E N3} wolEAQAr|E FYtt. FRAAE ol&3 ML Jt2Ae “S"AE FAEE G
AEge vfzades o EAE #d87] 98 ‘magnetic recetver' 8 BEE MEL AHIE B
F3Frhid) o] A+ 2t ¥ =(Eamest Rutherford, 1871-1937)7F w3l ‘wj$ @& 79 3§
o] BMe V| AEE A F At & e 72F AUt of AV AV =3I R
O ZEE FAn FHY AP HwH g wgton ‘z2AF&e’ g g BRI JAY AT
"agidy] el 1903-143Ake]o vtE2FY MAAM 7HF Fol A& HATHD

A vtasyst e VAR A3E B L2ET ES 5 AU AUIZE HolZ
o 71&2% F U7 WEA HAA7| 5ol $FFAE EFEn NI7|EXNE ol &7 FHAAANA
T AHEY F gthe FA st23Yrt FAA A AHEE AsHGYorE NIV EAE
ol g3tE A} AFFHE T3 Y F /A7 AL EH AxE F2 ALY A} T e
T 2 FRE AGEE d AESHAT, FAE oA v B2 uidA X2 vuy FS AE
& HUE b ALEHAY. o] F HdFEr|E ol WHL SEV wads o] UUA
2 AEE UMY S AUY wE NBVEAE AL FAAAE ARAGA oM &
=7 e gdol AT 2 YEURY FHo AU dE Eo FHNET} 7L A
Qo Fog 7189 ZASIE @y NI opd ARE NEE FEH F 5 AT, SN
Z2q oo e ASdE 23X R dHA MIVEAE AL F oA FETL
Hold' N2e Ao "WaAol dFEHAA Helrh

3. Audion®] @3} o] 23td 7|4, 1899-1907

3-1. 18993 %€ 19063 74A1 9] Axro #g AT

g = ¥IAEE 18739 79 269 v]F ofol o9 F 9 J1&E £ Z 2 (Council Bluffs)ell Al 3]
% 1 3] (Congregational Church)®] ZA¥ Y Henry Swift De Forest(1833-1896)¢t Anna Margaret
Robbins(1848-1927) Atolel A ejojytth 19 RIS wosiy olF ZAES 9 uwe uF

10) Guglielmo Marconi, British Patent No. 7777

11) Chipman, “De Forest”, 939,

12) John A. Fleming, Memories of a Scientific Life (London, 1934), 139%.

13) Stanley Leinwoll, From Spark to Satellite: A History of Radio Communication (New York: Charles
Scribner's Sons, 1979), 309.

14) Fleming, Memories, 139%.

15) T. H. O'Dell, “Marconi’'s Magnatic Detector: Twentieth Century Technique Despite Nineteenth
Century Normal Science?”, Physics 25 (1983), 525-48% % 5257, 7] #atr]of Mg ZFdaid of
e HE(545-481)8 F=E A

16) Fleming, Memories, 1408.
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o2 2Xdged, & ¥Y2ER 2ot N Taladega)l A EA59 §74 x2S 2 8L wgg 7
© old WP A3 VAN FA S0 b g AN 2WS RGoo gyt &I
#5-El HE&2H(Nicola Tesla, 1857-1943)9F 22 §w e wuslrl €712 AA 8¢ 18039 ole
E 3 Z(Mount Hermon)olld F5i&g ntd = F2EE B9 w8 2Ex1 oo st
¢ A8 =388 i(Shefield Scientific Schoolell X&Hatgch 189%6de] 8 E vla 1= ugtgy
of x3tste] 18999 =Melr uFdFe EAe] #e =R o wAEGYE weprhin 1)
T FASAH #dgo vFo] £ Hxo =RoT AHAYLIS

H

LES MAS Y= 2Ry Havg AEAFAA HEHUL 18874 HEns
WA7E A5 8¢ P 230 A7 B4 B 5 X BAS Ar)sgsd),
stve 7 #3e vt AA7|SE A4 7é’-r E/\hﬂg] AREert 37159 azx18yg =g}
= A0, T b 2ME gEl B3S 2AHE AL 54 29 ol T 4530 £H A9
o2 3};‘0}&‘4 Frolx & H4(0]E end effectdt U“’%)"]%i‘:} T XHUAE =R FAE 2 o
‘end effect’ o] #¥ oAk T&= AU 2HS EsM 85 =4 (Lecher wire)e] o &3
= AR 70 =AE my AW WA HY Fh59 YAt ol JHFS n)x =t o
T T 1y = EIE]*E-J ATE d3HE F2HE F o 4FeA 24 Aol o
ol 2 AMEAME 713 AL oYU MES o2 MWL AAFHAE= )\3}915}

ofRAL 29 AT 2etdd P& #Fdol YA 2= AAlo] HE Ao} Fxo] WR

o

obojtjolE A7) A&l H3 FAEL oA AA o HT o FoA =Alel 4/3 e A

Y A9 £ oS e 2 FAE ALsr] g HEAYS Ak ‘s A7

B2 RAL AT aE olyd HAL AHAM Aol ety AFATY o] 4
U ofel digk o222 Myl WM artA BAL 71 Lolx ¥ Aol

Adeld W BEE oY = X2EQ Yo Zeigni) 29 wASYERe FAlE

AE= #5Eiue 42 2u59Y HAH=(Harry Bumstead)®] 2908 ARy, =8 AF

g2 AAy] AE 99 2u5gd golEA. W. anht)ﬁi‘:} o

= e =g o83 wiFe] nEstd AAHoZ LT Aol gl

A8 5o FA dddFels 9 FAEASAY Y2 (Willard Gibbs)7t QAT 1= AR

S

17) = 22222 Adet &5 dsiXe= 19 AMA Father of Radio: The Autobiography of Lee de
Forest (Chicago: Wilcox & Follett, 1950)% Geogette Carneal, A Conquerer of Space: An Authorized
Biography of the Life and Work of Lee de Forest (New York: Liverght, 1930)2 #zd A % F
2o = EAE A3 Hr1H A7t James A Hijivadl 98l o] o1 H ). James A. Hijiya, “The De
Forests: Three American Lives” (Ph. D. dissertation, Cornell University, 1977), Part Il; Lee De
Forest and the Fatherhood of Radio (Bethlehem: Lehigh University Press, 1992).

18) Lee de Forest, “Reflection of Electric Waves of Very High Frequencies at the Ends of Parallel Wire
s". American Journal of Science, 4th ser, 8 (1899). ©|& “Reflection” &% H®7|%. Leinwoll, From
Spark to Satellite, 4394,

19) de Forest, "Reflection”, 67, 70H.

200 A471M ACEA Y drgols g2 T o8H JNE ZHFu ad zEe & WAl & @A
ATE YA Yok Aol ofyel, olEH Rt A¥H Aldowt oEsle AgReE B o
TE 788 Yrte #4e ¢eg

21) ol ddigre] Shefield Scientific Schoolel Aol R&o| ch#iA= Russel H. Chittenden, History of the
Shefield Scientific School of Yale University, 1846-1922, 2vols. (New Haven, 1928); George W.
Piercon, Yale College, An Educational History, 1871-1921 (New Haven, 1952)& #%% A,
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718 g THA = T2EY AA7|stel hF olafdl durAHA =S FUE Wo|AL)
% = ¥H2EQ EYYE FA Y F2 2HM 979 wgoet AFEAY ool
AgAHNELS Tok22 BAA fUe JHAT A 2 FH=EE AT A8 A ExA
717E HED ST o8 AEE Aot Yob 27t BRIl AUz Hestaere w
& ARME FAA YA Bol&' g Jt2Avw AA APaSH HPYSL FH o]2F
AbE Y 1, Yolrt g o239 A e A% T2 By 2k A HAY ARE
€ o83} f71H oz JdZAZ F YT LKL EARIIEGE o]&F 4] fd u&s B
St Aol

AT = FY2EQ A =EL 2 AA Y FLAIE EEE ofF 129 AT oA
o]23g J|Ad fE BHE EUoTe AgHder B £ ded, o 2 2o ¥
Az zydhg. = 2e2EE 358 Y472 £¥EE YF7I(Blondlot oscillator) &, H2}7] %
& BEdy] fAdAe H93 2A4E, 1223 FARGE PAFAE Y3 E AHEHHUB o
£ 43 =49 2o ‘F7E 4% 4 fEPTE AL o] FEYTY #WiE #RFo=H
3 =AM Arle Bdae viriet wWlE Fo} =M ALFo] HAr|ve] A 949
gt ojm ¥ YL vAETE FAHAY. = FY2EE Ve €0 A3 ol 2sH, o]
§ A A=A doe AHEE €3 e, fFeT &9 ol2dd VAT AXY Y
dEFE Lol YW WHE ALY ARG 53 2= fTFY 2EE FolW AT
ol &= ARV O Ade AHE H4¥E TN GV WEA FUNE AR A RYTFE
MRS A A7IE o2 MNAE FAVIT AV o) 8¥ £ Aoy AHEHHED

22) de Forest, Father, 84-90W. & X AET FAIE YJadHA gdose] gL 229 Ao HGE
&€ 74 Ryon HEeAUoigictn TaATh 1o @2 FA9 dYe fHE wysiv H30
© 29 gL FFAAE 4 AT Xo] HAw Fadrh

23) de Forest, "Reflection”, 59-61'%. 18833 5U9] 3+ HP24d 4ol dAxde AAE 2ABIEY, 1

€ dazx 2xa 33 Zprteld & A7) =ARS HAEE, F Y ZAME WwEo 21REY

B¢ g Pyt dAdse ol T4z A BAste ARE FAHA BHL o)L HY

24t Agdteis Aot o] HYP2H o HHZ Hie EML wel WPste o)1 Y244

& Fol A AN vAge ada 3 Rog HEoler oA HA Ay HEFH F

Hae w0l EHAA Ao (standing wave)7t Bk #AFHE o AT FAL zAsdAr. @9

Zygro BEFEZE 189340 FERYY 8dAE S50 4 ¥ FRHM F5T Y2

2 9En, SR s HYoMe) 3 Tg FrERYoR A o5 F F$IT Aol AEHFEAHS

o] 3o HWE FY2M TR EF I FH2M Yo AYREA disiMz WHAEES T3

BAse Aol ofle, U HABE FYP2H & wet HASH 2 FU1HQ wr)e HIE A

o = FYU2EE AN HIFFAE EFEZ A5V I B FHWE Hy P Aolgn

23tz Atk & a8 A9E 2 de g3y FAE, ARV g g HFH FHAME

EZE2Y FXE U2 At ES5E24 A A8 FA dsiA= G W. Pierce, Princeples

of Wireless Telegraphy (New York: McGrow-Hill Book Company, 1910), 70-729-& #z& AH.

NNAob ol gd) ol 2gErtE AL A A dEA 3w ARHe|girt. o] A7l wF FFAME

X-Mol| i3t Aot A digh d8Y A7t st o E&(]. ] Thomson, 1856-1940)¢] 7]

AgANEE T daA AN FE&L Aot dANAe FHE7] AHAMY vjAHAAN FHE Yo

7] e wd Bzio) R0 dojyorsirts He] EAMolztun At v |MERY] F

A'E & A7 AL HofFe Wy VAE IgEd 2EE FAdFE PHE AAEY. B9 )

A ol o) YA+ J. J. Thomson, Conduction of Electricity through Gases (Cambridge, 1903)&

Fzg A adn B9 27 7lAEd A7 daide £9%, "] J Thomson's Early Work on

Electric Discharge through Gases, 1882-1899", "=} &tabat 3l 2], #|16A(1994), 203-33H & #=E A,
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AT E FIA2EV} SAIEEATNM d& HFHE0] Zug BMAEANCE dhE AL oy
o o] Hi2 o] AP A vFH AT ot Justd 2R VA stdE] ¢
& FAHER gion 2 AF5E dAWENqN WHEHE Azt & Ao olle £43 $g
T Eoll ot A oj2gd A o7 Ao WEo|th AT o]2s® A HAT
o Z ZEdThE AMEL oA A A4S FFon vE Tjlo] TAEANY Aoz 24
AHEEAE FRAT = EY2ET o|23tE JA disld #AL JMAA © F4F AvE 9
B0 FAo UFe] AHEAAT ‘F7NE # FYF Y ‘o)]28E A E ol 19 Axy)
Aol AAA i FaT 9EE Aok AAE QUL HE ey g JEEZ ATy
ow, 3= a7t ALHoE #AE MR MR FaF A7FAQY Aotk

18999 ddg wd = T 2EE 28 473 AHWestern Electric Company) 24 7] % 9)
A717142 285AT7E 2 AF HAE TE 742 714 HAT o] dF A o=
A7t AIZHE ol &t FAAA diF AT E ¥ & YAy 2= FojE YA Y2E 7
B718 Fe AYREH AFEAT® 1E AFHHE £FE FZeogrt BRY JAH FxE
ZEa Q& BH obyE} =V 4 REdide S $Asty, oBT) dEa mEwWA FH e
FEE 9 ¥e HoUlE RASAY. B2 27t vt2ayY 3Eode gE 2 Yy 3
B718 Jhgete ¢ AL st23Ye 55 fFoldd wt2ayrst oju] gFa mZEAd 24l
o Aozl d 535 5 A7) dEo] 23| E A gsE AL EHAH HFst
a1, w2y 2L AR7IE NLstooknt RAFAR HolE 5 U olof wg = ¥
ZAEE 19009 olF 2 A#d AUy EEANIY 22 AR Hy9 HAHrlE Fod
£ 478 A&, vhW 190630 & 3313 RS 29y ozgr

1900 = EFY2EE 2R3lo] “responder’#il HE AF ARAZE ML=, oA A

v A5 7] AT A4dH0 Hxo A=Y a2F AX7 B3 258 42 Ao
of Eolut ¢EFE Hajd &RE QY ASHA A7 2E F UAA e, olF AddA
FAANSIE FAHE FA Y Aol Frreted AR ZEol AT aE o Aol HA7}
A A7l 5 o ArHer B HAM AvlE Aoz B = FHH Alo] g
FAZE A7) & o] 23t e "‘Eﬂ°ﬂ/‘1 o HolA & ARE HEE W g Fe <
A—1% °©|& “tiny ferryboats"zhi £ 20 2% A7 9% e 59Tz R
dojHduy2rn Azged, o] AL %—?—Zi#% | A9 o]2EFH A HAF Alo]& A
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42) 32 2, 6", Lee de Forest, “Art of Detecting Oscillation”, US Patent No. 867877. Original application
filed Feb. 2, 1905. Patented Oct. 8, 1907. “Oscillation-Detector”, US Patent No. 867878. Original
application filed Feb. 2, 1905. Patented Oct. 8, 1907.
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45) de Forest, Father, 212%.
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“The Pure Electron Discharge and Its Application in Radio Telegraphy and Telephony”, General
Electric Review, Vol. 18, No. 5 (1915), 329-3319 & F &% 7.
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Ao “wofgt HAFHE FTH3E AR EFHE N o] o CHSH ‘%‘5 FA

5572 a4 + ,lam FR G0 22 =
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me
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rﬂ

TY2EE o] 53 ofF 1912977 ‘FE ol S0l BUE A8 @UT @ 27}
“ZEAES UL T o] 559 FAE FEAL AAZ Yol 5 A7) WE 1907
d gAdE BB g% A4l YUY Ao Bt WA AzE doEdY FRY B
e FE2L Ydols U @ mw Hl% Aolehx 4ZwTh dellols Nz ¥® 27
olgel ArIN2 e W @ A2 NEE UE 22 HuE FAE Bahed o FPol
NEe ARE 377} AR FE a}o}@_ S g, pus B Al A3 AN 2e
FARAIT el FEL Bz AMI Asel Hudol AFgPol glol oz ABHWA 1
zde 485 A2 AYst Aol Wb 452 Be g2z 4Eent We ovdys
ZE2 Ydold ¢ FFPT B FE QAU B Ay FE gE J4L B
= EYsEdAE €D Helw, 27 2¥ CFE'Y elnle ‘Yo B T4 ¥ How
fogn.

3-3. e 23 FHY HE: FYUHY +4dE =4
shzzye A71@nld g ARG AR AR 1949 IFY Felstgold AAY
offd Beol oa wHHAG AP N2 H7lE 188099 & ot &(Thomas A,

57) de Forest, US Patent, No. 879532.

58) 19123 7 RE S F#e FEdele Priojed oyt oriol XF LR Hojok e AME S
el 5 F£3A4 I4=HA 53] General Elecmc"ﬂ/‘i“ A7y B rlexEe] 3FATHY A5 Y
o et FoH ol2H HHE AFFoZMN 1 olFrt L YA o] Al7ld GEAAM AFH AF
of 7143t #3714 2AE 2+ Irving Langmuir, Lloyd P. Smith, H. J. van der Bijl $°] 2t}

39) Lee De Forest, "Device for Amplifying Feeble Electrical Currents” US Patent, No. 841387.

60) Aitken, The Continuous Wave, 2173,
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Edison, 1847-1931)¢] 273 ‘oti& A7 (Edison effect)s] 2 71928 F1 ¢ths 1883 o
H&e Ao Uy 77 AHREE 842 HAY o oFYd B olug dFANES HH
o 7teeldE RS gA HAY ddEe o] 4ol gAPANEN oW ¢z} Ho
27 HELE AT LEYAY HEHE A Y8 vdw mgow © @ardge
g Abolel gFE FEUE Yol AEE Y 2k 2% 59 Po] AT & ke 2
Y1 getdES F49d Alo]E ZulxuHE dZ3ld HYY wid mE AR 58
AP A3 g4t Fola AGE HAF A fds A3 AF AW soda A
g Afde ol F 4 HAF7 220 AL LASAU o] APL F dree @A
BHEA A ‘FH}E W AW YA 7F Holus} AT fde EojHq AP zAE A
21 ZEANUY. 22y 2v YHAWEqA HojuyeE o U7k Figdste i #3y A
< AABHA @n A & ALE A EH}6)

FH olge ZYPHoR {FHAME 18609 FHRE JAE FF A=A OiF APESo)
o2 AlgEo] o9& AYPHYY FHEZZ(Wilhelm Hittorf)E= 79 &Fo] =ALFE u|gA
T A¥o] oW HFY ZEFT —F(unilateral)ole RS Lottt E=§ A2
{Julius Elster)® 7lol€d(Hans Geitel)2 188204 1830d %l 7183 7Ale FALL
(photo-conductivity}o] S AFsAM SFHYAIL Q& dals AZFoq gdaA FEdF o
d 2 AE $FE d9AYS HALS a8y Sdoqg @FE 33y FAAM B EH A
oo A&A Ugo AFHAE RPTYH

olgkto] o] 7ite] Y VIEA' Y AAH AP ‘A Ed J¥ £ HEHY
d7E FARAVEY HAS /MM 3t ‘#HEa-dz Yol EYYe £& 7ddan AN
o} 1882\ Q=9 ofit)e-29 A3 AHEdison-Swan Electric Light Company)e & <9
¥ EATL sy AN BAdedET FEHdld f2TE sds A oisd o)
¢ AU 1834 FHUL Yoz R H FH ddviEEAe O ojrlg Ex dFE A3
g4t 1v o] 84 ‘molecular shadow' 2 B33, FUHAIE ZAd] gidd Ao A8y
oA o] AT AHE F 7tA AHE FAHd dve dIHENY YoE 47 ‘gdst
E g JP & AR BE FHus HAZRE vYos FA HYAEGN ZYolER
T ZEAY I g FoRE 32X Fete ARG ZEWe olyd ARE 18909

R
S,
rd
to tio

61) B 18499 11¥ =9 #7AEAA ejoju} 1870 F U AE @ A (University College)® &

detdn 1877ddl = FEe A o] ATete WA oA FEFFAT olF FaAWL FUBAY

Ao A7|FeBY B4R, du&HTIHAY vt2aY Ay JEgxFor GFSHN o2

AAAHA FHE HAuF FHY dAY2 H4L dHY FUTY #3 4gH JdH g A

A& John A. Fleming, Memories of a Scientific Life (London, 1934)¢} ]J. T. MaGregor-Morris, The

Inventor of the Valve (London, 1954)8& #Z2% A, £3] Memoriest Zdl7 o] ddd ZHZ <

A st e) B3 Ao #3 B Yo g HEstn Ut

Edison effectel ™ 243 W& Fleming, Memories, 134-139%H; MaGregor-Morris, The Inventor of

the Valve, 66-699; Mathew Josepson, Edison (New York: McGrow-Hill, 1959), 274-2848: George

Shiers, “The First Electron Tube”, Scientific American 220 (March, 1969), 104-1129¢ & #zx% A,

63) Fleming, Memories, 136™.

64) A du&Ee FARE FH32 ANde FAE WEAT Thomas A, Edison, “Electrical Indicator”,
US Patent No. 307031, issued on 21 October 1884,

65) Jerald F. J. Tyne, Saga of Vacuum Tube (Indianapolice: Howard W. Sam & Co., 1977), 354,

66) Shiers, “The First Electron Tube”, 107H.

62
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29 49972 (Royal Institution)olA 2R3, 1896d 348 I 22824 “A Further
Examination of Edison Effect in Glow-Lamps"#tE A Eog wEagried gzt o] Al7¢]
Ed9Y AFE ¢ 4F8H #H o AT

ol A AFEAAE HAr|2 AL AL 190439 o2 1899 Zd YL
vt23Y A3 AHMarconi Telegraph Company)d A& =k 194 13348 HEE 4+
de AH dis) FES AHstd ZHUAA duE Ze] I Wz BHE wHtIey
old dis) Felye o o] &35 U

of £Alo] Wate] 2E3 AzAam AW tolA 19043 1099 AAY] e B2
Azte] Wegth Ui ‘dge EF o U@ U A¥5e AT 58 de 7}
9% vAYAEAN A7he FERoE Yo7t YRHoz sevhe A F23
Rk U W A olAolebRE RFFAFL AH' T 4+ AL %Y 17HD
2k

CEYLE AU 25U GOl (G, B. Dykeol Al okt nFHHF Ado] Austd ATE
g AR 4¥e HES dol, of AR A7 THHA FFV2 FFUGE AL B
ATHD o MY o F, BATE ojte-2¢ AT FUA FTHBE TR ol Feo) TE
& Qo] AFREL Y BEHOT ¥ 4 Uk TEE TUAYL, 42 HUS 2UYY ¥
Bz 9Eol WANES BAE DAL AGath FADE 19049 119 169 FTEHT A
Aol BYE B S8 YYD

sd9e) 45719 FA% F5dds 19 59 BT veb FHYIN FA%E AU A

67) Fleming, Memories, 136%9.

68) John A. Fleming, “A Further Examination of the Edison Effect in Glow Lamps”, Phliosophical
Magazine 42 (1896), 52-102%2,

69) Zd2 19033 129 vt23Yre AR Ao B AL, 19059 39l AAGd HFE

7= of 3JAte AHEo] ojYdth wWetA EuY HHE 438 TP = st2aUalet AHY dB

& gt AT 29 Buel Jdtd, BFA] 2= 1865-6137% AW H(Lord Kelvin, o] A& Sir William

Thomson, 1824-1907)°] 7He§ syphon recorderg A8 & A= 2F % FHNE ALY AT

vl st} olo WA= Fleming, Memories, 140, 1418 & 28 A. o] 2&o dig & =4 ¢l

A gttt dE Zo "Wagde MANFAN TS SEYel FHY UBE HHINY IAFHIA 57

= ‘Aol gad’ & A48 A% ARV "aAol o AAIRE AFHoE FHE 7 AUve

FNE Ndstde d U Ao dYsta Yot

Fleming, Memories, 141™.

MacGregor-Morris, The Inventor of Valve, 67, 19043 1190 rl232 YA Bl MildA ZyFL

g3 o] watxn vk, "Ue AVAFE AFEY F de W F W20l 2L LgeRy 524 &

FoE W e Soludsuyn 8l BEL vy ZuierHZ 47188 ARE F dFY U

n)g] Zubxevlel Yo Aoz oHue AFE welEeled AFddayd. add e H¥

A FRAAD syt oA U @27y HE ABI FHE £ I, oJHe He F

9 7teAde golFUch” Eywel stzzyd A B #x] 1904d 119 oA Shiers, “The First

Electron Tube”, 110804 2914,

72) J. A. Fleming, “Instrument for Converting Alternating Electric Currents into Continuous Currents”,
Patent No. 24,850 of Nov. 16, 1904, in Great Britain. Patent No. 803,684 of Apr. 12, 1905, in the
United States.
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A gydeodAy FHou A 1 FHAE R e 45 FE5do2 Ay
SALE M AB7F Eole W HHHENAN wEd Axe SHINE /AL A7) o
foll AGHA st ol AAHS AA FHDY FX & gHUolA WolEd A %
71AEE AHFAM FF2Z AFE & ARG, zFAAF A FF7)7 g Aol
e o] Fx7t Fuje] wupy go] ‘WH'9 2LE ) 3o “oscillation valve"BtI &
o, ®3 /18 HHAEAgN H}E P YA Holuwr& ot 3t “thermionic valve”
Barz g, o]Jale] X ‘Fleming valve' & 85 A QD

)

ko a

RURR -]

s ¥

TINFOIL : W o

L L]

FLOW OF "{ e {
l NEGATIVE
CHARGE NiE I

e Lo

1

a1y 5 dued AY AA9 2y PWE1904) (a FE T, b BHWE ¢ 45Y F5%, &
Zvhxer g, n e
23} Stanley Leinwoll, From Spark to Satellite: A History of Radio Communication (New
York: Charles Scribner’'s Sons, 1979), 42%.

Zg9e 1948 BrolE Td zale WHE ‘FHEE M gadA o A AFFET
AZtg et 190590 g detdEdA wESHE AA7E 18999 ] ] <ol EdE
‘copuscle’, & AAYL ARA vt BHUL JFfsAY FAJE F9 HUHdE B o}
Yz digels 293 A, J. J. E&3 Ja=E(Owen W, Richardson, 1879-1959)F % 7H<)
Hol Ao U7 WFE HAojEo) dEHE F g1 YAD Relth 1899d L& wf s o
& ¢Fe 713 FAAAA B e edrgIAENA FaH99 oF 1/18009 FFE M &
A7 © YA/ HEES @, 19039 e AL F59M $EHE YAV B0l

73) Fleming, Memories, 1429, 252& EA4H 02 220 2R E diodett F2EH oA L& HFe] F A
= 9uojeit,
74) Fleming, Memories, 137, 1439,
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24 ‘corpuscle’ 4 & €T ol didt o]EH YL YYD A& o]Ed w=d,
rHEE 227 AP e 08 2 AAE WwEdy od Fod £xoA sjgy Fhe
T Ar1 A FasA 93T HEE AAE B2t vk sidE "aWE F9o)
Fo2 A" FHo] JoW HAEL WWERRYH FHEE W 2408 F49 Aoy, u
e 2oz A" g850 dg A% HEHNUYE ANEL thA AMER PF5Ho At
22 wA ok o] AE 1904de] Zule] 19 HF7E wHaE o A Ls dalove
o EFelWol AAle] MHE ‘thermionic’ valvedt B E o]f% olgd Az WEL Ao &

pay
o
> 39 M
:L

]*Oﬂ’ﬂ H5ol EdY Wy sy zedade AR A adn 2 19049 g4
ofiz WHE o] o] "HA o g ol AMYE ANEA EPAR 19058 Fo] HE Al
FAol M d3he] S¥tAl= wE dAzygS LA duh wely ot dedEd A wEEE gx7)
el ol Fobdde 1A dAbel] ofs) WA ar AN Wer AR HEer] gl
el Fo] nFOR Hojof gty AzhE 6

oltgo]l Fegel AAH ATHAHL BoldA Dt AT I HEjo KA wjEo] <t
o] e Ve #AY =L on WY = ¥YrE Aok YUt ZdWE The
Electriciano] E #HAof A "= FerEY Fx= U7t ojdd meg Wrol wjLsy A
T Aol 2F Ael7t iy B i Jov vardetdEe FYo ZHolEE "ol P
71E AbgEThe A4S W7 HEdn et s FASEDD olo dig) = ¥EAEE Y A
UgE 719 188239 A el solde] dFolct el FAde £9E HsE o ‘local
battery' 7} F & xof Qv o AL FEw WE T3 AFAEE e Ane g9 W FAv)
ol & & ‘4” As BoFa ot eta gheta @ ol 59 =4E sEet Aot
1913 o= WA, 1913do] = X AEE The Electriciane] 713123  “The
Audion-Detector and Amplifier” 8 =Fol A ‘ec]&& o] Ao} B-ule 2] (local battery)
7} FEFAEE dEdte d oM FRFY & =AY S HoW o s “WLE}':" e F S
Y el S FEEHEE Y2 FAHAVE ndd A glolM = TrEAqAE
Holg $ddo] Fojd 4 givh 217 dAEe) vtelde Agd A 723 dne AL FRol
Wt olE F olF X “vacuum valve g ket %] WFolth et F sk gichan o
el = ¥eAEE "FYW Eddve 233 dFE FFEE 2xuigE v Aok wekA
1) FA e vho] o] Aboldle AAF/ FAMge] gl @A o)Az o A A HA
A A Bopd Fa wWEo] el ARr|E wHIYe o dx Fddtnax F3sA

t} 8D
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75) ]. J. Thomson, “On the Masses of the Ions in Gases at Low Pressures”, Philosophical Magzine 48
(1899), 547-367W & 547%; Owen E. Richardson, Philosophical Transactions 201 (1903), 516,

76) John A. Fleming, “Conduction through Vacuum”, Scientific American Supplyment, No. 1568, 251299,

77) John A. Fleming, “Correspondence: Oscillation Valve, or Audion”, The Electrician 65 (Nobember 30,
1906), 2634 .

78) Lee de Forest, “Correspondence: Oscillation Valve or Audion”, The Electrician 65 (November 30,
1906), 425,

79) Lee de Forest, “The Audion-Detector and Amplifier”, The Electrician 72 (1913), 285-288™.

30) John A. Fleming, “Correspondence: The Audion-Detector and Amplifier’, The Electrician 72
(December 5 1913), 337-89.

81) Lee de Forest, “Correspondence: The Audion-Detector and Amplifier”, The Electrician 73 (January 23,
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AR % = XY2E o) ol|g $4Y =L 'S ZerET} Y B &
#n SRHez ode wHIAYE M e FAE AGdY o] EAE = EYP2EV AAR
B ehed disl d7ades 2 AHAAM ofd dyde FEaAAEIIE 2HFozH B
F e Aot ¥AE ou) 3-1, 3-229 7 =98 T ‘evje o] 19 =xF AT
A EEEHAT T WY § = FH2EE WY 49 o)HA 19004 R E ALHA o)
g 713’8 FHo2 HAr)d AP d7E FYSAn oI A7 BAE P& FHol nz
1906139 12l= oAk Aol Bate] Fgelrt,

280y ‘Bd E FYP2EE JAREH FYFE AT AW & AEE AFEdET)
899 557t ver) oldel a7t HArldl FFTE ALSsdEt e BAY dEY. 29
B AN HorlE 2EE F 19049 114 16¥9 IFEFE, 190593 49 1290 vIZEdE
47 A, 19059 28 9o 9= LU AN Ao FNE HEA getd v Zd
A" = EYP2EE 19059 249 9Y olddie FdW WEd daNE dAEHey, o] He &
A= AASAT. At EYL AU FYPE O LR o]F & FIPXETL AN Y ofoly)
g ¢ olg TEATYL FH}UA oo tiFd ZAZ = T LE2 US Patent No. 823402
€ BAANG. o] £3E 19059 129 9Yo] 2HYE HY ded, FdAWL d7|HNFEH &
Y2ETL ‘FATF Fo AFE WL F2E HYsta Uvtn FAAGE a3y o E F Y
o AL FA @2 ez Bdn Jgudd = Tey2E7 19029 29 3Uo] 2UE 55(FY
a3 2)eM HE FIHTE AHEF HFA7N7E Belr] HEot® wEM = THPrEE FP9
d3E 47 oJdRYH /YT Fo AS5E XY AW E Asn QAW otk B ¥
e £ ¥AE7 B 53 o)Fd F o Wol 28T BAHOR ‘fEF & "edE
g EEE A disiM AAPcoie AL AAHord ez Az guksid 19059 29
99 ol 2dd SIEFEH HZL BAHOZ FETE AEF A7 T8 gFe
08 x|t o] 1 = FYAEV FEWe My FxE Rufdy B £ glowd, gyt
%9 58E B d F Ao] ARE fET7Y ofeltiole] disiM F o FuEA HAL
Aolth, 27 & XIAAEE FIFE AHET 2028 Z7 9@H wyolde oju] Algdn
wAew ALY LH ofF I RYo] L dAHYE ¢ & FaldA Hol EAHoR A
Aot 28 + ok

—

1914), 650-60%. = E2EE EAYY SHUBAANE FAYol yihrlE wyse: A=t Yt
T AT, A48 F4E RwAes) A £ TAAEE 0o Q8BS ANGEN Bde =

HAEAM Y oJtjox “detector’ & ME3E FHdE AFo] ¢98E AH¥stm Ut “This invention
relates to new devices for converting alternating electric currents, and especially high-frequency
currents or oscillations into continuous electric currents, for the purpose of making them detectable
by and measureable with ordinary direct-current instruments such as a mirror galvanometer &c.”, “It
is of great practical importance to be able to detect feeble electrical oscillations such as are employed
in Hertizian wave telegraphy by an ordinary movable coil, or needle, galvanometer.”

82) Fleming, “Correspondence: The Audion: Detector and Ampolfier”, 378%.

83) de Forest, US Patent No. 979275, = R|AEE S diMolA “ol&fd 7|d= F77 8 & A& A
ole], AF-E& Mg Al &l Bd Aoluk ¥ 6ollM AT &7 Hel £¥slo) gli"m Ao}
I 3

84) d& E°] US Patent No. 823402, 824637, 836070, 836071, 837901, 841386, 841387, 867876, 9439694l A +=
HEE FYTE AR HH7E ST Qo
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Qu29 MFEFFH ol 23td 1A, 1907 - 1913

AFHE 262 2YHYAN b F2¥ 229W o)L A Y = TarE
AL 2 ofF NIFAANA ou g 8L A7 20 YeHoz: 22Xy 24 %
2 5 UA e EA AR FE2EFE A UdehudR Fton], AMZ 19078 A
H&2 &2 dA7|2nk AL E AT EE 1906-1909d AlololE 22l AFA AUL A9
UL DA A2 dAY]EelA F o F LN E A=A o0 WA AAHo] 914
A2 191112 Aol o2 MAn, 2 Prof AFNFaH Arlol ojH A2gte] Ay A
ojt},

E EIY2EE 19079 A9 AL wabg £ 19119 22 S E(Palo Alto)e] AW A
3] AH(Federal Telegraph Company)ol Eoiztth. A} 3AbolA 129 QBE xEBpg= ‘ﬁq a4
°of (X, AT QLo g Aol YU AT 1912 ARE olAE A7 2HG =
ol ZAZ AEE ZYA 7] A% FEU)7 destA HUEAEH PPN BE AY o
AR FE7E ALsrI2 A = TAAEE 1906W0] ALY e wyZo =
712 7158 Aolge AL Ao LHI, oo FAE = ¥IY2EY TERYL ¥ zao
= (Charles V. Logwood)®} 4 ol E(Herbert van Etten) 5 AlZ L A7151 g} 8

ALANALY 2702 FFY ATEFEL AYUSOE BT = FeAEE o]E2 Ha
I HAE Hy EAHQ dT7E AYEAY. 29 A 2FEL " o)gHe 2Ad oA
7l Hoke ojdd = ¥Y2EV Sd 2 APHALE 53 ANE9 A7E FYFATEn o
U2 FZadel dig Aol AT 1912¢ 6-89 Aol o|2dMT oA o0Le FE
el dF AFF o7t YAk F o] AVANE = FE2EE & R Hale gu
Ae EAHEAAM HEd A7 ofye} o|23E JA S n AAPon, waka 19069 A
2E AFer2y J12H FxAAM ¥¥E e A9 Aok tut O% o|miE 1A Fol g
f3ttE HE oAFEXAUR duIAY 2a9=¢e] FFAYYHNN ZeolE YL
EFold "FEMN @Ml Ve AL FEF 2F U0 SAF ATAHE HolAE otFz|
o= e uZFo] AT Y Rtk A = THPAEE ‘Axjo|2' L Ho}lEQ
AR ERE T8 offdA 202 WRe 7HME Z9ot gty AEHnh SAYAY Ao
BE Wotgolx Mt @Y datewAgln AZe ALEL AFH YR HE A
HOErEE AFHe] O A A Aoty APEYY vhd = ¥rEE 2UE R 7)A
P YR BE FSode FEMN Aol AAN o9 FHFol WEH] g Fot HA
o] A7) & AZAAR 7IAME A Aot Azt d Hojr},

g8 = FYUAEE 1912¢0] F b9 r|HQ #9e sd 2e AL Agn A
A9 T 2dey FZEAE B g 19124¢ 690 FEZEL YEHoZ FAAY &

r>

Hmu‘*

ok

85) AW HABALA A o] = ElxEQ 27 YBE I FAE B3 FAd F Fo9 xFFog NEE R
2 £ A “diplex system”g& NLEE RAojAed, 19129 & ol H4EFHo syt

86) de Forest, Father, 286, 290™.
) ojeig AlEE 159 wEH wANA 2 o8 L F Y ZaLSE Uiy Hyog ArF
g DES WAFUA HEo] Arjo]Eo|y £8Le @ol A EPouU H/IHZE FAFE H Qo
A e Hojwrh B olE2 AEEXA FUl(Stevens Institute)E FQEn MIIA Az gu
Pacific Telephone and Telegraph Companyel* 3l zvol2 Uzt Aldelc).

88) de Forest, Father, 291-29.
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Ae ‘ANx=AMol=d FE7| (cascade type amplifier) & 1A8FATH A AAol=d 3lg= 3 9o
=9 23dxE U 299 YdAe P2 Al FEEL Eol: WAoot o= E
of 7he) 2uj&e] 3ue] FEZ2EE /1A A% 39 20 AAAo=Eg o AAH 33, =
21ie] FEEE & F Uv Holth olFA FoEH = FYrEE oF 1208 Pt wE
g g FEEE AL F AQT TF o] Ay = FAEE ‘Ho|W 3 2 '(feedback

circuiy& TAFo M A& LA7 g FAEZ sHFsAh 19129 8¥ 169 & F 2rjed
29¢ 1 292 ¥ dZRE W AvAZ AEFHEAN &0 2YdnE A 9%
o 548 AA7IFH dolEur] HME A&t wale] YA, o EAe gHAre
of AFANFLAIE TBFoZH o= Ar HAHA o} FAA = FH &Xg o
B2g Foiy eree A& AANAES ¢AHeR AN F YA7) PGB A%
TAE 4¥Ho2 H248 F AJTW

E EHLEE Y EHFE VMR v HAASHAHATET)Y F2aAchor 1912d 9
Aools dERE dMEAE ARG vt FEZo07 glolN ddsiA Ean Jud
AT&TE = EP2EQ 9T 280 #3 YW FE7YS 41 o]& AEQY. = g~

O

Ex A HHES 10¢ 2o Beln oy AT&TE 5% 98 E AN, ARG 3
Hold 13 191330 5% g8 w1 24 FEZ7)9 EES AT&T dAFAULGN
AHY AT&TE HBANEE FE37] 98 4BFH =35 E 7180l AT Hed AT&TE A
3ol AFFA AR (repeater)®  Campell-Pupin Loading coil& AF£8lthr 1903de) a2
(Herbert Shreeve)7} 723t H7|71AA 2% F A% X (electromechnical repeater)& Ab-&3ta 3}
Aok 28y o] FAE 4159 fFo] MM ALY £ e AF e AFE Fo]7] Y
e HAAA 2% F A A (electronic repeater)9] 7do] HRFHTN F A3 A2 E Al
€ A A Anl AL 7hEsl] e AN AFFAEAY o] e on FAd
olgig ‘A&’ L& FAFA FobdlA Jed £H4E Ml YUY AoluM g1 2F

89) 22 A 277-784Y,; Carneal, Conquer, 243-44H; Hijiya, The De Forests, 3939,

90) De Forest, Father, 292-95%,; Carneal, Conguer, 245%8. o] 4 74& o|F ¢ 2EZ(Edwin H Amstrong)
o] 1913 14 31 19 Fel= g dAgozN I vy} Hde A1, o]RL o]F Hol=w
2o AP diF 2099 e HHG =Hoz wHHAD. oo dhsiAE Maclaurin, [nvention
and Innovation, 78-799 & FZ¥ A A4H 2029 71&¢d F8A4L o FZ g1 ¥29 4 7}
A AEE iz dol Uk o) 7|Foz UnYel 3FHAFTHY AR T HAAFEY ANFoRER
B4 = de Ao

Bell Telephone Company< 18773 749 9¢ol A=z, 1835 A3 ALZ American Telephone and
Telegraph Company& H¥& At AT&TE= #FE£FYo &) AR W&o B EFdo HAdz
439G olth AT&T+E Bell System?d 3] AHholding company)® A& A ok = T AE
7F 1900 el Eoiztd AW JAEY L uig o] Aty EA Fu gL Adarsle AT o2 %
7] “dAMA o WA= Peter Temin, The Fall of Bell System (New York: Cambridge University
Press, 1987)9) 1% & =g A,

@ 7kA AElE AME 2 ZFA GEE B2 Bell® AAEY driddM AHE AFE AT, AYA
€ 2L s $£HE A 98 B2 EFS5S AEoVE FoE FHoo 24 mZe vE
AY Wi ¥ B¢ =74 AHE #AH7 oy WrdEL 8@ NeH $9€ FAgez
A zAEY EYHA AYE ALHoR FAT £ e st

Reich, The Making of American Industrial Research, 1579, A& A9 7193 dAre A5 A%Y
27t ZFojord 2AEC )M = Bancroft Gherardi and Frank B. Jewett, “Telephone Repeaters”,
Proceedings of the AIEE, Vol. 38, No. 2 (1919), 1255-13138 & =& #.
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FARAY FAZ BAY + s DHE 2 WA B2 g o

%‘H‘_— ol At
ol AT&T 0}01]}\1 211}»\51-"_,] N&H 5HL o ;\}%1 W

FALEEI S g MITo A
3 M)A FA(Frank Jewett)o]
1495 %ﬂi—% o] %?—3— HUHH-‘E 3’4’.‘_ anlioﬂ %%3}‘5 ALH gde F 5 e ‘w
e 2’ & Zolop sy AEE Ugn FE7) AFE AEE I3 H4YE #1384
0% 19111 FHL2 ‘sdE EdgA Z oly=(Harold D. Arnold, 1883-1933)2 n§3l+
AEdth otEse AFtndigtd A @A w= H a9 ﬂ@%?/]fﬂﬂ}‘ﬂ‘ﬂ 9 & ZH(Robert  A.
Millikan, 1868-1953) otefollA ‘M2 EeJd & FH3gon, delzte] FHo s AT&T
o ATFAE FA & AU F8F JlE 181 olsre FE/E dFEE O £
7] ZH(mercury-vapor tube)& ©|&3712 ZAA 1, olsm} oo WM HFHoE AFEAY.
19 7hErel A ol 19129 otEEE FLF7RE AIRE FTE)E NLEAT® ey ol
AR E43MY o] A, AF HFE dof fa, =3 5E3 s A (start-up)S A
ﬂ"k“‘ 7] g "3t FAENY FEE AT F7F
T ¥YP2EY 0] AT&TY dAFAEY FEHEE ¥ Zo] vzZ olgyy = FgrEY
W A+gd 2E(John S. Stone)2 B4l AT&TS 7 l* Aoz 209 5£X—?%°ﬂ cha &
nURe =R 1912¢ 109 FOA = 2YP2ES AHEFS A/HEATM ot FHRE =
¥EPAEY 2u)&o] V/INHE HE FHu ‘é F QUAA T FAF Alo]d ’EXV’J ag=
& Az AFFAGA] EAME Fe A7 Hege AE @ddh F ag=r) gepdEe
A HEHE WAL gAH o Aol eurjge] AE AFFAFAN ¢2e FEI=2 7%

Z}

) 19099 49l A% HuAolA FA] AT&TS dAYAHE 71l (John J. Carty)T= MEE HAY A

%%ﬁl%ﬂ«? F84 s tg3 2o dFdn Aok "L adug 4EFH As AFFAEA

g9 FAAAg F45A AHSE & Jg B olyE FHEAVIEY M 87t o B

olZ EAY 4 Y HXdl FeolA &l & Holth "John ] Carty, “Additional Force Required -

Engineer”, 8 April 1904, in Federal Communications Commision, Investigation of the Telephone

Industry (Washington, D.C., 1939), 189-90%. Reich, The Making of American Industrial Research, 158
Aol A A&

95) 9 disiA = Oliver Buckley, “Frank Jewett”, National Academy of Sciences Biogrhphical
Memories 27 (1952)8 %32 & 3.
96) Reich, The Making of American Industrial Research, 1599, 19093 %€ 1911:dAte]o) AFH & A7 7]

Fol 2AEYm, 1911 olE ZA§ Research Branch7t FAHUET, o] @F8#4e 31 F£139
HEA Ygs Wt AFEHDE F A FoF ZHEE VA3 AT e AAFEE
AatatE Aolgdal, v dueE & Ay HIgHNE B ME wgwgor FAld Falel vtud
duplex telephone cables- 7R3t Z o3},

97) M. D. Fagen, ed., A History of Engineering and Science in the Bell System: The Early Years
{1875-1925) (Bell Telephone Laboratories, 1975), 258, o}z == A &oll Bell Systemo| AL&=WE v
52 Mastyl Western Electricd d7F5A¢l Research Branchol Al d o] tidt d+& 24Ut o F
obEm = 19251 A ¥E4= Bell Laboraotry® Zul A% o] HAT ofxxo &3 #A&H ¥ td 2}
A& 2}3+e Charles Siisskind, “Arnold, Ahrold De Forest”, Dictionary of Scientific Biography, Vol. I,
202-3H & #HE2E A

98) H. D. Arnold, US Patents 1118172 (191283 &4, 19149 8%5) [«d71MFH (1912/191H)2 H7]
1118173 {1912/1914); 1118174 (1912/1914); 1118175 (1912/1914); J. W. Emling, “The Telephone
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System, 2589, Reich, The Making of American Industrial Research, 1609,
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xR = ¥ AEY Yol aAHR FEVZ VFste dHoe A3 A AdEd,
2 olfE HE IANFoe vhEojA)A| ety ‘415*01‘5&‘:}. AAFZAE e 3ZNFHLE RAZ A
7tA 9 BAE A1 YA 4 Mz BFo] FH Lo dolgld o] 23tg 7|l s %
}E wol FEEo] F2 £}t FHA FAT 2¥7 #ddE 9 FAIY £8HE Y B S
W9 718 dEo] “blue haze"d/de] AA 2Eo] HA ¢o} o AV Uy, WIBE
o o4 A48 F g} vixjgte g A ZMe FAE E 4 Ut FFL 9o daoe
2 APENZY HYe 24E dFHo| flo] 1UE HEGE 5 lojof s 1™ AF V)
9 Eqe o] F¥e LFE AFAAY Aot

e U EFHE AEQY AT&TE otmE7t F&o] Hol Zulz o]g 49 shdo
Feagn olsse A4 2929 FAFLYE dFE7] AP, g AdFLEL ofmEe
Axdte] AAHA AFE FHFATHI00 A7o) R5GA ¢ G H oy AFAFS &
tj&o] o] &3td 7|7} olve WAWEAM HEHE Ao &M FEFS At of
EEe 0o dojus "FE U FE R deldle A& JAd o AY S LA
31, LU g nAFOE WEoJof EFZHY HEHO|Y FE N @A, 11 FHY F
A So] HAY AHolztn AL UHY wetH o|EAA HE BAE nFTE doljuie U
olgler o] o] AT&TE 1913d 4¥e SUZHE Mo EANFHZ(Gaede molecular
vacuum pump)E E9$T) olEs=1F L o] 1T MNFYILE o] &3 10-5mm Hg FE2
AAFE doA, 2ue] &3 AR WEd Mt AFH 5 UEE “}2%1‘4101

T3 oolrr JFL 2tdol ARHAYD HHHEE AFE FAPYE FHAYG = X
EofA oM BHaNEE faF YR 7IAE 7tdete Roldy] Wi 1o F dde °
Aoy g F BIAWES HAoAqX HAWEE "“AXE $2de =2 4G ofm=
AAE O o4 BEF UANEE ALE olfv dderm Aty HEo] &o|d TAWET I
3t ofrEE = X Ei--E 7} A2 geE "adE A 19048 5Y 9 E2gx WdE
(Arthur Wehnelt)7} 7i2g 43tabg 93 "l E(oxide—coated filament)E A-&3te] HetdE
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E EAZ ddeEd, wdE gdeEs AT B2 HAAE #ET F AQ7] dE
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g2 yidE YAANEES AL ozH AWE S &44 OE FAd AIFHY] FHE dF
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AP Ee daist A FFo dsfA = Irving Langmuir, “The Condensation Pump: An Improved
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@ 1A 2480k doe Aol A Yo eyE nIFoE wEHE =
&= itk waty = ¥E2E @Al oY FEY YA ZAFYD nIFT A9 #
48 9% =3e oo AHY AF Y9 HAoEE ALAL UWD ots=
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Az Be giE ¥ 7k 8908 FE 5 Aok 4 129 H¥AAN FEE 7)€Y ot
Attt YA AHE uie} go] = ¥IHYAELE 18993 AH4lY whAlE e =FojARE o]&3td 7
g Agegen, 1 olFe Ayl A} AFEANME AL o|3tE 7IME o &3UH. 5
3] 19003014 1905 24 APy AsEdHg7Ie EEHAFAI e A7 Lol A o] 29
38 S Ao ¥ A AoFAd welM 27k 2= 2YLg ofdY HAVEY
AAHg A olH PSS AU, FAE 2olAE At EwtArE AR} obdE o] 23H 7
A2 AAHAL Aot
CFHAR A4 & e AL A vFH FE9 AFAANE IR WFA A2 1A
7} qlojorgtt = Aztol o AFAYA wLelgdAHTE Holrh 19034 -E =&Y AR
o] &(theory of thermionic current)S B2 H&ztE9 AF digol HAUAT ¥&(H A Wilson)
o wiFo] Fatolu} i RS @ AxE A Fo] WEIE <%y, WIE(Arthur
Wehnel)= #2d] A2E 232 9 Azl wEo]l ¢ $+4FE #IGI 2 P9 ¢
FAES de Zag AE F9 s VIEH FHA AU HE2EHI fdMe 429 7
A7 Bosit = Aol A8 Eo TY(Pring)? W7 (Parker)t “71E 8 BAEREH 4o
= ARE B4 Ao F2HE A 4% Aojgtay B & glom, 2L ointx I
gA 5o gh &o HdE B&Bol A FH9 VA AL gl FEAN
. = =3 d3 A (Fredenhagen)™ F2E (Kuster)® “ZEIMY #3242 (photoelectric
electron emission)®l Yt & A A ¥F& (thermionic electron emission)& 71# 9] Exfefl dH oz 9
23" 1 234590106 2ok opu)g ¥ EvHWiedmann)3 &ul3A(Hallwachs): #d4 W&
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wol 2 Rl Est oj2stE Ao s FEate Aol ol ©AWIANEA WEy
= Al g Aojgtn Azt AREE AR Ve Exsior o an AZegT, g
# AT AAPEE oA @k ol G AMIES FFol T FA B M= A
FEol doiyy] Asid e dade Fo 77 2hsiol ghs Mol B Jubyo| o
chz=sh #vlole de ZAE 2317 N2 AdolPd Aotk olH e AP & yajx
E7 A8 71A7E A3 E e dolglojol drie Azt AL AW UV E gdatdd 7
olt}.

5. 8% R A&

A2 B o] 2std 7Ao 2HE 230 = TYPArEY QuLe LA oA
AHBEEAN ool ZHT WBY By wwo] ofve & ¥HAES ExY AFoA 8%
HASS #Y 1 WES pgeA s 29 oy g

E ¥Y2EY FHEA A7 v2IYUAAAS ALEE Aoried 257 e =Hojua
FANEE B F Qe ARE A97E 2E UM HRHAY. 2= 18999 wHAERY o)
MEE oj23E 7|AE ol &dtel HAVWNE HEsE AYL dPon o]F ALw BE An
14 Aad Ad7lel A AFES B3 o]LstE JAE o) 43U FHENG ALY S 9=
AAHYA HAARAE BE & Avdn s 53 A A BeAsrs AL A
dHoz 438 AFA: 2T = FHAER st F Ay AlE7} ‘o)L 2L ol
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3 el M Hyran.
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3 AXHE AL ofuUdh T 2029 AW Tsd Zyw Wuo APgolar|puE = ¥
g2E] dd A7 P2 Adgy o2y Ao W 19 FAL Y Zas 0w
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