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1923 4E, XMORTIEE LT a7 Mo RBRORERA) LT 5, 1%
TERIZRBW C—2DE ] Z 22 T KBRS b7z b Siviz, ZoBEIc#lsn X
FYE IXEEENICIE%E AL A H. Compton OFFEOMN G DEFENH - T GE 4L T
% & NnT-, W& W.D. Coolidge ® X MEDOHIFA I L-bOTH D, Ln
L2y s, TOXHE% GEAEAS L5 5 £ TiciE, GEthizkir 5 A&k,
OB XMEORBENHELEDONDZ LR LIZHY 2o T-, Z 0O XBEIT
HHAAMENRMO X BB OILEEMR LICH D L1302, 4 BIC2R0 5 X B ik
BEMLTWOLRTHRETRELDTHD, TLTC, ZOMRRBICEERETZH
ToDON, HEAGEERZ X4 & U S B gE (R ) & ST o 1o b
& - WP 1L Langmuir T 5,

WD R DI, PESEHN A SRR U 7 BN B 8 O B DS R FAFE IS K & AR A
Lo b LBl 7ot %, $72b b « B O BB W TSR A
FAEIZHB L H W2 5, AZENHFZE T O MR AIAIF 22 2B 2005 22 2 SLp 2 H
BIR SR Z L0 R EIF TV RN EM R SN D, T LTERE, ZOWRIC
I, g e o R (R, XA 1, TR, EEE, BEEO SO
ThHholz T 20, ZTHOEELGET HHE ORBBOEERS T ITHE VIR
2B DODEAINEEZBEMNIHEE LA > TNDH 2 EThHD,

Z o/, 20 RO GE FSEATICB W TR LN Y =TT A1 E B
2D, ZOXHRHE RO RTONTEERINCEZ L b D Th 5,
727 L, RMisUIMERBET VEMT O EE2BEMNLELOTIEHERNZI A2 D
Wi TRL, Eidni, —SRXTEL, MRHABETVIZBNTT AU S
WL T & <2 20 HARRTEINT Y =T ®T LV CTholz LR END, 20V =T
ETVIBICEREDNDIGH, BB~ —FIZEL TS b0 LR TY
Do TP, KL TRENTWD L HIZ, TOHFFEYE 7 vt 23 A B L
KB LbH-oTEY, Ndo X 5> 2GR R Eima IR & XTI R > T
LT EERMTLTEL,
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1. WHARABEERRT & GEMEITICRBIT 57 v T AT > « 7 0 7 A MBI OB%
2. Langmuir ZAFZEHT~ &8 7o HEVEERIC I T [HRE
3. Langmuir (2 £ 5 HEVEER 2 44518 & RN C o JLRETIT
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GE %27 (General Electric Research Laboratory) 1, 1900 4E(ZAIF% S 41, ix OWFSE - BY
FORM R A B, £7- 1. Langmuir *° I. Giaever H® /) —~NVEZEE M Lz, 7AU D
TRVDOEENNFEFTTHL Z LT LML TWD, GEWFERTIE, WmiICE X ERE
7= C.P. Steinmetz RCAIZEH D — AT 5 E. Thomson HIZ L > THRFEENTW5, #Hy
B~ DG & B D T2 OIZIIMFTRFTRERE N AN AT R 72 & OB RS W TR b7,

GEWFZEFfIc B+ 2 478 & LTI G. Wise D& D3 d 5, #1%, GE %77 & R.
Whitney 3B % & EREOIL S F CRAE L o L R0 T4 0789 C O kA2 b icis
LB 21TV, # 21E Langmuir (X W.D. Cooligde ([CAEFE 7 Himz2 S0 S ¥ 2 L, X
BrEENEEEE LTI L2HTA-T L, BROBLCOFERSHZR EICTHOVWTER
L, %o [ THrE Whitney Ok~ %2 A > b OFRHiLRL L% ED GE O E YR 2 DRE
2oV T#E- TS ", LS. Reich 13, GE & Bell i2351) 2 %M L E VX AN ED L 5
WCIER S =00z Ty B, #21F Langmuir OAF7EE & L CORES - K Z, PEEAF]
ITHFE O < WFFEREICEIR A2 G2 R B PR 2 R A2 2 & TRt =E 5 TR 7R3N
W & UCRHMIL, Z ORI BT MEZ I e o I o 5 & E OMFFERe)ciE B
L, Bbkdh 22 BELTVS Y, Na0T—~ OB TL Y BRT_E I TOL S %4
WRTHD, Thbb, ZHETRENTETEZETLT AU IO - BIROFEIZ OV T

1) G.Wise, Willis R.Whitney, General Electric, and the Origins of U.S. Industrial Research, Columbia
University Press, 1985. & <2 154-156, 176, 179 Z# &R S7-\y,

2) Leonard S. Reich, The Making of American Industrial Research, Cambridge University Press, 1985. & < |Z
122-124 % 2 & v 720, Reich & L L 72 384l 1% 2 i %647 9 %5 P.W. Bridgman (2 B\ 72 S 5,
Bridgman /%, Langmuir OfEImily, b, THECE>TWAHITE D, Langmuir (XEIFH Tl <
b#E S L ILEEMNFRE CTh D &, Reich &% 87 2 MR EIEHIFERE ) O E 2 5 /941 L C
W% ; P.W. Bridgman, Some of the Physical Aspects of the Work of Langmuir, Collected Works of Irving
Langmuir (ed. C,G. Suits), 1962,
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I, V. Bush ® [R%—RTLAVT YT 7] Y IeRESND & O AslBRE8 8 LU
WizkAHrm LB AOMRE L7263 L0 =77 VOB « BT ORI
T& 7, Zhizx LT, ¥4 R. Buderi X° R.S. Rosenbloom & W.J. Spencer ©® Z 9 L7z
WEBET D AN IN TS, 5l 21X Rosenbloom & Spencer, [HJuF 7L ATIF O &
Bl X GE WHEFT OWFEHIEE - ALkE IC B - T, GE #F5EHTITE Whitney (33 3£ 09FI25 12
DR D I FHBHFEA L & AR FEAE P O 5RO IEREF JE 00 “EME A RN IZ I T E D L O ITE
DI LHEMLTWD, LML LZORBRIIMEL T 20 il 1T H b IT 7R - T AF5E -
PR DO L OREIE, HACHTEEIC S W TRBRIIZ O bt & LT, ERERE~OREIX
B BT L0 RE] Bl ChlERZ ShizniZ s, BRBEBEMICHZ T GE
BIFERT 72 & OO ORBOMENEE R L LRV E &> T1s Y,

%513 Lk X 5 72 Buderi <° Rosenbloom & Spencer 5O & 1TE/R->T, bHAALT
BT 4 Tima i< b D TIEARWD, WIHIOWFEEE) & 2 ORURAFFOMA Db v F A eI
PN AN NS RETT A Z LT, BEIFROFE - BB LWV L OORFEEH LT LT
WV, Thebb, FIMOBRLENH LWER A HiNE J 0 mER b o~ Lt S5 %215
RORFREDN D 2%, FB O BRI & RN & N —EARRIRIC B AL LTV o 7o E Y
RERERIZDN S 2%, GE BFEITIER S 72 EOMRE L 1T 872 - T, HINBREZ HaY & Lo 5
WHge &SRS, BRFSIFZE O BRI A AICEREICE S, Z L CGEIIAEL LTR
ERMEZITCOE~DOW), BFEFROFEFE NG DEFE~OKISR E, FHEMNODEIE
FUZBRSL 5 7o BRI 6 L TR OIS L, T b2 REICRHALIZOTH S,

INER DR IR NFRERIIIRDO L 5 72 b D Th 5, GEWFEFT TS S 417z X #4E1X 1920
FRICR > TXBORLTHEERB L (27 P ROER), &THFERICBNT—20H
W Z2 T EBOREEZ 72050, b bAAZ O XHBEOMBIZEREAIZIT A H. Compton
DRFORDOEFER > TELNTZDE TN E S, LITD XS 7% GE o pEGER, H>3< X
PE OBRFENRHE LED D Z & TERILSNIbI T, FEFEHITA BT U7 S BR % o ple R
DERHERFTRICKRE REAZ 20 L b DRl 0 L9, T72bH 20 X BE RO X

~

3) V. Bush, Science-the endless frontier, United States Government Printed Office,
4) R.Buderi [T MEZEONSIENE], AARFHH, 2001 4 ; 7% Engines of Tomorrow, 2000,

R.S. Rosenbloom & W.J. Spencer ffi, [HF9eiFZeaE oK E] Hif% BP 4k, 1998 ; % Engines of Innovation,
1996. & <12 32-40 =B X -\,

INH ZFHFRO LSO RBELMA TS, GEFFEFTICE T 585 & RIS REE RN A TE D
WFFE Y — & — DEIC, HFFE - BT Z RENITNTLT 2 2 & Ty —F 7 14 v 7 L AERICHISE - BRFS
BWHEAT) Koo TERZL,

7k, XMESEOREMELEL LTI ARE PR T ESE FE LS [ErEolEs] F—otk,
1987) <0, HMIEFO TEA X fEEERE L) (ERAEAR, 2001) 23d 2, Zhbid X#E o X#Ee
OEREZIESGLL TV DT ERL, 74 T A FREM OB XA O ABAERBF A JRIC L, i
HI72RIFFE - BRFEDIERAGE L 1372 > Ty,
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MEEZRETDIEINIDIE, ZHICEEREE 2 -7 Langmuir O AEVEERE 5 L L
TR e BRI SE (RELS) & ISR S, 2 ZICR LN SRR & BB O
—EOIRBFR IR IR AAZHBE LW 220 A AAE VRN B, DFE 0 RENFLR
PFr7e & CTIEOMERBIFIETZ0 D 22 LV RIS EE LT T <HmB R ohbd, E72mse
DECRPHEITHE A D L) Z L, TFEE M OATERRORMANER T2 &y Z L2
2T, WL HEMOER —BER, XME —IZThEhFE—8, HEHEA, BRAOLOT
HoleDTHOTHLN, INbENGRE T LHAE OEBEONIRER - IREBOEK ST ITA
W2 D H DO DS AHINICEEB Z MR LA > T\ D, ZO/NmOFBEITZ 0 L 5 720
7 - BB OREERALNICT L2 LT D,

II. GE#®FEFTICBIT D7 4 7 A FHEM - AEVEER - X & D
BR%E L A7 I C O T

X BRE AT OFEED X BHGELO R AT IE 2 BT L VB FEA~ S L BT 720722y, ZoFLn
XBEIZED L IICERH S NT=D), WIS 21X, ZAuUIaittico 5 REICE OB % &
JE7R b D~ ERM L COCEBAEIN, &V EERNICE ATAAER LRIV TR ST
ToFEER & D B AR DBAZEAISE, 72 b NS Z DREEER A BRI & L7z B R 7B F o0
WWTTEIC L 2, DFE Y ABVEIRONIIN, Th el d 28k & oML - fRGEIZED 507
Je - DR - FRD, HAA 7O XRELNEHOLRE LB FE2ELHTOICKRE 2
Tz R LT,

1. RERABBHRAFK L GEMRAICETEI2VITRATY - T4 5 A2 MHHORRK
GE#IIRFET 4 7 AL bORFFFUINAIRE LT, HZRT7 4 T A NeROTH VT AT
VT4 T AV MO ET o, LD (T AU HENTOEERO R L 1881 4 3.5
JETH-72b DN, TOHEFICOWRT, 1914 FI1C1F LIEME 20, [F UEICHR 2K
T2 AL o7, ZRHOREFSFT L DT, 20 HALo 10 FRUCHT T (ABERR T %
IR RFEETH o7z, RETZ 47 A v NUABREBRO YW ORFFHEILT TICHIRON TH -
72 GEALIZE o TOREOREUIRMROBRE T 4 7 A NMUABEKROABE TH o7z, E
B% GE #1013 1905 4 GEM (&gt s —Ry) BEREFEAM LN, BEERE 7 4 7 A hOX
VHEWVEEROFZRL &V D AN, FFERO KA YD —RX 2 AL A7t (Siemens
& Halske Company) 726 & > Z )b« UA T % 25 )7 F/ATHEE T AN 2 G 50, 4 —A
N U7 AFEHIR Kuzel D4 7 27 U RidE% 50 )7 RAVCTIREGT 52y, SN - Tz

5) G.F. Morrison, The Electric Lamp Industry, General Electrical Review, 18, 1915, 497-503,
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BEVHIFL Do, 25 LR T TN T X HEBEICHEDSL, WHIRLIERS YD
Heffire E BT 5, K0MEATE Y 7 AT o BEROBAFEN 1905 £ 2 % — b L7= & Coolidge
FELTWS 7,

ST, GEfO X v 7 A7 v owmaiiimit, FrE W.R. Whitney °E{LHF%E & Coolidge
WZEoTED BN, BAIOEBRT 4T A MMARAI T AL, FAEIEEORSINTRE L <&
MR L7, =ATRX LR = A A« NVATHOEE WV, Bolten (4 A kUL Rig
FPT DA T WH. Nernst DB T) (TR > TS /e, # o Z M TiiTic< <, ax M&R#HE
T4 T A NOHEIZT AREERH Y, RERO X I E LroTe, T TF bR IR
FUSICHER S Y, REOLIITHEATHRNCHT TCLARNTCLEY, FLU T AT BT 47
Ay MMEIOBER E LT R b7z, L LRR L@ OMNeHREN—Z N ERET,
HBAANBIEHESETCUA TIMTT 500, 207t AZREERH -2, 130z
BT AT TR BETENE, A FMEALHE LTV, LB INETORET 4T A T
50 FEE CHNENRIT LT 228, Z v 7 AT 1% 500 BERTREE LT H 80% 3 DEhR 44
Brabochor®,

1906 412 Coolidge |34 > VAT BT 4 T A FOEREMFE L TR, TDO7 4T A
YV ZEOLOOREICKE RMEEZ T, XU T AT UL AN T, TRELE
UTTF U LT, SEMEE S £V ED S22 H OO LY OIERCERIAR ST oz, N
T 1910 4£ C.G. Fink 78, # > 7 AT VRO~ > H o FEA (wolframite) ZMHLH) (BEX
) - LA T THMIL ST, 1/1000 DR E TOMTICRI L,

Coolidge I% [BMEZ DX 7 ATV LT LHE T, C.G. Fink 07 —# &/ LoD
FEMRIOVESE AR A T A 2 L TE U VAT UNIEN A b O L H IR b LB LTV
b TROLIADEARITOLT HOE AT A (BUNBE1E 0.02% M7=V EE1 0.05%) 7200 LI
fitdh (0.25%) ZEZATNDE, HDHNIFE=y B FBVMEEZ LT 2T (0.1%) FATND
L, BUEZLLO0T AL 2D, ENICHERGWERBEEZ L SZ b H DL, B d
TRNASTWD LR LEMEL S < 0D, Zhillifio TH v 7 AT it bz, 2
ALTCHY T ATy « 747 A2 MEBERIZ 1910 FiE DTz, 72k Z OERITHFZERT DK 20
ANDBEWKETHIEN AL &, LH» D OBBIFESCERIFEICR I LT v A2 o b ok

6) G. Wise, op.cit. 1), 122-123,
7) W.D. Coolidge, The Development of Modern X-ray Generating Apparatus, General Electric Review, 33,
1930, No.11, Part.I, 608-614; Part.Il, 723-726.

8) W.R. Whitney, Metal Filament Lamps, General Electric Review, 9, 1907, 55-58. Whitney 1%, 251X 15 i
HEWERRTVS (W.R. Whitney, Some Chemistry of Light, General Electric Review, 13, 1910, 105),

9) C.G. Fink, Dutile Tungsten and Molybdenum, General Electric Review, 13, 1910, 323-324,
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M, $ARBRTHOAS v 7 LONOREICE > TERSWZ LTS THS Y,

%12 Coolidge 1% 1912 4E 6 H O#iE (&R ¥ v VAT v 2 DIHICHOWT] T, 207 4
TAVNFEME L TORFTICOWTHEZINAT, TRETCTIT RIS HOLNTER
N, BT AT OEWEE (&LRBED19.3), SWVRElS (F9F 1,755C, ¥ 7 AT
3,000°C, = ORAEITS H A SAL TV D EE 3,400C L 0KV, B WEVRENE (o 03T THD H D
DT Z7FF D224, FiFTORWEREELE X T, XBREOEH»Z —7 v McsEbL

11)

WERLTWDS

2. Langmuir ZRARAIAN LBV -BRABKICEBEDRHE

S CEIROWENEZWET D72OITH2/8 7 + 7 A2 FRMOBERN TOMER & k32
TERRERPEERDIOER, ZOZ LIZKSWTEOMN L Langmuir THh 5, fixan
EY RFETHE LFAFAER, FAYDT YT 407 RK%O WH. Nernst D% & T, &
- ARE FCORNT FFF#b o VIERA L A b - Zo— @k ra=yn) 2k TAR
T 5 KURDOMRBEB S % MBI LToEx v U 7 2 RO S E CTh o7,

[EIARFEIC LAUE, AR X D ICHFERNE Y v VAT >« UA T ORFICE R LTz, Fr
K Whitney [ZAF7EFTIZR41 72 Langmuir (2% LTl b BLBRZ W72 FHN E 2 W) b OO0
HMHED L HICRDT, Ziixt LT Langmuir [3ERE U722 T 10372 572 0 S m O R EIE A
AHDTA T NORMMIKRERMENR S D EEZ, SEFSERIATOUA T ZEELERT
MEL, ZTNETNOr—ATELNDITADEERTRIDZEERE LT, EBE Iz L L
ZAT 4T A FOERHD 7,000 fEOROH A EE LS P,

GE AT I EZENMST Tldd > 722y, BEREOBLZ D% L 72 Langmuir (12 & 5 T,
WFEATIE 2 IV E COMFIEOERE A RFE L 2 5 b O T, Whitney OH#EZ % 52 1 FALCTHFICHT
TOFITHED D Z L2 LTe, GE MFFEFTIZE & 72 5 [ELOFF I 21572,

& AT, Langmuir @ GE #FFEFTAFTIL, &2V 7 AT v« 7 4T AL N OBRPEAEEHE
IZH-7- 1909 ED = L THH A, FrE Whitney ° HAEHF%E B Coolidge 12 & » TEERITH Y
FBHIE OFAIRR R TholoiIn s, A OMEEMRE Ui, SBERIIHL O FEREEREIC
RZ2T-0E o7, Bk TNz L 2B LWERO T ANREEREND Z LIZRD 7 aka
FLH L7201 T, & ZICEBENZREEI RENTWD, EBERIZZONEICHET 27T - 071

10) W.D. Coolidge, Ductile Tungsten, Transaction of American Institute of Electrical Engineers, 29, 1910,
961-965,

11) W.D. Coolidge, Metallic Tungsten and Some of its Applications, Transaction of American Institute of
Electrical Engineers, 31, 1912, 961-965, 7213, X2 7 AT « UA T ORFEMREEEIZ OV TIL J.W. Howel
MELL T % ; The Manufacture of Drawn Wire Tungsten Lamps, General Electric Review, 17, 1914, 276-281,

12) Atomic Hydrogen as an Aid to Industrial Research, Science, 67, 1928, No.1730, 201-208,
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OfREE, 738, WAERE, FD2EliM OTeRORHEE 2 6 NRERIRE T LT,
saAaty s RBEROHFE, REEREETOEREBFELVWALLDTHoT, ZOX
TR Uk (BE) Li3Wz, SFREMDO A o R—D0FnFho BRER, MEST 52
FoT, HWIZBELAWRN D HALESITIER > Tz, ¥ GE BFZERTOMLGRNE, #F
ZENM O FEPERN R SN D, EFITZ I A A—RIZB O THFENA I CHBEMEEZ R LD
o%ﬁ%mmaéwg%@ﬂ%&o<@m¢,ﬁ%mﬁ%%@ﬁ%-%%@%g%ﬁm¢”2

7233, Langmuir 7% GE WF7EFT &2 8 A 72 DIZIEM T O REREEIC b o Tz, == —
V?—V—@X?4H7Vf1ﬂk$(&wmﬂmMWmﬂ@MMw)Kwtﬁﬁiﬁﬁﬁw
72 HRTTR A ML e o7, T E S GE WFERT Tik Whitney (2 X > TREBNZH DO H 2 6
=, AR EBRTXAE L= 01t A.H. Barnes T 5 7%, Langmuir O SEERINFIEIZ K )t
RN B 72 RARUE N S.P. Sweetser X°, VA 7 ORUEIHE 41T - 72 J. Bishop 23 34E L7z,
BIZIET T FF « AT ORIEICH T - TIHMiFE/ 7 F FF %45 0.020inch, £ 20 7 14—
FNOUATIZLE LT, ZREXATEL R XA XX > TH & H LT 0.10, 0.005,
0.0027, 0.0016inch O U A 7 ZBAEL, &5 WIFHIE TIX, AFBFROKBARLKFOL o7 A
TV TAT DB ORIRIZOWT, Bl IRRE 273, 473, 673, 873, 1,073, 1,273, 1,500,
Lma19mKif%mm§%ﬁ?,%ﬁ,7y%<m,%m@&%%@mﬁ_mmbtm
SEERAEE O T B 732 & FHEE R E BT BN THir 7 &, FHEAOI 85 B 7 i e B 4 e
TWe GE BFSERTICIE, @il « SEZE T CTORRA R b WE ORMOFFRBI L2 EM AL 2
EDOTE D, MITHEE LWL, Eot 8 &3 A FEERE & L TOEREZ DN
IV T N O FEERGAT & DRI TREE S 2 Tl & HIR ARt S 9 2 KRB b o 72,

]

3. Langmuir ICL 2 BERBREKE & R THERRRE

AFT L7z Langmuir 23 F 7000 #LA 7Z0F781%, 1904 4F Nernst O/RIBIZ K - ThasH BTz,
KNV AR T4 TR RO a0 TA LD LR DI E TLD o 7o F05m S0
IR, H T AEBNOERIRIED 7 2 DBYEHE & HTRICET 5 b D Tho72 ", T
1911 FFZ DR RERE LTz, TIUET 4 T AV NEX VT AT R AT, ZBR (8%, IR
RKFEEIIAATEN T ARG (Efkdem) OT 4T AL b+ UAT OMERLEDKRKI DiE

3) SEATHFE T GE #FZEAT OFHIEIE, B 21, &4 v b=— 3T A TR m oM & Lz s
7 (Rosenbloom & Spencer, op.cit. 4), p.38), & 2 \WEIE TWFICAT Okt OEEEE X, THHERI%E
FHEEEE) 2R3 28T, MHEFTORIC (DEOFTERS DL NMOBE AR L LTo<bhn
L (Buderi, op.cit. 4), pp.94, 96) .

14) G.Wise, op.cit. 1), 151-152.

15) I. Langmuir, Convection and Conduction of Heat in Gases, Physical Review, 34, 1912, 401-422,

16) 1. Langmuir, Thermal Conduction and Convection in Gases at Extremely High Temperatures, Transactions
of the American Electrochemical Society, 20, 1911, 12, 225-242, 5|2 232-236,
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WMREDOERIZ L o TE I BT 20 EFHRIZ DT, ZOFERITIT A T OREBNONIET
RO EITENRH L TN E L FIROLAEITEOHRITIZ LA LRI LD THD, =
NHOBPD 5 LAKFEAADEE, Bon ZFEBIZBWTY A 7T ORIZKEL, BEE
0.069mm LA FOMNT A 7 DE, 1,200K PAF TIZEAD v 2125604 28O RIT DT h 7
b DI o7z, i) 2,400K TIFEAD = A D U ITHRRIC—KIEI LT, £72, IREISK
T 5B OITH 1,300K F TIXFIL T D23, BENEL 72D & 3,400K £ THREFIZH L
W2 HZ LR ENHIA L, F1912F [HADOXH & YRE | Of%EE2REL, “hET
DWFFEDF7E 7 % BePE LI b TR ERIR N 21T 572 7,

L2 AT, ZHETO Langmuir OWFZEIIMEIZ e RN O T 7 e —F % & 5Tz,
ENEBERZ T NAL LT2 SV T NIR S D B e R e 2 R L C, AR Rt 6 0 7
Tu—F &Mz, oFY, ZHLETO Langmuir OWFZEIEL Z D30 7N D H A D&
DEAD B ZSEIZE DX D RFEEBTZL L TNAENE VI FREICH LT, K[UEEER R E O
AR 7 BB O & 726 HE, T2 & 21T (convection) 72U LIFA&E (conduction), HFHAY 7R
PR L U CEEMRE (heat conductivity) <AL (viscosity), A (specific heat) 72 £ & -
THHEOHTADBRDEE L D2 L5 Lic, L LEBD, KFEHOX L TATY « T4T
DREOBINZIBNT, EHEE (W/a = 39.4 (T/1,703) 4.74, =72 L1IEVATOEE, ald®
DHA%) Y 2,300K LA ECRUREB R LM O OFHRME O K& BT D Z LIcR B0,
T DM A KB DT ~DFRHEC £ 5 LARE LTeDE o7z,

Z 9 LT Langmuir 3L 22 BN EERZ £ T AL L 72 SV 7N ORIEICK & < B G L
TNLDELE DRI T, HADI L THRFRRIEL BT HKFZXIGRITED A
72, FAN 1912 4E 5 H OB KEOE T~ " Th 5, Zhik 1911 FEOFBED
Wiy THEEIRICBT 2T AOBRE L &) TH-T2b DT, KERFOLZ L TAT Y - UAT
DIESE RIS = 3L X — B ORI, KENERE LR FICHEET 5720125 &2
ENTVDLOTIERVWLLEDORELMIET 2-OICHBEBINZbOTH D, ik
Magnanini & Malagnini (Nuovo Cim., 1897) OZEZ DMLY OMREEHR S 22 E I LT=H O
C, Langmuir |[3fERESR S O BFERAIMANT 217 9 —J57, 200 £ Z L 12 1,100K 7» 5 3,500K D
PACIHEZIEL, thoB AL LTz, Fl2E, ZEROBAEITIE 3,500K T 20 ofitdfix
FlERZENDLOD 5% BAIeholz, ZHUTK L TKREOEAITERCKIE, “Bbx
FLIIR/e-T, 2,100K %2 5 EAMICE=R LT — - B A%4 L, 3,300K TidZ OffilL 4

17) I. Langmuir, op.cit. 15), 401-422,

18) I. Langmuir, The Dissociation of Hydrogen into Atoms, Journal of the American Chemical Society, 34,
1912, 860-877. IECAMARIE, ¥ v/ AT U #E —FOMPURER & U TR T, ZRICEREG & Eitit
BT, IRPLEIRE L OBRNSIREZ, TO ETHARKEZEIVHLIZE VS,
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— bR L7z,

(FHEME W = 2x/Inb/a] 1,k AT, 7272 L k I2BVE#E%E, H{71t w/em- degree)

ZORERN LIRS N EEZ STV Ll L7z, ZOBGRECZHT->T, FHOH A
AN, THNEBRERELRCTHAILZD X9 L UBEEEREEO L TIZERY 1T THB
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DT Langmuir (% 19134 10 H [@EEREX o VAT U&EEK, 1. X7 AT UEEROR

19) L Langmuir, A Chemically Active modification of Hydrogen, Journal of the American Chemical Society,
34, 1912, 1310-1325. FEpEEE O TAEIL S.P. Sweetser (2L 5,

20) I. Langmuir, Chemical Reactions at Very Low Pressure. II. The Chemical Clean-up of Nitrogen in a
Tungsten Lamp, Journal of the American Chemical Society, 35, 1913, 931-945. Langmuir (X = O 5O R
fif1Z 7= > T, Soddy 7% 1907 4F (Proc. Roy. Soc.,78, 429) 271 /v 7 AFRRMN RGN A LS D T A & L
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21) L. Langmuir, Tungsten Lamps of High Efficiency - I. Blackening of Tungsten Lamps and Methods of
Preventing It, Transactions of the American Institute of Electrical Engineers, 32-2, 1913, 1913-1933,

22) 1. Langmuir, ibid., 1913-1933,

23) 1. Langmuir, Tungsten Lamps of High Efficiency - II. Nitrogen-Filled Lamps, Transactions of the American
Institute of Electrical Engineers, 32-2, 1913, 1935-1946,
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INECTLIEIRRIHILOXRETEME Y VI RAT U EMET 4T A PELIZHDT
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gravity, High melting point, High heat conductivity, Low vapor pressure at high
temperature OMDIZFE &, @AV I EFONTZ T AT I XBEOX—7 v b &
LTHEEIbLWEREATNS,

Z L CHE Coolidge 1547 v VAT &4 —4y M LTz X#E 4% Lz, ZhiX 10kw
Bm R O s L U7, B & MUl S e 2 v 7 AT U R Ve EEAED
X ## Cdh o 7=, Coolidge 1% Z DBIF DOBIC LTI 2 TR X 5 72 Langmuir ORI

24) 1. Langmuir, The Vapor Pressure of Metallic Tungsten, Physical Review, Second Series, 2, No.5, 1913,
327-342; The Vapor Pressure of the Metals Platinum and Molybdenum, Physical Review, Second Series, 4,
No.4, 1914, 377-386,

25) W.D. Coolidge, Metallic Tungsten and some of its Applications, Transactions of the American Institute of
Electrical Engineers, 31-1, 1912, 1219-1228,
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L7p P aoR LTz, A5EmPIZ Langmuir |3 Pring & Parker (Phil. Mag., 23, 192, 1912) OZ\VE 1
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HZEERL, TREKRICXBEEORERIIEHIIMOND Z &l oTz,

Coolidge |2 & 5 X & OBIEIL, HICKX VT AT ORMEEEN LY —7 v MM 7 4

26) W.D. Coolidge, A Powerful Réntgen Ray Tube with a Pure Electron Discharge, Physical Review, Second
Series, 2, No.6, 1913, 409-430,

27) 1. Langmuir, The Effect of Space Charge and Residual Gases on Thermionic Currents in High Vacuum,
Physical Review, Second Series, 2, No.6, 1913, 450-486,



X 8 OFAf K UEER EiF T GE #F28370 Coolidge & Langmuir |2 L AHFJE « BIRICET 554 (L) 77

T A MTHWERZT Tl hole, Z4UE, BT/ L2 Langmuir 728 1913 425 TiZ GE
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T4 T A RNERLOEY T UBOMETHAR, B, Mot e TR, BEkd
T2 T7 4T AL FEMBMEDH HBURERD LR Y 7T BIOU A YITORNE, 5=l
— ST DPRIZOWTITER 100g DE—D & 7 AT TR L, 0 U — FRISERICE
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28) W.D. Coolidge, A Powerful Réntgen Ray Tube With a Pure Electron Discharge, General Electric Review,
17,1914, 104-111,

29) W.D. Coolidge, The Development of Modern X-ray Generating Apparatus Part I, General Electric Review,
33, No.11, 1930, 608-614,
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2% &, Réntgen O X #E 72 EOYIMO L OFBNC LT, FEFROETIL 1910 FFLE & 1920
HEEE TRV EDD IRV, 20 10 £/ XEORET, BROREEE2ET, 2 X
e BaaE 0 IRt 2 XAVE 0% E LTk HOEBUZH Y, Z D si% Coolidge i 13%
LR 7=z~ 7=,

EEE OB, AMBEOLEELH LA, Z L ICHEBOAOERE & 5+ 50
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FIZORENESLTDHI EIIREEZR - & TH -T2, Coolidge DIRIZ LALIE, 1913 4IZFAFE
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HE DBIYE Td o7z, Coolidge 1X 1918 4F 1 A, T HHITBHTE L 7= #E5H5 AT RE 7o BARa MG X M
OYEZAE LTS, BARKIC 1915 FICHIFE SN b OICBERHC AR O b DR B> 7
DHEHITITRIAE Thotz, ZO19184ED L DIXKRD L 9 Rk B &M = & TR Lz, 5
—I%, BBEED 1914 FOZFITE L TR Y REREVER, BMREMELZ >4 —7 v MZL

30) HMIZEF, op.cit. 4), 10-11,18. 7272 L, @EEREIIEHGF v v 7 CRADA AL ALD T2 EME AR FIE N

HELS, ZHAREMRDLOIC/ARDOIT 1815 FELIE, B¥ v v 72> ThbThD (5, ibid., 30),
PNV T EHPERT DEZER L FITONTE 9 & 1905 FEICITN 720 OKUEICE L7, W. Gaede [ LHFZE

ZEEERTHZ L2 AN E L TKIRENERIERAR > 7 (R 7RO MEE KT ARVIAR A & KEICRT 2
& oEIE LTHAT 5) ZB% L, 0.00005mmHg 35k L7z, *V £ 7% e (1909 4F) <ok dRak
B DR T (1915 f‘F) %A% L7z, Langmuir IX Gaede DZi % RA Y M HlgA LFIA L7=23, T
T AR A R S AU B R A A v 7 2 BI%E L7, 2 2235 S. Dushman 12 L
X, EREZEE ;f AT VL2 - R 7% 15 45 C 0.000165mmHg, 30 47 T 0.000069mmHg, A A
S« TS5 —K S 24 45T 0.02564mmHg, 300 43T 0.000025mmHg PEZELEH L, ZLTonb T
B K LT Gaede O /KERES IE[AERAIR > 71X, 15 43T 0.00023mmHg, 30 43 0.00007mmHg O HEXAE
iz TnbH E, 6k3) ; (k1) W. Gaede, Demonstration einer Rotierenden Queck-silber luftpump, Physikalische
Zeitschrift, 6, 1905, 758-760; (¢2) S. Dushman, The Production and Measurement of High Vacua. Part IIl
Methods for the Production of Low Pressures, General Electric Review, 23, 1920, 672-683; (k 3) S. Dushman,
The Production and Measurement of High Vacua. Part Il Methods for the Production of Low Pressures,
General Electric Review, 23, 1920, 605-614.

31) W.D. Coolidge, A Powerful Rontgen Ray Tube with a pure Electron Discharge, General Electric Review,
17,1914, 104-111,

32) W.D. Coolidge, A New Radiator Type of Hot-cathode Réntgen-ray Tube, General Electric Review, 21, 1918,
56-60,
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TTFUENDE T AT e =7y N OBGRE 10cal FREEIC L TG TH o2, B, B
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VT OPERIE 8 DD BEREIC 31T TIT o 723, IANIAKFE % Feim S, sREVT 5 Z & CLLR|
WU TR B S 2 72072, 2 9 U TR FURR O W B~ & S B I8 5 #5647
o a Ry NREERRHTE STz,

FEEE GE tLOHEREORREHA & L TRD L9 REBEDSFTLEN TN D, 191T4HED KA Y ~D
HHAT A A1, GE # E.W. Rice #R I RGO RRRAN & M PEIT D 7o IR T 5 =
ERPNBIZERE T -7z, FEBE GE #LITHF Y720 25,588 1) KUICDIE D E VR AT R LT
I, D 95% 1A X EHEICE LD S b 05720 ) Y, GE (oW
1%, Langmuir ® AZAFERICH E D EHZE FOBLKHE O [HLFE: 72 ZA0F9HF %8 (purely
mmmmWWWMJm 7=y VEDOEML R LR A RH L, RSO ST
L5, ZOEATREEBRO —OICEEHO X HRAEESUAOELS T, BESTY
r— R EICXBAIEH b0 L KB SN THICHBE I, ThbbERERF—E X,
BEHROa 37 MM XBEPEFHICER SN, ZOHMWIIEZ 5 CHEEBEORIEITIL)
HEATZ, GE #OHEIC i%ﬁ%@17z?&74ﬁn%@ﬁ$iﬁ%ﬁ%ﬂ[%# EAD
o L CHE A B E R Lz s mahTng

k4% O FIEOD 1922 4RI GE fCRIE &7z b o alifgefE S TREZe ks Ch o 7o, 2 OF
EROBHITE U 75 2D~ v RICHHAAE b ORI, [F4, Wheeler P. Davey (%

O X BEPHEEEORRE Lz, 07—V v U XBEOBITE ) 77 « RE v L8in
LB LDT, HOKBTHoTz, 747 A2 hOFMITMHEHE 4.75mA T 1,000 FEfH,
EEIELRK 30ky Tho7="", 72 XBEDOBROLEE LR L, —oflx L5 L,
1921 4= W.K. Kearsley, Jr. (Z7 — VU v VEDOEE —EIR-FFT 27200 TRENE UETE %
ZAL X ETHEHRZIZIT 2mA (2.0 — 2.05Mil-amp. D) TRk~ 72, REEBEO RN E 3450
IS 10mA 725 7.0mA (B L7128, REERAE S & 10mA I snz ™,

33) J.R. Hewett, The General Electric Company in the Great World War, General Electric Review, 22, No.7, 1919,
493-516,

34) J.R. Hewett, The General Electric Company in the Great World War Part II. RESEARCH WORK, General
Electric Review, 22, No.8, 1919, 601-607,

35) J.R. Hewett, ibid., Part II, 1919, 601-607,

36) Wheeler P. Davy, A New X-ray Diffraction Apparatus, General Electric Review, 25, 1922, 565-580,

37) Wheeler P. Davey, A New X-ray Diffraction Apparatus, General Electric Review, 25, 1922, 565-580,

38) W.K. Kearsley, Jr., A New Type of Stabilizer for Use With the Coolidge Tube, General Electric Review, 21,
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V. XREELERZ B SE7O L XRE ORFAIFZE~DE A &
AT R ROFRER

GE eI BENFZFT CTIEdH 0 22235, KFHEOIBORI AT O O FFEIT IS 2 TR
FHEIR A BRI B RISRE ) 2 2 DI b Bl o7, F oM 2% 1920 ANETHICEIR Sh
7 LW XETH o7,

AH. Compton 1%% @ Fr B HIIZ 5 S LV e B o 071k, B 7e X il
DFEERRE LTOFHEEBR>HOH X2 T\, BLARSTEDIFZIOFHFLVWXHEET, Zh
AL CXBORFIEEZRT a7 MR ERER LTe, £ORRIT 1923 4 THEL X #i
Pl snE, AVbhE XBEREY TT L2 =Sy hTho A,
Z 2 CRIBITHEMRO P ICHELA IR ET D EDO LV RV iR & 5 Z L 2l L7e < T
72D, ZNEAREE T HOIIX R VRS RIERLE L oo, XY —L&2 4RO
BELRICHA L 2had XBO s ofif~ L8, ZOBRE—LNRT LRWE I X #iEE
BELARD ED 0 Az, HELAZ B BICZ b g TE by, XBMELRED 57
WISV T ORZM LT, Bl b ORREZ D 2 372, ZIZITBmomA L 7
V7T DOMERDH T, TZ TXBMEITEFEOREOL O LD, FREREOKBOME
WEIR, £ 8.5em ICLIE-o7, ZORFICLVZ—F >y hEWELT 7y 7 L OM%E AHEZR R
VEIS, A 2em 2T D2 ERFREICAR Y, XBIREL, 1.5kw CREDEY 7T -4 —Fy
FD7 =Y VEIZHART 125 (FOMELH L LML T 5D,

ZOXMEOEMIT GEALIC L > TRESNTZDDOTH D, HHTRXIE, ZokHRE
B H B A - 72800172 XARE DRV ORI & OEFE 3T, SREMORELETE
R[RLEIC K> TRAET HHEINOR A RFHESETRIE LRIt L 2 722 L 72,

PAaii D 1910 FARRTEH O IH W X B 2 W72 2B S R i m ek E R & L7z,
LTV, ZORITRO XL 572D THBROTZHITR L THEL,

#il 21X Max von Laue X W.H. Bragg @ X #1Z & 2 WO SBHTIX, & OMEHT S ik
g [T LTS5 2 & TR0 BENARREEZ 0 < P TR E, 7742
OB e E & BT 1295 & LLRETO H.A. Rowland <° A.A. Michelson O [RI##812 kb~

DAY KV

1921, 56-60. HHNZ LAviE, 72 & 21 1920 FEOEHH O XHE T, ZEHO%A 1T 4mA T84y, Ko
LT 5mA THEfHEN A2 FEBT 5B 072D (op.cit. 4), T2),

39) A.H. Compton, The Spectrum of Scattered X-Rays, Physical Review, 22, 1923, 409-13. A.H. Compton
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A Study of the Research & Development
by Coolidge and Langmuir in the GE Laboratory
that Raised Technical Level of X-Ray Tubes

Tomohiro Hyodo *

Abstract

Mutual relations of resarch results of Coolidge and Langmuir that the author examines in
this paper are brought together.

First, the improvement of the technology of this X-ray tube is large owing it to the
approach of the GE laboratory. That is, the technology was pushed up by the effort of the
reformation of not the improvement of the X-ray tube technology but the light bulb
technology.

Secondarily, the filament material of this light bulb technology is reformed by Whitney,
and Coolidge and the new observation in the composition in the light bulb depends on the
pure research by Langmuir that chooses the lamp as the science experiment device. In
addition, it is done to make the best use of this result and to have designed the hot cathode
X-ray tube by the product development of Coolidge. It has jointly each other obtained the
result though they are the researches certainly consolidated in a peculiar area respectively.

Thirdly, these equipment developments in the GE laboratory start from the lamp of the
start household use and the X-ray tube development for the medical treatment, and the
development of X-ray device afterwards is improved by a military request, and the
development of X-ray tube for the scientific inquiry is advanced by the request of scientists,
and has raised the technological level.

And thus the performance of the X-ray tube seen in the scientific experiments of Comton’s

X-ray scattering in the 1920’s was more advanced than that of it in the 1910’s.

Keywords:
Research and Development, Company Institute, X-ray Tube, Incandescent Electric Lamp,

Experimental Device, Coolidge, Langmuir
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