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A Systematic Survey of Technical Development of Incandescent Lamps
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M Abstract

The history of the incandescent light bulb began in the early 19th century. As the cutting edge technology of
the time, many scientists took part in its research and development. They developed a evacuated enclosure into
which they inserted incandescent materials such as platinum or carbon wire, culminating in Edison’ s commercial
carbon filament light bulb. The use of incandescent light bulbs began to spread as a source of light thanks to
Edison’ s establishment of an electrical lighting system. Afterwards, scientists searched for filaments that could
better withstand heat, and developed tungsten wire. The foundation of the general light bulb used today was
completed with the invention of gas-filled bulbs and double coiled filaments. During this span of time, materials
such as getter and Dumet wire were developed. Manufacturing technologies also made significant progress thanks
to the invention of the rotary pump.

The full-scale use of light bulbs in Japan began in 1886 with the founding of the Tokyo Electric Light Company,
which inaugurated the electric-lighting industry in Japan. The company used imported light bulbs. Domestic
production of light bulbs began in 1890 by Ichisuke Fujioka of Hakunetu-sya. Afterwards, Tokyo Electric Company
(Hakunetsu-sha) became an affiliate of the General Electric Company of the U.S. and imported its primary
technologies from GE. Because Tokyo Electric Company became capable of manufacturing tungsten light bulbs
domestically, the use of light bulbs grew rapidly. Around 1935, the penetration rate of light bulbs was higher in
Japan than the U.S. and Great Britain.

By the mid-1930s, the development of the light bulb as a product had almost ended, and the technological
focus shifted to mass production. By developing mass production equipment independently based on machinery
introduced by GE, Tokyo Electric (forerunner of Toshiba) became a world-class leader in not only light bulb
manufacturing facilities, but also facilities for manufacturing parts, including glass bulbs, lead-in wires and tungsten
wires, which the company exported. The mass production factory was located in Kitakyushu, and produced more
than half of the general light bulbs used in Japan.

The technologies for manufacturing lamps and materials of parts such as tungsten and glass have been carried
over to the production of fluorescent lamps and high-intensity discharge (HID) lamps.

Besides general light bulbs, many different types of specialized light bulbs have been created in Japan. After
World War I, a portion was exported on the strength of their low price. By the end of 1980s, a great quantity of
specialized bulbs, such as automotive lights, was being exported because of their high quality.

Many developments in specialized light bulbs have been carried out to meet different needs. After production
began in Japan, reflective and tinted carbon light bulbs were developed almost immediately. This was followed
by improvements in glass bulbs and glass coating, and products were developed that used ultraviolet and infrared
rays and improved the distribution of reflected light. Automotive headlights, light bulbs for optical instruments and
large-scale light bulbs have changed to halogen lamps and remain important light sources today.

Incandescent light bulbs spread as a result of their superiority to oil lamps and gas lamps when they were first
introduced, and after several decades became the main source of illumination. In recent years, their use has been
falling thanks to improvements in the performance of fluorescent lamps, HID lamps and LED light bulbs.
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TWwize ZOH. KV SV FEex ¥y, KBEAOK
(REEANT L), 7z —VEREMBEE L72bD
PELND X)o7z,

O741 v—#EkOe

@ORVMOx VAAXALE YTy MR PAT. No.251554 DX

OH®REx VAAKXOL (1881) @zvveROge (1901)

36 I VO20ZE "



IV Y OBRREIERMGE & 5 PFITKETIEZ L
DEAPERBEEZTLLHICRY, ZhoosthT
B 5104 % M L7z 0 T 1900 4B I3 K E <X 3.7
DX ) ThkA BOEDIEE L7z Uk, RDE o7
DIFLYY YIOTT0%. KRBT = AF ¥ T NT A
@A15% P AV YT X b Y @5710%. Z DOAlLiE 5%
UTFTHo7

® ® @

X 3.7 1900 FEOKXEOOLDFEE "

IR BUI B LIS i sy r v M
CARAET 2 DT VY Y OENOH—2HED b7z,
WY ry MER|AHEL O TR L LY
oy MO TZYY VIEOBRPMIHTE 5
II%BTE T —REYV MR EAT o720 T DIEEDNIK
D UKETI 5 4EBICIZT VY Y OAEDA O L4113
ZTWolz,

IV AR ERFIIR 7205 ZVV DT
ANNTHH72 AT YOWMBEAL FYXATEAT YD
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b= —3EBINDL LI oTVD, ANV VAL
HIRIEFEAGTH > 7225 ZhFEH5 Im/W BEDH Y /1 —
RYBRI VI L0020 THAZHLICHI R OB
AR S Nz,

X 3.9 XX NEEK?

3.10 &35 ?
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BE RS X D YUY 2 Sm IR R Lz T
GEM (General Electric Metalized) 74 XA ¥ I+ &
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KABAY. B2 CITJEMS N, 2L LT
ENd, ¥V V¥ —NICEEHEEREZ RS L9
BANLGNTED, COMIEEENEL o T E
HL720D COIENHPART 2D%H D 2D E
—FECH SN2 O THLYBETNAL L I 1T > T
%o MOR Y T IZMBD%E > v 7 MO fHiF
TWzds, 1925 4EICR v 7k &2z T & 9 12
Bahi, $RBEELELROLIOR Y Tx 2B
BN L2 DD SNz, 2BANR Y TORH L
PER A EE D 2% M 637 1I27R T D& @D PR A 481/
min & 1441/min ® 1 XD KR ¥ 7 OMEET@ & D23
481/min & 1441/min ® 2 XK ¥ 7O T, 2 &
XTI 10°mmHg ML T CTHHEAM RN DB 2 L &R L
TWwWh,

IR TIIAKERDPR D HETH 525, bz
AR V7 TIEREM LR TERR S UK > TICHR -
TLEFWKELADOHEZED AT 2 MERDH - 720 &
O3 HE LTI FEICT —=FICK Y FANT A M
KROFEWHS N7z, S HEEM TRV BRI H
BREREWA L. BREH L v X9 I LTHERR
POMMT 2 EHIC Lo T. BAETHMNEER >~
TORELRKEREE LTHbDh TV,

CNSHOYRICX Y lER Y 7D AT10° mmHg
BEOHEENIMIOND LI Ih o7,
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6.37 2K TOREBREHRDT— %

Z @ # K [# ® Central Scientific #L (2 X ¥ [l iz
BEWZH2L2RICE R Y 3R Y7, Kinney
Manufacturing #:i2 X D EFHE X b v KOF = — R
YIMRFEE NI, FHEK %X 6.38 £ 1K 6.39 IR,

6.38 &> I mmEERR > T

X 6.39 ¥ = —&hMmEERR > 7
2T — 7 — RO LTV DTEEAKEX VA,

BIEZR AN O THEEAD L. THME LTHV S
nTns,
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6.3.2 BEOEZERY TDEE

FOLBER S0 ELIT X % &L WA 21 £ TH0
THEREEZ KD 2 70T A EE X A L7
B —RICEHEFNTOLBERY TEATAL N =
KKPR Y T TH Do ZHRUFNIC TEHRER TIEEER
ETATVIYTINVE Y TREH L THEERSYLT VT
DEBITDNT VI, BREOKPR Y T34 AR
Tholtzd. BALKBRDAH T A FIAE L CTRE2HE
KN % ML 5 O THEW KR DTG
WCTH oo MR 255 (1892) WA & IXBEMA AR ~
THHMT L2 LICE D EERSRESBML 7z, W
629 4F (1896) &2 & & +E I 1 BEEAT 2R
BRI o 72, ABED ST E BN B O
HEk X EA T 4 Y=V RKPR VT2 6 Bl -
TWb, 0%, W CHBNRKR > 73 H Shi-n
Ty WMALTHATS X9k 572,
EINTOREZER Y 7T o8, B SET 256G
144 (1881) WA HABEA R ¥ 7O RIEZ IR 7:
DX TH S Vs M640 137 DK > 7OWik 41 4
(1908) HOWLRE T, BEROBEIZH b TV,
WAL T 41 45 (1908) 12137 — 7435 L 721l
MR o 7R ARBMER Y T oM~ 2 5 FEZEGO
BEDMIRL T b,

6.40 FEBRELKR > 710

UREO THEM TR T L HBENM SN o7e0
Ty WFICHREZHH L CAEEZRE, =5 =0l
TEPAL LTI ) R ERETE I L, HEEEMRT
7:0—B1ELDIC—HE A o7zt Fbh TV,

S DMK, FBFEERELE 1A b 7z B2 1A o
PEFECHISH S, KIEJCAE (1912) ([CEEREE &4
O HARBERHA AL CERINH OBEBRAES T %,

A EICEBIRRL BB E O RENENAICE ) E
R TOBEEDPBML 20T, Bl e Tl ok E
DRy AP SR TEHARET 5L H2%D. If
M8 (1933) M HIFHAMTRET 2 X)o7



X641 £X 642 1ZZFDBKDOR Y FTH b,

X 6.41 B3NNy JEEGERERRL 710

X 6.42 2 BAXEEEZRR T 0

A1 6 4 (1931) V21 Bl P9 © KM L 22 I 74K (1932)
AR ASE R Y X —h— L LTV & h,
[EPERLZER V73 B LT & T

FEH R CHIRI 3145 (1956) IS EREEM L L
THRESNZM643DF=—RI2BLFHHEZER Y T
(ACP R ¥ 7) 1E. METLRARZ &2 5 EEREEIC
% sz,

6.43 2BRZEAR T (4CP )

I 6.4 HSRINL TSROV

B 5 AN T D EPT X B ERELE AN & IR R
LTWwb, COBKHAN T A2V TOHEARIZOWT

RS, AaRBICE ) EBHRTELSEY L [H
SV T 100 4] P I LKA SR TWS,
CCTIRENEERH L TRLh 5 5,

6.4.1 FREZX

LUV Y EROMERBOILEEIZ 1AL Y FON
FAFEEMLLTALVTIZL TV, T ToOARE
iZ2—="7% (Corning Glass Works) 75 5 X
THBEININAINVTEHAL TITbNZ, COFRE
WX BNV 78T 25 SRR NV T IRTE O BERAL
DERT B F T T Wiz,

ABECHEREEZHB LS9 T —a v 5ips
AT ADFRE NNV T AL TWzA5, ILRC
HALSRASR IS N RAALEAEPRAEL Tz, &
D7D, GWMTFRERICBI RO RVERT T ANVT
DT AR L 720K L hr o 72 D TEHEWA T H o
V—FHIRT T ANV T 2R 3445 (1901) £ T
HLTWwe SOV —=FHKRFT T A&, 877 A
NTMIVEAEL . M AZ < RIROWILATK &
CHENRTOVREDD - 720 TR 354 (1902) 12
YT ANV T OWNBALE BMG L7 ze JG LERE IR
FEGEFTNIC D o 72 I F 24T 120 kg D %D
ZD2MWAZ Y ¥ 8 v EERBE LT, FREETEE
NV T DRIER GO 20

Vo vBEIZ, K644 DX ) IHEMY T AR X
WY WL I 2D 521 % 45 BEFD ITHIT TR
BEL. 2200 TS aREZMEBEL TMEAL, Mz L
BAOMTHHAHEDOETH L, 220TET ¥ /8 Y
HOFEIMENS DT, LTS E—FukE
SN TV T AERAH 5213 T, LIMEHED
HETEL R TV 225R 28 4 (1895) BiA 5. iif
BMEAE BT 572087 o b A EOBA.
YxEy b (TVIF - YUA) EROWELTES
nNtHiiiorz,

6.44 ¥ v N EDIEER
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VXNV BIIBENRIEL . 2 0Z0HE DK
Mo 7zD T, WIH 384F (1905) ICEHFEINATHT
R 2Rl L CTEENTTbI,

FREEEIZ, K645 12RT &) KA EL R
INUIWERISA TR 5 A K&y, &0 kT
MR ST —XY Y7L, VYRV EOEHTHE
WREAATES T8, MILIFIIhHB E2WE 2
B ARBNCANMRE S B RA5 S SICHAEZREAATK
Y5 L) R TEET, AEBIIMA—AY7:
) —H 800 ~ 1000 fEFEEETH - 7z,

6.45 FRE /NI TDOIFE

COTREIZE BEHR NV TEEIHEOEIL K
g o TR b u/hE T cirb iz,

BUED RERKCIIRETE L VWBRONVTIZE
DFREMEE T DR TV,

6.42 IVINAVIIV

RHBLATIIAMEROTFEIINIIE N, NV T4
R TLENTTEZ0T, KIES54E (1916)
WGEH»HLM646 DL By 4 Y=<y (A
BN TEGES Y V) BEA LRI THNCEE L,
C DM X 0 A REBUT —REIIZ 400 ~ 500812 7% 1) |
FREITHARTA ~5 ML 72, FmEdB—1L
SNEHRORMED W EL 7.

Iy AY=2 Y v REa—-= v it Tratox
XA X AEAY 1912 4RI BHIE L 72 BRI D 23V TR
= v Thb,

I TALZA D B DIT L D IR RIS HERLY 5 R %
BERY . BWOT—2128y L. &80 LT
ERBEEAT O, T =202 ¥ 7§ 5B/ E R
AR S TEHE, ERICANKET 20T, T
MEPBLFECHEZBMALL-DOTH S,
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646 T2/X1vw 'V

I YR Y VIR 647 O X 52K
20 B A S NAEEBIIHIM L7225 X TAEEO L
BHBolzDT, SHIEERZHRP T 2OEHE)L
A b7z,

M 6.47 EEEENDI IS Y v L LB ke

6.43 T7ANVK—IIY
FOLBRTIIMAI44E (1929) WCGE X 743>
R—LIFEN A EHNA L TEER 2B YV — X VR
Ry VI BET IV Y « YUN— - ENH VR
A AFEAN R EA Uy NI THHTREE L7z,
TANYER=Y VI GE DR L72BAT I A%
WAt D 24 Ny FOBWT, ZFHIEW- 223y
b D/NEH OB Ivanhoe 2° 5 X TWwWb, T ORI 4
DOWLNNAR T — L THRIF D HFIRC 4 75 A% L
DL, 4~y FAE—HIZZ% > TH LR TH 5,
BB THEZ K 648 1R T. £ LBRIEIOW 2 ¥ a v
Ny FOBERAT 5 2 2B idt, QREATH I A%
YOMs, @V Yy (FFADNEY) 270—
ANy FIZBT. @75 v Ix—%8 v ViZE Lk,
ZREANESTEL, OHIELTTFMEIZT 5,
OFMCTEARARZERERE ANV TRIIT L &0
IMNTH %,



6.48 NIV TR IFE

COBEWOEABPNIZIER B 72D 1200 ~ 1300 44
DEFEBTH o 72 ik oI X )R 31 R4
(213 4000 ~ 4500 fHIZ 7 > TW 5B, B D A 11 4E
(1936) X Y EWNTEAELTO6 G HKM L. K17 4
(1942) WhETIHICH BRI N (K649).

X 6.49 /NEIZEDTAIN K-

644 UKRVIVY

WA 24 AE BN I O B ERA: BE B o B xihis 3 %
7o, EHERER AT ANV TEERMOBE DG S
N7zo KETIE 1920 FERBFICT—= 0 7 THEES
NEmE B HTRICE DV RV EENS H T
AN T BIERBAME S hCwiz, ZoiiZ—H
100 O EERE N 23S 5 K& ik <. EINHICIE
HLTWARDPo720T, FRELATIETLBEICSH >
TR OMA BIFEICE T L7z

BEFBHMBE AT LT I 2L —Y 3 VERETVY
RYBEVEH ML L 2/HEL. TA7 7V b
o TEBRZTWY I ZARBHBEINEOEM T
TRz & & ZBERAT Le RICIHEESY £ 7D K>
RV VORI Tz B EERDSL VWA ML —
PTG, TANYF—<T VD2~ 3ERED
BWOMEEZHEIC L E, TAN V=TV
ORI TE. T v 7 BERM O BA%E < iinzh

MOHBPEETHo2DTH b, Z OBEMIZI
130 4F (1955) ITHEARIZSER L7225, E— IV FOH
A, B ONALVT (60 mm ) OA RS
DEREDD LA, REIICIZ/NERKH OO0
THRERE LTSN kol 208K,
M 334E (1958) »Hu—% 1) — KM OB TH S
Nmizd &2, HESOHMOA ML =24
DY Ry ORFESHB S . KA 354 (1960)
IZHUWESE T Lze 3 522 OB Z NI O T8I iE
L. 2 MR Z AT, T AMEORE L% &9
THi &2 OYRZAT B 37 4 (1962) 2R PE BB
ELTRE Lz RS0 BZDIV R Y THbo
X651 XV RV VOREIROFIKTH %,

X650 UR>vw >

6.51 I

L2l S8R — i BIRO T EA N L. — IR
1EARTBIT o 720 WA 38 4E (1963) 122> TZ Y R
< ABERR HB PN/ ERO B ES 2K L7
DTy NIV THICYE LAEEZT o720 D
AA 43 4E (1968) 1AL JLM/NE T35 TR ER O m ik
W (G<yy) P¥WEEBLZDICALETREHRNO
NV T OBEE G L 720
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SOV Ry= Y VIFREAD R BiEkI i v
TOME BRWIEO—E) RV E W) FFRDS
HY. FFeREESH, R—F Y FREFAL VITHil
m3hiz,

ZOMh, BIRHANV T ORBERBE LTIZ75 VR
THESIN, A7) 7 O — A —2 8L 70—
7 ) — oM (334 (1958 4F) 12 HARBAUMT-
(Kk) 2A) AT VT - 74 v TARDBR L
ANENIY v, ZNEYGELIZA YR Y U HBH 5,

6.45 HSRE
T AN T RIEEA DA L R T 7 ZHE D
BURINTETVD, K62 ITHIROZILZ R,

Wl o T& 7 WOBEOAEMRIZMAE Ny T2 F AT
ol E£63ITIRT XD WEME Ol K E %
ERHY. HFGANVTORAIDOED KEL BoTW
72 TN FE TEPE NV 7T AR TRE R L,
ASIED T 0 HH ST d o 22 AYIHE 2 AN A
DETADHI Z CTE /2o ZORBEINEK A —H —DR
EWMTIXBEANVTOEED SRR L 720

%6.3 BRAEMA 5 ROBMHILE 2

*AAR%E 100 & L TH#E

x6.2 —MEHAH T XADES

AT YRLYY YHBERENEH L7272 213
THORVOD KL VBT SALENRTWE, TV
UHEMBERICHEH LA A 3@ a—= v 7l
V=T AVERH T ATH o720 FHETHRADBEIRK
PRI S N2 AR DS T 5 A0 7%, dildk L
7ok ) ARG S NUBA L B R e h o 72
DT, GWMTERIODY =T HIKFT T ADISNVT
ZRERIA L 720 SO T AZENRRTOWREDD -
72O THG 354 (1902) 2@V —=F A YA T A
PHEERATHE S N2 0%, SER MO 75
AR L) EfliZe o T, KIE 134 (1924) Wi &
T ADRFEAATH A4 4 (1929) [ZEDEEK
MY —=F KT T A0 L BB 2 gD 727 4
NyR=3 vy THENz, ZOMBITEROEE
BRSSO 7 BRGSO AL I DR TH LT OUR
SNBEIZE-TW 5,

6.4.6 EBIKAASABHEDERIK

1990 4E G & BERO AL FEBAWA L. & 5 IZiH
ROLAM 73V 7 DEADNE 2 720 TEINAPE AN #E
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|6.5 FUH AT E A )LDBYyERH

YYTATVT AT AV N OBBEHMHRBICL YA
AEIROVERIIRE (AL T 5,

WADY YV TAT VT4 TFTAYMELAMNEN
FVOMBY VT AT T 45 AV b (pressed
tungsten filament) TH 5 A5, b A EPLHETDH
Bift g 5L VI REBHD. 7= v JVIZXB5I/5
YITAT UBOBHICIVMEH IR kot 77—
Uy VIR O X HI2F ¥ 7 A5 v OIEBEWGEH &
E7HER, BERMOMBE T T BED (3
Z7 =0y VEMMKGEHETRESIN TV,

6.5.1 HVIRAFTUHDELE
FUYTATVOEREELTHLLAI Yy Y VD
KicksE [7—=1y VORIIMEDE Y ¥ 7 X
FrERMHLAZ L, MnEEORELICL D] &S
NTWb, &Y V7 AT V% 83ET 2B
2 BHAT T TN 2N EZ M HIZERET 5o



¥ Y TAT ORISR~ v v HA (FeMn)
WO, R#EIKF (CaWO,) THbo gk~ A v HEA
DY IBFELTI00 A v ¥ 2 BEOMKBFIILLD

CEIREOWEY — FiElE A, mMLTy v 7
AT VY —% (Nay,W0,) ZERSED, RICHE
BEDDLIDHALHIN T I L ZMATY ¥ 7 AT VR
AN s (CaWO,) ZiLESE2, ThEififkT
7 ATy (HW0,) 23 %,

SOHREAMPER YR 72Dy VT AT VBT
VEZTTHML., T yEZY A (APT: 85 %
YIAF VBT vE=Y A ((NH) 4 (HW,,0,) °
4H,0)) DFRICT 2, & OREGE HEE O L T
1% v 7 A7 VBIZLT, B LTHDOHET ¥
EZTTHHL., 7 yEZ A (APT) OIS
Tho ZOBYELICEYMEDE W APT IZLTH
BOREHFTMBALBILY v 725~ (WO, 1T %,
COBALY Y TATVRICT 4 5 A Y POEIRTOLE
¥ (%72) ZBilkT 22008 7 AR ENRK
MENs, By V7 AF UBIEZD WO, ZKEF
PR CTRILLTHON S, FHOWREX 700 ~ 900C
T &YV TAT VBRORESAIET 4 TA YD
EIREEE G2, RmER ) CHRT 20 TEAD
knowhow (272> T\ 5,

652 I—UvIDIVIATIRDEGE
7=y VORIMY VT AT Y OBEGEBORWIZ S
VIAFUMET 45 A Y ML 5 )EET 1910
ORI RENFEL (RSN TS, ZOREE
FRRENECHATID TN E > Tnin,
FRoXHICLTHONLY ¥ 7 AT VK E S8k
ORI ANEZMA T, £E 20cm T—H % lem
BEONMEICT S, CORETIEZEZLSH0DT,
ARFEHT1200C 2 RERAREMEA L CTLRICLZD D
Z 652 1T & ) REEITHY AT KFEFH S
TE YT AT (4 Ty b) SRR Z LR
T 5. COBERIZERR (30 L) Tiibh b5
AL 3000C FEE T TMAT 2 0T, Ff ks
HEALKP DB SN Do PERSHEBRIIM 20 Fi
TN TR R WAREEIZT 2 2 &I X D SBFTRE
b 7=y VEAI=V VT Y VERENS
T I LSS SR 2 BT LT3 2 B &
BRL. M653D &) M ITEERY L7z, KEKF
TMEALZA Ty PERI6ADE I A=V ¥
Ty NG, RNV =) VT T4 AR
LA LT o —HOMTT8%FEML T50DT
£ 1 mmiZT 57201254 21 30 WAEHT T %,

6.52 BEEEE DN

653 RI—TL9 7o DiEE®

X 6.54 AT — 2 J/E%E (1925 Ftg)
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09mm HEF THML LABFAIXYELF - 4 X2
XM &E D TbNb,

P X655 DEHITHEE T4 A MBL A
51196 & V7 AT YRUCIZEN B2 T
ST T EENDE ST T 74 PEER, TUES
7 A, R RA LIS RA S NG, ¥4 X3
ISRy A4 Yy FRUMEF SN h 57255, Kw»
LIATRY VY TZAT v H—I34 PR SN S &
IR o720 025mm LLF DK E DOMOMY| X 1213 B
HOEPSBIEL YA XYY FEFMIH IR TS,
—EOMITTH 10%HEM < L. 1L.0mm A5 0.0lmm
FCTHCTHDIZR0~9 M F A A BRI ESL, &
DEICLTMLENS Y V7 AT VIZRWTERT
HFThhnwdboili s,

X 6.55 #5:5| %t '©

BB, TATAVIOZ VAT VIV D
BETIZu o TREERELICUET S LH
HELWOT, B% 20 cm OEREZ I 75 LHT
WEL MG &) BHLTHEH I TY S, X656 1F
BIZWET H72DDFT =23 3T VAL
hTwab,

K656 h—>3 2 NF 22X
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6.5.3 HHEDYVIRT /HENE "

BOVECBIF DY V7 AT VOB 42 4
(1909) HILERVBGE R HMMLIML Y ¥ 7 25 v #
EH OB, MR ZAL TEEZMIBLOMER
NTHb, COFYTAT VBEMH L 2BERIZH
A% i D E Ao 20Ty BIA 448 (1911) 4F
WOIEIZ =y VORHLIBIEWMY Y T AT VT 4
FAYMEWAL, JIEMSY ¥ 7 AT Y EROBER
FxiTole BIEMY V7 AT v O HAREIZKIE 4
E(1915) 22D S, KIE 54 (1916) 12
GE 70 & B2 WA LTS 2 ia L7z, FREC
FAXYEVF - ¥4 ZADOMLBMEINEATY A X
BT DL,

WA 123y F 50 kg AL T, Bk B
NMopMazEH L, WRILERIEA T 27 7 23 TIio
TWwiz, KIE84E (1919) GIZIIBMCSB AR -1 %
AT AEHTHD 15y F 150 kg TR ¥ IVAEER
13 600kg/ HABEIC TR L 720 WA 6 4 (1931)
WCREY 77Ty OBE S HIEL Twb,

RHERDY Y 7 AT U AMHE LTRES R
TWDT, KIE74 (1918) [ HABEHKR &ttt
BVEN—WTBHD Y 7 25 U RROBIEIBE
Nizo BEHMIKREOL VFRYFY -5V T
TUvReTAX— - h RN —p5BAL, FEKY
OHPERRBEBEOH/RED Z T TV H05, Bikidr —
Vo VOHEFREFE L TH - 72,

BAAN 6 4F (1931) HAWREH SO L 7B # 1 &
DHARSY v 7 AT v RS IUN O FR M 1 257
ENize HARY V725 Vid—HHE G ElEADE
B & 5203 Tw7=2s, EICH BRI Z TV, B0
LS ¥ T AT VIEZTHBRILY ¥ T AT v &2 &I
LCERSY v 7 AT VT2 %ML, Ry
T I ADEMEDTAX =% BB L TW5,

WHRBAUIMA 14 48 (1939) fEICH B AU
%0 FAEE)TE U725 ki AR R 0 72 0 55T AR AR
BEOFEVPZHMLIZ0T, BAMI7THEIVHICS
YTRTY BT T IR LIz, LA OWR
128y F45 P Y THRE 3N (DO GEX6 F
v) OKESTHRANEDSHE LA, KA 20 41
HSEF TR Y BIEHAN 03X TE ENIFE
AR L7220 THAL o BIEHAM A3 L 7z. X657
WXMREOLEE S 7 TR 658 13 F—7EEMHoILT
Hbo

A1 30 A2 5 &/ TAEO AL, B HED
bh, B THRETEERETCON Yy FHEIZTO—-T R
FAERWY AN, SEABKROREEZ S5 I 7 a Y PLFI



6.57 LB 1"

6.58 K—J{EEHOM "

LCiEMIfzMlgitL. 2y 7257 vy — 5 Uk
IR % i BRI L. B T AR LAz, B
s % HEIHIRT 5 72085 & TI3Z B & 505
FEN, FRETRER—MEIZIMOF A4 ZAZ2@ML Tz
N CHIZED THT6RDOY 4 AZi@s 2 EMNTE
X920l BMAMAVFEEHLS Y Y 7 AT VD
2R3 20 HICHILIHED S iz, HEK
BYERH S ANV T TIZ I A MET D704 %
LFpzedfrbhCTnid, ¥ v 7 AT VRTIRE
RALSEHALD HEEIZ R 5 TWizo D24 v Ty

FOKIALD AT DI, BHD 600g 75 1.2kg IZ LT,
EHIIT15kgiCR D, 4 v Ty bERBEETHHAM DM
BEIN—KDL Ty bekT5ZLiMTbhis,
FRAI-TVUYIMLbEELIh, A2 —T V7
bz =JFa— VEEN TSNz, K659 1E
LWAL—Y VT <Y VTR 660 1E4FOHE] X
THETH S,

A 50 SEARDOREUEHESRD ¥ v 7 A7 ¥ ik
WRNY T2 52 h-TEY, WSS >~ A EEK
A== LTHRCHRGNTY T —DF VTR
I At S hTwd, 20 HEANEZA YTy b
2 HMFR (0.7mm) FTOHEETT ¥ MHH S iz,

659 ZEXI-—T>LF w2

X 6.60 #g5| = TF2 "

¥V TAT VHAOHERIIPED 40 % TRDE
v AEPERED 1990 BRI A - TN L. BAE T HIE
AR OEFERED 80 % EEHEDTWE, HEHED
WAz APT ZWATE S X))o THSHIRENT
OREHM TN EN, ¥V AT Vb hETOE
FEDHZ TV,

6.5.4 O1)L&LE

MBIEMIT L7228 v 7 AT Y REBEEAMIL 72 51
ONTHI SR Y REDE K 2 0o FIRFISELPE S B L
ZRIMTAEDN 1 5 0T a4 Vi T AR R %S
S CH DA, MBI R ML DH 2 DT, DO
PRI RIS D R EIBUETH > 120 R
PRI ZarTEy FAIRMIBOER SRS
Ao T2 L BIHROKEICKRE BB T 5, D7
D ENLIL )T R0 BMROME 72 & KNS knowhow 3%
DBIZIE= Y T VIZEETLEIHVDOTAT Y LA
M2 7% 8% S OHMBPERIN TS,

4 NVEEORMIEK 661 O XD LN TTSR S
THIPN TV, BN 2 S BEOBMIZ R -
TWwb, M662FZZFDHD—D2TH b, LSBT
BRI N, ~BERO2EIAL VTIEEY
TFEUVIEHEN TV B, & & Btk Ral-T &y
L. HHMOLGEIIMEE. SCERO G LR & R
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DRAWTERZ B L PRI, KFEHHT 900 ~
950C CEMILZ T > CTIAf VAR T %o —HIA
VOREEZOBCEY) 77 U EMEHL, — ka4
ZHBEL, CNEMEET) 7TV OLHBICEL,
N NMERAE TR OF T, 1500 ~ 16007C T
Lt (M3 : ikl : A¥AKD TEVITF v %
BIRBRRT 50 ZOHBT VA BRI L TR %
INELEE L T %0 BRI 20 H8 (1945) D —K
a4 ViZ 8000 rpm TEIPNTW2AS, ZD#KE Nz
ALASHEA 30000 rpm D HHTEINL X 5124k 572,
WA 30 4F (1955) EHZ S RI AL VDOLFRICE T
JMEMHL A Y ART LR T &< A
Baf) oy MEHEIND X ) Ik oz, Wi
DAL NVEEOKT ER 663 18T, KREBEIRHD
KW74FAY MIL—RAR Y ¥ EIFEN BB
AR AME ] S NEEYE - TR B B IREE DS R VO TE L
BRALMLIN TS,

X 6.61 FAx#Y

Me62a31U>Ivi >
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X 6.63 O JLalETE
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3)

7)

8)

9)
10)

11)
12)
13)
14)

15)
16)

17)

Francis Jehl “Menlo Park Reminiscences"
Edison Institute (1936)

J. W. Howell & H. Schroeder [The History of
the Incandescent Lamp| The Maqua company,
(1927)

MA F— THERORIESM | HARERITES
P104,105 (1950)

R AR AL de Ju N T 150 485
(1968)

WEITA Ty 7 BANEH 2V 55 vV TO®KER
] (1996)

FERIMN T A7 Ly b [HEIIUN T &
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