TR SEd

famflr @sam
AR el PRt

[LLEIES EETEEY

oA il R A
NCEERT

t
wgra fages aygEa iy Sfdtaor afieg
NATIONAL COUNCIL OF EDUCATIONAL RESEARCH AND TRAINING




A 1994
TG 1916

PD 10T OP

o ushy M s AR aREm IRy, 1994

it g
0 v F g8 s o e v R & el am 3 o aw R, weiE, ey, fafén
sreqan it v faf A G sy i ST SR ST S AT ol 2 4
O 0 (e & 8 58 v & wa & mé # R e o g arefa 3 fen T qRe 3R 6 s A e
= v e o S sgmn T 3R @, e, @ fg @ @ e, 7 ol
0 9 YT o A e Y 8 oA & 1 s ) e oren fawrd v ol (e ) an foet o=y faf o s
FE v wifum e Tem A aw T @ A

WEHTEH AR
W .04.79 37, JBre [
TER B9 (R WORE g, TR X1 TR I IR
RIS  GORE 9. A1E W : ST AReR
A AP TR EE S B IR IR SR
fawra 9. 39 : TEUE SR Je
o e - S wes

g s A, ¥ ey fawm ¥ watey

WH IR A, P A gwgd Py AR EE o @eed, dow
ofi afag foaermEn, Frdz STET AR 32, ® & A7, T
a freelt 110016 W 600064 WEHAAT 380014 24 9T 743179

3revor : R AR 9

% : 2100

yeTer fawm #, 9fe, iy e orEu ik wfee aRwg, st srfie
rmﬁ?’a‘ﬁwﬁnoommw@amﬂu—ﬁmm 1899 T
’, AL, Bled ERER, T R 110003 5N AR s eraw, g
mﬁﬂ -1, Ay, Al s, Sre-g-Reeh 110064 § g |




UTFh

e &1 TE1 S T B 9ER 39 T B R e a6 aniRe,
TR, WaTaE 9 Afie R | e e o e 9k wee e
21 B Rrenaren § T @ 999 8 oo w9 ge § qdomfie 9
TgE W OW AW gl @ Gy 9 oy P Y difee o gt
el w1 faerd S Wk o

T i e SR uftiEr aReg TeE A ST @ e g i
[ F D R T P RIT R TR W5 AR G w3 A
Y WO 7 AT WA et vedl §) wiguwd # fiRa gwrel @
TR ¥ A aRYg ¥ gl 7 A Wi & Rew @ o v w
TS FEE G T D S e ’R R G JRS-Ae
Wﬁﬁﬁﬁlﬁwmmﬁ@?ﬂgqﬁﬁﬁwﬁﬁﬂﬁ'
&M

e FAT AN F T6eH H 59 AR 7 o R wn @ f e
P ATIYRTD B! TREW § IR o G semEa arEl ff & 9 aike
W F OR FoaR A S el § wHE B Wy § Wy 69 ¥ 89 0
it AMd eg A TgE

T 30 T | [/ 007 B TR B TORH B BM TR @ §Y
iReg # 9 8 ¥ 7 ok 9T R A wow o ik g @ uRvym @
g9 v e < Ao ) gEe T uei Gl @ e § 98 B
o 8 8 5 T 59 ghr # T § oM omwm Rl § o aRRm o
T TF AT MR & GOR F o 314 A e o gl @ g
YT § TTE S |

oiawal @ anemmesll ot & o} fm-gidm ¥ ¥ W amygRe



iv

R g Roraen R qur S Ren IF @ e Ga el w1r
T S B A W A 91 9 fBEN el B uRvg |WEifies Sireda,
H-FRerr Siik A9 AegoEe w9 w1 S W ©

SITE S AT 9 Jie AR @1 e | e § © i
sed) g fofed TR @ AEIRR 9@ W e WH—-ggafes fist o
BN Uoel @ fo ofFewR g Syar fig sl

w iR W T A @ sfva yeiE gl @ ok ot suanh
T @ fazm # Ry U R guw & iRy @r w |

IRleh FAR Tl
' ECtica
T faeeh Ui Wi emEu ok aRE gk



T e Ay ek e uReg [AISARE) o wE eiv <Al
A B ST U8 UF BRELA O €1 oW kg & yiedhe fFews
aoe 3R wH ¥ g 39 R A e & vl 71 eReR g 3 R
gt b @ oo e Bl o sfteem @ Y 9 STReIie
WeR B0 § 93 Ger o |

9 R § ¥ M @ ¢ 5 EE 9 A= v @ e Res
P 59 Wead s @ fore FEfa oy w6 | T W v § {F @ e
FEI B SR AR A SR & e e W TF Fow wea
T UgT W € | O g W ORI g fF SR oigRa B arl dd
& fou 9 g W F W g av FEeE @ e ) 9 O
# §9 | TG AR gt Y § &R AV oy 77 fRm smeed ek ey
wRem o & oy wed W o §| A Wl denive fel @ o gem @
AR |

T gE@ o A § e g 2 vE © 6w W del § e
fbr WY 6 T8 WA TR AR sy o, W € W s WA ® 6
geE B 390 eage W REW ¢ gaw wW B gnee A B Bl |
B 3 WA S Ut § I e Ten o IR U B e wfie
PrEa 4 7fE B R W oijpd ok 990 TEH § foy Wwe ST
e F TF I T9 9|

7E Ao IRYE & TAE TR Sf. e AR T @R @ wa
W el Y 9% 3o fov i R gwEg <@ g

9. v el ¥ 39 g B fore @ fon W Ry ®hew fem



Vi

foras fore & gg & o £ IRy & Rer @ Wi Ren fwm @ @
I G ga QAT @) gl @ e ¥ /Il ASe & waee g
e § 3R 3ga uRem oty guor § AT B FR IE § 1 OW SR
Ryl g ofte W Ao @ wererw ¥ # 39 D9 @ S 9 oyaTR
T F ]

e & 5 T gwel § e w8 W6 B aregerd € § Jenre
ARG B YHRA B T iR A5 @ Tbad 99§ 9§ 9y 9%
a9 AW B yIREl @ A @ e @ wae A wen e o
o g & Uy iR @ W @ A7 ger g

TTERUT HERA
aregey
(forstr=)



A *

73 iR N Ao @ S o A% FIh) qRaS YT @) o g9 £ 1 39
Cict O i A o A o G O s AR
Ry T FEAie s, e W ER S, argfdEE, wE s, e,
HRIER, JEICHIANT, FOIaRT o H TW &1 Frw gen 8 e @
o7 9ga ¥ Y A A gwel & foa 9N B e 3 8§
T el 3 TR ® wed TR A9 B 9 Y dee wiey o |
@ § ol 3 ol denie srpftal @ wee @ gelagt A § s= @ forg
T B T 3W F 39 qenie It B Ao § i s e
Tey Ry U6 § P § gl 4 Rl 1 fAvgew et B den s
G It B A Tt O | B S T e
TeRER I3 & e el B Ya¥ U9 TR W IRGd R F Y g
Toed § | O q= B, S gER A g9 &, O @ & ¥ w5 oftw
WreaTes fierm | fas & 37 qwe @ g g ol oM ® fF wm @
smyfem dE Qe @ 98 aeen o, o8 9 e oW U
e AR o et B

TRH TN TR 79 W F gR—agutes el @t & o @
forg St wfmr e« gaRT e Wew e R {7 &7 o0 sk
JET B 39 A @ Sfid R B Xe AEE @ [Eel 3 oEd @
qriey Reeh fvalerem @ qaqd gouiy W TR ARE W R R
fogm wd R fen W & WL W IR YE 987 7R @

§ o TRl FeR ol o wearht o gow @ wfee awEE e
9978 < § |

™ JEE I 30 oW 1 W TORK W B v § oRyg @y



Vit

fawrm & wdedel, e fummee st ATIE IR g |@ued s
Y fRadl @Y EidE gaE & § )

@ BH WA PY i §9 g @ &) ff afie Swar s d e
gedr fAd w9 | ’

AR AT HREER
PR TG fITTesy

fasm= wd woreT Ren @

s g g v ikenT aReg



— wfr ohed, gEe Rveleem, Siow 9 e @ Ree),
Rl

— qgenfeas fis wdamor AT B UEAE AR ANE | Side T B
&g T 300 R @ wyEl A

— o Ry B ygw RS wA-uReeh ¥ o gl |
— gufy: R et Wkt wyE Re R,



SR

. = R R War, e A e AR (e -y
fie Oror), @1 o™ gER e, ©1 duE 9UBR, ST R
eI LG R

. U B Y SEes W @ v T R |t sguifas fis
waam Ao @ | wsdifEl @ iy, R 10 oof @ sfte R o
o B ffleg @9 @ 98 v e T

. USIg Hfe s ok wfert aRg @ W W gAR Yol ()
W YHRE R & onws WTIIE g1 S6 o wEAIRET $ ufy,
e ye ¥ I8 TG A I N J TERM B OS wal |

4. werMrR fawr R, 7 R



—
o]

TTRDT....o s srimsaisnns srrsisssisrsrsssssasssiss s ssss s s ses s s rensssinss 1ii
BT Tt s s v
1L A vii
WGP TRT....cssamsismsemsss s ix
BMTHIR e rssessssssens i basees s s s bt easma s X
GRS B TEAL TERITR Hooosnmssmmssssme 1
G R G 6 L R R SN 9
T T ST ¥ TEIRID FT s 25
. ST e (4 TR §ae 8 FYE SR 30
LCIE T AL e ) 11 s 65
e i HERTR AR qguIfeess S : A Sru....... 71
G WD —FO TR TG s 86
OIgEH A AR T B T W 05
Gk AR IERU R CEE IR I B — 100
SRS s BT AR ARG T i 109



e e e P P T

£ I L
Vefmthey SRy CC x;.‘\‘aWJ i

PerstraT, sTr-fraren, aEafrssar, SAWER 9 g=aTE, 1Y
T BT TG, TG T, T /RCaTa 3 Y=l TRy,
e femm, wﬂmmwzﬁraﬁwammw
mmﬁmmmweﬁmmmwné‘ 1
T A T PRI 3 S W B STt eAtoTel e ST &,
ﬁwﬁwwﬁmaﬁ%mﬂw%mﬁ
AT IS L & | faarre 1 Sga vy fafve a<qer ua
SATFEATH <Y SATEIT HATE | o7 (s dra uE 9
VT LA F fog —

* 3 afearet #r FEsHt auT wEArst % wia vy

T4\

* g P aTaY O At U7 WRRrsEA SN
T AR F¢ |

* ol R w9 CwE ¥ TR B O geN
ﬁmmmﬁaﬂfaﬁawﬁmm
szﬁl

*  FOETITAT W NOAT I ArET T JIA Neroit wH
WA IR A EE@E e

* TAOEAT I Y, m@r:; Ta'ug::rbr
AEaTRTEE UF W wiE
Sﬁqﬁ&wﬁrimqﬁmﬁﬁ%{mﬁn

* oy, Prare-afy vd awf ar srvAr wrieia Wy,
'ﬁrﬁm‘T u‘%ﬁrz‘rl

* IMATH UF WA Fd & g € "W ud g
WIS %ty Iowe afwerar @&




fos @ SR A W BT SR Y S B AR AR A F
¥ Y Fe-PREM T S 32 & | BRG Wil 7 FR-AF & @R
@ & 2 3 T9d qayE W, R sedh s ¢ eRa W@
7o fonfom &1 S B SR S @1 SuRT s R e <
IR RN g4 ORE ggal Yol ol Y foF Yol W SuRed &g
W(Resources)@ﬁﬁﬁﬁlmﬁﬂﬁﬁqﬂmiﬁwm
T WEMIR) @) AR ol et | g6l TR A el 9y ud
e o FEaTd &8 o AR U TEEER € AT SHa) j&T & |

I WIR B 3R W o1 o o R ¥ see) Semid |
iR @ 59 R R &9 @I € 98 Rl gedl & A 29% § &R
B T 71% W U B | HERIRT B 39 I A Ao, S AR
Trod ARGl & ST R BY § | Ww 9 "o Use iR
AR 1 Jae 9gd WA 51 39 Y U Rl o1 e @
TH & o g U (@R & @R R ) B O 3R o e o
GG G IR I i i e ) s A | - A R G
e WeRl &1 SwOM a§t a% far o we g

¥ HEEIRI @1 3500 A ' A @ Y Teny w1 o
U g Wi WeR §1, 39 d @ Uoie oF o 4§
35,000 WIT QTS o407 Yol §| g7 oquii b1 Iy u @ e



2 HEMR T 9% U Q@A qgefdss ) o

@RI §Y o 90 §HF W) a 15 @9 AR |l 98 9w
S | weE 9w (Continental Shelf) YWY 9], gfer, o,
ARG UeR, HIga, R, T (Coral), @R WS GAT BRMRNIST
S el @i fdER g7 8| -l 31 wfEl @1 wge @) sk
e 4 w® 3w R @ 0 e g 21w TR
e W FESIYHA WSR (Hydrothermal Deposits) Tl dgenfeas
fig* (Polymetallic Nodules) Hﬁ%’f TS WeR & |

¥ gguifeas fivs Fi-adl =i, T el ok &9 TR 9
¥ off e ¥ TR EARE 98 9d B S 9q8 W) g 9
TWE Bol & B 1)1 37 Sl & fde, weee, ow g @
aEr Sl emal uigy ¥ R @ g B e Rem usiy
W e W & dsfael 3 T 98rR.® 73 & (Central
Indian Ocean Basin) § WY 5000 #Hex TR U T 39 fisi |
W F @ B W B § | ST 39 Suas & fav s
wygaE dd WIfRANYT (International Seabed Authority) ¥ YRT T B
weH Qﬁﬁ 391 (Pioneer Investor) @1 Iy q genfaa e 8
@1 ARg e g1 989 € <@ A g1 dguifae fUs & wis @
% SEn AF fomm

vguifas fiel ot @ @ 39 fUs) &) & s § @9 @1 9y
1872-76 ¥ §Y feroR AT @ o 7| el g9 AfE §
@ qaene = W 9@ foRm o7 | 7 A=, 1873 @ e Wqw A
T $9 GRT A6l T (e R o @ &, 98 R qguifas
fisi ¥ w1 gon o9 el 39 & IS B AR emdl

W & o s 9w # | .



et @ aaTy FERITR #

THNPIR AT & -
I J ‘f"%“ @‘ﬁzﬁ
U T

frst 1. nﬁwﬁmﬁﬁmﬁwﬁ,ﬁﬁé’rﬁmﬂa@
(&€ " 5000 Hrey) |

TS @ gl TW B ®HRY TN fis (Manganese Nodules) @t
qe1 & TS| g B @ISy 3 o O @ um # foran &
Hrefror anffes gfic & vw 9gd 9ewdyqul @fa 21 FEfd gad TEv
WgE W WS At B GHiaT ol &9 8 TRy 9! SuRefa
qfaw & w qfdsmT B &7 4 gov & Aeayy g 8 9@
T 1965 LS. W AWF Jsnfe W g9 fUs @ el
UEE] IUFR FRd §Y 94 9 gie 59 3R omafia @ | S| foran
fo5 ww % SuRya g7 fisl & ZT HUE (Total Deposit) FT B |
10% Ff @37 @ gfc & aweN & a9 # §79 IuRYd &gy

W e,
N
»

LI



4 ' TR ad W) U6 G ggulicas Ul o

g9R fory gwRl Wil q@ Syoe & w9 W N wE & forg
IVE 39 GHY [FR W qI0] Gig WHG &, 99! TVE §Y Wl 918
gurl Hew TEIE W @AY @igar 8k @I 20 991 915 T
g (3INTT 4500 Hex) @ §9 ISl @ @7d GE & P G
St AR 51 e g9 6 sieh-qurT @ dF geur ov #en
¥ gy vy & SV ART 20 FfoTeT R B BA W G EBY gael
UET W 9W YT P 917 HY %8 &/ 99 § [ 99 g AR @
JATE TENTS, Ul B N9 gerd v Rl @ 4 9 U @& g
B g W P W & Fd B B W] e ARR
I HR-ER TP A §p] 9 3 Y8 B

JR=T H AR B GAE AT F TN R W WA A8 & Whbal
W] 9 g8 W4 A D g & TS ) IS G AR | 91
T4 g9 FARG TRl & @ ¥ W] T 100 WieR TERTE 9
T oy, W R SR e @) gEE @ B ) s & A9E
WU F HA DA BT 30% M 2400 AR B TRE A B U
fopar 1 @1 B T @R H S 2500 WieR B OTERTE W o
weror WaE @Y Awerdl 1 98 g 7R B P o oS ot
e ¥ kg IS & @aw Iam g=R A8 g

RO A Al Il WY W 91, IR @i, i an TR O 9
T AR T U B B gEeE, TR IR W G B URT e
g YR H Wi iia witges st srqdu weam, #
IguIfas fie @ o’ &) Taarel st &% & N =
w2 8| 59 sgufcas Ui o1 w== anfdfe o < =i, 39 ueH
R RIS T84 ! Al O B | §9d. 39 UOIel @ wr et
B ORI B 39 YT &1 AAfaH IR BN



Mpap) i (aShBl SRRkl 18k wbYiede b i 3R A8k T kY

goh
?

S
L

[
N
L
T LI
o L .
.
%o
" »
[}
A}
] s,

g

I@J

(‘
f
I
;
§

gﬁ%ﬂﬂ..ﬂ_ ......u n... * o -

Iy
D
b
1%
i
¥ &
)
.k B
§
K
i
r\

2y kabk .L

"F a

B poa” | - 1Y wﬂm_\ﬂ

kI

W

v,
NS
(?‘o[—}o : /‘
00 \'{\r[ j

/’g
qlE
%,
£
vl
NI\
Wl '
W{é\/l‘
o
T
w’z
T\AJ\.A %
‘\/(\/

.M.Qm,




6 TERITR 6 N UG W qguiias el &1

a3 (@) waw R Gal ayiE Suwel § geiag arR w | @) oR @) @9 7 ®)
feq § fRN W fog T W S, R wedenl
fiq wemR A wgufes fis wq wRaE T
HEATRI @ AT 460 TG T Frarie] &7 #'g9 agunfa®
i<t &1 doma & (= 2) oo @ e =R @ 100-150 @
g fariic &3 4 90 WK 8 @ A B | 5 SR B
dex 1977 # W wqE Rem wwam, Wa @ e 7 g
Sl @& wdeor @ AN T gH DI 1980-81 F wrH AT
JfRTA B T B IR IR AW Ay | |
1981 § W4 9N ¥ Ted g WA H @ o, sl i
Ugel WY AU olerdi WU, (R 39) 7 3R 9RR 9@



IREEECORNA

T
S




8 AENTR 0a W & @ agdiias fUsi &

Uge qgeTias fis @ie e | 39w @ Safed e i
HENTR & oF aai—vqea: 9 fdg W8MR (Central Indian
Ocean Basin) # Wd&01 @ AR w9 @™ 89 @ @9 & oy
Ao g TS 1982 F g Arorel N WR-ER W bR SN
. 3T | TNl v qeerR e fvm @ A 9 @
WRR-E & IfARad 4 oy o (3 R 9 1 wel) fawmy
R A W T PR @ wevawy 76 JsfeT, gNERT Ud
TEIRRET @ T 9 39 A9 W) G GRAT 6 (1| a1 &
TE, A qF W D AP 40 FY WA ¢ fawafyEe™i A
gderor, YMMfTE W, 99 9, G99 S9A &1 e 9 YRl @
Teiee e T oRell 4 3w 9ggeE Ao B Ehd 9 H
T e B



~d

ey

RN @1 R aiR T @ Re

meeﬂwaﬁf@ﬁﬂaﬁ?ﬁﬁﬁ%@osmmdumﬁ
TR F TF el AR H T8 W@ AT | A B ¥ Wanw gedt of,
Fed § 3@ W § W ¥ 1w TR 9 @ R & o
a1 g @1 fRI W8 W AT T8 @ IR TR B R
godt 1 B AL g T o, R ERR St B g%
fem | Hvea: vgel el e uerd & w9 | 91E § 39 @)t qared
T QUTH (Separation) YH BN for qedt & e @ AW
Wl A g | Ed MR vered O @l ORY U8 @ o (Core) B
WG 8§ T T b= B A 2 W EY| SFEEAl SR W (1270
foheiriier drer) dem e W (2200 fhdHieR Hien) e a1l 39
B B R AR 2870 framiey A el wgHl @ gl @8
g o/ Hed (Mantle) & W | OTFT OIRT B | AI9 9EN WAg
e B oo I gaen R 0-30 fraries il o i w®
& A Yed B U GEd € {6 WeW UEel ) udell 91@ o
g (Crust) FT A0 §o W1 Re Hea W awdh off | Hea & k-
dR der 89 @ W R ™ &R MY SR arrRer (Atmosphere)
¥ ifed B ot oW gt @ Waw sae @9 @ i b wem
Sger 9 % far w9 gel BNl g g9 9N 9gd 99 AR
Basin) § ¥R T | 39 WE TEEWRI @ fAAfor gan|



10 HERITR Od W Y% @M qgnfas e &

| Ho I W agAE § 5 ToRe @ BRY el & N
el o freee 9 o1 qrETeRer g9 B O 9% ¥ R R
W% 1| 9] g8 5 gl & fmio & 99y € @ gy
A o R TRgeA (N, 19 ST Jfdgs (CO,), daT o
e (H,0), 760 A & HoE A1 3 weref 45 w19 ¥ G ffediga
BeR, U A9 gRI YAT A G |

arad § Tl GeR A dad UE Q) 9ENIR 2, qifh o &
Udl WEERRI @1 de U @ ofEY I A el B e oW
g B ol FEEY 39 ol W RGO g #9 WHE (Islands) B
T 39 faune SR @ rev-eert "HENTRI § fvifora @R <0
217l WUE WA W W R e W OGR O e § e
W B | 40° TG 60° &fyor ey & U <N ga @ieraiedn) @
g, =fdror smde Aerdly @ sl PR @ 2% SN @ srorar
qrY 98% AT UMI B | 39 WM W & ¥R AEMRR cdifed, &y
AR werid AENrRI § faved @ W €

3 wEErRl & famior 31 gher 950 € JwEen) g | e
¥ 3 WEEd fdQued (Continental Drift) F8d & | 391 | A
3 BN oG Y B @ WEENM Ud 9 §S A | g Gfomm

TE-TAd UF W g f yp o wqw § gom o et @,
B o T Y T ¥ waE o & w4 on) RN e wd
T T B 39 |99, O ua & 99wl A <9 wEsh |
@ fig W yafy ok $vor v & @ ¥ 1 o SR T B 9w
st |




AEErRI @ o SR wgw | Ren 11

Rra 4. : §fmg— 2000 o oY o | TRET o1 G wex A9 @ T d o iy @
ga 3R (@) o o fafa

(Pangaea)%ﬂmﬁmmmlﬁq@ﬁ?ﬁwméﬁﬂﬂ
(Tethys) & HETATR 1| Hed HETHFR UEaHTANRl $1 Bred
gl & T A A FWR Feaa &R R T@ B w R
| PRk ool 39 5 & Goawy 98 dd Bad] 9gq



12 TENIR & W U6 G Jgefeas fie) )

C @ | uRvrEEY, Te W oS weieiy, R @) wEaiR Wi |
TS Bev erl-are foemsll § "€ W ¥ @e™ @ (Drifting)
fra 4)) oM @ A o 9 9% 3w B 9 91", i a
FERE A T WA g §9 ASEMl B SO AH—aRfE,
gl A Trea W WfSa & | 99§ isaET SUEET W
f @fdd B oY wR fRur) s wnw & wenawg “Y”
PR B Rue R WRG el & TR &R hidl Ud gfaroh
T, SiTTafed 9 Sivgforr & o & | w9 650 A 9y
% f37e 89 & 918 (1350 &g 9¥ yd) SRR @1er (Jurassic Era)
4, FEET B P B M @ BeRdwy SaN diedied v fag
AETANR & S §afl | S T8 94 1350 &g a¥ d& Radan
P g% AN 650 TG 99 gl el (Cretaccous)'c}% S REGEY
ST Seaifed ARArR % 98 AENIR @ WU § SWRH o |
WG qd @ Do 9 Y | 399 3R Tawg & eru Baey S
TdT el B T gl Sl Ot B B @ Al il ) FIR I3
Y& F |

TR A WE e gl 39 A Qv AgrR &1 9rR1 U
o) <@ (B 5) O wgs a9 R gl @ @ ke, RHey
Tad & W 98E $9 RN gl ORI wda Ean fea
- ga TE aTgdl f ranwe S yaa Rrer W g9 o ol swar
Ud q | HER WRE ¥ 9 T eR & o fE (Red
Clay)d wHdd H5M, 8 I SEPU QA6 W SaTar e o wal
BN-HR Y&H 9l (Phytoplankton) & e | Ua PINA (Unicellular)
ORI W oide SugEdl T waHurt (Mammals)ﬂTf'aPﬁ % o
o1 sRE™ 49N 3 WERIR |



e @ i iR A @ R 13

"",\.Ma PR SEWIWW”J‘ [T w

. il.l
i .

M‘-

m,lf )h‘ Y fzg-gv’!"’

*.J.-.- i '. ‘
J#‘“’i'ﬁ‘”g :‘575‘1'1’ “l‘ “I" L ""?,/ '. r. ‘\
Y A St WIS S

fors 5 91 R & T W BN oo A, wedt ol e da | (@ -+ dor el o)

AR B WA TRV A B A G GA—9D] W A s
A& 8 PRy RN tawgags 7 6 TR 1962 B 999
TE<) WA W aTel WRI HETINR @ ARIT @ (@ 11,000
Aler MEd) WM 457 MeR AR MEW WiH (11516 AR TE)
Reed @ § @i P | [ @E TR @ T a9 i
@, e seaifies RS (Mid Atlantic Ridge) ®7 & 4T 8| I8
FRI T SaegREdl @ dew 6 @) B s 3 MR U T 9w
ferl & seTESHE IREA &1 P W 9dd RRR TERew
(Guyots) & f72 WHR) gRiell ¥ FIEH Fedid @AM O



14 RN Tel W TS @ qguifoas el &

[ g1 QT &1 ARG AET B fgrmmerg @ 20 A gl §
Sef W e, e B el | e 8, 18 A § W wm R
W GE aa 55 Wex  THed 3657 W TR & Godl B | Faaw:
I8 WM GOR P e TAG dIeN Y (Steepest Slope) ¥ |
HEMFR @ 1 6 HWR A8 aR 959 9 8 A1 g% ol 3,
T B i O BT AOHE B ONTE BANN 37.4° GIREIST & &
& WefF url @1 €99 IRF 10 Hiex W 1° TSHAMIR 98 SIidl
¥ @R 950 §U 4000~6000 HieX @ ¥ga fUH & W 7|

T BT WRIE a1 Faorar {100 9 U H gel THS (Sfaol) @
AH B GAE 8} A B GEW W AERIS: 980 HH SNl 8 3R
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¥ meEql ¥ SESRdY @) Weldl ¥ AR S Y e
WA B T R 6 SR DI ASTBY WIS B A F

qgutfeas i€l @ wwmafe wE ‘

Tguiias el 3§ o% urg @1 AR eN-aeT 9 B 6 -
fon ST anfe Sitg B W 21 3 S B S fogag
B & BRY TR 30% TP T 39 B § W W B | o el
f e A S dE S oy 76 we T H o e gun
g auT affed (Oven) § 100-110° IR o9 R &I 15 e
qEN & 95 q9Ee wE @ ol wm e § ) st § ff,
HECE B A 980 FH T B BRY TG IERAEG WG H I
WIGYT! B AGLGHA B © RS S SF FR 89 T @
§ ol ygell F WHe R FH E |

EIRIE G B I e R A 2 R | R G 4 i e S e
WIRF W@aET WaRpieMey (AAS) IR TR 399
WISH-IERG  $MYM  WEgieieMiey  (ICP-AES) (R 33) g
G FRA § | TR A Ho8 TesY B O A rew ¥ weNa
(XRF) SUTRW gRT W TRNE Wi @ ot §



G- i B B for) @fee] wRaaTell &1 e (Bvaluation)
HRAT 950 TG 8| O fo WAW T & @1 fawm wdarr
&R BT § | IgETRas fi€ & GEE she (Resource Evaluation)
@& forg wdeor N &7 H 3 9l @ AFS (Data) B AT
ad § -
1. Tl T @A ava ffe & uft o Aiew # el aR
(Weight of Nodules Kg/m?-—: Abundance)
2. 3 S @ yare Sifg g’ s Sulea e, s
HiaTee, 9 HFING @0 URerd (Chemistry of Trace Metals Grade)
3. el W=l (Bottom Topography or Bathymetry) Gl ﬁﬁﬂﬂ
I G N
T &9 wEl W A efas s wuRed € wigw oRAT (Prime
Area) FEATTT 8 | WisH tRar § suyRera enfas fis anife wu <
gl B ff waa & &R 9 N gw wew R @ daw a8
fewm el W SuRerm fisl @1 anfdfe o @t gfic & @
1 "b RS (Reserve) TEalial & | $U® Wad U€ & 6 wigA
R & HIF GO AW & GI-ARG &F & Fhal g1 AT A
Jguifas < @1 anfl i wwifda SR (Potential Reserve) & &gl
W HEHAr B 50 98 R e g avf & o g gae



66 MY T W UF 9F Jguifas el o

W el g IR WSR (Paramarginal Deposits) HEETA § |
qH B WeR B ITAEF HER (Submarginal Deposit) & ¥ |
SUdH deR gda A o anl¥ie g & awar TE B € 25
i 30 g9 g/g B gl A B RO 9GS B BH qRrerd o
afife g & oMo @ a0 81 W& A $9 avf 3|
ST YeR & S §9 9ad |

yrgd TRAT @1 98 91T Wl R SuRed Sl @1 YR 5 fheum
gfereridier. (Skg/m?) ¥ A®® B T T SURYT BiETee, Rt
T BiqR @ |fRafery A 2% @ e 8 wEw-8 8 | dar B
T9% ARG &7 & aclig WX (Bottom Topography) T HHTT
B N TFm-a difhd A A I & o Wyl B AR @
Tor &3 ¥ Sl @1 e AR sfreien: 9gd ofde B § W
39! TE™ (Slope) 9§00 31&F TTe (Steep) BH B BRUI HH-HH
ST 80% WFT WA & ARG & B | YT oTe] & @E e
(Mining Equipment) @1 g0 &M Ugdl Wdbdl § | @A7 &g QMG
e AeHl B wufied § Ol @ o 9da, YR U9 98 TS0
ol g 7 8 | IR Jenfel @ oA § % ol aves A
150 #Hex 9§ e SAR-"eE qe &F H Whd WIH NIl 69
T AR T H 9 & A e W A BB 10° W AP B |
- Suded Al @ wE § 3@ gy U 9w e W &
IFD A a9 Ygel 7 8T FENIrR 99 (0°—30° sféror e
Td 70°—90° & IR A 1°D ¢ F @ 100 fEAL) Rwfa
fogr | Y% a7 H§ BT (Hexagonal Pattern) R 5—7 T (Rt
F 2 BEGNT) FR G0 T UeH [50) e & S99 W A
Ig fie orquRem a1 955 o9, w0 ¥ afdw ok Sfdor & Qe
Ao Sifea fFT T §T sl b ImR, ) wgw Rar a1 98



Gfre qrEEIe w ed \ 67

(10° & 20° féor s & 99) W%aﬁmm%mw
R 3 fis SufRerd oy

@?ﬁuwﬁﬁwwmqﬁmﬁﬁrﬁﬁwmﬁm
T 1 T B SR M I A AN S0 fFelrder wersR
T T UhA 1 T g9 e ar S @ gEreR 7 uree
AR YRA ® By ST RN & 98a 9 396 TR
St B | FH W FH 3 TARTTART gR 4 Y aRfe §iE
@ gRumEl @1 sirew Fdee] 98 ax &ifhg fear T wEl w®
fafper, PraTee, a T 2% W IRD oy

TR W A wde©r B gN He@R 25 fFAMRR @ T 10
frarier =) @ ] (@A 34)| RyEr & = @ gf wem 9
g U0 i fFemer vR § g uRads o Wyt & wele
fiel & Sufem erg o uftrraa & @ [Py efax =& g |
aread g8 § & sl o1 faww@ 9ga fsawr gonm (Patchy) o w1afds
grg @ wRreraar 959 9 & F e R € uE 8| g
w® fiel & afww & s BN W aigey & ol 99 e 9
SO ERT o A ¥ g ved fear | .

A4 1982 9% I sRTig iffl g™ wey fég #erarR
& 56 g T frarier &5 9 g 3 A i fheey 8=
waferg fodr Ty own) 39 3 @@ T fFares & § A 45
RYAl 91 3MHhs SUGH | WRAY JSNDpl 7 T YA WD
1986 @ 3 TF 44 AE fHAMIER &F F AR g1 FR o |
9 U O% 39 &5 § 1400 RIF (6,700 T W) T 3.5
g s fheniier TRIE |eE Sfies UdraSeY N1 (A aX

e 7 AMioR Yol & A 9w o e A adw T gws R o §)
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e i i o E 69

3 | 39 INFS B YR W WiRwd AR gRT oM axe
3 WRd T fBeliier o1 &5—@ -8 (Application Area or Mining
Area) fEriRe fan- 1| 9 &9 # @ wadl fr @ od o
grar off —

1. fi=i &1 ewa wR 5 freum ofy o diew @ e o,

2. 394 S9Re fAfdd, dEee 7 ofR @) afafag 4957 2%

¥ afdd o

3. e AYEEl SIS aHae o |

e F (1990 ¥ 1992 & €9) EERRAY ERT @EE & BT S
foreqer Tl wder AR feran | |

T & H fUe] & a@em & forg gega: dF Rl @& vaw
by e e ¥ -

1. T&Ed Q??ﬂﬁ"ﬂ'ﬂ fafer (Global Estimation Method);

2. UTSH URET affhe fafY (Prime Area Estimation Method); T8

3. fire o@e M (Grid Estimation Method) |

g (eieE Ry g9 eer W ogmiRa @ f6 Sue
el ® YR W & IR & W FBNERI | Ut &7 amee
v B | Wi TR eeen R ¥ gd 3, Sude iee w@
g & Rigidl & MR W o9 &3 31 e &y O o
¥ ot w3 il @1 9 T uig B A o 8 39 AR @
R Y-grararel B o gRRefEt § wE & e a4 9 fifs
e B9 8, 98 oRRefeEl e &5 A B w aE f ¥ fem
=iy | s Rigia o1 Wi =3 g w0 g 7EmrR @ |der
&g e & 18 ot | 98 W arrRer ) aRReff, SR—wwR
q ol ) @ T <R, SISt YRS @1 WM9 Ud dey g
Bl PR (Sediment Type) afe SR eI HEMERR Ef‘) e o,
ot W ¥8 fis sgara 4 fed g



70 WERIFR ¢ | (& @M Jgurfeas e &

B W eIRa € & s &1 wR w9 swd SuRerm ergeil o)
AT G B TP g W R T R wd 21 s aneew R
# 39 WE B FIg W Bl T8 D WK § dfod YA bS]
D AER W & WER B S E
PRI gl PR (Correlation),%fﬁlﬂ'ﬂw g B (Krigging)
anfe @i fftRl grr oM & | O wisE R @
N (14) N 1 & guel § e e TaF wes § fis
BT 3T AR (Abundance), €1 @ fol AT (Grade) T HA T
BT A [6aT T4 | TAG &7 (Area) B 98 W SuRerd fisi &
R W TN BRS Tl Gl Fa SR € | §9 Sfihel W Y HRg B
A UG BN B o NS B T 07 ¥ P W od ¥ R
sgufas fish ¥ offed 30% @@ ol @@ B 1 98 W giave
T T | o gem fafits @ wedm 9 sww oftfg
wiftzres faftal g=1 39 &3 @ $6H (Confirm) TR form |
T B B A b AR, AT @ & (1,50,000
formriies) @1 20% et 30,000 T fFadiey &5 TolaRv & FB
T§ 91¢ BISAT 8 | 3G AT I8 811 & 6 yom @+ gua o
&3 § IR WY 98 W s 8| e @vel § fi€l @ 9R g
I @ AT SUETT BH T TN WREMT IR HeS-TIES B
I UL B Slec) & BISH B 91T Al off W& 8| T 8T amagH
o @) T ) 91 U8 & 5 ol &9 e iy B o T #
3T AT WIgA YN A W WRAIE @A & &1 9T 6 g RN B




6
7w ffT "ETR R agefe
ﬁg—w (ﬂﬂ?:lﬂﬁ (Basic Research)

g fodl ff e & vverl A afkm wfR § | SR ed 9
werl & fav § oFe o 9 & W AFen JEwd e
3| SaE o R wgEls fiel @1 & o | wgEae ® § S
o fowR, 3o SuRer el @ 4= @ g glg @ X S
JeRE B ¥ G Tel WRE srield ORel, G 9
fagt .(Bbttom Sediment)@ fisl @ waifde e & o S'\H?f» v
§ SR @ SERd BRT 8 | G 1 TR W @ YN oS
SO0 el SFER A TE € UFE % A qed E|
. g Sl A -owga Rl @ o SR gR 187376
¥ g 0 99 ¢ 9 ¥ 8 dued 9 3 Ui wER
" Rer WM, W s el 3w ik @ e R A -
aﬁwﬁfﬁwxwwmmloaﬁﬁmawm%ﬁﬂm
o B9 e W @ 2
W%Raﬁa—wmzﬂﬁmaﬁﬁémﬂgﬁ
TR g7 v Y Yol aw § 3 sgaifes fis sgamd @
e #1 9 fie R P, Piaree 3 a9 & s w9



72 TR g W (& G ggaricas e o)

AEagel B, AH TN TR B 9ET TR T A &5 § D oo
B0 21 37 WH W A § g aren WS @ g o B 8
I A fis =9 &= 3 Fely wu 9 fawfia 3 31 fis werR
@1 A5 &F (Central Indian Basin) 39 g @ $71& fawe & fog
Iogad § R T8 W U fis sgamm 9 Mo €1 aEy, oW &n
M A TFHR e g AR & IR H W &R o |

#eg fég 9eMR IR (Central Indian Ocean Basin)

s ol FEFERT @ et H 999 wifcel (Complicated) TR
gl fig FEMIRR @1 757 9T 7oy fig MeNRR ARM e 3
I8 df¥F Hey WRA udeEren (Mid Indian Ridge) U9 90° ud
TdHTe (90° East Ridge) & dra @ gféror 7 sfdor-uf¥=m Wrdy
TdemTen (South-West Indian Ridge) T@ Rerd 21 VAT GHS S ®
fo5 g9 IRF B SRI T @ FEgy AR FR A% T ) @
e Gd] OR8N (Turbidity Currents) §RT I&I0T T% hell o9 &
HR T B
wg&ﬁumwgmqwﬁammﬁmmmoo
e frarier oiwe TEE Y W ¥ g siwst @ Rwd
T g4 &3 § B3 A Glow ydd SN, SWE Blee
(Transform Fault) 3R WeeR W~ (Fracture Zones) Sal § |
TP 15 WE N $ Tl W owder fR e g9 sl 9
U Gl § 6 ¥E &7 qd T uREw &) iR #H TN § R®ifs
T8 W B3 UOR £ U4 U9 u¥E & UoRl & 9= # i
wae S5 £ 39 8 @1 alvma wewE 5100 HieR & (= 35)|
IRE A R e F o7 TRE FA & S opAE @ W SR
mm%lsﬂﬁaﬁaﬁzﬁwaﬂvwﬁw@mé@



(e k) (rh MBlE & [Sole

Digjth) 15 29uRINGY il 1) lbkdb bOD (@ RIh-BUS @ ki LDRUE | M3k D3] kb ¢ SC kb
18 8L Sl
21




74 TERITR @ T UF @M qguiies fiet o

HHEA T | A 90% TR BT P, BT (Slope Angle) 0—3°
g1 87 B W FH MY 2,900 AR g USRI B ARETH S
1,500 #rex & | wgel & § o 39 YaaTeR (Conical) TOR § WY
frepTeTe: WaR WM B e U Wel gV & |

TESIIT GRT 397 94 G B JA: YT BHRA WR
T YR 7 HER O qEq B A E1 3 BRI ¥ eiftew
USRI H1 PG DI 35° T HAd g 7 GEART B TSR
-8 & e § 959 WERw B B ) gul et @ee-ds
T EEST FN GIE0 [ AR forn T R, 9l 5% gyl
B9 H ATET WY o @ M §

T, SEIgE anfy ARt o 1670 @rg e sy Uiy 9 S
P e gEER W o ¥ | Ay R wEnR ¥ 90 — 17° gfgyoy
Fere & ¥ sguiiae fis dgamd € W BN T 39 &% o Al
¥ U YW yeR & g og AAaRa w8 9 99 SAred 9
e Tga oftre Bkl 3| sy gs A ewaRes v sreH
Tw FEer 81 S § wEfE el @ W 30% 9@ e B9
T TH &S (Ooze) BEU & G 30% W B B9 W Tt (Clay) Bed
g1 17° s & RO # &k A ¥ fAE @@ (Red Pelagic
Clay) PEaTdl | IR & afRgq &) 3N SUengHd B9 TN M H
FEI-PE W BIIH B T9G (Calcareous Ooze)%@ﬁ BT e 1
4600 WEX TENTS % UETO-UEEG AN HIRRM u W ga e
' B 39 TN 9 prie ufagfd weg (Carbonate Compensation
Depth) FE0 8, frgad M uig &M g =i F onfdfe wu &
Heayel egell (Ffee, Fraree, amr g §G) @ 5= TR SifYE
B B 3 fis wmma sww o)l & yeR @ B T & §
et €| a8 &= Sef wR AE) I 89 @ §X (Sedimentation Rate)
Ty gl ¢ 98 W F fely wu 9 OeR| e g



ey fog AERTR R Tguifes Re—WenE S (Basic Research) 75

75 feg AETITR o) W @HeY & 915 39 99 § gguifeas
fisi & I8N ¥ B ol I B TEGR TG S B | Oy ST
- R, @, AR anfe, e aofs A R o @ 3

R

T iy HErTR 4 O 39 g1 e Y Y v st
¥ o e € 5 g9 a3 ¥ wd R ggeniaw e 1 Reelom wfy
gl frer @ N 39 § A gy Aiew A & Q@ W 25 Faraw ufy
Tt Aex @ A e | wderor a1 gRAF 10 frerfier & sive @@
B B W WE 5N & 5 Aopet frelidier o1 &3 T Y @ ol
R 39 fisi &1 fTwR 5 fhaum vfy =t diex o1 w9 aifde R
7o g #wEMPR @1 e el d 3@ o W (6.94
fepeiram Ul @ HieR) Yol Ud 9 STl W 399 aNi R (2,
80 fraim uft-avl Alex) & e Host o e TR | AR
9 gr1 el TV g4 Sl @ owd WR a9 deE § ded BE
@ 7| g9 AT e fgEl @ Sl § e, ok a9y A
a3 qEY Sf¥w der W) mied ¥ wew @9 urg s |

TR HERR ® 99 9§ ¥ fis ufy o Aex &3 #
ST 10 R a1 g ot " § e €1 emdar &
DU W T FHY FEad 9 daR ARG @i (Mariana Trench)
93l (Clarian-Clipperton Zone) § 39 fisi & Wﬁ{"f Gi2E A CESIN
2| famfia g A el IgRS SRR Y g9 ud § we-a
@ R @ 7T B ¥ R 36) |

PR (Size)
Y fie oIfy e (Microscopic) 3MTAR | @R 10 T4, § I
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7 8% FENR SN Sguiicas fie—erm @Y™ (Basic Research) 7

PR ¥ IR Od & | 7 ded ® 5 a9 ofge & @ 850
uH R gren e ety £y § 9w 500 fheidier ugal s
TAHH F arR ¥ forger gan fAon o) w9 s @ semma @ AR
g g § S I T e

7 &g FeNR | uetg fiel @1 o R 2 9 6 9l
% 4 & o 7

wad (Nucleus)

TR B B e SR Y o9 gE N § | A dEd aHEd
R yE Py W oA 8 9 8| SH-RM el & & g §v
THS A ;D qOA D G, Sl §RT OA G| (Pumice)
TgH B gHS, PRGREE, fAer @ BF N TeR dwe 99
FEHE B UeOR AMIAE B G ISRl A 5% 4 §9 aW
SIAed g5 WP Weel @ afd B W I W R e R
Jet 7 N e ¥ S FE D TS P ghs B AN AN TR
TG IR | SN ORI 9 SRl B SER-ONR faRens o)
WA B S PRl © SR AMRE: 2 W 4 WdMeR erfas
BIESIAIITS Pl T8 SHBY HATR 3 g U8 97 TN T | RN 950
gs Bd R M 6B iy vad segiaage o a8 e §)
39 e B WREART B aguifeas wve (B 37) 9 da G uE ¥

G (Shape)

Te-Hg ¥ fis &E anqforl & Moy & den goad) e Rl @
el Bl | S MR, MBR g HEEAT (Composition), B
g aelg A R 950 o folk ol B e s W # sty
g3 1 M I Y & e e @ Fh-e A A9 & M



78 AR °Td R T 9 dgyifas e &)

"=

Bt 37 : 58 TEF IR dww
W A TRl arfes
Tl & TR 5w
™ f&ar Ty

B9 tEwed e vd M B WK g M ge was Rege
geed el ¥ e angfodl &Y gaE @rl A W, e,
I @ g5F B el | B 8| IR, e, Tuel, dud
(Capsule)ﬁ@?ﬂﬂﬁﬂﬁ%ﬁﬁﬁ?ﬁﬁm H ST
o wftafers w0 § Pred § (B 38) | Sww @ e TR R
& BRU F-HW T W B S W e N Rew @ g Ay
fég MEMrR ¥ OB gRT B9 aegel S—faaradrs @ el g
fMeaR RMNsT IR I Ta B Rig aar & &
g fig onfl M 77 @ ¥ R R0 N oo W 9 9od ¥ 39
&7 # 9 T (% qod 9 IS rafl I fis uw gu E|

[ qq HI-ATAT (Colour and Metal Content)

g ffe PR § Uy oM g fis e R-eT (Dark
Brown) IT Tt (Black) T & 8 & | $9&1 &1 37 SuRerd &g



7oy 2T WEMTR &R Iguifodd He—wend SFIHT (Basic Research) 79

forz 38 : wguifaw fie : omoR 9 aMgRedl o & (FWR) e & S W IR aifas
od | 9 wm () ey we ¥ qRfa e S

1 HTS B AT H GID 2| T AT 30 grgell B SuRef
g ¥} wwg A W T @ e w99 affe g ¥
(@rfere 6.1) | eg ey RaweT ufiera smeaa &9 Bl & 9 S
3 g gl O FaeR wRd) o | ol W fom fisi |
g d@ o ARpar & ST Braee @ "E1 W AIf¥e B B ogH
et & #rie @ afer ememamd H\ B AR g4 fUsi #1 T
WG B | g iR 7 fis i Hweig &1 arfdresen &l @
Hel T D B 213 fUSh § fAfeper ofR e @ AT @ eifdea
del ®Eee U9 g P AET B9 B B de, e &k are
B e g e WRAAIRTT-sraes o9 § fFad § don o
et @1 9 Ye el @@ § ofte T g B



80 TEHIFR Td W (& @M Jguihas <) oY

et 6.1
#w fiT wermR § uftes fish @ sl argwn
g 7% HAFTI%
i 1642 32.83
Far 4.19 ' 1658
GIEY 0.28 1.64
fAfeset 0.35 141
BT 0.07 0.18
fAfere-+agHaraTe 0.82 3.69
HFrirer/ e e 1.12 6.24
o + fifed 0.67 2.94
aar 6.72 2021

(Wrr: grerereY Sfa)

3 el 9 W 950 %A (Porous) BT & FoTad RO 579
fiel & o 9R @1 30% T U G Gwl § 1 7 Y wERITR
& fisl 4 waifed Mfba, Feee W@ a9 @ wfem A &2
831 ¥ g7 9 (0.82%) W HE W I ARd (3.70%) TH §1°
(@ 61)| T ST @ gamn, ogamn § oW 9@ e
AEAR W D T GHa B (@@ 62) Ot W Sel IEIS
T W G g aed R



&1

(blite acblerlp @ DiR)

%2l
= 81 sT7 071 611  €9T 81T (€T 9T + Lol
& pinBie
ki 912 €9€ €2z 61 LT 09°€ 86 8bY 1a1/Blb
2 BHIBLO-HR G|+
8 €ve 8CT LT T vl 672 6vT  LLT 220blen

ST0 1o 10 PO TI0 110 210 110 %22le
W 911 €01 690 090 080 501 €T €TT bR
0T Tl 290 650 €80 PTT yT1 6ET %ibin
W 01’8 908 S0l €911 80° 608 WL 699 %1212
ﬁ ovez €89  Ssz¢  680T  98€T  6ILT  9TST  806C  %lallk
2 —~ ¢zl 96l 0§ST  6EYT 6Tl LLIT €ETI TS
she b O Yk 8 Wen 9 Uk b ke
W RS B R O 28 A9 & r 87 Bl
MelRIAL  Deli2f
B pauh pboapa Aleplse B
W tenBIR DRe b [Shl DK B MRSk Dzt pRARA b Ml b3 bab
& T9 1bIRpD
B



82 TENTR 01 W U6 W9 ggrfeas fief o
fAmfo1 (Genesis)

o B w1 39 fisi & fmior § wewagel Orem wEar
GeERugey Af¥ARaT Sw A A T el g AReeRar
A B 9% $E1 Y B Ad § | 96 W UgE & 9@ 981 b
& ¥NE § gd1 fAHeH (Decomposition) W™ 81 WIET & | g+
S @il (Shells) T, Afdrer, Sidir RaferdT (Biogenic Silica) 1
d@l 9 99 80 &) f9ues & 9 ¥ 9@ (Element) Teiy A &
&l (Pores) ¥ S1o+ T araRen ¥ 3 W & | 39 8 & Wus
arel O # g ergelt o1 gRANT (Metal Flux) @@ &1 Srar ¥ | o
Rerfey o9 a@ g & & o9 9@ 39 qraraxy § e aRads
(Ehg Ph¥) &0 8] 3O Wd W Suael 5 o B dwe
TR Y WA TS9P FHUR OEA] R FR od & U8 Uh
IR "eal Bl & R fist &1 ud-eud (Layer-by-Layer) 9871
TR TE B SAP fAE @ &% (Rate) 980 HHI—eWT 1-3
fefifiey wft &9 @@ a¥ (Million Year) Bl 8| S9! rguRey
FIC (Transverse Section) @ 3a%w+l was (Internal Structures) @I
diferer v fdeqge e amer geaedl I3 (Microscope) EWT
TN R Y U we e I B

a1 g Ay fil # grg-a@, wqE @ T A @Y dwa
TR T B SN © | Al U & oNIR WU W R B DRV
T3 S wag f e 8 o B | iR e @ Wuw A
T fis geadl wagare dun i, afer @ W @) srftrdar arel
B8R B | SH® PR 39 S0 & g8 B (10°—30° 3REH) HE S
Jad § R Peaey grgd o e 81 v awen i ®
fosi 4 SuRerd urqell @1 e wERer 39 SuRed =
GGl (Minerals) STERIBIEE, TGS, TURET U9 aXIS3E §RT
BT 81 BT & forv HEI @At (Manganese Mineral) SERIGIEE




7 fRq WEMTR AR EIEETH%TCF ﬁ%’—'{(vﬁﬁf ATET (Basic Research) 83

Ea) ﬁﬂ%’ﬂ T (Crystal Structure) V) BId) & O o9 T8 &
9 fafea, am@r @ fSe anfe a@i & mual (lons) &1 oy &
I W FERG PR A B T TISRIeEe B SuRafy @
RO HAr @ e el fish 4 4 ey a@ f 3% W #
1 @il & e e 78 ® AR wRan R

arag H TSl &1 R o1 gReRE, ST 9eifEa s,
guar Ry em@fa o e T wiew @ wqfera e
affpar guia &1 HFG 9 @ a@l B Sud (Ratio), 39 fie
& fafr @ wemg oRRefy & ga § 9w &) v fiw
FEETR A T8 U 0.96 W 8.76 O fen &1 Jsufvel 7 dRwm
fAaren & fF 25 o1 399 FH U O fie WMRIa: @R O
S Gud A o W N d 5 ¥ oiffe argua 9l fie wor @
it g1 1 @AIRT (Incorporation) B @1 RO ¥( 2.5 &
It R 5 | HH B 9" UK arel v fis g9 S fraett &
fgor qelay 81 el 59 il &1 amn oo A 9 ura g8
ergell & HROT AT ST WHT WY U A WD D BRG] B |

HTg A (Metal Source)

yed Sodl '§ & AEmrRl 4 A gy wE @ oem awr 8°
Foield ST §RT fa@wry uarel 7 3 el veR A H Bl B
% afiRad ol W ceax vz ¥ ) Sewmell g, Afedl w@
BT T ASEG! (Continents) & &RYT (Erosion) #X 1§ (gt 41 erqai
& Wi & wE ohal @ fEed @ 9ga @ ogd wa g gy

= e fafe—ge yee
fazg & i geaRl & SwWiga ulpael gr fist &1 fem

2l ¥ §P dsfAe g9 S It gew sha—SwdiRa g o
A B
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AT W IS ® e W=l B S WA W g
s e B W Rw e § -

1. 3F @ IR AR Th G B FRARR TRl O

2. 5 sgw g W BIR-BT Biaw TR g0 gy, W

3. BIC-BIR Wid Adbal ¢ w9 5|

e AR T o] e FeRT ORT Y we e oiR A
a@l B TN TN T Y WS gD TR § gV G TS
aRadHl & aRemg ¥ | '

T W g T Al U AR g @) e ieTersed
(Stromatolites) & fUSl @7 sfew wwam (FrF 39) sga Ao
ot ¥ HCARed ol SWiy M Bl § U4 SO SRy
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Fe § f ™ & wd REE < ) osm i Y wRemm @
wheeged ¥ 9l g6l A Sl #1 e o 8
wiEersed Uah [Py UeR & o5 o 99 el (Algae) &
o4 W TR 21 U BB WY Iod THY 09 A B ol
U BRPRIZE g 3 Tcdl $ 3199 el § qigaN TP & &N
TH TS o0 O § | DR A T 7 omel F8-7Td oY @y
HE Y8 O B | Waie aegell # 99 wor S R § wEav oflared
(Fossil) 991 S &1 3 <iReM o fAgg grgell 99 BrwRge o
yeR B B g9 Uil (TEN) B OUHEE WYNW R gRT e
T @ forg g & wore 9 saged B Bl WAE B MENS
T THTE UETS DI DIy GAG 7 B D HRY S @ Ol g
IRy ® gofaar AoR efars @R faam M g
TR G SEIRTT (S 8X TRE $ aNaRY § ofifad @ |
f) g1 g8 B | 39 el @ @ gu—feeieifie iR e
F SFTE TNIRAME SO B SYGIN B W9 g9 § | GrrERel &
9 &3l # WET GF &1 YHI UEEE Hfod 8 5, $9 Siargal @
Hecd 38 9¢ Ol § | UFR & Seag @it Y8R (Hydrothermal
Deposit)ﬂé%ﬁﬁﬁﬁmmmiﬁ@ﬁﬂﬁfmﬁw
ol BT T 4S9 ggd oifde § gel W A, cgdeiRaa o
e 98 o9 wiwd §Y & | §99) §9 ™G F} a9 arell IuRefy
T R T8 faudiRe T dRa & W 3 s Ol & ford e
femtor &9 B 1 ,
Tt o A ¥ e aff & = G w & @ e,
Had PP IAUdEl B BIedY &1 el W SuRAld IR €
IO W $P AR IEITd @ AN FRAl ¢



AT 5000 MR U & A WER-8F AT PR oM @ 99 W
vodl § {5 sgunfeas fel &1 @F o9 foar QR? semg TevTsa
el T T garg A e & g1 V9§ qguifeas e @1 @
TP N WeE Ya1 @Rl B, 96 gl OR WG dd W femy 3
ol @fe veR 9N 9% ST @ fol WY @ aTefia v

2| el WFR (Red Sea) &1 TRNTEA A ETESIM WA B G
6 8 T 8| T Gl @ WRE ) aE B Jere @ e
T W A G U @ Whedl &1 Eiads B ARG ¥ @
Wrenfi@  (Mining Technology) @A &= @ womell W andt
foar & frr o <@ & wEle o= <ul A sguifcs fisl @ @
i e T & e vheE B W g §| aueEd
gfea | R ggfdl @1 gaem affe § 7 3 qoe Rl W
AERA & -
1. EESfer® a1 UsR f?WE’q@ﬁ(Hj)draulicorAirLiﬁsystem) :
T gR EE TR P RE daeR 9 FoR W
T | :
2. EIE‘H?T\‘T KIE] goc ‘Eﬁ(Continuous Line Bucket System) :
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6 B 9% b O BS S gifeedl R ) wE) N
GEH] SEN W o |

3. wee UGN (Shuttle System) : TG B WE & I N
SHH T B TS Il §RI SR 37 ST |

1. Erssifers a1 verR fawe wEfa -

we § 39 R & sifte o (i) @ wr e (@@Ra
&) @ w9 IS 9ge 9 9@ oM ) € Wi §1 59 @A
Tgfd § WE W @ Al oy e g AR W dusdal 9
S BT B, VG O@ W WO Ol ¥ | 98 GUsew O fier @
THa PRSP UISY O UEERD 2] FE 9 J GES W IRH R
B TRE U (BT SIeId) A1 B9 (T3R) HT JANTRR oM W Eiy
forg oma & B 40 B @ 41 @ M) W@ uEh B 3 g oM
(Component) a7

(31) dyEdl IF

U OO UgRI @1 G99 Aewaynl U9 Sifee of @ B aTReT H
g To fieqd WERY R $1 RS &1 A T A1| 99 48[
T 0 39 B A H 3wl uREd R S 9@ § 9
60 W SRR Samsal @ U Worex ) W1 g& €1 21 Ul &1
e f fRn S ge 81 59 I 6 T M 8 9d R Us s
B ) oy smfdre uged @ e ¥R S ¥F q@ W |
fiet o1 MPR e T B W AT H AT BN ¢ I GUSH
ﬁﬁﬂﬂ%ﬁﬁﬁﬁ%aﬁﬂﬁwqﬁmﬁvﬁ(preAnglw)
a#rwmfrmm%mwm%lmﬁ‘é’raﬂﬁ{wﬁwﬁ wufed
T8 e U Bl
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(=

for 41 @ PR @ R



90 HERIFR Tl T T @17 ggeilicas Ui o

el @ wug & Ml grr w@wg g1 ugel fafy F amgifors
AUEGTl ¥ W g 7d W Fod 8¢ S9N Wag & wdl e
GEadl TH 91g B A @i gRI A8l FW I A W § | uEt
R 2 e 11 R L =2 e B | o 4 B o R o
Fac fife 99 o %8 WK 1 399 99 fUS] &1 S I3 9% ugw
fear <mm g | Gl fafyr % <1 9% el (Mechanical Jaws) &
47 el o1 9 & 918 ST I3 a% 9gardl Wi § |

N GUEEdl 95 &1 W o TR Tl a1 9« IR & Ay
3R e fUs THd A SerdE A gX AE (Remote Control)
fafy g PRI fear ST Aea ¥ W Td W gae Rely
STET WR @ 4F gR1 EiRa @ o w7 |

(@) semE wgfd (Lift System)

e uglay # 2 g faftndt feRm & W &1 35 <9 &
faftl 9§ el & g1 W 9 @ SO gRT &I EiEE B yrEE
g fiel & R YoM & WYY 39 IuERY & SR A e
IRY @) GugEal 99 a@ o o o Wit B | el 9F §R
Rt B M 3 989 HRAT USdl Bl T8 A, T WH B ogen
IR JUFRON F AR Bl W g8 FRAT IS B |

T S A §RT oy O dTell SRIuA ggfa @1 e
gfemr § e St & wwela 5 31 ool ugfy 4 ' w
W FHHRR GRT USY A T4 Ugers Ol 8| 9 s ggfodl @
TS ST SRl § fF AR 9 #RA (Air Lift) § @9 @i
=t @1 WA B § v Wa WY gRr SenE 8 fist @

" Ui g (Transportation Density) &9 50 Wioe@  3if¥®

Sa= T o Hodl B )
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TeE UEY AR GUERT! U9 B [ed B WM 9gd AGD
gldl B SH T WREAl Ud UMY & g9 9 S arEREl 9
argTae o] feamss foar o 2

(@) WaH oT@9E (Mining Ship)

e 39 U @l oM wEwayyl & B e o wsha fie
% qRqed U (Transport Ship) A& FRATARUT HIAT | §EB
Tl & 39 SO & FH1A § WUSHAl 9 SuH ygladl @) g
¥ TARAT G IS WA Al Wi B

e A Rer w1 wEe 41 amge: @9 YoR & |eH W
Bal g— (1) S8l &7 M9 8 (2) -9’ € ; (3) e
I SE | S S S S GET B P8 B & (o gifyey
ERAT B AT 8| D WIS & RIS F BRI
gfeerdl B e PR B g IO BRI 8| S B -
& Te A9 deR Be—gAge gRT 49 T § SaR o ¥ |
wderor @ AT B (A SUEl W@ FRYER @) ASs | ™ RN
@ Refe wa iy o1 ey fean w1 daan B

2. FEIgerd @Iz gHe WEAT RRed :

widl § gl ¥ I|e FN UH fAeTer §Y @ Wl 9 Q@
BN | SURTea HisfT worell s Rigid W emeRa g1 59 yomen
¥ MR 0 W ORI T RS aTfeedl $9 W a9 W wguIad
fis va T § 3R 9% @ WEN W @Rl wE T IO
FAl S & |

W% § 950 of® ERE BF & BRU 9gd o AR B 30




92 AEEY 0d WX U@ @M aguhas e )

Y Sow O B 9gd afdw @eT B 81 S BRY @ Sreret
& W @ gern T g @R 40 )| T UP O W el S
yifeedt @y ¥ wewder g Wl RN W Sl § W 3w
qifeeal @ Gell 99 @ UWE | R 3 aWE adl {9 qifees]
B G Tl WREET, HH g OEN @ A B S § e
A & orit 81 R R w® g aifecdl e @ o § a8
SAH 1, FNAY UeAHaTS el BT FT AR T ¥ | uiehhargeE
§RI 71 AR, A% A7 31T 5l WPR B e INTE H HH Sorrar
213 9 YBR D IR B e Ao 39 @ o Ry fafd
N duR fpar o §

$9 afeedl & RRT W g/ 99 9 g7 A § 99 @ o)
HAAT B ¥ | 9fF sgufae fie ad o S WO W A Ry
TEd &, gy g aifecdl @& RRY W gedt f uR w1 9 W o
T woHa B 39 O ¥ Uz 99 99 @ Bad U 68 B
gyd ¥ fie WE aR Wi ¥ OIS SN M & 99 {9 b
W F |

3. ¥red 9Ffd (Shuttle System)

T YU H GAgH! @ RE B GUSHAl SWHRY & AN
QAR W ) 9 WS IR YR YW & oy g faia
(Vaccum) S+ @R& §78 ReR® YR (Ballast Weight) YgGY S
# A W ) SueRy § o oed, UMl @ 9@ § 99 B

T Y GR Y O ¥ T W I B 9% suew fie
memw%lmﬁﬁﬁgwm%mﬂmﬁ
ReRe R W (Automatic) T X Rd IR § | T |HT VT &
el B o @ufEd fis ok R Rera wR avaR &1 o 8 &R
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WWWFIW@W%IW'ﬁW@TﬁWW@
@ EIT W A WG T TR ST [ wR) I F | we
S B O I W g R e frere Ry o @ e
gﬂﬁgﬁ:ﬁwmwgﬁgﬁ:aﬂaﬁmﬁmﬁmm%i
T POTCR A SR W o9 REE ol @ seva 8 R
wyEpdl (Shutde Unit) ¥ & Rem 38 9 o/ wft werem oy
m@n@ﬁr%ﬁmwﬁﬁrﬁemmﬁﬁaﬁmm
W%lwwwﬁﬁmwmﬁaﬁam
ggwam@%$%q$%%weﬂeﬁwmmm%|

mwwm#wmmww@w
ﬁﬁﬁﬁﬁmaﬁ%lmwﬁwﬁmmqﬁg&uﬁm
mmww%(ﬁammlmmwmwm
§ T 250 <7 ISt @ v %, uw Ra ¥ 3 wmew q@ o
Il ¥l 24X 12X 75 AR B 50 wed B AR v
fefre fafly BRT 2 ST | owRels @ domigaR A e
Wﬁwm4oﬁaa%mwﬁm4ﬁw®mﬂvﬁ
(Platforms) W eferd @ W | 57 wiewrl § 79 § 59 60,000
e 08 o1 ReRe YR 989 a7 3 &war 2 )|

4, ?‘T g0 (Drag Dredge)

G WA @ gEer § ue ey W AR @ R
\(Dredging)m‘ﬁqﬁlaélﬁ@ﬁwaﬁ?ﬂgﬁfm‘ﬁﬁﬁﬂﬁ
ﬁmfﬁﬁﬂimﬁwwﬁaﬁmw%(ﬁamaﬂlm
FTHR 6 x 35 x 1 HIeX PR & 351 4 A dvw g fw
AR el o G g ¥ | wermE W a eeifieT ek i

AN

YIS P GEER RS B W BT G SN A T T |




% . TR el N U@ @ qgenfcaw st o

w1 Ay ¥ qee &9 S @ v weted 21 (1) SR
o, forad s Siere il (Winches), fagd oifda a1 o
Il RTd OeR W@ aReiRd @ W@ @ e @) TNl §
g I 9§ T W T W gl §9 (Drag) fEMEET go s d
W Bo Sl @ ved dva W@ () TO WM g9 3R
. SRS B W "o | gad fiel @ aufire uard ¥ o R @
. 9T T 5000 € fi WUR @X W @ &wer g (3) deR

SRigd wdt yonferl # ve @ SedW @ 9| § 300 fiN
AMAR AR T B, B B IHH £ 35 59 B 9ng AR @)
Tegdl AN 30 R fieh @1 g el A SRR S
o forv fuiRa fomm mar B

AR G W R B FH W G g awd @ ford
Swige @ yonfert B 43 aawenel ¥ QR fRE @1 W@ R
T vy @ fedll o oy &1 g fen R St agg
D e Fr-omel B WRa BN | Y B ove - A
oy BNG e Wied € ON—gEey, WUl ®l o &)
TexTgdl H SToMI-MepTer, Te-GE 9 AN Bl Hfregeran anfe | fish
B Te ¥ VST IR URAE] JedHl gNI HIged W9 9 A
¥ 4 g7 @ iR dun-wEen sed 2l

el AR § U g gl & eeR W gg GRo e
TR B g RS W wed yonfor B ge H eESifond A WR
ferre gomeh sfde Wil w@ glgeme g 8 9o g
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A S P O R R R,

Sgufcrs el & @A (Metallurgy) GRT ST oo ¥ &1 F1A
wRa H el 0 el 96 @ WfE 8] awa § F9 @
i HeR B @ BRY g8 avaw: e 9 R (e, e
3R T oo B B @ W o 9 B | 3 e W g g
a9 o1 3R agel (e @ o) @ s 93 ame o,
T it Bwen uRgEE], sefiedl W ower w MR
TR | B T GO O 30 FH ¥ g e of P @) 9w
W @ § AF g o A @ P R o W)

wguifes et & oy o o @ fom ww w oag o
Wﬂ%ﬁaﬁaﬁwfﬂﬁlsﬂﬁwﬁmmﬁmw
a1 U A Ty, Ritte, S W@ e oW o
e @ Bt | e Al 0§ R A sieersToes @ W
¥ o # 1 ol o Rl R 3 3 2 R afve or &
1. 99 oIg@H (Smelting or Pyrometallurgy)
2. O urge@d (Lerching or Hydrometallurgy)

MR R ™ v AR A T em TR s (Ore) @
1l e BT (e L e B [ e v e O e e e
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1 TGl B e Ry o | g wrged 3 SN @ Bl
% GRS W g ) a1y Pt @ A wed ¥ A @
fafeett & eftes RS o ww g A e A ¥
XA et @ o e ave @ @)

1. a9 e (Pyrometallurgy)

o R S 3 wess 9 e el @ a@ET (Sturry)
ﬁ_ﬂﬂ“‘:@ﬁf (Furnace) & py BRI UUR P W B SHEST
SRR, TG Gy g ooy aed ol aTgy e
-1 S B o @ e aeRoEn et o 9) @)
e & oY ¥ | gag o-Se-3faass ¥ Ufafhdl (Reaction)
PAR T W (e, i ek waee sem o) g i ¥

2. ST 1G5+ (Hydrometallz.trgy)

T A A g § orelt (GorRe U9 eEeERe), &t
(eTeRem) e R (T oifevree, -SR-S @ Y-
@@-ﬁw@)wmmwwﬁlﬁmﬁa@mﬁm
T F R uw R it gaf ¥ o g el ¥
mmwa&s‘mqﬁﬁwﬁmﬁmmmaﬂmﬁét
NI T 9T yomen § seifrn w1 afe A g ¥
fruﬁﬁﬁwzﬁmwmaﬁgﬁ:m&mmwﬁmﬁﬁm
W B | SR AR ¥ v ger 2y uE ¥ B sed i
W%Wﬁm%,
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98 TERITR 76 W U@ @M gguifas e @&

URT H &N SIEY™ JINRNE], YEnveR A st e g
TERRE o o 9 Aehe WRST (@Mf¥e aM) wogderm &5y
TQ| 29 SNRG 1983 H WY WHEHAI AWM gewT WEy @y
sFifrr Ry g Pl agal & @ R dT f5a ™ 9
TN WR W it A gR1 argy MeTe W 80% @wer
U B ge 71 3 R gR1 e 200 fednm U @ wRifew
uTge e &1 W9 warTmen # o W g ) gl Ay § g
ARINT 3 BT TR FR 90% e, BlEee g daiEr ural by
T B

TS gIgEH wArTee, SRR A W syfiar-aritn R
N B Y9 (20 9 300 W) R gguihas s | el e
o Wi oo w39 AR grr 95% i, 95% drer @ 78%
Praiee fare & awed fiel | ve o swiftn | faf g
99.50% wiaT T fAfhel Td 78.5% PETee WK HRA @ RUIE F|

ag U oI e w2 AR g e 90% Mfee e |
P T FHA § U Y GRIHH g i T 80% B U &
Tl B Y SR O OIgeH § O giged o Jor W e
CACICAR = S ‘

TguIfas fish & foal § @ 30% oA 8 & BRI AR
el g} o' U gEE & R et ol Y argwadar 2
g1 A earged Y gRT 59 SRV o1y Wi # PG T 60%
Aften & ol B gafry € g7 fiSl B arged H orel enged
faftrt affe wefam &) |
T HETgYCl U9 © | IR uer) @ W Od U Ml ey &
H B & G, IR BT A DT @ =R A 6T & |
TARTTIE NeRE o=l gRT 8 9 fqureRt gl @ 17 o/ I
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foeiRa fard 17 €1 3 argt ¥~ i, IRaw, dfeesm, i,
. 7, e, e g Joifem | sine geref § 54wl urget w
qedl @1 gE I 9T W R

aguifcas TS 9 Ffdd, diEce 9 st & gfvem amn 95a9
HF BM ® BRUT bl 9 W 99w N B oig o9 aNH @ 9
|l O <& 2| FE Oy HEA B AR R 6 e wm W gRewd
g § "N @il W S 9ddl B SOH Jsifae, FereR A
HE R ANAT GO IH M B F9E W AR X @ B 39
WHTG T GART U8e] B, AR A SAfHE Jgur hom o] qeg a3
¥ GO o | oRaeT @9 A1 98 Ahary W] 59 99 Tuire
2RT geref ¥ 9R= # f FTE &R emr gl frerel
o g1




S e ggeed @ W9y W el 5 oridie wm wm 9
e ged W YN NG garl & 3e9 IRy R OIS
fndd w7 TeW | Wy T e s e W
arereRel § gRadT @ svaedr § | 39 oRadHl @1 ardraRer w
YHTE U Aeeaqel Usq] o | Sguiias fUS) o1 O URE a W
Ugdl U4 9 T6, ROl AIOen @1 98 999 Ay T gEw
T8 2

HEMRT # §Y OREeH @ daqmeRs R T ameRe # gy
gRETAl @1 HERTR] UX 19 YHIT TSaT ¥ | SeeRY & forg, o
0 Wjﬁ WfdF I (Biological Productivity) ST&] E‘s‘ I
AR W TG HEA-SE-3TRIgE Al &1 IRVTERY SR
W A AN SO 99 B T B B A ge @il 9 I8 §E gl
2 % arareRer ¥ 5§ T @ (fF Eew wE) 99E 50 9 100 auf
% WY Y8 ¥l 8| 9§ Yl (Phytoplankion) BT HHHT AITHN
W e W B A gE @l W T g B W @ o
yRRaEy el e gerlf 9 ag Wit Sweedr e wr
q@ wIfd B Wl ¥ |

9E0 | 9ENE T @ ST I & HErInR] # @ W
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§Y URETH] T A T A IFTIT DY & § | S Agieh!
BRI YHIT T RUE & AR @4 &7 ol gedl &1 1 9ga
g9 e 81 =¥ g¢ 9N uRe g @ ofem sl st
IRy B fbdd ke yIfad AT I8 g aRE W AT |
graraRer # . fu My uRedy wargs W g ® weo §) 9w 39
Wmﬁmmﬁqﬁwwmﬁﬁﬂam
95d & "ewdqy Td SaeId © |

IRA § O 99w RQem 9w @ arde R 439 o
T &5 H yuiaRvT e i URMMG aiee UHH o] Ve B S
aFiaS & gRomE YR B § N ot 9gd W e | S
R W UHRE T WE-UF (Paper) T MR T 38 TRETR
@ Refy Wi 2 5 o8 gv aRacHl &1 JaeRe R P e
e 8 B R N s 8 W arolelg gRmelt g el @ s
(Mixing of Waters) % afafrar g usid @ fues (Dispersion)
anfe & faga omags & ol araedddr ¥ |

G D BIARIRY AR ¥ BM aTel el @ [T # arR
e ¥ € WHER 8 O R W afdege wwe @ we fe o

v gEar g1 o9 faen § R U srwme evid € f ©WE @ wbe

TE w9 W e el § oaar o wedr g
1. AUEdEd] 99 @ WY TS A o dTel §P AeHMIeR Al
e @ 98 )
2. G 8T W O g8 W, OE g9 & W g e arell
URTY o Wiy g gere] ga faiia e < g
3. WE §aE u 9 @ wael W el ol verRf @l
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1. W¥EHdl I3 ¥ 9HIT g9

T WE W gfas S & "I 61 qaeRe W ouwE ey
Il B Fra WEF B geR W W iR ovw ) sganfas fie wae
W e (B 42) 89 & SR qF B 97§97 &F FUSHAT 4
& WY A9s H o B Fwa B Jellg WRadE 9ga ge 3w
TugETl I @ A @ A W PRk wY gwa £ 1 39 uRadHl §
{IY WOl BN Ao B HE (Bottom Sediments) B WS Tl
w TR (B 43)) 39 YOR W fFo 77 1@ ruwd sarr ® %
WUEHT I B AT §RT ST g3 THE) TT dEe BT g @R
3 9 B AU O P fFarier & R W gEar w |

o gEifdl B RO & oeR wuEdd 93 & WY Wue o
JM B BRI IH WM W I[J dlel Sia-aeg qen A &
TS T BEME Ta] W SIEAdd R el §9 I
Sl & [ RE A€ B WH @l GwEdl 8| gaa Refa g8 8
wach & & A o 39 a8 (@ 7 Sie-aIwgell &1 9eF 8) & I
g WM W g8 & qrell yonft g WIF @ S 9dal 8 | 59
AN ORI A S FEHE &) we B 5o dwfel @
g ¥ f w9 99T B9 IR 39 &9 H e U e @S-
o =1 e
2. @I &7 ¥ A g8 wR gere

Wﬁwﬁmaﬁmﬁaﬁwgﬁﬁ%lﬁ
IO TR T8 § SR [oRd qHG GA-AE @ U §9
B & R @ qEER o @ aed § 1 98 MEAe R g o
B (Settle) TF TS WU § UWE ST FHAl B T W &%
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- T BB S-S B, T BN RIS gRT T 8
e &9 P e B b 8w 3|

3. orgfre yeref @t AT

e (deR) qaref 1 Aerl I9 Sl ) g i—uaE W,
HEIHA TENIEdl TR W T b Ao O |

e vl § sfdysiem: gelg Wa-orgell wika a8 @ A
wd Sl & WEM THe B GHd & | I8 R W W el Sy
WA E S § g 9N g A q)a g@ SRR SEfe
=g wEH yged g A B SRI-FETRT W | §5 o Tun #
fF I8 qaR T 100 RFardieR o&r T 20-30 fharier der B
ahdal § O wag A @ 50 Hiew @ TeRE a@ @i @
I T B AR, B Y ggrR @1 I8 T AR S g W
T A T A A IO B G §| BoAEwy yhe
HEToT @l T R Ao g9 9t of ged ued (7 6) &
QIR B @) ST 8 1 F e U1 Slige @) YR Nl (Food
Chain) 3 Ugell SHTE & | 30 399 SN Rk o wfeedt (R 7),
wofordt ofR omma: WS Wgd f uWifda B waer 8 | URfS
ol & AR I8 UNIE ATee sifeRe el s | W 39
vy 4 fOwga o1e9g9 @) AEeIHAT B ARG el B
THar| §9 §@e ¥ Fy 0 gy omH 3 e AW 9w
FEd ¥ | 7 SEUUAl B AIER 4000 q 6000 WX WERE A TS
¥ g waE oiel @ o sfte difes § wad B

g § NaT de wEe B Gael WA § W 9@ GU B
USRI TET HHAT | A Fewl N AT 2000 Hiex @ A
MM WEE @H OB ol 2| STaRTe ugTef WuE W B W
TE T W IS TF 4 § 6 FAR AT TR W wdEl wd oie-
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Sgell B UWITed FR OWHA 2| ok §Y ARl B SgER Uiy
Td @ I 5 e @ fie o ueied 9 e R RN W
A fDF A BT | 59 ORE @ @A © ohg 39 ugred | uwifdg |
[H1 | AU A9 f 39 e ¥ el 5y o ww & W ad
frdl @ v srmaRed ave e fie I’ 71 98 | 399 9w
T H YW@ I¢ Ha ¢ g V9 SUF A WG A BN 9T
TP DI e Y€ JeI g FH B

WA ¥ TR W USH Il WWd @Bl SRIRM IR J {
e, S, WM, i iR WifTw Wu @ o el g
fpd g 21 W A {9 & v & e o W@ o~

&P wiel aiie

TN FTied HeTANR B =i el &3 § amde) s Sig
@ aed T 800 AR TS W wEw R ¥ T 9y S
gl (Air Lift System) §RT @99 Q@ GUfqROT 0R YS9 dTel YHTd B
e far T §1 g9 el §R1 yRord dren B 5 s
fodra warg =€ |y

< s

AR HT B Mg WHE! W gafaRer semye Ao (Ir)
A Aferep aregeer Hadll sriee UHH U Q| A B TA-LRIS,
WA, WY TERIfY Ud 99 T8 © arged O WIfd &) e @
e # A aipe Ige weeyy § wif @il @ v, Rws
AR g 39 W ik @ R

R AoF & AR G ¥ GWITAG TafaRvl Wae g W
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QY| §9& AR WUSH IF B QA & BRY SAD IATE-IT
e gl Wl SllE-a TR 81 WIRA | 399 g S g @
AR AU YE gl Sia-sigall afta 78 w9 e gaed @
2 R @R 3 sie-e e 50 8 39 sfiRad @e e
SEE §RT a8 W hdl T SulRre ugrel uer § fSelfdd s
) T 981 <, oD Welwy 98 Y&W dlel Uredl (Phytoplankton)
aﬁmmﬁmaﬁmsﬁﬁrﬁmlaﬁﬂmﬁ%msﬂ
Sl & Sfa-dwEHr H e g

S Arer g frepd fRaren T & ged anfie w9 W s
TG P GG AAER0 W DA A THE B I ‘

fAspd

Yoepe g9 faun H emmd a¥ W 8| $S 4R TP B TOR @
qleror STerT-eTell IR BRT Ay Y B 39 TR W o faw
TEq A BN B diagg W 15 SR 1990 B A H g8 UF
T ¥ o Jsnfe o @1 U 9 98 SuRerd dgAd Weea off
f o ) 39 fQen ¥ 97 HYM B T/ § |

AT TE SHAT ORY R 9 el den wRa o faerereder
T o Wl TS U8 oWd B I3 § P wyw 9w e 9ge
e fvad 8| wqg fsm & sfem § &8 9) v 8 g
¥ fp 9gd @ vl ¥ fiow 5 awwn @ fog afafert wama
forg ¥ | st 4R of, srifia fie werrR sifm
qeT SISTehel TGNy, B B1E 3R WIE W ONG BRiHA
R dar & wdl o R o @ ¥, SRR Wl & Sidd
SeTERY & | 9gd @ denfiet o1 w9 ¥ 5 weh ok TR angwd
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H, wiaford o w1 ulRom saeia @) TRE & SRl aMaT 8l
TEa 81 R amuR wWem W) ' aEa Jies aa by o
WA § el YR W A Al B DT WA YA B GAEr 8|
9 UPR & IR B 950 9 AFg-ARss Wee) oW @l §
qafRel B TR FART P R A @ 99 8| 959 @
Jgneepl 1 I § % WY I (United Nations) 39 w9 w® g
@ O W PR R wea 3 Wi dgw U 3 8
Fguieass el wd g7 oY ag Rl @1 AME ol @ @R
TR B e @ ol 3R WYE W W 8 wgdl B e ok
oo A g8 ot



WW(LawofmcSea)?ﬂﬁWWﬁm%lﬁﬁm
FOTA} G W TAl Forl & A6 20 WS U W o AT B
ady dmelt W v €1 Il & @ 150 U @) i el
wR 3 ol § | aea A & am 6500 feldier ol devan @l
fég AETR TR 2| 39 U ¥ Soar § fob R 0 s @ dn
wn # wE we § A R wg § @ el wEl den wl?
29 P A /e qEY ¥ B G H T wed § | B qoel
gFey, PN TG B o P aRed) BN | o fh g el
yel {6 wqx rfifia weRt @ @ 81 W g, fawlia i
@ yg 9eF § 9 Bie, Remda el o wufy @edl, 'fw
&) o W W § AR a8 (qW W ol W W H) one <
& e, wow g e YR gl SRl A9 s@ wed 2
afeal ¥ 3w e ¥ we X 98 ue W B | el 0P We
% : 1608 ¥, g AW @l W W, G ok fieT @ Raemm
& vt @ Rera o oo e §) @i gaeeE A s
ATd 78w gN foilgd J%ie HRA & @ (Descovery of India) #
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T 99 Il B e § TEY gY 1958 H o 81 W oay
H GUH UE W\(Conference)ﬁ TR HTA Faet M g9
3G WAl 57| T TEH A worrd A | GEER 4 qE fem
1Y Y —

1. Wil 9gE 9eel (On the Territorial Sea and Contiguous
Zone)

2. ARG de] ¥ HefAd (On the Continental Shelf)*

3. W% WERIR §eHl (On the High Sea) Td

4, wErarRl ¥ Ofdw el vd wewnfy Sel WeH) (On Fishing

and Conservation of Living Resources of the High Sea)

o9 T % a8 99 o gas oY, Bed Ul 9 T E
Fodl | GYF U @ @™ @ St AW (Food and Agricultural
Organisation) @1 U@ Ya1erg RUIE & SIER 106 4 | 40 gt A
I T fra 5 590 U o aeNen 9 12 Hid 9% © 89 W
ST IS ARER B 29 gl 7 3 A, 14 7 6 WA AR 4
10 M B 7 H AR gt g A | GgHR 200 WA BOART
IR T

g o 5 wide & s A= @ el & FR
IRIET e 9 Y| = € & U "ol Ibs @ wdl
BT} (Fishing Vessel) @1 MY Teverd o Udhg fordm | Srelmant
@ @l § oikar & BRI Twad @ W PR deRee T BN
Rrn| 50 v oTewiEe ok FRA @ @ Wod gg awat wE

* 39 R ¥ wEEd de @ uRy o el gw RufRa wRwm T AmER
aevar ¥ 200 94 9w B gf g A 0§
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R8T | ATScre Bl <71 200 WA $T o7 Wad T 7 daer 12 Wia
B oRARE R o om i Ry smswree T <@ 1973
¥ A aewd W 9 @ 9o @ el B A% R Suo
e B YBR IR A T 7 39 SR @ R @ R
TW WS WOl A AIgEas | €ged W (NAT.0) ¥ e
TR oY €1 | OIS $ue & 9% T 3 enssie § W 9%
&) femr)

wiE 8 & e wgehl Sl o aa) 1 W 1977 9% TR
o & W 39 R 3 g 9 200 A7 9F g @ s
IBR B RIS G Ugdl g1 33 | (@FF 44)1 H7
T @ 3o A 9" 130 NF W FRG T WEF 7 2 o
i e R OY forg | g 1 P des Bie i @ E
of | SN T 1 W B BT, 1 TG I Sler A olR W
O B A (T DY B 9% G A T U WP 8 S99 eIk
R S g S B 200 At GR@ 96 T8 9 |

- gfrn EERE) o Ow @ 9" g8 W e e e 9@ e
? o WS 79 TE ol W @ A g SuIeT & a8 99
Y 3W T8 ORI ¥ IEA-W GO AR TARNE wEl )
AEER oM o | 0w, A N W A Y ™ Y 5w
weral B 4| A B Fen o SIRm w9 | 39 emarmdy ¥ 9ge-
G 101 A o A i o e s A e
CIEE (o) BT e B A s 1 i e O 1 T RS Ko
fiyerm | ' ~
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@ At SRRTEE Higeee e
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12 et 290#1?4 350 et Gl fham P

MR ad W (P & gguifas figr

IF B PN

3gd @l gl | wmrE
33!'
%
N
-
| §L

o 44 : dymm W W wE e PeiRa . W o S Y

W B B AT gEd ¢ o ool ugl e 6 o &
ey
TP

Tgeiae fisl & e ¥ wad ¥ S 5 w9 om q@ wuw
g 5 sgufes e o1 &9 3w 200 9@ & 91 9 N e

R FE FEE P R N B ww fRwieRr @ el
1955 # WRaA P o0 devwist § 200 WY AT (320 RrerieR)
T T &9 BF Wiy g 3
(Exclusive Economic Zone) TEATT
2| wwd, svenfeR g Wt aRa A el Teve
T 7500 felrieR §1 ot 9E &9 9gd R & ¥ 9 et
TRA-YR & dT A Adend WM P IR B
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¥
;
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W% # T 5 B9R AL R O J B 1 ]IS 9 v ael i
S IRRE § R W &3 B AgW I Y 9ea o @)
arfew §ufy @ s D B

1958 #-9a # o 9w & BFW N FrE A ™ wE B
G Werl § Wafta a5 R = o) 1965 & U w9 34
qgufae sl @1 aitie yeq SWrR gan a9 Imitel & we-ay
s, yehufed, aoeifiEt @ B g I T 95 el |
IRUTERY Hg db HIE GEl 4 ¥ 39 87 @ Fe
uRERT # g &g == yew § TS| 17 R 1973 B s
BT g 8 GYF IS (United Nations) 1 TERT T goll |
T GRIEH W U9 IRRIS Al & Ten & uwae wiRa T
7| 39 9 B |ggE 9 @ folr, 99 9E iR werarRy
YEN | G gATaRvl $I GReN 7 HEMTRI Wi S P om
| 9D 9% §Y DI §H, WVl ¢d uwrEdl @ RIS 1981
¥ 164 WA T D GYTd W A gY I | AR 1@ wew
JoR fa o) 9 TS o9 wal & oREN TN Wi ¥ WA
& fag weng 8 W omde @ w6 S 359 el e e
F FRM ¥ & T9gF ¥ g WUIRRR TSN B UEHT BN ¥
ST U AR B T 130 g WET § [ TWE GE 9, 4
aEnd SR 17 STulRerd | aRTEAT WS E—omNid, @i, §aNIsd
AR e | 9 UY W Aeria <9 & & ® am #
TY S8 OPHP! SRR U§ Searad arr FeiRer ol gflenst §
WY" a1 WIHAFROT (Sea bed Authority) ERT WEUNT W YIqen+ X&l
T | $EG SR Al I g 5 A a1 urem w8 eea §
78 g, faw Seeed w1 i A oTRAT |

9 Ifww & Il 4 g oiRd U ) W W uwE
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3 dR 4 @7 Wey 9% P Y &3 | of WEld w1 $ s
SRIVSTATHS AN (Preparatory Commission) & 139, SIRfssy
WIS dcl WA (Sea Bed Authority) T4 SIRRISHA WHEl Hr@A
e ® 89 5 Mol forar |
T 2, sgaas Sl | Falt uRfe ® (Pioneer Work)
S—uRAE ol FEaw R Y #RG 8 9 T g |
TR MYE emAIaad A ® ggerfds fiel § WEfd ot
YUTel I B Ot ISR W | 39 SR 3 qguifas fiel
¥ et o frem R 9 WY § 39 UeR § -
1. {) ¥ v Rl el W 1983 A1 T ugdl wgenfead
fiel & Wafdd uRfe srf (Pioneer Work) 8 &9 A oA
300 @Y I SeR @Y b € qun g9 Al B w9
TH 10% &3 & Fgago § oy B/, 9 weifAe ot v
(Pioneer Investor) I 81| 59 o1d & TTAR AR, T4,
S U4 AR W WY 59 SUY B shar § |
(i) Ry Tt § wgw § sguifes A & @ @ forg fe
Y AdeTT g HIET ABAID! (Technology) BT faswrd wnfare
TR g ¥ AR & WIfda semem f uRfRye wrf” &
Ry § wfde B 1 i & oo wew @1 eigeien, @w
THEN B RAE™ 7 T R TRy o) gwe et
9 o B uRYIY & eiania aftfa & |
(i) 9% 9@ R fiem T s 59 ffva, oeee, SR 9
. W 9rgS @ qgaifas e wedn E
(iv) ‘SmarT ER! uRfe Brif & fog “geht RAdwe a7 emafed
&3 9raf R &3 (Pioneer Area) HESTAT § | I8 &F 1,50,000
T frerdier @ ofdw w1l g @ity | @E P A wdl
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® AR WeIfE Yol Faes & 59 &3 &1 ¢ 9n =
FHAGER BIS B —
(@) e & deR 99 $ AT I9 T9 8T B 20% 9,
@) dfga 98 & ofF aF AARTd 10% &=, au
(M) 3Med 99 & T D 20% AT A
2. IR B BN BH & 9 By N g e IRt wge
e R THdl &1 59 IMUEE b A Joev W W P T
AN BT FHAOTYS e B ARy |
3. () TAF AAEE B U & &F & ARy A 8 o am
¥ @ 2 WEH (Mine) 99 W | 98 &F TP & WS W |
Y AN N B GdFd & | §91 SF1 GEE ¥ Igfad
el &1 fIwR, YR, IgarEl 9 o MRS &I SRE
B AR | AR ¥ JE-SuR el & 9 g7
Rerfy dyel faxor & w1y oA @ N doh S =Ry |
(i) SRR IS B WY aaed Wi @ 45 A B sl &
A ¥ 9 UF HF AT U UN (R § sy
el Tl A1 gveuES @ foQ) @R MdEH DI
T &3 wepef WA (Exclusive Rights) &1 @GR o
A 3|
4, @5 N oI v @ 9 9w &7 & Y e 6 oew
Hehel & |
5. () @3 W o= g AR R &3 & forw amaes @ e g
T I S 99 &1 &F & B F 98 &3, 1w 5 g
@ rEfed By Y & @1 3w A 211 AR e aRRefa #
YT B T B A QW 3 AT B S et @
DIRE BT AR FAD! FAT AN B <7 & |
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(i) ST R # A} AT g 0w H T YA FD o gD
T TR G FEER PeEl @ ogar @@ Ry S

&= & T8 9w A § § 9 e @ & S, 59 Wy

# g SRRl @1 faaver It AR @) ofevd TE § Wi Wy

B G &7 39 U9 fQarel § W 7))

6. wrafE qon-Fdwe o dolieve o [ & 98 | 59 & |
wfae el & for awyl affeR w8 |

7. (i) MEE P ACGGA-UA B GRI AT §RT Wpd BN (250,000

IR TTAR) RN B <Al BN |
(i) yF dEd B & arEed @ Y & g J wioad 10
ARG FRIB] STeR W < T |
(TRA N AR B AR W T O G YS B a9 7 QY B
favrg fomm 1)

8. doligr meifae golt fRdere 31 6 98 & IR AT HY-AoT
IMENT B < Bl R onfdfe vd aa e swmR o)
W arqegsel BT Ul Sewd BT A1fRY |

9. gon fAAwrs WY ) W9 98 gRaa o B em 9§ 5 9
$ IR § 9% AMRE @I (Commercial Mining) 6 HA
gren &, ST 9Y U@ e HaT @R am | gfy fee
PRUEY SR B G @ 918 W e 5 9 B e
JAET 9 ¥E X GO ol S G GG 5 Ad TF g™
& o amagd &R U | N e e afdRe www
B A TE Bl B, IE W §T A B G B P yreIfiga
Bl |

10. 9% T WHRoT qer 3 Wi wrarell B Sudd W 2
Rl



A B el aETe AR RT ol SO B o 5 17
ST 1987 @ A W o 7 gt @ W A 9w B 4
U H IS B ATHA B R RER WO G ¥
4 W 2 @ gl afder wfa @ wew @ 45)) w8 4 e
fé #ErarR 4 5000 Aex T T ¥ ok T W fewR gw @
@i B W 9 sgefae i |
17 STRT 1987 1 YITH H =R WE T Widmww @t
66 ¥ IRT & AR T W WY g @ | qr g e
HEMfAfd (General Assembly) §RT §&4a: fA=1 eviia 1 o=y o
@ ol -
1. IM4EH (T ¥Rd) PR T § g8 oW 4 10 R
1982 1 BWER B Gl |

2. ST &7 AP &7 (Application Area) WY feg AR’
FRIE S 84T @ W & @ Rl N g B s
¥ ¥ TEw B

3. aMded W W @ v farn § 5 g9 &7 3g fo=d
W ag <o A g ar ife wu @ amded T e &)

" 4. g, S g1 AEiRT 2,50,000 erRg SR deieRY
P R aw 3W @ IR R |

5. W95 o 5l oy &3 weas @ fou emdew &

frar 21
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&3 () Twae weeer @ forg s 150,000 wF fiErie

6. ISH A URWE 12 & FWR ggas fieh & wdeor
Ay & wed # fFuiRa g g & )

7. 9GS QE! AATERY b W b oY IMANT ERT qIQ
w4 g & wes R Bl (R B

8. WWZ%W#WWH%W%I

0. ST &F B ASNR H &Y T4 IR Y@e & 4
Rerfey &1 Fvqel Ravvr der § |

10. aﬁiwaaa(A)qaa(B)ﬁmmwan%
RS [ & °1g HSR §; o
@) &= ¥ (B) B WE qo WkeRT B g aRfde =@d
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120 AERIR T W U &< aguifcds fist &

@) &= 31 (A) 150,000 T fFeAeR (@nags w1 Gl
Wit &1 JAfeR IH) amafed frar o wwar ¥
FA TR TN & uER] 39 Al 9 IR @
oifrer SR Wi g oy 3 wged U W @ wENRE
(Secretary General) 9 ﬂj\ﬁﬂ frm 5 3 o & W el o
Yoo o1 oty vt § 1 affy gRr S WERG wEror o= (R 46)
# W9 W 0Py wY URG @EE) B 39 & Ry @ 1)
I oiRisilg wye Wit i seRisia wgdt e ~marea
BRI 3T SIS AN B e S S| gs shaw 9 e
o9 yoas W foraa yifta e
“¥ gg wnforag ovar § & ougam Avfla weralAfy armr 17
SrTeT 1987 & foran war—sft wig g¥ e
TE YA OF WRA & JSirel, SONRRI, veue e aorifos
mwwmmmwmmaﬁwm
BIGGAR



“TEY WYR § G- P YOBN 8 §AINT AT aag § wse
deRe gware &1 N yA &1 Wi wEeEd o W A
26 I 1987 B WHE H Ig IIIA A §Y AN FE, G U7
feara & f& g9R dwnfd vd g, forsia e & 7v B
(@R & EQ) B G & aEaye s gy § forn & we
g 57 77 39 S @1 & 9 EAR) g9 ) 98 wed fofies
,m/u

wita wEr=EET @1 Sl H fRur T 9 9ee (Statement)
WYH T ERT 17 R 1987 @ HRG B A g #A@rnR §
gganias e & wdawr v @ ol 3g 150,000 o ferey
@ &7 § .9 gl Wi o SIYen 9 §af on | WRd, fagg @
yor 49 § o W@ eaelia 810 g7 W g8 9WE W &) 9aT |

gdaor & a7 § i §9 EEad @ S e YR °
faRyen (Seychelles)@ AN WRER] D 6173?‘[21 W IAG AT
anffe &3 (Exclusive Economic Zone) %1 Tde fhar B &9
RO & IMER TR 9RA ¥ §9 9% Bl Iguifeas fish @) suRefy
arel &5 BT HIEO B D A & B

TER TR B G ¥ QW B (F 0 q@el JER few o
AT & 1§90 Y SN § I Al Bl A9R e qd | §B
Isfie afdfe 7w A agt FMaen @ 99 suline gerRl @ waA
fomfor wrrh), R, e ot 1M & TR Sa #) 9 W
A T § |
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Wi @ WhEdl @ 9§ ARG H GWH ddAid (Mining
Technology) BT & &9 % §B 991 $ THI A 84 B
amen ¥ 1 99 © 39 0 &F ¥ W9 R 9 W B T aa a9
B0, A 9w dere) & Qe § o geraen fenh

Ugx W # o megfos wwed dww o e ¥ gEr
T GG T B WA GRS WY W Q@ W1 Y 8| Se anen
ol B e Rifenl & 9 B §) T B e g 9w
(Bioluminescene) Gﬁiﬁfﬁg IR Auferdt, oFl § 3 g fenfenm
feEd § O 90l ORT AUSd &1 WReTE 69w A Ug W@ e =g
Ta H wE ¥ R 7o vt g R 9ga & weee o
2 TN B wed R (Sea Gull) 39 g @ amex wEe
R 3T I § @ 9 whed o wgdl amn 9% @y Sl 8

v AN -t
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AH T B AEA WES: T UeN e R diidfem Hiega

Hige | Jere- AR Rwn Ram 8 el v o s Rem

T, T |

LIRS T B AN TG GF e gFa % wEan 9

Y U8 Eede fafes gRi gef- 00

(1) Mﬁammﬁ\hﬁmm%ﬁmﬁﬁmm
ASYRI— W 2, 1984

) wREE dfF WY A REfie— w1 1992

() Rl sife gRRm ekl vR AT AggeE—a 3,
1986

@rwﬁwmwﬁﬁﬁﬁﬁmmmﬁmw—m

T FIORIH, T |

TN, 9. BId U@ o AR gr foRea dRfvRe v
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its ownership of Edison’s carbon transmutter inven-
tion, the Western Umion company came to enjoy
an annual icome of several hundred thousand dol-
lars for some years as a compensation for 1ts re-
tirement from telephony under this agreement

The principle mvolved in Edison’s carbon-trans-
mtter gave birth to another interesting device called
the miciophone, by means of which the faintest
sounds could be very plamnly heard For mstance,
the footsteps of a common house-fly make a loud
noise when the hearing is assisted by the micro-
phone As every one knows, the microphone is uni-
versally used 1n our modern radio

This mvention was claumed at the time for Pro-
fessor Hughes, of England. Whatever credit might
be due to hum for the form he proposed, a standaid
history ascribes two origmnal forms of the micro-
phone to Edison, and he himself remarks “After
I sent one of my men over to London especially to
show Preece the carbon transmutter, when Hughes
first saw it, and heard it—tihen within a month he
came out with the microphone, without any acknowl-
edgment whatever Published dates will show that
Hughes came along after me ”’

The carbon transmutter has not been the only way
in which Edison has utilized the peculiar property
that carbon possesses of altering 1ts resistance to
the passage of current according to the degree of
pressure brought to bear on 1t

For his quadruplex system he constructed a rheo-
stat, or resistance box, with a series of silk disks
saturated with plumbago and well dried The pres-
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sure on the disks can be regulated by an adjustable
screw, and n this way the resistance of the circutt
can be varted

He also developed a “pressure,” or carbon, relay,
by means of which signals of variable strength can
be transferred from one telegraphic ciremit to an-
other The poles of the electromagnet i the local
or relay circuit are hollowed out and filled up with
carbon disks or powdered plumbago

If a weak current passes through the relay the
armature will be but feebly attracted and will only
compress the carbon shightly Thus the carbon will
offer considerable resistance and the signal on the
local sounder will be weak.

If, on the contrary, the incoming current be
strong, the armatute will be strongly attracted, the
carbon will be more compressed, thus lowermng the
resistance and giving a loud signal on the local
sounder

Anothet heautiful and ingenious use of carbon
was made by Edison in an mstrument invented by
him called the tasimeter This device was used for
mdicating most munute degrees of heat, and was so
exceedingly sensitive that i one case the heat of
rays of light fiom the remote star Arcturus showed
results

The tasimeter is a very sumple mstrument A
strip of hard rubber rests vertically on a platinum
plate, beneath which is a carbon button, under which
agam lies another platinum plate The two plates
and the carbon button form part of an electric circurt
contaiming a hattety and a galvanometer Hard
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rubber is very sensitive to heat, and the slightest rise
of temperature causes 1t to expand, thus increasing
the pressure on the carbon button This produices
a variationl 1n resistance shown by the swinging of
the galvanometer needle

This instrument is so sensitive that with a delicate
galvanometer the heat of a person’s hand thirty feet
away will throw the needle off the scale
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XII
MAKING A MACHINE TALK

[F oNE had never heard a phonograph, it would
seem as though 1t would be impossible to take
some preces of metal and make a machine that would
repeat speaking, singing, or istrumental music just
like life

So, before the autumn of 1877, when Edison 1n-
vented the phonograph, the world thought such a
thing was entirely out of the queston Indeed,
Edison’s own men in lis workshop, who had seen
him do some wonderful things, thought the idea was
absurd when he told them that he was making a
machine to reproduce human speech,

One of his men went so far as 1o bet lum a box of
agars that the thing would be an utter fardlure when
finished, but, as every one knows, Edison won the
bet, for the very fust time the machine was tried
1t repeated clearly all the words that were spoken
into 1t

A story has often been told 1n the newspapers that
the invention was made through Edison’s finger
being pricked by a pomt attached to a vibrating tele-
phone diaphragm, but this 1s not true.

The invention was not made through any accident,
but was the result of purc reasoning, and m this
case, as 11 many others, fact is more wonderful than
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fictton Mr. Edison’s own account of the inven.
tion of the phonograph 1s mtensely interesting

“I was experimenting,” he says, “on an automatic
method of recording telegraph messages on a disk of
paper laid on a revolving platen, exactly the same as
the disk talking-machine of to-day The platen had
a spiral groove on its surface, like the disk  Over
this was placed a arcular disk of paper, an electro-
magnet with the embossing point connected to an
arm travelled over the disk, and any signals given
through the magnets were embossed on the disk of
paper If this disk was removed from the machine
and put on a similar machine provided with a contact
point the embossed record would cause the signals to
be repeated into another wire The ordmary speed
of telegraphic signals 1s thirty-five to forty words a
mnute, but with this machine several hundred words
were possible

“From my expertments on the telephone I knew
of the power of a diaphragm to take up sound vibra-
tions, as I had made a little toy which when you
recited loudly i the funnel would work a pawl con-
nected to the diaphragm, and this, engaging a
ratchet-wheel, served to give continuous rotation to
a pulley This pulley was connected by a cord to a
little paper toy representing a man sawing wood
Hence, 1f one shouted ‘Mary had a little lamb,’
etc, the paper man would start sawing wood 1
reached the conclusion that 1f [ could record the
movements of the diaphragm properly I could cause
such records to reproduce the original movements
imparted to the diaphragm by the voice, and thus
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succeed 1n recording and reproducing the human
voice

“Instead of using a disk I designed a little ma-
chine, using a cylinder provided with grooves atound
the surface Over this was to be placed tin-foul,
which easily received and recorded the movements
of the diaphragm A sketch was made, and the
precework price, eighteen dollars, was marked on the
sketch I was in the habit of marking the price I
would pay on each sketch If the woikman lost,
I would pay his regular wages, 1 he made more than
the wages, he kept it The workman who got the
sketch was John Kruesi I didn’t have much faith
that 1t would work, expecting that I nught possibly
heat a word or so that would grve hope of a future
for the idea  Kiuest, when he had nearly finished 1t,
asked what 1t was for I told him I was gomg to
record talking, and then have the machine talk
back He thought 1t absurd HHowever, 1t was
finished; the foil was put on, I then shouted ‘Mary
had a Little lamb,” etc I adjusted the reproducer,
and the machine reproduced it perfectly 1 was
never so taken back in my life Everybody was
astonished I was always afraid of things that
worked the first time Long experience proved that
there were great drawbacks found generally before
they could be made commercial, but here was some-
tlung there was no doubt of ”

No wonder that John Kruesi, as he heard the little
machine repeat the words that had been spoken into
it, ejaculated 1n an awe-stricken tone “Memn Gott
im Himmel" No wonder the “boys” joined hands
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and danced around Edison, singing and shouting
No wonder that Edison and lis associates sat up
all mght fixing and adjusting 1t so as to get better
and better results—reciting and singing and trying
one another’s voices and Dstening with awe and
delight as the crude little machine repeated the words
spoken or sung into 1t

The news quickly became public, and the news-
papers of the world published columns about this
wonderful mnvention Mr Edison was besieged with
letters from every part of the globe Every one
wanted to hear this machine, and m order to satisfy
a untversal demand for phonographs to be used for
exhibition purposes he had a number of them made
and turned them over to vartous individuals, who
exhibited them to great crowds around the country
These were the machines in wlich the record was
made on a sheet of tin-foil laid around the cylinder

They created great excitement both in America
and abroad, The announcement of a phonograph
concert was sufficient to fill a hall with people who
were curious to hear a machine talk and sing.

In the next year, 1878, Edison entered upon his
expermments m electric lighting s work in this
field kept him intensely busy for nearly ten years,
and the phonograph was laid aside as far as he was
concerned

He had not forgotten it, however, for he had
fully realized its tremendous possibilities very
quickly after its invention This 1s shown by an
article he wrote for the North American Review,
wluch appeared i the summer of 1878, In that
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article he predicted the possible uses of the phono-
graph, many of which have since been fulfilled

In 1887, having fimished the greatest part of his
work on the electric light, he turned to the phono-
graph once more Realizing that the tin-foil ma-
chine was not an 1deal type and could not come into
common use, he determuned to re-design 1t, and
make 1t an mstrument that could be handled by any
one

This meant the design and construction of an en-
tirely different type of machine, and resulted n the
kind of phonograph with which every one is famil-
1ar m these modern days One of the chief differ-
ences was the use of a wax cylinder nstead of tin-
foil, and, instead of indenting with a pointed stylus,
the record 1s cut into the wax with a tiny sapphire,
the next hardest jewel to a diamond

Into his mmprovements of the phonograph Mr
Edison has put an enormous amount of time and
work He has never lost interest, but has worked on
it more or less through all the interveming years up
to the present time. Even during recent years he
has expended a prodigious amount of energy n im-
proving the reproducer and other parts, spendmg
mght after mght, and frequently all night, at the
laboratory.

Inasmuch as great quantities of phonographs were
sold, requuiring millions of records, one of the diffi-
culties to be overcome was to make large numbers
of duplicates from an original record made by a
singer, speaker, or band of musicians

This dufficulty will be percerved when it is stated
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that the record cut into the wax cyhmder is hardly
ever greater than one-thousandth of an inch deep,
which 1s less than the thickness of a sheet of tissue
paper, and 1n a single phonograph record there are
many mullions of sound-waves so recorded

Through endless experiments of Edison and his
working force, and with many ingentous inventions,
however, these difficulties were overcome one by
one,

It may be added that the phonograph was an
invention so absolutely new that when Mr Edison
applied for his origmnal patent, 1 1877, the Patent
Office could not find that any such attempt had
ever before been made to record and reproduce
speech or other sounds, and the patent was granted
immediately. He has since taken out more than
one hundred patents on improvements

The original patent has long since expired, and
many kinds of talking-machines are now made by
others also, but they all operate on the identical
principle which Edison was the first to discover and
put into actual practice
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XIII
A NEW LIGHT IN THE WORLD

IN THESE modern times an incandescent electric
lamp 1s such an every-day affair as to he a
familiar object even to a small child But only a
few years ago—a little over thirty—the man who
proposed and invented it was derided in the news
papers, and called a madman and a dreamer

If among Edison’s numerous inventions there
should be selected one or a class that might be
considered the greatest, it seems to be universal
optnion that the palm would he awarded to the
incandescent lamp and his complete system for the
distribution of electric light, heat, and power These
mnventions as a class, and what has sprung from
them, have brought about most wonderful changes
m the world

The year 1877 was a busy one at Edison’s labora-
tory at Menlo Park He was engaged on the tele-
phone, on acoustic electric transmussion, sextuplex
telegraphs, duplex telegraphs, miscellaneous carbon
articles, and other things He also commenced ex-
perimenting on the electric light

Besides, as we have seen m the previous chapter,
he invented the phonograph The great mterest
and excitement caused by the latter vention took
up nearly all of his time and attention for many
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months, and, indeed, up to July, 1878. He then
took a vacation and went out to Wyoming with a
party of astronomers to observe an eclipse of the
sun and to make a test of hus tasimeter

He was absent about two months, coming home
rested and refreshed Mr Edison says “After my
return from the trip to observe the eclipse of the sun
I went with Professor Barker, professor of physics
in the University of Pennsylvania, and Dr Chan-
dler, professor of chemistry 1n Columbia College, to
see Mr Wallace, a large manufacturer of brass in
Ansonia, Connecticut Wallace at this time was
experimenting on sertes arc highting  Just at that
time I wanted to take up something new, and Pro-
fessor Barker suggested that I go to work and see
if T could subdivide the electric light so it could be
got 1 small units Iike gas This was not a new
suggestion, because I had made a number of ex-
peruments on electric lighting a year before tlus
They had been laid aside for the phonograph I
determined to take up the search again and continue
it On my return home I started my usual course
of collecting every kind of data about gas, bought
all the transactions of the gas engineering societies,
etc, all the back volumes of gas jouinals, etc Hav-
ing obtamned all the data, and investigated gas-jet
distribution in New York by actual observations, I
made up my rund that the problem of the subdivi-
ston of the electric current could be solved and made
commercial

The problem which Edison had undertaken to
solve was a gigantic one. The arc light was then
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known and in use to a very small exten¢, but the
subdivision of the electric light—as it was then
called—had not been accomplished. It had been the
dream of scientists and inventors for a long time

Innumerable trials and experiments had been made
in America and Europe for many years, but with-
out success  Although a great number of ingenious
lamps had been made by the foremost inventors of
the period, they were utterly useless as part of a
scheme for a system of electric ighting In fact,
these efforts had been so unsuccessful that many of
the leading scientists of the time, even as late as
1879, declared that the subdivision of the light was
an impossibility

The chuef trouble was that the early experimenters
did not concerve the 1dea of a system, and worked
only on a lamp They all seemed to have the idea
that an electric lamp was the main thing and that
it should be of low resistance and should be operated
on a current of very low voltage, or pressure. They,
therefore experimented on lamps using short carbon
rods or strips for burners, which required a large
quantity of current.

Electric lighting with this kind of lamp was n-
deed a practical impossibility. The quantity of cur-
rent required for a large number of them would
have been prodigious, giving rise to tremendous
problems on account of the heating effects Besides,
the most fatal objection was the cost of copper for
conductors, which for a city section of about half a
mile square would have cost not less than a hundred
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mullion dollars, on account of the enormous quan-
tity of current that would be required

Mr Edison realized at the beginning that previous
experimenters had failed because they had been fol-
lowing the wrong track He knew that electric
highting could not bhe a success unless it could be
sold to the public at a reasonable price and pay a
profit to those who supplied 1t With such lamps
as had heen proposed, requiring such an enormous
outlay for copper, this would have been impossible
Besides, there would not have been enough copper in
the world to supply conductors for one large city

Edison did what he has so often done before and
since He turned about and went 1n the opposite
direction  He reasoned that in order to develop a
successful system of eleciric lighting the cost of con-
ductots must come within very reasonable lumits
To insure thus, he must invent a lamp of compara-
tively high resistance, requiring only a small quantity
of current, and with a burner having a small radiat-
g suiface.

Having the problem clearly in mind, Edison went
to wotk 1n the fall of 1878 with that enthusiastic
energy so characteristic of um  His earliest ex-
periments were made with carbon as the burner for
his lamp In the previous year he had also experi-
mented on this line, beginning with strips of carbon
burned 1n the open air, and then  vacuo by means
of a hand-worked air-pump These strips burned
only a few minutes On resuming his work in 1878
he agamn commenced with carbon, and made a very
large number of trials, all w wacuo. Not only did
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he try ordinary strips of carbonized paper, but tissue-
paper coated with tar and lampblack was rolled nto
thin sticks, like knitting-needles, carbomzed and
raised to the white heat of incandescence in wacuo

He also tried hard carbon, wood carbon, and
almost every conceivable variety of paper carbon
in like manner But with the best vacuum that he
could then get by means of the ordinary hand-pump
the carbons would last at the most only from ten to
fifteen minutes in a state of incandescence

It was evident to Edison that such results as these
were not of commercaial value He feared that, after
all, carbon was not the ideal substance he had
thought 1t was for an incandescent lamp-burner
The lamp that he had in mind was one which should
have a tough, hair-like filament for a light-giving
body that could be maintamed at a white heat for
a thousand hours before breaking

He therefore tuined his line of experiments to
wires made of refractory metals, such as platinum
and midium, and their alloys These metals have
very lugh fusing pomnts, and while they would last
longer than the caihon strips, they melted with a
shght excess of current after they had been lighted
but a short time

Neveitheless, Edison continued to experiment
along this hne, making some improvements, until
about April, 1879, he made an important discovery
which led lum to the first step toward the modern
mncandescent lamp He discovered that 1f he mtro-
duced a piece of platinum wire into an all-glass
globe, completely sealed and highly exhausted of air,
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and passed a current through the platinum wire while
the vacuum was bemng made the wire would give
a hight equal to twenty-five candle-power without
melting  Previously, the same length of wire would
melt in the open air when giving a light equal to
four candles

He thus discovered that the passing of current
through the platmum while the vacuum was being
obtatnied would drive out oecluded gases (1 ¢, gases
mechanically held 1 or upon the metal) This was
mmportant and soon led to greater results

Edison and his associates had been working night
and day at the Menlo Park laboratory, and now that
protusing results were ahead thewr efforts went on
with greater vigor than ever Taking no account
of the passage of time, with an utter disregard of
meal-times, and with but scanty hours of sleep
snatched reluctantly at odd periods, Edison labored
on, and the laboratory was kept going without
cessation

Following up the progress he had made, Edison
made 1mprovement after improvement, especially in
the tine of high vacua, and about the beginning of
October had so improved his pumps that he could
produce a vacuum up to the one-millionth part of
an atmosphere It should be understood that the
maintarming of such a high vacuum was only ren-
dered possible by Edison’s mvention of a one-piece
all-glass globe, hermetically sealed during its manu-
facture 1nto a lamp

In obtamning this perfection of vacuum apparatus
Edison realized that he was drawing nearer to a
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solution of the problem. For many reasons, how-
ever, he was dissatisfied with platmo-iridium fila-
ments for burners, and went back to carbon, which
from the first he had thought of as an ideal sub-
stance for a burner.

His next step proved that he was correct On
Qctober 21, 1879, after many patient trials, he
carbonized a picce of cotton sewing-thread bent into
a loop or horseshoe form, and had 1t sealed into a
glass globe from which he exhausted the air until
a vacuum up to one-mullionth of an atmosphere was
produced This lamp, when put on the circuit,
lighted up brightly to incandescence and mamtained
its mtegrity for over forty hours, and lo! the prac-
tical mcandescent lamp was born  The impossible,
so called, had been attained ; subdivision of the elec-
tric current was made practicable; the goal had been
reached, and one of the greatest inventions of the
century was completed

Edison and his helpers stayed by the lamp during
the whole forty hours watching it, some of the men
making bets as to how long 1t would burn It may
well be imagined that there was great jubilation
throughout the laboratory during those two days of
delight and anxiety

But now that the principle was established work
was renewed with great fervor in making other
lamps A vast number of experiments were made
with carbons made of paper, and the manufacture
of lamps with these paper carbons was carried on
continuously A great number of these were made
and put into actual use
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Edison was not satisfied, however He wanted
something better He began to carbomze every-
thing that he could lay hands on  In his laboratory
note-books are mnumerable jottings of the things
that were carbonized and tried, such as tissue-paper,
soft paper, all kinds of cardboards, drawing paper
of all grades, paper saturated with tar, all kinds of
threads, fish-line, threads rubbed with tarred lamp-
black, fine threads plaited together in strands, cotton
soaked in boiling tar, lamp-wick, twine, tar and
Jampblack mixed with a proportion of hime, vulcan-
ized fiber, celluloid, boxwood, cocoanut hair and
shell, spruce, hickoty, baywood, cedar, and maple
shavings, rosewood, punk, cork, bagging, flax, and a
host of other thungs

He also extended his searches far into the realms
of nature m the hine of grasses, plants, camnes, and
stmilar products, and 1n these experiments at that
time and later he carbonized, made into lamps, and
tested no fewer than six thousand different species
of vegetable giowths

At this time Edison was investigating everything
with a microscope One day he picked up a palm-
leaf fan and examined the long strip of cane bind-
ing on 1ts edge He gave it to one of his assistants,
telling him to cut it up mnto filaments, carbonize
them, and put them nto lamps

These proved to be the best thus far obtained, and
on further examination Edison decided that he had
now found the best material so far tried, and a mate-
rial entirely sutable for his lamps

Within a very short time he sent a man off to
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China and Japan to search for bamboo, with mstruc-
tions to keep on sending samples until the right one
was found This man did his work well, and among
the species of bamboo he sent was one that was
found satisfactory Mr Edison obtained a quantity
of this and arranged with a farmer in Japan to
grow 1t for him and to ship regular supplies This
was done for a number of years, and durmng that
time millions of Edison lamps were regularly made
from that particular species of Japanese bamboo

Mr Edison did not stop at this, however He
was continually m search of the best, and sent other
men out to Cuba, Florida, and all through South
America to hunt for something that m:ght be su-
perior to what he was using Another man was
sent on a trip around the world for the same purpose

Some of these explorers met with stiiking adven-
tures during therr travels, and all of them sent vast
quantities of hamboos, palms, and fibrous grasses to
the laboratory for examination, but Edison never
found any of them better for his purposes than
the bamboo from Japan

In this remarkable exploration of the world for
such a mateunial will be found an example of the
thoroughness of Edison’s methods He 1s not satis-
fied to believe he has the best until he has proved
it, and this search for the best bamboo was so thor-
ough that it cost hum altogether about one hundred
thousand dollars

In the meantime he was experimenting to manu-
facture an artificial filament that would be better
than bamboo He finally succeeded in lus efforts,
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and brought out what is known as a “squirted” fila-
ment This was made of a cellulose mixture and
pressed ott in the form of a thread through dies.
This kind of filament has gradually superseded the
bamboo 1n the manufacture of lamps

We have been obliged to confine ourselves to a
very brief outline history of the invention and de-
velopment of the incandescent lamp To tell the
detailed story of the intense labors of the inventor
and lus staff of farthful workers would require a
volume as large as the present one.

All that could be done in the space at our dis-
posal was to try and give the reader a general idea
of the clear thinking, logical reasoning, endless ex-
perimenting, hard work, and thoroughness of
method of Edison 1n the creation of a new art
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X1V
MENLO PARK

N THE history of the world’s progress, Menlo
Park, New Jersey, will ever be famous as the
hirthplace of the carbon transmutter, the phonograph,
the icandescent lamp, the commercial dynamo, and
the fundamental systems of distributing electric
light, heat, and power
In this hst might also be included the electric
railway, for while others had previously made some
progress 1 thus direction, 1t was 1n thus historic spot
that Edison did his proneer work that advanced the
art to a stage of practicability
The name of Menlo Park will not have as striking
a significance to the younger readers as to their
elders whose recollections carry them back to the
yeats between 1876 and 1886 Duuing that period
the place became invested with the glamor of ro-
mance by 1eason of the many startling and wonder-
ful mventions coming out of 1t from time to tume
Edison worked there during these ten years He
had adopted Invention as a profession  As we have
seen, he had always had a passion for a laboratory
Thus, from the little cellar at Port Huron, from the
scant shelves 1 a baggage car, from the nooks and
corners of dingy telegraph offices, and the grimy
little shops in New York and Newark, he had come
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to the proud ownership of a real laboratory where
he could wrestle with Nature for her secrets

Here he could experiment to his heatt's content,
and invent on a bolder and larger scale than ever
before All the world knows that he did

Menlo Park was the merest hamlet, located a few
miles below Elizabeth Besides the laboratory build-
ings, 1t had only a few houses, the best-looking of
which Edison lived in  Two or three of the others
were occupied by the families of members of lus
staff, 1n the others boarders were taken,

During the ten years that Edison occupred his
laboratory there, life in Menlo Paik could be
summed up 1n one short word—work Through the
days and through the mghts, year in and year out,
fot the most patt, he and his associates laboied on
unceasingly, snatching only a few hours of sleep
here and thete when tired nature positively de-
manded il Such a scene of concentrated and fruut-
ful actinity the world has probably never seen

The laboratory buildings consisted of the labora-
toty proper, the library and office, 2 machine shop,
carpenter shop, and some smaller buildings, and,
later on, a wooden building, which was used for a
shoit time as an incandescent lamp factory

Here Edison worked through those busy years,
surrotnded by a band of chosen assistants, whose
indirvidual abihties and never-failing loyalty were of
invaluable aid to hum in accomplishing the purposes
that he had 1 mind

As to these associates, we quote Mr FEdison’s
own words from an autobiographical article 1n the
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Electrical World of March 5, 1904 “It is interest-
ing to note that 1n addition to those mentioned above
(Charles Batchelor and Francis R Upton), I had
around me other men who ever since have remained
active m the field, such as Messrs Francs Jahl, Wil-
hiam ] Hammer, Martin Force, Ludwig K Boehm,
not forgetting that good friend and co-worker, the
late John Kruest1 They found plenty to do in the
various developments of the art, and as I now look
back I sometimes wonder how we did so much in so
short a time ”

To thus roll of honor may be added the names
of a few others The Carman brothers, Stockton
L Gnffin, Dr A Had, John F Ott (still with
Mr Edison at Orange), John W Lawson, Edward
H Johnson, Chailes L Clarke, Wilham Holzer,
James Hipple, Charles T Hughes, Samuel D Mott,
Charles T Mott, E G Acheson, Dr E L Nichols,
J H Val, W S Andiews, and Messrs Worth,
Crosby, Herrick, FHill, Isaacs, Logan, and Swanson

To these should be added the name of Mr Sam-
uel Insull, who, 1n 1881, became Mr Edison's pri-
vate secretary, and who for many years afterward
managed all his business allairs

Mr Insull’s position as secretary in the Menlo
Park days was not a “‘soft snap,”’ as lus own words
will show He says “I never attempted to systema-
tize Edison’s business life  Edison’s whole method
of work would upset the system of any office He
was just as likely to be at work n his laboratory at
midmght as midday He cared not for the hours
of the day or the days of the week If he was ex-
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hausted he might more likely be asleep 1n the middle
of the day than in the middle of the might, as most
of his work n the way of nvention was done at
night I used to run hus office on as close business
methods as my experience admutted, and T would
get at hun whenever 1t suited his convenience,
Sometimes he would not go over his mail for days
at a time, but other times he would go regularly
to s office i the morning At other times my
engagements used to be with him to go over hs
business affairs at Menlo Park at night, 1f I was
occupted 1n New York during the day In fact,
as a matter of convenience I used more often to get
at him at mght as 1t left my days free to transact
his affairs, and enabled me, probably at a midmght
luncheon, to get a few mmutes of his time to look
over his corresponderice and get s directions as to
what I should do m some particular negotiation or
matter of finance While 1t was a matter of switing
Edison’s convemence as to when I should transact
business with him, 1t also suited my own 1deas, as 1t
enabled me after getting through my business with
him to enjoy the privilege of watching him at his
work, and to learn something about the techmcal
side of matters Whatever knowledge I may have
of the electric light and power industry I feel I owe
it to the tuitton of Edison He was about the most
willing tutor, and I must confess that he had to be
a patient one "

It must not be supposed that the hard work of
these times made Iife a burden to the small family
of laborers associated with Edison On the contrary,
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MENLO PARK

they were a cheerful, happy lot of men, always ready
to brighten up their strenuous life by the enjoyment
of anything of a humorous nature that came along

Often during the long, weary mghts of exper:-
menting Edison would call a halt for refreshments,
which he had ordered always to be sent in at mid-
night when mght work was in progress. Every-
thing would be dropped, all present would jon 1
the meal, and the last good story or joke would pass
around.

Mr Jehl has written some recollections of this
period, in which he says - “Our lunch always ended
with a cigar, and I may mention here that although
Edison was never fastidious in eating, he always
relished a good cigar, and seemed to find 1n it con-
solation and solace . . It often happened that
while we were enjoying the cigars after our nmd-
mght repast, one of the boys would start up a tune
on the organ and we would sing together, or one
of the others would give a solo Another of the
boys had a voice that sounded like something be-
tween the ring of an old tomato-can and a pewter
jug He had one song that he would sing while
we roared with laughter He was also gteat m
imitating the tinfoil phonograph When Boehm was
in good humor he would play his zither now and
then, and amuse us by singing pretty German songs
On many of these occasions the laboratory was the
rendezvous of jolly and convivial visitors, mostly
old friends and acquaintances of Mr Edison Some
of the office employees would also drop in once in a
while, and, as every one present was always welcome
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to partake of the midnight meal, we all enjoyed these
gathenngs After a while, when we were ready to
resume work, our visitors would intumate that they
were going home to hed, but we fellows could stay
tp and work, and they would depart, generally
singing some song like ‘Good-mght, Ladies?
It often happened that when Edison had been work-
ing up to three or four o’clock in the morning he
would he down on one of the laboratory tables, and
with nothing but a couple of books for a pillow,
would fall into a sound sleep He satd 1t did him
more good than bemg 1 a soft bed, which spoils
a man. Some of the laboratory assistants could be
seen now and then sleeping on a table in the early
morning hours If their snoring became objection-
able to those still at work, the ‘calmer’ was appled
This machine conssted of a Babbutt’s soap-box with-
out a cover. Upon 1t was mounted a broad ratchet-
wheel with a crank, while into the teeth of the wheel
there played a stout, elastic slab of wood The box
would be placed on the table where the snorer was
sleeping and the crank turned rapidly The racket
thus produced was something terrible, and the sleeper
would jump up as though a typhoon had struck the
laboratory The 1rrepressible spirit of humor 1n the
old days, although somewhat strenuous at times,
caused many a moment of hilarity which seemed to
refresh the boys, and enabled them to work with
renewed vigor after its mamfestation”

The “boys” were ever ready for a joke on one
of their number Mr Mackenzie, who taught Edi-
son telegraphy, spent a great deal of time at the

150



MENLO PARK

laboratory. He had a bushy red beard, and was
persuaded to give a few hairs to be carboruzed and
used for filaments in experimental lamps When the
lamps were lighted the boys claimed that their bright-
ness was due to the rich color of the hairs

The history of the busy years at Menlo Park
would make a long story 1f told in full, but only
a hint can be given here of the gradual development
of many mmportant inventions These include the
mnumerable experiments on the lamp, on different
kinds and weights of iron for field magnets and
armatures, on magnetism, on windings and connec-
tions for field magnets and armatures, on distribu-
tion circuits, control, and regulation, and so on
through a long list

All these things were new There was nothing
mm the books to serve as a guide in solving these
new problems, but Edison patiently worked them
out, one by one, until a complete system was the
result of his labors

Menlo Park was historic in one other particular
It was the very first place n the world to see in-
candescent electric hghting from a central station.

The newspapers had been so full of the wonder-
ful invention that there was a great demand to see
the new light. Edison decided to give a public
exhibition, and for this purpose put up over four
hundred lLights in the streets and houses of Menlo
Park, all connected to underground conductors
which ran to the dynamos 1n one of the shop
buildings.

On New Year’s Eve, 1879, the Pennsylvania
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Railroad ran special trains, and over three thotisand
people availed themselves of the opportunity to wit-
ness the demonstration It was a great success, and
gave rise to a wide public interest,

Edison’s laboratory at Menlo Park had never
suffered for lack of wvisitors, but now 1t became a
center of attraction for scientific and business men
from all parts of the world Pages of this book
could be filled with the names of well-known visitors
at this pertod, but it would be of no practical use
to give them; besides we must now pass on to the
tume when the light was introduced to the world
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XV
BEGINNING THE ELECTRIC LIGHT BUSINESS

THE close of the last two chapters found us at-
tending the birth of an art that was then
absolutely and entirely new—the art of electric
highting by mncandescent lamps. It will now be in-
teresting to take a hrief glance at the way in which
it was mtroduced to the world

Edison nvented not only a lamp and a dynamo,
but a complete system of distributing electric light,
heat, and power from central stations This in-
cluded a properly devised network of conductors fed
with electricity from several directions and capable
of being tapped to supply current to each building;
a lamp that would be cheap, lasting, take httle cur-
rent, be easy to handle, and each to be independent
of every other lamp, means for measuring electricity
by meter; means for regulating the current so that
every lamp, whether near to or far away from
the station, would give an equal light; the designing
of new and efficient dynamos, with means for con-
necting and disconnecting and for 1egulating and
equalizing their loads, the providing of devices that
would prevent fires from excessive current, and the
providing of switches, lamp-holders, fixtures, and
the like

This was a large program to fill, for it was all
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new, and there was nothing in the world from which
to draw ideas, but Edison carried out his scheme
in full, and much more besides By the end of
1880 he was ready to launch his electric light sys-
tem for commercial use, and the Edison Electric
Light Company, that had been otgamzed for the
purpose, rented a mansion at No 65 Fifth Avenue,
New York, to be used for offices Edison now
moved some of his Menlo Park staff into that city
to pursue the work.

Right at the very beginning a most serious dif-
ficulty was met with None of the appliances neces-
sary for use mm the lighting system could be
purchased anywhere 1n the world

They weire all new and novel-—dynamos, switch-
boards, regulators, pressure and current indicators,
mncandescent lamps, sockets, small switches, metes,
fixtures, underground conductors, junction boxes,
service boxes, manhole boxes, connectors, and even
specially made wite Not one of these things was n
existence, and no outsider knew enough about such
devices to make them on order, except the wire

Edison himself solved the difficulty by raising
some money and establishing several manufacturing
shops 1n which these articles could be made The
first of all was a small factory at Menlo Park
to make the lamps, Mr Upton taking charge of that
branch

For making the dynamos he secured a large works
on Goerck Street, New York, and gave 1ts manage-
ment to Mr Batchelor For the underground con-
ductors and their parts a building on Washington
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Street was rented and the work done under the su-
permtendence of Mr Kruest. In still another fac-
tory building there were made the smaller appliances,
such as sockets, switches, fixtures, meters, safety
fuses and other details Tlus latter plant was at first
owned by Mr Sigmund Bergmann, who had worked
with Edison on telephones and phonographs, but
later Mr Edison and E. H Johnson became
partners

Still another difficulty presented itself There
were no men who knew how to do wiring for elec-
tric lights, except those who had been with Edison
at Menlo Park Thus problem was solved by opening
a night-school at No 65 Fifth Avenue in which a
large number of men were educated and tramned
for the work by Edison’s associates Many of these
men have since become very prominent in electrical
crreles.

Thus, in plahnmng these matters, and m guding
the operations in these four shops m New York,
and with all the work he was doing on new experi-
ments and mventions there and at Menlo Park, and
in making preparations for the first central station
m New York City, Edison was a prodigiously busy
man He worked incessantly, and 1t 1s safe to say
that he did not average more than four hours’ sleep
a day.

He was the center and the guding spirit of those
mntensely busy times The aid of his faithful as-
soctates was invaluable in the building up of the
business, but he was the great central storehouse of
1deas, and it 1s owing to his undaunted courage,
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energy, perseverance, knowledge and foresight, that
the foundations of so great an art have been so well
laad

As has been well said by Major S B. Eaton, who
was president and general manager of the Edison
Electric Light Company 1 its earliest years “In
looking back on those days and scrutimzing them
through the years, I am impressed by the greatness,
the solitary greatness, I may say, of Mr Edison
We all felt then that we were of importance, and
that our contribution of effort and zeal was vital
I can see now, however, that the best of us was
nothmng but the fly on the wheel Suppose any-
thing had happened to Edison® All would have
been chaos and ruin To him, therefore, be the
glory, 1f not the profit ”

Early in 1881 comparatively few people had seen
the incandescent light, In order to make the public
famihar with it, the Edison company equipped its
office building with fixtures and lamps, the latter
being lighted by current from a dynamo in the
ceflar  In the evenings the house was thrown open
to visttors until ten or eleven o'clock  Thousands
of peaple flocked to see the new light, which in those
days was regarded as wonderful and mysterious, for
while the lamps gave a soft, steady illumination,
there was no open flame, practically no heat, no
danger of fire, and no vitiation of air  For the most
part of four years the writer spent his evenings re-
cerving these visitors 1f no mmportant business was
n progress at the moment

Mr Edwson and his shops had scarcely time to
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get well on their feet before a rush of business
set m How this business rapidly developed and
grew until it became of very great maguitude ts
a matter of history, which we shall not attempt to
relate here

Some idea of this wonderful development, as it
has gone on through the years that have passed since
1880, may be formed when 1t 1s stated that at this
tume there are more than one hundred millions of
incandescent lamps 1n daily use in the United States
alone, Lvery one of these lamps and the funda-
mental principles upon which they ate operated rest
upon the foundations which Edison laid so well

One of Mr Edison's interesting stories of the
early days relates to the making of the lamps. He
says "

“When we first started the electric ight we had
to have a factory for manufacturing lamps. As
the Edison light company did not seem disposed to
go mto manufacturing, we slarted a small lamp
factory at Menlo Park with what money I could
raise from my other inventions and royalties and
some assistance The lamps at that time were cost-
g about one dollar and twenty-five cents each to
make, so I said to the company ‘If you will give
me a contract during the life of the patents I wall
make all the lamps required by the company and
deliver them for forty cents’ The company jumped
at the chance of this offer, and a contract was drawn
up We then bought at a recerver’s sale at Harrison,
New Jersey, a very large brick factory bulding
which had been used as an oil-cloth works We got
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it at a great bargan, and only paid a small sun
down, and the balance on mortgage. We moved the
lamp works from Menlo Park to Harrison The
first year the lamps cost us about one dollar and
ten cents each We sold them for forty cents, but
there were only about twenty or thirty thousand of
them, The next year they cost us about seventy
cents, and we sold them for forty There were a
good many, and we lost more money the second
year than the first. The third year T succeeded 1n
gething up machinery and in changing the processes,
untll 1t got down so that they cost somewhere
around fifty cents I still sold them for forty cents,
and lost more money that year than any other, be-
cause the sales were increasing rapidly The fourth
year I got it down to thirty-seven cents, and I made
all the money in one year that I had lost previously
I finally got 1t down to twenty-two cents, and sold
them for forty cents; and they were made by the
multon Whereupon the Wall Street people thought
it was a very lucrative business, so they concluded
they would like to have it, and bought us out
“When we formed the works at Harrison we
divided the interests into one hundred shares or
parts at one hundred dollars par One of the hoys
was hard up after a time, and sold two shares to Bob
Cutting Up to that time we had never paid any-
thing, but we got around to the pomnt where the
board declared a dividend every Saturday might.
‘We had never declared a dividend when Cutting
bought tus shares, and after getting his dividends
for three weeks in succession he called up on the
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telephone and wanted to know what kind of a con-
cern this was that paid a weekly dividend The
worls sold for $1,085,000.”

We have been obliged to confine ourselves to a
veiy brief and general description of the beginnings
of the art of electric highting, but this chapter would
not be complete without reference to Edison's
design and construction of the greatest dynamo that
had ever been made up to that time

The earliest dynamos he made would furnish cur-
rent only for sixty lamps of sixteen candle-power
each. These machines were belted up to an engine
or countershaft He realized that much larger
dynamos would be needed for central stations, and
1 1880 constructed one 1n Menlo Park, but 1t was
not entirely successful

In the spring of 1881, however, he designed a
still larger one, to be connected direct to 1ts own
engine and operated without belting Its capacity
was to be twelve hundred lamps, instead of sixty.

At that time such a project was not dreamed of
outside the Edison laboratory, and once more he was
the subject of much ridicule and criticism by those
who were considered as experts They said the
thing was impossible and absolutely impracticable.

Such opinions, however, have never caused a mo-
ment’s hesitation to Edison when he has made up
his mind that a thing can be done He calmly went
ahead with his plans, and although he found many
difficulties, he oveicame them all He worked the
shops night and day, until he had bult this great
machine and operated 1t successtully.
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The dynamo was finished in the summer of 1881,
At that time there was 1n progress an international
Electrical Exposttion in Paris, at which Edison was
exhibiting his system of electric highting He had
promised to send this great dynamo over to Paris,

When the dynamo was fitushed and tested there
were only four hours to take it and the engine
apart and get all the parts on boaid the steamer
Edison had foreseen all this, and had arranged to
have sixty men get to work all at once to take it
apart Each man had written mstructions just what
to do, and when the machine was stopped every man
did lus own particular work and the job was quickly
accomplished

Arrangements had been made with the police for
rapid passage through the streets from the shops to
the steamship The trucks made quick time of it,
being preceded by a wagon with a clanging hell
Street traffic was held up for them, just as it is
for engines and hose-carts gomg to a fire The
dynamo and engine got safely down to the dock
without delay and were loaded on the steamer an
hour before she sailed

This dynamo and engine weighed twenty-seven
tons, and was then, and for a long time after, the
eighth wonder of the scientific world Its arrival
and nstallation 1 Paris were eagerly watched by
the most famous scientists and electricians n
Europe.
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XVI
THE FIRST EDISON CENTRAL STATION

FROM the beginning of his experiments on the
electric light Edison had one 1dea ever n mind,
and that was to develop a system of lighting cities
from central stations His plan was to supply elec-
tric light and power mn much the same way that
gas 15 furmshed

He never forsook this idea for a moment In-
deed, 1t formed the basts of all tus plans, although
the scientific experts of the time predicted utter
failure While the experiments were going on at
Menlo Park he had Mr Upton and others at work
makimng calculations and plans for city systems,

Soon after he had invented the incandescent lamp
he began to take definite steps toward pieparing
for the first central station in the aty of New York.
After some consideration, he decided upon the dis-
trict included between Wall, Nassau, Spruce and
Ferry Streets, Peck Ship and the East Ruver, cover-
ing nearly a square mile 1 extent

He sent into this district a number of men, who
visited every building, counted every gas-jet and
found out how many hours per day or night they
were burned

These men also ascertained the number of busi-
ness houses using power and how much they con-
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sumed, All this information was marked 1n colored
inks on large maps, so that Edison could study the
question with all the details before him

All this work had taken several months, but, with
this mmformation to gurde him, the main conductors
to be laid 1n the streets of this district were figured,
block by block, and the results were marked upon
the maps It was found, however, that the quantity
of copper required for these conductors would be
exceedingly large and costly, and, 1f ever, Edison
was somewhat dismayed

This difficulty only spurred him on to still greater
effort Before long he solved the problem by in-
venting the “feeder and main” system, for which
he signed an application for patent on August 4,
1880

By this invention he saved seven-eighths of the
amount of copper previously required So the main
conductors were figured agam, at only one-eighth
the size they were before, and the results were
marked upon enormous new maps which were now
prepared for the actual installation

It should be remembered that from the very start
Edison had determined that his conductors should
be placed underground He knew that this was the
only method for permanent and satisfactory service
to the public

Our young readers can scarcely imagine the con-
dition of New York streets at that time They
were filled with lines of ugly wooden poles carrying
great masses of telegraph, telephone, stock ticker,
burglar alarm and other wires, 1 all conditions of
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sag and decay The introduction of the arc-lamp
added another series of wires which with their high
potentials carrted a menace to ife  Edison was the
first to put conductors underground, and the wis-
dom of so doing became so clear that a few years
later laws were made compelling others to do like-
wise

But to return to our story  Just before Christmas
in 1880 the Edison Electric Tlluminating Company
of New York was organized, and a license was
issued to it for the use of the Edison patents on
Manhattan Island.

The work for the new station now commenced
in real earnest A double building at 255 and 257
Pearl Street was purchased, and the inside of one
half was taken out and a strong steel structure was
erected inside the walls

Work on the maps and plans for the underground
network of conductors was continued at Menlo Park
Mr, Edison started his factories for making dyna-
mos, lamps, underground conductors, sockets,
switches, meters, and other details Thus, the wheels
of industry were humrung merrily in preparation
for the installation of the system Every detail re-
cewved Edison’s personal care and consideration He
had plenty of competent men, but he deemed nothing
too small or insignificant for his attention m this
important undertaking

In the fall of 1881 the laying of the underground
conductors was begun and pushed forward with
frantic energy Here again Edison left nothing to
chance Although he had a thousand things to oc-
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cupy his mind he also supermtended this work, He
did not stand around and grve orders, but worked
with the men 1n the trenches day and mght helping
to lay tubes, filling up junction boxes, and taking
part in all the infinute detail

He would work till he felt the need of a little
rest Then he would go off to the station building
1n Pearl Street, throw an overcoat on a pile of iron
tubes, lie down and sleep a few hours, rising to re-
sume work with the first gang

It 1s worth pausing just a moment to glance at
this man taking a fitful rest on a pile of iron pipe
m a dingy bulding His name 1s on the tip of
the world’s tongue Distingushed scientists from
every pait of Europe seek lum eagerly He has
just been decorated and awarded tugh honors by the
French government He s the inventor of wonder-
ful new apparatus and the exploiter of novel and
successful arts The magic of his achievements and
the rumors of what 15 being done have caused a
wild drop 1n gas securities and a sensational rise in
his own electric-light stock from one hundred dollars
to thirty-five hundred a share Yet these things
do not at all affect hts slumber or his democratic
simplicity, for 1n that, as in everything else, he is
attending strictly to business, “doing the thing that
1s next to him ”

The laying of the underground conductors was
interrupted by frost in the wmter of 1881, but m
the following spring the work was renewed with
great energy until there had been laid over eighty
thousand feet. In the mean time the buildings of
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the district were being wired for lamps, and the
machine-works had been busy on the building of
three of the “Jumbo” dynamos for the station
These were larger than the great dynamo that had
been sent to Paris

These three dynamos were installed in the station,
and the other parts of the system were completed
A bank of one thousand lamps was placed 1n one
of the buildings, and in the summer a whole month
was spent in making tests of the working of the
system, using this bank of lamps instead of sending
current out to customers’ premises Edison and his
assistants made the station their home during this
busy month They even slept there on cots that he
had sent to the station for this purpose

The system tested out satisfactorily, and finally,
on September 4, 1882, at three o’clock 1n the after-
noon, the station was started by sending out cuirent
from one of the big dynamos through the conductors
laid in the streets, and electric light was supplied for
the first tune to a number of customers in the
district

The station was now started and everything went
well New customers were added daily, and very
soon 1t became necessary to supply more current
This called for the operation of two dynamos at one
time As this involved new problems, Edison chose
a Sunday to try it, when bustness places would be
closed We will let him tell the story He says-*
“My heart was 1n my mouth at first, but everything
worked all right .. Then we started another
engine and threw the dynamos in parallel. Of all
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the circuses since Adam was born, we had the worst
then! One engine would stop, and the other would
run up to about a thousand revolutions, and then
they would see-saw  The trouble was with the gov-
ernors When the circus commenced the gang that
was standing around ran out precipitately, and I
guess some of them kept runming for a block or two,
I grabbed the throttle of one engine, and E H John-
son, who was the only one present to keep his wits,
caught hold of the othei, and we shut them off”

One of the gang that ran, but, in this case, only
to the end of the room, afterward said ‘At the
time it was a terrifying expertence, as I didn’t know
what was going to happen The engines and dyna-
mos made a horrible 1acket, from loud and deep
groans to a ldeous shriek, and the place seemed to
be filled with sparks and flames of all colors It was
as 1f the gates of the mnfernal regions had been sud-
denly opened "’

Edison attacked this problem in his strenuous
way Although 1t was Sunday, he sent out and
gathered his men and opened the machine-works to
make new appliances to overcome this trouble

Space will not permit of telling all the methods
he applied until the difficulty was entirely conquered.
It was only a shott tume, however, before he was
able to operate two or any number of dynamos all
together as one, 1n parallel, without the least trouble.

This early station grew and prospered, and con-
tinued in successful operation for more than seven
years, until January 2, 1890, when 1t was partially
destroyed by fire This occurrence caused a short
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interruption of service, but 1n a few days current
was again supplied to customers as hefore, and the
service has never sice ceased

Increasing demands for service soon afterward
led to the construction of other stations on Manhat-
tan Island, untd at the present time the New York
Edison Company (the successor to the Edison Elec-
tric Illuminating Company of New York) 1s operat-
mmg over forty slations and sub-stations These
supply current for about 800,000 customers, wired
for 17,000,000 mcandescent lamps and for about
1,300,000 horse-power 1n electiic motors

The early success of the first central station in
New York led to the formation of new companies
in other aties, and the installation of many similar
plants The busmess has grown by leaps and bounds,
until at the present time there are many thousands of
central stations spread all over the Umted States,
furnishing electric light, heat, and power, chiefly by
use of the principles elaborated so many years ago
by Mr Edison

We ought to mention that this tremendous growth
has also been largely due to another mvention made
by him in 1882, called the “three-wire system ” Its
value consists m the fact that 1t allowed a further
saving of sixty-two and one-half per cent of copper
required for conductors This invention 1s m uni-
versal use all over the world

It may be mentioned heie that at the opening cere-
montes of the Electrical Exposition in New York,
on October 11, 1911, the leading producers and con-
sumers of copper presented Mr Edison with an
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fnscribed cubic foot of that metal in recognition of
the stimulus of hus inventions to the industry The
inscription shows that the yearly output of copper
was 377,644,000 pounds at the time of Edison’s
first invention m 1868, and in October, 1911, the
yearly output had increased to 1,910,608,000 pounds
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XVII
EDISON’S ELECTRIC RATLWAY

T 18 quite likely that many of our young readers

have never seen a horse-car  This 1s not strange,
for 1n a little over twenty years the victorious trolley
has displaced the old-time street-cars drawn by one
or two horses Indeed, a horse-car 1s quite a curi-
osity 1 these modern days, for such vehicles have
almost entirely disappeared from the streets

The first horse railroad 1n the Umted States was
completed 1n 1827, and 1t was only seven years after-
ward that a small model of a circular electric rail-
road was made and exhibited by Thomas Daven-
port, of Brandon, Vermont Qther inventors also
worked on electric railways later on, but they did
not make much progress, because 1 their day there
wete no dynamos, and they had to use primary bat-
teries to obtain current This method of generating
current was far oo cumbersome and expensive for
general use

In 1899, after dynamos had become known, the
firm of Siemens exhibited at the Berlin Exhibition
a road about one-third of a mile m length, over
which an electric locomotive hauled three small cars
at a speed of about eight nules an hour

This was just before Edison had developed the
efficient commercial dynamo with low-resistance
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armatwe and high-resistance field, which made it
possible to generate and use electric power cheaply.
Thus we see that Edison was not the first to form
the broad 1dea of a electric ratlway, but hs dynamo
and systems of distribution and regulation of current
first made the idea commercially practicable

When Edison made his trip to Wyoming with
the astronomers in 1878 he noticed that the farmers
had to make long hauls of therr grain to the rail-
roads or markets. He then conceived the idea of
building light electric railways to perform this
service

As we have already noted, he started on his elec-
tric-light expetiments, including the dynamo, when
he returned from the West. He had pet forgotten
his scheme for an electric railway, however, for,
eatly in 1880, after the tremendous rush on the
mvention of the incandescent lamp had begun to
subside, he commenced the construction of a stretch
of track at Menlo Park, and at the same time began
to build an electric locomotive to operate over it

The locomotive was an ordinary flat dump-car
on a four-wheeled iron truck TUpon this was
mounted one of his dynamos, used as a motor It
had a capaaty of about twelve horse-power  Elec-
tric current was generated by two dynamos m the
machine-shop, and carried to the rajls by under-
ground conductots

The track was about a third of a mile in length,
the rails being of hight weight and spiked to ties
laid on the ground In this short line there were
some steep grades and short curves, The locomotive
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pulled three cars; one a flat freight-car, one an open
awning-car, and one box-car, facetiously called the
“Pullman,” with which Edison illustrated a system
of electromagnetic braking

On May 13, 1880, this road went into operation
All the Iaboratory “boys” made holiday and scram-
pled aboard for a trip Things went well for a
whuile, but presently a weakness developed and 1t be-
came necessary to return the locomotive to the shop
to make changes in the mechanism And so it was
for a short time afterward Imperfections of one
kind and another were disclosed as the road was
operated, but Edison was equal to the occasion and
overcame them, one by one Before long he had
Iis locomotive 1unning regularly, hauling the three
cars with {reight and passengers back and forth over
the full length of the track Incdentally, the writer
remembers enjoying a ride over the road one sum-
mer afteinoon

The details of the various improvements made
during these months are too many and too techni-
cal to be given here It is a fact, however, that
at this time Edison was doing some heavy electric
railway engineering, each improvement representing
a step which advanced the art toward the perfection
1t has reached m these modern days

The newspapers and technical journals lost no
time 1n publishing accounts of this electric railroad,
and once agan Menlo Park received great numbers
of visitors, including many railroad men, who came
to see and test this new method of locomotion

Of course, 1n operating this early road there were
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a few mushaps, fortunately none of them of a seri-
ous nature, In the correspondence of the late Gros-
venor P Lowry, a friend and legal adviser of Mr
Edison, is a letter dated june 5, 1880, giving an
account of one experience The letter reads as
follows “Goddard and I have spent a pait of the
day at Menlo, and all 1s glorious I have ridden at
forty muiles an hour on Mr Edison’s electric railway
—and we ran off the track I protested at the rate
of speed over the sharp curves, designed to show
the power of the engme, but Edison said they had
done 1t often Finally, when the last trip was to be
taken, I said I did not like 1t, but would go along.
The tram jumped the tiack on a short curve, throw-
ing Krues:, who was driving the engine, with his
face down in the dut, and another man 11 a comical
somersault through some underbrush Edison was
off 1n a minute, jumping and laughing, and declaring
1t a most beautiiul accident  Kruesi got up, his face
bleeding, and a good deal shaken, and I shall never
forget the expression of voice and face in which
he said, with some foreign accent ‘Oh yes! pair-
feckly safe’ Fortunately no other hurts were suf-
fered, and n a few munutes we had the tram on the
track and runmng agam ”

This first electric railway was continued in opera-
tion right along through 1881 In the fall of that
year Edison was requested by the late Mr. Henry
Villard to build a longer road at Menlo Park,
equipped with more powerful locomotives, to dem-
onstrate the feasibility of putting electric railroads
in the Western wheat country.
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Work was commenced at once, and eatly in 1882
the road and its equipment were fimshed It was
three miles long, and had sidings, turn-tables, freight
platform and car-house It was much more complete
and substantial than the first railroad There were
two locomotives, one for freight and the other for
passenger service

The passenger locomotive was very speedy and
hauled as many as minety persons at a ttme Many
thousands of passengers traveled over the road dur-
ing 1882 The freight locomotive was not so speedy,
but could pull heavy trains at a good speed Taken
altogether, this eaily electric railway made a great
advance toward modern practice as 1ts exists to-day

There are many interesiing stortes of the railway
pertod at Menlo Park One of them, as told by the
late Charles T Hughes, who worked with Edison
on the experimental roads, is as follows “Mr Vil-
lard sent ] C Henderson, one of his mechanical
engineers, to see the road when it was in opera-
tion, and we went down one day—Edison, Hen-~
deison, and I—and went on the locomotive Edison
ran 1t, and just after we started there was a
trestle sixty feet long and seven feet deep, and
Edison put on all the power When we went over
it we must have been gomg [orty mules an hour,
and I could see the perspiration come out on Hen-
derson  After we got over the trestle and started
on down the track Henderson said ‘When we go
back I will walk If there 1s any more of that kind
of runmng I won't be 1 1t myself’ ”

The young reader, who is now living in an age
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in which the electric ratlway is regarded as a matte:
of course, will find 1t difficult to comprehend that
there should ever have been any doubt on the part
of engmneermg experts as to the practicability of
electric railroads  But in the days of which we are
writing such was the case, as the following rematks
of Mr Edison will show ‘“At one time Mr Villard
got the tdea that he would run the mountarn division
of the Northein Paafic Railioad by electricity He
asked me 1f 1t could be done I said ‘Certanly, it
is too easy for me to undertake, let some one else
do1t’ Hesaid ‘I want you to tackle the problem,’
and he insisted on 1t So I got up a scheme of a
third rail and shoe and erected 1t 10 my yard here
mn Orange When I got 1t all ready he had all s
division engineers come on to New York, and they
came over here I showed them my plans, and the
unanimous decision of the engineers was that it was
absolutely and utterly impracticable That system
15 on the New York Central now, and was also used
on the New Haven road m 1its first work with
electricity "’

Mr Edison knew at the time that these engineers
were wrong. They were prejudiced and lacking in
foresight, and had no faith in electric 1ailroading
Indeed, these particular engineers were nol by any
means the only persons who could see no future for
electric methods of transportation  Their doubts
were shared by capitalists and others, and 1t was
not until several years afterward that the business of
electrifying street railroads was commenced 1n real
earnest
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In the mean time, however, Edison’s faith did not
waver, and he continued his work on electric rail-
ways, making innumerable experiments and taking
out a great many patents, including a far-sighted
one covering a shiding contact in a slot, This prin-
ciple and many ol those covered by his earlier work
are 1 use to-day on the street railways m large
cities

The early railroad at Menlo Park has gone to
ruin and decay, but the crude locomotive built by
Edison has become the property of the Pratt Insti-
tute, of Brooklyn, New York, to whose students 1t
1s a constant example and incentive

Down to the present moment Edison has kept up
an acttve intelest 1 transportation problems His
latest work has been 1n the line of operating street-
cars with his improved storage battety During the
time that this book has been 1n course of preparation
he has given a great deal of time to this question

Some years ago there were a numbes of street-cars
in vartous cities operated by storage batteries of a
class entirely different from the battery invented by
Edison., We refer to storage batteries containing
lead and sulphuric actd These were found to be
so costly to operate and maintamn that therr use was
abandoned

Mr Edison’s new nickel and iron storage battery
with alkaline solution has been found by practical
use to be entirely satisfactory for operating street-
cars, not only at a low cost, but also with ease of
operation and at a trifling expense for maintenance.
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Of course there have been many problems, but he
has surmounted the principal difficultics, and there
are now quite a number of street-cars operated by
his storage battery in vaiious cittes These cars
are earnmg profits and therr number is steadily
inicreasing
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XVIII
GRINDING MOUNTAINS TO DUST

N WALKING along the sea-shore the reader may
O have noticed occastonal streaks or patches of
bluish-black sand, somewhat like gunpowder 1n ap-
pearance It 1s carried up from the bed of the sea
and deposited by the waves on the shore to a greater
ot lesser extent on many beaches

If a magnet be brought niear to this “black sand”
the particles will be immedately attracted to it, just
as 1ron filings would be in such a case  As a matter
of fact, these particles of black sand are grains of
finely drvided magnetic ron m a very pure state.

Now, 1f we should take a prece of magnetic 1ron
ore 1 the form of a rock and grind 1t to powder
the particles of iron could be separated from the
ground-up mass by drawing them out with a magnet,
just as they could be drawn out of a heap of sea-
shore sand If all the grams of iron were thus
separated and put together, or concentrated, they
would be called concentrates.

During the last century a great many experiment-
ers bestdes Edison attempted to perfect various cheap
methods of magnetically separating iron ores, but
until he took up the work on a large scale no one
seems to have realized the real meaning of the tre-
mendous problems 1mvolved
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The beginning of this work on the pait of Edison
was his mnvention m 1880 of a peculiar form of
magnetic separator It consisted of a suspended
V-shaped hopper with an adjustable slit along the
poited end A long electromagnet was placed, edge-
wise, a little below the hopper, and a bin with a
dividing partition mn the center was placed on the
floor below

Crushed ore, or sand, was placed n the hopper.
If there was no magnetism this fine material would
flow down i a straight line past the magnet and
fill the bin on one side of the partition If, how-
ever, the magnet were active the particles of iron
would be attracted out of the lmne of the falling mate-
ral, but their weight would carry them beyond the
magnet and they would fall to the other side of the
partition  Thus, the material would be separated,
the giains of 1ron going to one side and the grains
of rack or sand to the other side

This separator, as afterward modified, was the
basis of a colossal enterprise conducted by Mr, Edi~
son, as we shall presently relate But first let us
glance at an early experiment on the Atlantic sea~
shore 1n 1881, as mentioned by him, He says.

“Some years ago I heard one day that down at
Quogue, Long Island, there were immense deposits
of black magnetic sand. This would be very valu-
able 1f the tron could be separated from the sand
So I went down to Quogue with one of my assist-
ants and saw there for miles large beds of black
sand on the beach in layers from one to six inches
thick—hundreds of thousands of tons My first
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thought was that it would be a very easy matter to
concentrale this, and I found I could sell the stuff at
a good price I put up a small magnetic separating
plant, but just as I got 1t started a tremendous storm
came up, and every bit of that black sand went out
to sea During the twenty-eight years that have m-
tervened 1t has never come back ”

In the same year a similar separating plant was
put up and worked on the Rhode Island shore hy
the writer under Mr Edison’s direction More than
one thousand tons of concentrated iron ore of fine
guality were separated from sea-shore sand and sold
It was found, however, that it could not be suc-
cessfully used on account of bemg so finely divided
Had this occurred a few years later, when Edison
mvented a system of putting this fine ore mto
briquettes, that part of the story mught have been
different

Magnetic separation of ores was allowed to rest
for many years after this, so far as Edison was
concerned He was intensely busy on the electric
light, electric railway, and other similar problems
until 1888, and then undertook the perfecting and
manufacturing of tus improved phonograph, and
other matters Somewhere about 1890, however, he
again took up the subject of ore-separation

For some years previous to that tume the Eastern
iron-mills had been suffering because of the scaicity
of low-priced high-grade ores If low-grade ores
could be crushed and the iron therein concentrated
and sold at a reasonable price the furnaces would
be benefited Edison decided, after mature delibera-
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tion, that 1f these low-grade ores were magnetically
separated on a colossal scale at a low cost the
furnace-men could be supplied with the much-
desired high quality of 1ron ore at a price which
would be practicable

He appreciated the fact that it was a serious and
gigantic problem, but was fully satisfied that he
could solve 1t He first planned a great magnetic
survey of the East, with the object of locating large
bodies of magnetic wron ore This sutvey was
the greatest and most comprehensive of the kind
ever made With a pecuharly senstive magnetic
needle to indicate the presence of magnetic ore 1
the earth, he sent out men who made a survey of
twenty-five mules across countty, all the way from
lower Canada to North Carohina

Edison says. “The amount of ore disclosed by
this survey was simply fabulous How much so
may be judged from the fact that 1n the three thou-
sand acres immediately surrounding the mulls that I
afterward established at Edison, New Jersey, there
were over two hundred million tons of low-grade
ore. I also secured sixteen thousand acres in
which the deposit was proportionately as large.
These few acres alone contained sufficient ore to
supply the whole Untted States 1ron trade, including
exports, for seventy years "’

Grven a mountain of rock contamning only one-
fifth to one-fourth magnetic tron, the broad prob-
lem confronting Edison resolved itself mto three
distinct parts~—first, to tear down the mountain bod-
ily and grind 1t to powder; second, to extract from
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this powder .the particles of iron mingled in its
mass , and third, to accomplish these results at a cost
sufficiently low to give the product a commercial
value

From the start Edison realized that in order to
carry out this program there would have to be auto-
matic and continuous treatment of the matersal, and
that he would have to make the fullest possible use
of natural forces, such as gravity and momentum
The carrying out of these principles and 1deas gave
rise to some of the most brilliant engineering work
that has ever been done by Edison During this
period he also made many important mnventions, of
which several will now be mentioned

As he proposed to treat enormous masses of mate-
rial, one of the chief things to be done was to pro-
vide for breaking the rock and crushing 1t to powder
rapidly and cheaply After some experimenting, he
found there was no machinery to be bought that
would do the work as it must be done He was
therefore compelled to invent a series of machines
for the purpose

The first of these was an invention quite char-
acteristic of Edison’s daring and boldness It em-
braced a gigantic piece of mechamsm, called the
“Giant Rolls,” which was designed to break up
pieces of rock that might be as large as an ordinary
upright piano, and weighing as much as eight tons

A pair of 1ron cylinders five feet long and six
feet mn diameter, covered with steel knobs, were set
fifteen inches apart 1n a massive frame The rolls
weighed about seventy tons. By means of a steam
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engine these rolls were revolved in opposite direc-
tions until they attained a peripheral speed of about
a mile 2 minute  Then the rocks were dumped into
a hopper which gumded them between the rolls, and
m a few seconds, with a thunderous nose, they
were reduced to pieces about the size of a man’s
head. The belts were released by means of slipping
friction clutches when the load was thrown on the
rolls, the breaking of the rocks being accomplished
by momentum and kinetic energy

The broken rock then passed through similar rolls
of a lesser size, by means of which 1t was reduced
to much smaller preces These in their turn passed
through a series of other machines m which they
were crushed to fine powder Here again Edison
made another remarkable invention, called the
“Three-High Rolls,” for reducing the rock to fine
powder The best crushers he had been able to buy
had an efficiency of only eighteen per cent and a loss
by frictzon of eighty-two per cent By his wnvention
he reversed these figures and obtamed a working
efficiency of eighty-four per cent and reduced the
loss to sixteen per cent.

The problems of drying and screening the broken
and crushed material were also solved most ingent-
ously by Edison’s inventive skill and engineering
ability, and always with the idea and purpose in
mind of accomplishing these results by availing hum-
self to the utmost of one of the great forces of
Nature—gravity,

The great extent of the concentrating works may
be imagined when we state that two hundred and
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fifty tons of material per hour could be treated.
Altogether, there were about four hundred and
eighty immense magnetic separators in the plant,
through which this crushed rock passed after going
through the numerous crushing, drying, and screen-
mg processes

If it had been necessary to transfer this tre-
mendous quantity of material from place to place
by hand the cost would have been too great Edison,
therefore, designed an original and ingentous system
of mechanical belt conveyors that would automati-
cally recetve and discharge their loads at appointed
places 1n the works, covering about a nule in transit
They went up and down, winding mn and out, turn-
ing corners, delivering material from one hin to
another, making a number of loops m the drying-
oven, filling up bins, and passing on to the next
one when full In fact, these conveyors in auto-
matic action seemed to play their part with human
mtelligence

We have been able to take only a passing glance
at the great results achieved by Edison in his nine
years’ work on this remarkable plant—a work de-
serving of most serious study The story would
be incomplete, however, 1f we did not mention his
labors on putting the fine ore in the form of solid
briquettes

When the separated iron was first put on the
market 1t was found that it could not be used 1n
that form in the furnaces Edison was therefore
obliged to devise some other means to make 1t avail-
able. After a long series of experiments he found
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a way of puttmng 1t into the form of small, sohd
briquettes These answered the purpose exactly

This called for a line of new machinery, which
he had to invent to carry out the plan. When this
was completed, the great rocks went m at one end
of the works and a stream of briquetles poured out
of the other end, hemng made by each briquetting
machme at the rate of sixty per minute

Thus, with never-failing persistence, infinite pa-
tience, intense thought and hard work, Edison met
and conquered, one by one, the difficulties that had
confronted him  Furnace trials of his briquettes
proved that they were even better than had been
anticipated He had recerved some large orders for
them and was shippmg them regularly Every-
thing was bright and piomising, when there came
a fatal blow

The discovery of rich Bessemer ore in the Mesaba
range of mountans n Minnesota a few years before
had been followed by the opening of the muines there
about this time  As thus rich ore could be sold for
three dollars and fifty cents per ton, as against six
dollars and fifty cents per ton for Edison’s bri-
guettes, his great enterprise must be abandoned at the
very moment of stccess

It was a sad blow to Edison’s hopes He had
spent mme years of hard work and about two mul-
lions of his own money tn the great work that had
thus been brought to nought through no fault of
lis  The project had lamn close to his heart and
ambition, indeed he had put aside almost all other
work and inventions for a while,
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For five of the mmne years he had lived and worked
steadily at Edison (the name of the place where the
works were located), leaving there only on Saturday
night to spend Sunday at his home 1n Oiange, and
returming to the plant by an early train on Monday
morming Life at Edison was of the simple kind—
work, meals, and a few hours’ sleep day by day,
but Mr Edison often says he never felt better than
he did during those five years.

After careful investigations and calculations it
was decided to close the plant Mr W S Mallory,
his close associate during those years of the con-
centrating wotk, says “The plant was heavily in
debt, and, as Mr Edison and I rode on the train
to Orange, plans were discussed as to how to make
enough money to pay ofl the debt Mr Edison
stated most positively that no company with which
he had been personally actively connected had ever
failed to pay 1ts debts, and he did not piopose to
have the concentrating company any exception

“We figured carefully over the probabilities of
financial returns from the phonograph works and
other enterprises, and, after discussing many plans,
it was finally decided that we would apply the knowl-
edge we had gamed in the concentiating plant to
building a plant for manufacturing Portland cement,
and that Mr Edison would devote his attention
to the developing of a storage battery which did not
use lead and sulphuric acd

“He started in with the maximum amount of
enthusiasm and ambition, and in the course of about
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three years we succeeded in paying off the indebted-
ness of the concentrating works

“As to the state of Mr Edison’s mind when the
final decision was reached to close down, if he was
spectally disappointed there was nothmg in his man-
ner to indicate it, his every thought being for the
future

In this attitude we find a true revelation of one
conspicuous trait in Mr Edison. No one ever cried
less over spiled mulk than he He had spent a
fortune and had devoted nine years of his Iife to
the most intense thought and labor in the creation
and development of this vast enterprise He had
made many remarkable inventions and had achieved
a very great success, only to see the splendid results
swept away 1 a moment He did not sit down and
bewail his lot, but with true philosophy and greatness
of mind apphed himself with characteristic energy
to new work through which he might be able to
open up a more promismng future
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XIX
EDISON MAKES PORTLAND CEMENT

ENG before Edison ever thought of going into
the manufacture of cement he had very pro-
nounced opmions of sts value for building purposes.
More than twenty-five years ago, during a discus-
ston on ancient buildings, he remarked “Wood will
rot, stone will chip and crumble, bricks disintegrate,
but a cement and 1ron structure 1s apparently 1nde-
structible. Look at some of the old Roman baths.
They are as solid as when they were built ”

With such convictions, and the vast fund of prac-
tical knowledge and expetience he had gamed at
Edison in the crushng and handling of enormous
masses of finely divided material, 1t 1s not surprising
that he should have decided to engage 1n the manu-
facture of cement

He was fully aware of the fact that he was pro-
posing to “butt into” an old-established industry, m
which the principal manufacturers were concerns
which had been in busmness for a long time. He
knew there were great problems to be solved, both
in manufacturing and selling the cement These dif-
ficulties, however, only made the proposition more
mviting to him

Edison followed his usual course of reading up
all the literature on the subject that he could find,
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and seeking information from all quarters. After
thorough study he came to the conclusion that with
tus mproved methods of handing finely crushed
material, and with some new inventions and proc-
esses he had mn mund, he could go mto the cement
hustness and succeed in making a finer quality of
product As we shall see later, he “made good ”’

This study of the cement proposition took place
during the first few months of his experimenting
on a new storage battery In the mean time My
Mallory had heen busy arranging for the formation
of a company with the necessary money to com-
mence and carry on the busmess One day he went
to the laboratory and told Mr Edison that every-
thing was ready and that 1t was now time to engage
engtneers to lay out the works

To this Edison repled that he intended to do that
himself, and invited Mr Mallory to go with him
to one of the draughting-rooms up-stairs Here
Edison placed a sheet of paper on a draughting-
table and 1mmediately began to draw out a plan of
the proposed works He continued all day and away
nto the evening, when he finished, thus completing
within twenty-four hours the full lay-out of the
entire plant as i1t was subsequently installed If the
plant were to be rebuilt to-day no vital change would
be necessary

It will be granted that this was a remarkable en-
gmeering feat, for Edison was then a new-comer 1n
the cement business But in that one day’s planning
sverything was considered and provided for, includ-
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ing crushing, mixing, weighing, grinding, drying
screening, sizing, burning, packing, storing, and
other processes

From one end to the other the cement plant 1s
about half a mile long, and through the various
buildings there passes, automatically, each day a vast
quantity of material under treatment In piactice
this resulls i the production of mote than two and
a quarter mullion pounds of finished cement every
twenty-four hours

Not only was all this provided for in that one
day’s desigtung, but also smaller details, such, for
mstance, as the cariying of all steam, water and air
ptpes and electrical conductors m a large subway
extending from one end of the plant to the other,
also a system by which the ten thousand bearings 1n
the plant are oiled automatically, requiring the serv-
ices of only two men for the entire woik

Followmg this general outline plan of the whole
plant by Edison himself there came the preparation
of the detail plans by his engineers As the manu-
facture of cement also mvolves the breaking and
grmding of rocks, the scheme, of course, mcluded
usimng the grant rolls and other crushing, drying, and
screening maclunery mvented by him for the iron-
concentrating work, as mentioned in out last chapter

No magnetic separator 1s hecessary in cement-
making, but there were other processes to provide
for that did not occur 1n concentrating 1ron ore  One
of them relates to burming the material, which is
one of the mmost important processes in manufactur-
ing cement.
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Perhaps 1t may be well to state for the informa-
tion of the 1eader that m cement-making, generally
speaking, cement-rock and limestone in the rough
are mixed together and ground to a fine powder
This powder 1s “burned” in a kiln and comes out in
the form of balls, called “clinker” This agam is
crushed to a fine powder, which is the cement of
commerce

It will be seen, therefore, that the quantity of
finished cement produced depends largely upon the
capacity of the kilns When Edison first thought
of going into cement-making he expected to use the
old style of kilns, which were about sixty feet long
and six feet in diameter, and had a capacity of turn-
ing out about two hundred barrels of clinker every
twenty-fotr hours, He is never satisfied, however,
to take the experience of others as final, and thought
he could improve on what had been done before

He discussed the project with Mr Mallory, who
says “After having gone over this matter several
times, Mr, Edison said, ‘I believe I can make a kiln
which will give an output of one thousand barrels
in twenty-four hours’ Although I had then been
closely associated with him for ten years and was
accustomed to see hum accomplish great things, I
could not help feeling the improbability of his being
able to jump mto an old-established industry—as a
novice—and start by improving the ‘heart’ of the
production so as to mcrease its capacity four hundred
per cent But Mr. Edison went to work immediately
and very soon completed the design of a new type of
kiln which was to be one hundred and fifty feet long

190



PORTLAND CEMENT

and nine teet in diameter, made up in ten-foot sec-
tions of cast iron bolted together and arranged to be
revolved on fifteen bearings He had a wooden
model made, and studied 1t very carefully through a
sertes of experiments These resulted so satisfac-
torily that this form was finally decided upon, and
ultimately installed as part of the plant

“Well, for a year or so the kiln problem was a
nightmare to me We could only obtain four hun-
dred barrels at first, but gradually crept up through
a sertes of heart-breaking trials until we got over
eleven hundred barrels a day Mr Edison never
lost his confidence throughout the tiials, but on re-
ceiving a disappointing report would order us to
try it agamn”

Although the older cement manufacturers pre-
dicted utter failure, they have since recogmzed the
success of Edison’s long kiln, and 1t is now being
used quite generally i the trade

Another invention of minor nature but worthy
of note relates to the weighing of the proportions
of cement-rock and limestone In most cases the
measturement 1s usually by bariow loads, but Edison
determuned that 1t must be done accurately to the
pound, and devised a means of doing it automats-
cally, for, as he remarked, “The man at the scales
mght get to thinking of the other fellow’s best gutl,
so fifty or a hundred pounds of rock, more or less,
wouldn’t make much difference to hum ”

With Edison’s device the scales are set at certain
weights and the materials are fed from hoppers
The moment the scale-beam tips an electrical con-
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nection automatically stops the feed and no more
can be put on the scale until the load 1s withdrawn

Another and important new feature inttoduced by
Edison was 1 raising the standard of fine grinding
of cement ten points above the regular standard of
seventy-five per cent through a two-hundred-mesh
screen By reason of the great improvement he had
made 1n grinding machiery he could grind cement
so that eighty-five per cent passed through a two-
hundred-mesh screen  As cement is valuable i pro-
portion to its fineness, 1t will be seen that he has thus
made an advance of great importance to the trade

We cannot enter into all the details of the nu-
merous mventions and improvements that Edison
has mtroduced mto his cement plant during the last
eight or nime years It is suffictent to say that by
hus persistent and energetic labors during that period
he has raised tus plant from the position of a new-
comer to the 1ank of the fifth largest producer of
cement 1 this country

A remaikable mstance of the power of Edison’s
memory may be related here. Some years ago, when
the cement plant was nearly fimished and getting
ready to start, he went up to look 1t over and see
what needed to be done

On the arrival of the tramn at ten-forty in the
morning he went to the mull, and, starting at one
end, went through the plant to the other end, ex-
amming every detail. He made no notes or memo-
randa, but the examination required all day

In the afternoon, at five-thirty, he tock a tram
for home, and on arriving there a few hours later
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got out some note-books and began to write from
memory the things needing change or attention
He continued on this work all night and right along
until the next afternoon, when he completed a list of
neatly six hundred items This memory “stunt”
was the more remarkable because many of the items
mcluded all the figures of new dimensions he had
decided upon for some of the machinery 1n the plant

Fach rtem was numbered consecutively, and the
list copied and sent up to the supetintendent, who
was instructed to make the changes and report by
number as they were done These changes were
made and therr value was proven by later experience

Edison’s achievements have made a deep impres-
sion on the cement industry, but 1t 1s hikely that it
will become still deeper when his “Poured Cement
House”” 15 exploited

A few years ago he conceived the 1dea of pouring
a complete concrete house m a few hours He made
a long series of experiments for producing a free-
flowing combination of the necessary mateiials, and
at length found one that satisfied lum that his 1dea
was feasible, although experts said 1t could not be
done

His plan 1s to provide two sets of tron molds, one
inside the other, with an open space between These
molds are made 1n small preces and set up by bemng
bolted together ~When erected, the concrete mix-
ture 1s poured n from the top in a continuous stream
until the space between the molds 1s filled

The pouring will be done 1n about six hours, after
which the molds will be left 1 position about four
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days in order that the concrete may harden When
the molds are removed there will remawn standing
an entire house, complete from cellar to roof, with
walls, floors, statrways, bath and laundry tubs, all 1
one solid piece  These houses, when bwlt in quan-
tity, can be produced at a very moderate cost.

Mr Edison intends this house for the working-
man, and 1n its design has msisted on 1ts being orna-
mental as well as substantial As he expressed 1t
“We will give the workingman and his family orna-
mentation in their house They deserve 1t, and be-
sides, 1t costs no more after the pattern 1s made to
give decorative effects than it would to make every-
thing plamn
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XX
MOTION-PICTURES

THROUGH his 1nvention and introduction of the
phonograph and of his apparatus for taking
and exhibiting motion-pictures Edison has probably
done more to interest and amuse the world than any
other living man These two forms of amusement
have more audiences i a week than all the theaters
in America 1n a year,

It 1s a curious fact that while mstantaneous pho-
tography 1s necessary to produce motion pictures,
the suggestion of producing them was made many
years before the imstantaneous photograph became
possible

One of the earliest efforts in this direction was
made before Edison was born, and shown by a toy
called the Zoetrope, or “Wheel of Life” A num-
ber of figures showing fractional parts of the mo-
tion of an object—such, for instance, as a boy
skating—were holdly drawn in silhouette on a strip
of paper This paper was put mside an open cyln-
der having small openings around 1ts circumference
The cylinder was mounted on a pivot, and, when
revolved, the figures on the paper seemed to be 1n
motion when viewed through the openings.

The success of this and similar toys, as well as
of modern motion-pictures, depends upon a phenom-
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enon known as the ‘“persistence of vision” This
means that 1f an object be piesented to the vision
for a moment and then withdrawn, the image of
that object will remamn mmpressed on the retina of
the eye for a period of one-tenth to one-seventh of
a second

If, for instance, a bright light be moved rapidly
up and down 1 front of the eye in a dark room
1t appears not as a single light, but as a line of fire,
because there is not tume for the eye to lose the
image of the light hetween the rapid phases of its
motion For the same reason, if a number of pic-
tures exactly alike weie rapidly presented to the eye
n succession it would seem as 1f a single picture
were being viewed

Thus, 1f a number of photographs, say at the 1ate
of fifteen per second, be taken of a moving object,
each successive photograph will show a fraction of
the movements Now 1f these photographs be
thrown on a screen in the same order and at the
same rate at which they were taken the movements
of the object would apparently again take place, be-
cause the eye does not have time to lose the image
of one fractional movement before the next follows

One of the earliest suggestions of reproducing am-
mate motion was made by a Frenchman named
Ducos about 1864 He was followed by others, but
they were all handicapped by the fact that dry-plates
and sensitized film were entirely unknown, and the
wet plates then used were entirely out of the ques-
tion for the development of a practical commercial
scheme.
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The first sertous attempt to secure photographs of
objects 1 motion was made in 1878 by Edward
Muybridge At this time very rapid wet-plates were
known By arranging a line of cameras along a
track and causing a horse in trotting past them to
strike wires or strings attached to the shutters, the
plates were exposed and a series of clear instanta-
neous photographs of the horse in motion was
obtained

Positive prints were made which were mounted
in a modified form of Zoetrope and projected upon
a screen The horse 1n motion was thus reproduced,
but, differing from the motion-pictures of to-day, al-
ways remained 1n the center of the screen 1 violent
movement and making no progress

Early n the ’eighties dry-plates were mntroduced,
and other experimenters took up the work, but they
were handicapped by the fact that plates were heavy
and only a lmuted number could be used Tlus
difficulty may be easily understood when 1t 1s 1ealized
that a modern motion-picture reel lasting fifteen min-
utes comprises about sixteen thousand separate and
distinct photographs  The impossibility of manipu-
lating this large number of glass plates to show one
motion-picture play will be seen at once

This was the condition of the art when Edison
enteted upon the work e himself says, “In the
year 1887 the 1dea occurred to me that it was possi-
ble to devise an mnstrument which should do for the
eye what the phonograph does for the ear, and
that by a combmation of the two all motion and
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sound could be recorded and reproduced simultane-
ously.”

Two very sertous difficulties lay 1n the way, how-
ever—Airst, a sensitive surface of such form and
weight as could be successtvely brought nto position
and exposed at a very high rate, and, secondly, the
making of a camera capable of so taking the pic-
tures Edison proved equal to the occasion, and,
after an immense amount of work and experiment,
continuing over a long period of tume, succeeded n
ptoducing apparatus that made modern motion-
pictures possible

In his earliest experiments a cylinder about the
size of a phonograph record was used It was coated
with a highly sensitized surface, and microscopic
photographs, arranged spirally, were taken upon 1t
Positive prints were made 1n the same way, and
viewed through a magmfying-glass Various forms
of this apparatus were made, but all were open to
serious objections, the chief trouble being with the
photographic emulsion

During this expeirimental period the kodak film
was bemng developed by the Eastman Kodak Com-
pany, under the direction of Mr George Eastman
Edison recognized that 1n this product there lay the
solution of that pait of the problem At first the
film was not just what he required, but the East-
man Company after a time developed and produced
the highly sensitized surface that Edison sought

It then remained to devise a camera by means of
which from twenty to forty pictures per second could
be taken Every user of a film camera can ap-
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preciate the difficulty of the problem A long roll
of film must pass steadily behind the lens At every
inch it must be stopped, the shutter opened for the
exposure, and then closed again  The film must be
advanced say an inch, and these operations repeated
twenty to forty times a second throughout, perhaps,
a thousand feet of film

Who but an Edison would assume that such a
device could be made, and with such exactness that
each picture should coincide with the others? After
much experiment, however, he finally accomplished
it, and n the summer of 1889 the first modern
motion-picture camera was made From that day
to this the Edison camera has been the accepted
standard for securing pictures of objects in motion

The earliest form of exhibiting apparatus was
known as the kinetoscope. It was a machine n
which a posittve print from the negative roll of film
obtammed 1n the camera was exhibited directly to the
eyes through a peep-hole. About 1895 the pictures
were first shown through a modified form of magic
lantern, and have so continued to this day The
mdustry has grown very rapidly, and for a long
time the principal American manufacturers of mo-
tion-pictures paid a royalty to Edison under his basic
patents

The pictures made in the earliest days of the art
were stmple and amusing, such as Fred Ott’s sneeze,
Carmencita dancng, Italians and their performing
bears, fencing, trapeze stunts, horsemanship, black-
smuthing, and so on  No attempt was made to por-
tray a story or play The “boys” at the laboratory
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laugh when they tell of a local bruiser who agreed
to box a few rounds with “Jim” Corbett in front of
the camera When this local “sparring partner”
came to face Corbett he was so paralyzed with terror
he could hardly move

These early pictures were made in the yard of
Edison’s laboratory at Oiange, 1 a studio called
the “Black Maria” It was made of wood, painted
black inside and out, and could be swung around to
face the sunlight, which was adnutted by a mov-
able pari of the roof

This 1s all very different in these modern days,
The studios 1 which interior motion-pictuies are
made are expensive and pretentious affairs  An im-
metise building of glass, with all the properties and
stage settings of a regular theater, are required Of
course many of the plays are produced out of doors,
mn portions of the country sutted to the story

All the companies producing motion-pictures em-
ploy regular stock companies of actors and actresses,
selected especially for their skill 1n pantonume, al-
though, as may be suspected, 1n the actual taking of
the pictures they are required to carry on an ani-
mated dialogue as if performing on the real stage
This adds to the smoothness and perfection of the
performance

Motion-picture plays are produced under the direc-
tion of skilled stage-managers who must be specially
tramed for this particular business Their work is
far from bemng easy, for an act in a picture-play
must be exact and free from mistakes, and must
take place in a very short ttme. For instance, an
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act in such a play may take less than five minutes to
perform, but 1t must be carefully rehearsed for sev-
eral weeks beforehand

There 15 plenty of scope for patience and inge-
nuity m taking motton-picture plays  If trained chil-
dren or ammals ate requured they must be found
or tramned; and all the resources of trick and stop
photography are called upon from time to time as
the occasion requires

Edison has always held to his idea of a combina-
tion of the phonograph and motion-picture  Some
time ago he said, “I believe that i coming years,
by my own work and that of Dickson, Muybridge,
Marey, and others who will doubtless enter the field,
grand opera can be given at the Metropolitan Opera
House 1 New York without any material change
from the origmal, and with artists and musicians
long since dead”

This prediction has been partly fulfilled, for Edi-
son’s successful talking motion-pictures marked the
beginning of the “talkies” which are flourishing
to-day
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XXI
EDISON INVENTS A NEW STORAGE BATTERY

ANY an invention has been made as the result
M of some happy thought or inspiration, but
most tnventions are made by men working along
certain lines, who set out to accomplish a desired
result It 15 rarely, however, that man starts out
deliberately, as Edison did, to mvent an entirely
new type of such an imntricate device as a storage
battery, with only a vague starting point

Previous to Edison’s work the only type of stor-
age battety known was the one 1 which lead plates
and sulphuric acid were employed He had always
realized ihe value of a stoiage battery as such, but
never believed that the lead-acid type could fulfil all
expectations because of its weight and incutable
defects

About the time that he closed the magnetic iron
ore concentrating plant (m the begmning of the
present century) Edison remarked to Mr R H
Beach, then of the General Electtic Company
“Beach, T don’t think nature would be so unkmd
as to withhold the secret of a good storage battery 1f
a real earnest hunt for 1t 1s made I'm gong to
hunt”  And before starting he determined to avoid
lead and sulphuric acid

Edison is frequently asked what he considers to
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be the secret of achievement He always replies,
“Hard work, based on hard thinking” He has
consistently lived up to this prescription to the
utmost.

Of all his inventions it is doubtful whether any
one of them has called forth more original thought,
work, perseverance, ingenuity, and monumental pa-
tience than the one we are now dealing with One
of his associates who has been through the many
years of the storage-battery drudgery with hum said
“If Edison’s experiments, investigations, and work
on this storage battery were all that he had ever
done, T should say that he was not only a notable
inventor, but also a great man It 1s almost 1mpossi-
ble to appreciate the enormous difficulties that have
been overcome ”’

From a beginnng which was made practically in
the dark, it was not unt)l he had completed more
than ten thousand experiments that he obtained any
positive results whatever Month after month of
constant work by day and mght had not broken
down Edison's faith in success, and the failure of
an experiment simply meant that he had found some-
thing else that would not do, thus bringing him
nearer the possible goal

After this immense amount of preliminary work
he had obtained promusing results 1n a series of re-
actions between nickel and 1ron, and was then all
afire to push ahead He therefore established a
chemical plant at Silver Lake, New Jersey, and,
gathering around him a corps of mechanics, chem-
1sts, machinists, and experimenters, settled down to
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one of his characteristic struggles for supremacy.
To some extent 1t was a revival of the old Menlo
Park days and nights

The group that took pait in these early years of
Edison’s arduous laboss mncluded lus old-time assist-
ant, Fred Ott, together with his cherust, ] W Ayls-
worth, as well as E J Ross, Jr, W E Holland,
and Ralph Arbogast, and a little later W G Bee,
all of whom grew up with the battery and devoted
their energies to 1ts commercial development

Orne of these workers, relating the strenuous ex-
periences of these few years, says “It was hard
work and long hours, but still there were some things
that made life pleasant One of them was the sup-
per-hour we enjoyed when we worked nights Mr,
Edison would have supper sent in about midnight,
and we all sat down together, mcluding himself,
Work was foigotten for the time, and all hands
were ready for fun T have very pleasant recollec-
tions of Mr Edison at these times He would al-
ways relax and help to make a good tume, and on
some occastons | have seen hum fairly overflow with
ammal spirits, just like a boy let out of school
He was very fond of telling and hearing stories, and
always appreciated a joke After the supper-hour
was over, however, he again became the serious,
energetic inventor, deeply immersed in the work in
hand ”

Another interesting and amusing reminiscence of
this period of activity has been told by another of the
family of experimenters ‘‘Sometimes when Mr
Edison had been working long hours he would want
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to have a short sleep It was one of the funmest
things 1 ever witnessed to see him crawl mnto an
ordinary roll-top desk and curl up and take a nap
If there was a sight that was still more funny, it
was to see him turn over on his other side, all the
time remaining in the desk He would use several
volumes of Watts’ Dictiwonary of Chemustry for a
pillow, and we fellows used to say that he absorbed
the contents during tus sleep, judging from the flow
of new 1deas he had on waking”

Such ncidents as these serve merely to illustrate
the lighter moments that relieved the severe and
arduous labors of the strenuous five years of the
early storage-battery work of IEdison and lus as-
soctates  Dufficulties there were a-plenty, but these
are what Edison usually thrives on  As another co-
worker of tlus period says. “Edison seemed pleased
when he used to run up against a serious dufficulty
It would seem to stiffen tus backbone and make him
mote prolific of new 1deas For a time I thought
I was foolish to imagme such a thing, but I could
never get away from the impression that he really
appeared happy when he ran up against a serious
snag "’

It would be out of the question 1 a book of this
kind to follow Edison’s trail 1n detail through the
innumerable twists and turns of his experimentation
on the storage battery, for they would fill a big
volume The reader may unagime how extensive
they were from the ieply of one of his laboratory
assistants, who, when asked how many experiments
were made on the storage battery since the year
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1900, replied. “Goodness only knows! We used to
numbet our experiments consecutively from one to
ten thousand, and when we got up to ten thousand
we turned back to one and ran up to ten thousand
agamn, and so on  We 1an through several serics—
I don't know how many, and have lost track of them
now, but 1t was not far from fifty thousand ”

The mechanical problems 1n devising this battery
were numerous and imtricate, but the greatest dif-
ficulty that Edison had to overcome was the proper
preparation of nickel hydrate for the positive and
iron oxide for the negative plate He found that
comparatively little was known by manufactuimg
chemists about these compounds Hence it became
necessary for him to establish his own chemical
works and put them in charge of men specially
tramned by himself

After an intense struggle with these problems,
lasting over several years, the storage battery was
at length completed and put on the market The
public was ready for it and there was a rapid sale

Contintious tests of the battery were carried on
at the laboratory, as well as practical and heavy tests
in automobiles, which were kept running constantly
over all kinds of roads under Edison’s directions
After these tests had been going on for some time
the results showed that occasionally a cell here and
there would fall short in capacity

This did not suit Edison He was determined
to make his storage battery a complete success, and
after careful thought decided to shut down until he
had overcome the trouble The customers were sat-
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isfied and wanted to buy more batteries, but he was
not satisfied and would sell no more until he had
made the battery perfect

He therefore shut down the factory and went to
experimenting once more  The old strenuous
struggle set m and continued nearly three years be-
fore he was satisfied beyond doubt that the battery
was right In the early summer of 1gog Edison
once more started to manufacture and sell the bat-
teries, and has smce that tume continued to supply
them as quickly as they are made. At the present
writing the factory is runmng day and might n at-
tempting to keep up with orders

One of the prmecipal troubles of the earlier cells
was a lack of conductivity between the ruckel hy-
drate and the metal tube 1n which 1t was contamned
Edison had used graphite to obtamn this conductiv-
1ty, but this material proved to be uncertain m some
cases After a long course of study and experiment
he solved this problem 1 a satisfactory manner by
using flakes of pure nickel, which he obtained by a
most fascinating and ingenious process

A metallic cylinder 1s electroplated with alternate
layers of copper and mckel, one hundred of each
The combined sheet, which 1s ounly as thick as a
visiting-card, 1s stripped off the cylinder and cut into
tiny squares of about one-sixteenth of an mch each
These squares are put mto a bath which dissolves
out the copper This releases the layers of nickel,
so that each of these squares becomes one hundred
tiny sheets, or flakes, of pure metallic nickel, so thin
and light that when they are dried they will float in
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the air These flakes are automatically pressed into
the positive tubes with the mickel hydrate in an
ingenious machine which had to be specially invented
for the purpose

Not only was this machine specially invented, but
it was necessary to mvent and design practically
all the other machmnery that it was necessary to use
in manufacturing the battery. Thus, we see that
in this, as m many other of Edison’s inventions, 1t
is not only the tlung itself that has been invented,
but also the special machinery and tools to make it.

The principal use that Edison has had in nund for
his storage battery 1s the transportation of freight
and passengers by truck, automobile, and street-car.
Although at the time of writing this book the im-
proved battery has been on the market a little over
two years, great strides have been made in carrying
his 1deas mto effect.

The number of trucks and automobiles using Edi-
son’s storage battery already run into the thousands,
with more orders than can be immedately filled
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EDISON'S MISCELLANEQUS INVENTIONS

THUS far the history of Edison’s career has fallen
naturally 1nto a series of chapters each aiming
to describe a group of inventions 1 the development
of some art This plan has been helpful to the
writer and probably useful to the reader

It happens, however, that the process has left a
vast mass of discovery and mvention untouched,
and 1t is now proposed to make brief mention of a
few of the hundreds of things that have occupied
Edison’s attention from time to time

Beginning with telegraphy, we find that Edison
did some work on wireless transmission. He says:
“I perfected a system of train telegraphy between
stations and tramns in motion, whereby messages
could be sent from the moving tramn to the central
office, and this was the forerunner of wireless teleg-
raphy This system was used for a number of
years on the Leligh Valley Railroad on their con-
struction trams The electric wave passed from a
piece of metal on top of the car across the air to
the telegraph wires, and then proceeded to the des-
patcher’s office In my first experiments with this
system 1 tried 1t on the Staten Island Railroad and
employed an operator named King to do the ex-
perimenting  He reported results every day, and
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received mstructions hy mail, but for some reason
he could send messages all right when the train went
in one direction, but could not make it go in the
contrary direction I made suggestions of every
kind to get around this phenomenon, Finally I tele-
graphed King to find out 1f he had any suggestions
himself, and I received a 1eply that the only way he
cotld propose to get around the difficulty was to put
the 1sland on a pivot so 1t could be turned around.
I found the trouble finally, and the practical ntro-
duction on the Lelugh Valley road was the result
The system was sold to a very wealthy man, and he
would never sell any rights or answer lefters He
became a spirttualist subsequently, which probably
explamns 1t ”

The eatlier experiments with wireless telegraphy
were made at Menlo Park durmng the first days of
the electric light, and 1t was not until 1886 that
Edison had time to spare to put the system into
actual use, At that time Ezra T. Gilliland and
Lucius J Phelps, who had experimented on the
same Imnes, becarne associtated with him 1n the work

Althotigh the space between the train and the pole
line was not more than fifty feet, Edison had suc-
ceeded at Menlo Park in transmitting messages
through the awr at a distance of five hundred and
eighty feet Speaking of this and of his other ex-
periments with induction telegraphy by means of
kites, he said, recently “We only transmitted about
two and one-half miles through the kites “What has
always puzzled me since is that I did not think of
using the results of my experiments on ‘etheric force’
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that I made in 1875, I have never been able to
understand how I came to overlook them If I had
made use of my own work I should have had long-
distance wireless telegraphy ”

These experiments of 1875, as recorded m Edi-
son’s famous note-books, show that in that year he
detected and studied some then unknown and curi-
ous phenomena which made lim think he was on the
trall of a new force His representative, Mr Batch-
elor, showed these experiments with Edison’s ap-
paiatus, including the “dark box,” at the Pams
Exposition m 1831 Without knowmg 1t, for he
was far in advance of the time, Edison had really
entered upon the path of long-distance wneless teleg-
raphy, as was pioven later when the magmificent
work of Hertz was published

When Roentgen made the discovery of the X-ray
i 1895 Edison took up experimentation with 1t on
a large scale He made the first fluoroscope, using
tungstate of calcsum for the sereen  In order to find
other fluorescent substances he set four men to work
and thus collected upward of eight thousand differ-
ent crystals of various chemical combinations, of
which about eighteen hundred would fluoresce to
the X-ray He also invented a new lamp for grving
light by means of these fluorescent crystals fused
to the inside of 'the glass Some of these lamps
were made and used for a time, but he gave up the
1dea when the dangerous nature of the X-ray became
known

Tt would be possible to go on and describe
brief detail many more of the hundreds of Edison's

211



THE BOYS LIFE OF EDISON

muscellaneous 1nventions, but the limits of our space
will not permit more than the mere mention of a few,
simply 1o illustrate the wide range of his 1deas and
work For instance-

A dry process of separating placer gold, the rapid
disposal of heavy snows 1n cities

Experiments on flying machmes with an engine
operated by explosions of guncotton

The joint invention, with M W Scott Sims, of
a dirigible submarine torpedo operated by elec-
tricity

Pyromagnetic generators for generating electricity
directly from the combustion of coal

Pyromagnetic motors operated by alternate heat-
g and cooling

A magnetic bridge for testing the magnetic quali-
ties of 11on

A “dead-beat” galvanometer without coils or mag-
netic needle

The odoroscope, for measuring odors, preserv-
mg frut w vecuo, makmg plate glass, drawing
wire

Metallurgical processes for treatment of nickel,
gold, and copper ores

From first to last Edison has filed in the United
States Patent Office more than fourteen hundred
applications for patents Besides, he filed some one
hundred and twenty caveats, embracing not less
than fifteen hundred additional inventions The
caveat has now been abolished m patent-office prac-
tice, but such a document could formerly be filed by
an inventor to obtain a partial protection for a year
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while completing his mvention As an example of
Edison’s fertility and the endless variety of subjects
engaging his attention the following list of matters
covered by ome of his caveats 1s given All us
caveats are not quite so full of “plums,” but this
is certainly a wonder:

Forty-one distinct inventions relating to the
phonograph, covering various forms of recorders,
arrangement of parts, making of iecords, shaving
tool, adjustments, etc

Eight forms of electric lamps using infusible
earthy oxides and brought to high incandescence
w vacuo by high potential current of several thou-
sand volts; same character as impingement of X-rays
on object 1n bulb

A loud-speaking telephone with quartz cylinder
and beam of ultra-violet light.

Four forms of arc-light with special carbons.

A thermostatic motor.

A device for sealing together the inside part and
bulb of an incandescent lamp mechanically.

Regulators for dynamos and motors.

Three devices for utilizing vibrations beyond the
ultra-violet

A great variety of methods for coating incan-
descent lamp filaments with silicon, titanium, chro-
mium, osmium, horon, etc

Several methods of making porous filaments

Several methods of making squirted filaments of
a variety of materials, of which about thirty are
specified.
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Seventeen different methods and devices for sepa-
rating magnetic ores,

A continuously operative primary battery.

A musical mstrument operating one of Helm-
holtz’s artificial larynxes,

A siren worked by explosion of small quantities
of oxygen and hydrogen mixed

Three other sirens made to give vocal sounds or
articulate speech

A device for projecting sound-waves to a dis-
tance without spreading, and in a straight line, on
the principle of smoke-rings

A device for contmnuously mdicating on a gal-
vanometer the depths of the ocean.

A method of preventing in a great measure fric-
tion of water agamst the hull of a ship and meden-
tally preventing fouling by bainacles

A telephone receiver whereby the vibrations of
the diaphragm are considerably amplified

Two methods of “space” telegraphy at sea.

An improved and extended string telephone

Devices and method of talking through water for
a considerable distance

An audiphone for deaf people

Sound-bridge for measuring resistance of tubes
and other materials for conveying sound

A method of testing a magnet to ascertain the
existence of flaws in the 1ton or steel composing the
same

Method of distilling liquuds by mcandescent con-
ductor mmmersed 1n the hquid

Method of obtaining electricity direct from coal
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An engmne opeiated by steam produced by the
hydration and dehydration of metallic salts

Device and method of telegraphing photograph-
ically

Caibon crucible kept brilliantly incandescent by
current 1 vacuo for obtaiming reaction with refrac-
tory metals

Device for examiming combinations of odors and
their changes by 1otation at different speeds

It must be boine 1n mind that the above and hun-
dreds of others are not metely 1deas put 1n writing,
but repiesent actual mventions upon which Edison
worked and experimented In many cases the ex-
periments ran mto the thousands, requiring months
for their performance

To describe Edison’s mere 1deas and suggestions
for future work would of itself fill a volume These
are wrtten 11 his own handwriting 11 a number of
large record-books which he has shown to the writer
Judging from a hasty mspection, there 1s enough
material 1n these books to occupy the lifetime of
several persons

The immense range of Edison’s mmd and activi-
ties cannot well be described 1n cold print, but can
only be adequately comprehended by those who have
been closely associated with him for a length of
time, and who have had opportumity of studying
his volurunous records.
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r oNt were allowed only two words with which
to describe Edison it 1s doubtful whether a close

exammation of the entire dictionary would disclose
any others more switable than “experimenter-mven-
tor 7 These would express the overruling charac-
teristics of hus eventful career

His life as child, boy, and man has revealed the
born investigator with otiginal reasoning powers,
unlunited mmagnation, and daring method It is
not strpristng, therefore, that a man of this kind
should exhibit a ceaseless, absorbing desire for
knowledge, willing to spend lus last cent in experi-
mentation to satisfy the cravings of an quiring
mind,

There is nothing of the slap-dash style m Edison’s
experiments While he “tries everything,” 1t 1s not
merely the mixing of a hittle of thus, some of that,
and a few drops of the other, 1n the hope that some-
thing will come of it On the contrary, his 1nstruc-
tions are always clear-cut and direct, and must be
followed out systematically, exactly, and minutely,
no matter where they lead nor how long the exper:-
ment may take

Unthinking persons have had a notion that some
of Edison’s successes have been due to mere dumb
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fool luck—to fortunate “happenings.” Nothing
could be farther from the truth, for, on the con-
trary, 1t 1s owing almost entirely to his comprehen-
sive knowledge, the hreadth of his conception, the
daring originality of his methods, and minuteness
and extent of experiment, combined with patient,
unceasing perseverance, that new arts have been
created and additions made to others already m
existence

One of the first things Edison does mn beginning
a new line of mnvestigation 1s to master the literature
of the subject He wants to know what has been
done before Not that he considers this as final, for
he often obtains vastly diffetent results by repeating
mn his own way the experiments of others

“Edison can tiavel along a well-used road and still
find virgin soil,”” remarked one of his experimenters
recently, who had been trying to make a certain com-
pound, but with poor success Edison tried it 1n the
same way, but made a change in one of the opera-
tions and succeeded

Another of the experimental staff says: “Edison
1s never hindered by theory, but resorts to actual
experiment for proof For instance, when he con-
cetved the 1dea of pourmng a complete concrete house
it was universally held that it would be impossible
because the pieces of stone in the mixture would not
rise to the level of the pouring-pomnt, but would
gravitate to a lower plane in the soft cement Thus,
however, did not hinder lnm from making a series
of experiments which resulted 1n an invention that
proved conclusively the contrary.”
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Having conceived some new idea and read every-
thing obtamnable relating to the subject in general,
Edison’s fertility of resource and originality come
into play. He will write in one of the laboratory
note-books a memorandum of the expermments to
be tried, and, 1f necessary, will illustrate by sketches

This book 1s then given to one of the large staff
of experimenters IHere strenuousness and a prompt
carrymg on of the work are required The results
of each experiment must be recorded in the note-
book, and daily or more frequent reports are ex-
pected. Edison does not forget what 1s gong on,
but m his daily tours thiough the laboratory keeps
in touch with the work of all the experimenters,
His memory is so keen and retenttve that he is as
fully aware of the progress and details of each of the
numerous expermments constantly gomng on as 1f he
had made them all himself

The use of lahoratory note-books was begun early
in the Menlo Park days and has continued ever since
They are plain blank-bocks, each about eight and a
half by six mches, contamning about two hundred
pages At the present tume there are more than
one thousand of these books in the series On their
pages are noted Edison’s ideas, sketches, and memo-
randa, together with records of countless thousands
of experrments made by him or under his direction
during more than thirty years

These two hundred thousand or more pages cover
investigations into every department of science,
showing the operations of a master mind seeking to
surprise Natute mto a betrayal of her secrets by
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asking her the same question in a hundred different
ways The breadth of thought, thoroughness of
method, infinite detail, and mmuteness of investiga-
tion proceeding from the workings of one mund
would surpass belief were they not shown by this
wonderful collection of note-books

A remark made by one of the staff, who has been
experimenting at the laboratory for over twenty
years, 1s suggestive He said. “Edison can think
of more ways of domg a thing than any man I ever
saw or heard of He tries everything and never lets
up, even though fature is apparently staring him
in the face He only stops when he simply can’t go
any farther on that particular ine When he decides
on any mode of procedure he gives his notes to the
expermmenter and lets hum alone, only stopping m
from time to time to look at the operations and re-
ceive reports of progress.”

The 1dea of attributing great successes to “genius”’
has always been repudiated by Edison, as evidenced
by his historic remark that “genius 1s one per cent
inspiration and ninety-nine per cent perspiration
Again, 1 a conversation many years ago between
Edison, Batchelor, and E H Johnson, the latter
made allusion to Edison’s gemius, when Edison re-
phied

“Stuff! I tell you gemus 1s hard work, stick-to-
1t-iveness, and common sense ”

“Yes,” said Johnson, “I admit there is all that
to 1t, but there’s still more Batch and I have those
qualifications, but, although we knew quite a lot
about telephones, and worked hard, we couldn’t 1n-
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vent a brand-new non-infringing telephone receiver
as you did when Gouraud cabled for one Then,
how about the subdtvision of the electric light?”

“Flectric current,” corrected Edison.

“True,” continued Johnson, “‘you were the one to
make that very distinction The scientific world had
been working hard on subdivision for years, using
what appeared to be common sense. Results, woise
than ml Then you come along, and about the first
thing you do, after looking the ground over, 1s to
start off 11 the oppostte direction, which subsequently
proves to be the only possible way to reach the goal
It seems to me that this 1s pretty close to the diction-
ary defirution of genjus ”’

Tt 1s said that Edison replied rather incoherently
and changed the topic of conversation.

This mnate modesty, however, does not prevent
Edison fiom recognizing and classifying lus own
methods of mvestigation In a conversation with
two old associates a number of yeais ago he re-
tarked “It has been said of me that my methods
are empirical  That 1s true only so far as chemustry
1s concerned. Did you ever realize that practically
all industrial chemustry is colloidal 1 1ts nature?
Haid rubber, cellulowd, glass, soap, paper, and lots
of others, all have to deal with amorphous sub-
stances, as to which comparatively httle has been
really settled My methods are similar to those
followed by Luther Burbank. He plants an acre,
and when this 1s 1n bloom he inspects it He has a
sharp eye, and can pick out of thousands a single
plant that has promise of what he wants From this
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he gets the seed, and uses his skil and knowledge
n producing from it a number of new plants which,
on development, furnish the means of propagating
an improved vaiiety in large quantity So, when I
am after a chemical result that I have 1n mind I may
make hundreds or thousands of expertments out of
which there may be one that promises results 1n the
right directton This I follow up to 1ts legitimate
conclusion, discarding the others, and usually get
what I am after There is no doubt about this being
empirical, but when 1t comes to problems of a me-
chanical nature, I want to tell you that all I've ever
tackled and solved have been done by hard, logical
thinking ' The intense earnestness and emphasis
with which this was said were very impressive to the
auditors

If, in following out his ideas, an experiment does
not show the results that Edison wants, 1t 1s not re-
garded as a failure, but as something learned This
attitude 1s illustrated by his reply to Mr Mallory,
who expressed regret that the first nine thousand
and odd experiments on the storage battery had been
without results Edison replied, with a smle “Re-
sults! Why, man, I have gotten a lot of results! I
have found several thousand things that won't
work.”

Edison’s patient, plodding methods do not always
appear on the note-books For instance, a sugges-
tion m one of them refers to a stringy, putty-like
mass being made of a mixture of lampblack and tar
Some years afterward one of the laboratory as-
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sistants was told to make some and roll it into fila-
ments After a time he brought the mass to Edison
and said.,

“There’s something wrong about this, for it crum-
bles even after manipulating 1t with my fingers ™

“How long did you knead 1t?” asked Edison,

“Oh, more than an hour,” was the reply

“Well, keep on for a few hours more and it will
come out all right,” was the rejomder And this
proved to be correct

With the experimerter ot employee who exercises
thought Edison has unbounded patience, but to the
careless, stupid, or lazy person he is a terror for the
short time they reman around um  Once, when
asked why he had parted with a certamn man, he
said  “Oh, he was so slow that 1t would take lum
half an hour to get out of the field of a microscope ”

Edison’s practical way of testing a man’s fitness
for special work 1s no joke, according to Mr J H
Vail, formerly one of the Menlo Park staff “I
wanted a job,” he said, “and was ambitious to take
charge of the dynamo-room Mr Edison led me
to a heap of junk in a corner and said* ‘Put that
together and let me know when 1t is runnng’ I
didn’t know what 1t was, but recerved a liberal educa-
tion m finding out. It proved to be a dynamo, which
I finally succeeded 1n assembling and running 1 got
the job”

A somewhat similar experience 1s related by Mr.
John F Ott, who, m 1869, applied for work., This
is the conversation that took place, led by Edison’s
Juestion*
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“What do you want?”’

“Work ”

“Can you make this machine work?’ (extubiting
it and explaining its details).

llYes.ﬁl

“Are you sure?”’

“Well, you needn’t pay me if I don’t ”

And thus Mr Ott went to work and accomplished
the results desired Two weeks afterward Edison
put him 1n charge of the shop From that day to
this, Mr Ott has remained a member of Mr Ed:i-
son’s staff

Examples without number could be given of Edi-
son’s inexhaustible fund of 1deas, but one must suf-
fice by way of example In the progress of the
ore-concentrating work one of the engineers sub-
nutted three sketches of a machine for some special
work They were not satisfactory He remarked
that 1t was too bad there was no other way to do the
work Edison said, “Do you mean to say that these
drawings represent the only way to do this work?”
The reply was, “I certainly do ” Edison said noth-
ing, but two days afterward brought m his own
sketches showing forty-eight other ways of accom-
plishing the result, and laid them on the engineet’s
desk without a word One of these ideas, with slight
changes, was afterward adopted

This chapter could be continued to great length,
but must now be closed in the hope that i the fore-
going pages the reader may have caught an adequate
glance of Mr Edison at work
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EDISON’S LABORATORY AT ORANGE

IF LowgrerLow’s youth “Who through an Alpine
village passed” had been Edison, the word upon
hus hanner would probably not have been “Excelsior”
but “Experiment.” This seems to be the watch-
word of tus life, and is well 1llustrated by a remark
made to Mr Mason, the superintendent of the ce-
ment works “You must experiment all the time,
1f you don't the other fellow will, and then he will
get ahead of you”

Fo1 some years after closing the hittle laboratory
in his mother's cellar Edison made a laboratory of
any nook or corner and experimented as long as
he had a dollar in tus pocket The first place he
began to do larger things was m Newark, where he
established his first shops

While life there was very strenuous, he tells of
some amusing experiences “‘Some of my assistants
in those days were very green 1 the business One
day I got a new man and told um to conduct a
certain expeniment, He got a quart of ether and
started to boil 1t over a naked flame Of course it
caught fire  The flame was about four feet 1n diam-
eter and eleven feet high The fire department came
and put a stream through the window That let all
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the fumes and chemicals out and overcame the fire-
men

“Another time we experimented with a tubful of
soapy water and put hydrogen into 1t to make large
bubbles  One of the boys, who was washing bottles
1 the place, had read in some book that hydrogen
was explosive, so he proceeded to blow the tub up
There was about four inches of soap 1 the bottom
of the tub, which was fourteen inches high, and he
filled 1t with soap-bubbles up to the rim Then he
took a bamboo fish-pole, put a piece of lighted paper
at the end and touched 1t off It blew every window
out of the place ”

‘We have seen that Edison moved to Menlo Patk,
where he had a very complete laboratoiy, in which
he brought out a large number of important inven-
tions After a time, however, this establishment
was outgrown and lost many of its possibilities, and
he began to plan a still greater one which should be
the most complete of 1ts kind 1w the world

The Orange laboiatory, as was originally planned,
consisted of a mam bwlding two hundred and fifty
feet long and three stories 1n height, together with
four other structures, each one hundred by twenty-
five feet and only one story in height All these
were substantially built of brick The main build-
ing was divided into five chief divisions—the library,
office, machine-shops, experimental and chemical
rooms, and stock-rooms The small buildings were
to be used for various purposes

A high picket fence, with a gate, surrounded these
buildings A keeper was stationed at the gate with
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instructions to admit no strangers without a pass,
On one occasion a new gateman was placed 1n charge,
and, not knowing Edison, refused to admit him until
he could get some one to come out and identify
him.

The lhbrary is a spacious room about forty by
thirty-five feet Around the sides of the room run
two tiers of gallery. The main floor and the gal-
leries are divided imto alcoves, 1n which, on the main
floot, are many thousands of books. In the gallertes
are still more hooks and pertodicals of all kinds, also
cabinets and shelves containing mimeralogical and
geological specimens and thousands of samples of
ores and minerals from all parts of the world In
a corner of one of the galleries may be seen a large
number of magazines relating to electricaty, chemis-
try, engineering, mechantcs, buillding, cement, build-
ing materials, drugs, water and gas power,
automobiles, railroads, aeronautics, philosophy, hy-
glene, physics, telegraphy, mumng, metallurgy,
metals, music, and other subjects, also theatrical
weekltes, as well as the proceedings and transactions
of various learned and technical societies All of
these form part of Mr Edison’s current reading At
one end of the main floo: of the library, which is
handsomely and comfortably furmshed, is Mr LEdi-
son’s desk, at which he may usually be seen for a
while in the early morning hours or at noon looking
over his mail

The centre of the library is left open for the re-
ception of visitors, and one corner is partitioned off
to provide a private office for Mr Edison’s son,
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Charles, who is the President and active manager of
the various Edison industries. Directly opposite to
the entrance-door is a beautiful marble statue repre-
senting the supremacy of electric light over gas
Thus statue was purchased by Mr Edison at the
Paris Exposition mn 1889

A glance at the hook-shelves affords a revelation
of the subjects in which Edison is mterested, for the
titles of the volumes include astronomy, botany,
chemistry, dynamics, electricity, engineering, fo1-
estry, geology, geography, mechanics, mining, medi-
cine, metallurgy, magnetism, philosophy, psychology,
phystcs, steam, steam-engines, telegraphy, telephony,
and many others These are not all of Edison’s
books by any means, for he has another big hibraiy m
his house on the hall.

Turning to pass out of the library, one’s attention
is arrested by a cot standing in one of the alcoves
near the door Sometimes during long working
hours Mr Edison will throw himself down for a
nap He has the ability to go to sleep nstantly, and,
being deaf, notses do not disturb his slumber The
instant he awakes he is i full possession of hus
faculties and goes “back to the job” without a mo-
ment’s hesitation

Immechately outside the library 1s the famous
stock-room, about which much has been written
Edison planned to have in this stock-room some
quantity, great or small, of every known substance
not easily perishable, together with the most com-
plete assortment of chemicals and drags that expe-
rience and knowledge could suggest. His theory
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was, and 1s, that he does not know in advance what
he may want at any moment, and he planned to have
anything that could be thought of 1eady at hand
Thus, the stock-room 1is not only a museum, but a
sample-room of natute, as well as a supply depart-
ment At first glance the collection is bewildering,
but when classified 1s more easily comprehended
The classification 1s natural, as, for instance, ob-
jects pertaining to various ammals, birds, and fishes,
such as skins, hides, hatr, fur, feathers, wool, quulls,
down, bristles, teeth, hones, hoofs, horns, tusks,
shells, natural products such as woods, barks, roots,
leaves, nuts, seeds, gums, grams, flowers, meals,
bran, also minerals in great assoitment, mineral and
vegetable oils, clay, muca, ozokerite, etc In the
Iine of textiles, cotton and silk threads in great va-
tiety, with woven goods of all kinds, from cheese-
cloth to silk plush ~ As for paper, there 1s everything
in white and color, from tlunnest tissue up to the
heaviest asbestos, even a few newspapets bemng zl-
ways on hand Twines of all sizes, inks, wax, cork,
tar, rosin, pitch, asphalt, plumbago, glass m sheets
and tubes, and a host of miscellaneous az ticles are ve-
vealed on locking around the shelves, as well as an
mterminable collection of chemicals mncluding acids,
alkalies, salts, 1eagents, every conceivable essential
o1, and all the thinkable extracts It may be re-
marked that this collection includes the eighteen
hundred or more fluorescent salts made by Edison
during lus experiments {or the best material for a
fluoroscope 1n the early X-1ay period All known
metals in form of sheet, rod, and tube, and of great
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variety in thickness, are here found also, together
with a most complete assortment of tools and acces-
sories for machime-shop and laboratory work

The list above given 1s not by any means complete
In detail it would stretch out to a rather large cata-
logue It 15 not by any means an idle collection,
for a stock clerk 1s kept busy all the day answering
demands upon him

Beyond the stock-room is a good-sized machine-
shop, well equipped, 1n which the heavier class of
models and mechanical devices are made Attached
to these are the engine-room and boiler-room.
Above, on the second floor, is another machme-shop,
in which 1s carried on work of greater precision
and fineness 1n the construction of tools and experi-
mental models

There are many experimental rooms on the second
and third floois of the laboratory building In these
the various experimenters are at work carrying out
the 1deas of Mr Edison on the great variety of sub-
jects to which he is constantly devoting his atten-
tion. One cannot go far in the upper floors without
being aware that efforts are being made to improve
the phonograph, for the sounds of vocal and mstru-
mental music can be heard from all sides

On the third floor the visitor may see a number of
glass-fronted cabinets containing a multitude of ex-
perimental incandescent lamps, and an ummense
variety of models of phonographs, motors, telegraph
and telephone apparatus, and a host of other in-
ventions, upon which Mr Edison’s energies have at
one time or other been bent Here are also many
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boxes of historical instruments and models. In fact,
this hallway, with its variety of contents, may well
he considered a scientific attic

In the early days of the Orange laboratory some
of the upper rooms contamed cots for the benefit of
the night-workers In spite of the strenuous nights
and days the spirit of fun was frequently in evidence
One instance will serve as an illustration

One morning about two-thirty the late Charles
Batchelor said he was tired and would go to bed.
Leaving Edison and the others busily working, he
went out and returned quetly in slippered feet, with
his mght-gown on, the handle of a feather-duster
down his back with the feathers waving over his
head, and us face marked With uncaithly howls
and shrieks, a " Indien, he pranced about the room,
madentally grving Edison a scare that made him
jump up from his work. He saw the joke quickly,
however, and joined 1n the general merriment caused
by this prank

A description of the laboratory building would be
incomplete without mention of room Number 12
This 15 one of Edison’s favorite rooms, where he
may frequently be found seated at a plain table in the
center of the room deeply mntent on one of his nu-
merous problems It is a plain Little room, but seems
to exercise a nameless fascination for him

Passing out of the butlding, we come to the four
smaller buildings, which are known as Numbers
One, Two, Three, and Four The butlding Number
One 15 called the galvanometer room Edison orig-
inally planned that this should be used for the most
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delicate and minute electrical measurements He
went to great expense i fitting it up and in providing
a large number of costly instruments, but the coming
of the trolley near by a few years afterward ren-
dered the room utterly useless for this purpose It
is now used as an experimental room, chiefly for
motion-picture experiments

Butlding Number Two is quite an important one.
As the visitor arrives at the door he 1s quite con-
scious that 1t 1s a chemical-room Here a corps
of chemusts 15 constantly kept busy in carrying out
the various expertments Mr Edison has given them
to perform This room 1s also one of his special
haunts He may be seen here very frequently ex-
perimenting 1 person, or seated at a plain little table
figuring out some new combination that he has in
mind.

A chemical store-room and a pattern-maker’s
shop occupy building Number Three, while Number
Four, which was formerly used for ore concentrating
experiments, 1s now used as a general stock-room

We have only attempted to afford the reader a
passing glance of this interesting laboratory, which
for many years has been the headquarters of Edison
and the central source of inspization for the great
industries he has established at Orange Around it
are grouped a number of immense concrete buildings
mm which the manafacture of phonographs, motion-
pictures, and storage batteries 1s carried on, giving
employment to as many as four thousand people dur-
g busy times
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Needless to say, the laboratory has many visitors,
Celebrities of all kinds and distmguished foreigners
are numerous, coming from all parts of the world
to see the great mventor and the scene of his

activities
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EDISON HIMSELF

ET us turn from what Edison has done to what

Edison 1s It 18 worth while to know “the man

behind the guns” Who and what is the personal
Edison?

Certawnly there must be tremendous fotce in a
personality which has been one of the most potent
factors in bringmg into existence new mdustries
now capitalized at tens of hillions of dollars, earn-
ing annually sums running nto billions, and giving
employment to an army of more than two million
people

It must not be thought that there 15 any nten-
tion to give entire credit to Edison for the present
magnificent proportions of these mdustries The
labors of many other mventors and the confidence
of capitalists and mvestors have added greatly to
their growth But Edison is the father of some of
these arts and imdustries, and as to some of the
others 1t was the magic of hus touch that helped make
them practicable

How then does Edison differ from most other
men® Is it that he combines with a vigorous body
a muind capable of clear and logical thinking, and an
imagination of unusual actiity? No, for there are
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others of equal bodily and mental vigor who have
not accomplished a tithe of his achievements,

We must answer then, first, that his whole life is
concentrated upon his work. When he concerves a
broad idea of a new invention he gives no thought
to the imitations of tume, or man, or effort. Having
his body and mind in complete subjection through
ron nerves, he settles down to experiment with
ceaseless, titeless, unwavering patience, never swery-
ing to the right or left nor losing sight of his pur-
pose Years may come and go, but nothing short of
sticcess is accepted

A good example of this can be found 1n the devel-
opment of the nickel pocket for the storage battery,
an element the size of a short lead-penail  More than
five years were spent in experiments costing upward
of a rmillion dollars to perfect it Day after day was
spent on this investigation, tens of thousands of
tubes and an endless variety of chemucals were made,
but at the end of five years Edison was as much in-
terested in these small tubes as when the work was
first begun

So far as work is concerned, all times are alike to
Edison, whether it be day or night e carries no
watch, and, indeed, has but little use for watches or
clocks except as they may be useful m connection
with an experiment 1n which time is a factor The
one tdea 1n mund 1s to go on with the work inces-
santly, always pushing steadily onward toward the
purpose in view, with a relentless disregard of effort
or the passage of time

A second and very marked characteristic of Edi-
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son’s personality 1s an intense and courageous hope-
fulness and self-confidence, into which no thought of
failure can enter The doubts and fears of others
have absolutely no weight with him Discourage-
ments and disappointments find no abiding place in
his mind Indeed, he has the happy faculty of begm-
ning the day as open-minded as a child, yesterday’s
discouragements and disappointment discarded, or,
at any rate, remembered only as useful knowledge
gained and serving to point out the fact that he had
been temporarily following the wrong road.

Dufficulties seem to have a fascination for him
To advance along smooth paths, meeting no obsta-
cles or hardships, has no charm for Edison To
wrestle with difficulties, to meet obstructions, to at-
tempt the impossible—these are the things that ap-
pear to give him a high form of intellectual pleasure
He meets them with the keen delight of a strong man
battling with the waves and opposing them in sheer
enjoyment.

Another marked characteristic of Edison is the
fact that his happiness ts not bound up in the making
of money While he appreciates a good balance at
his banker’s, the keenness of his pleasure 15 1 over-
coming difficulties rather than the mere piling up of
a bank account Had his nature been otherwise, 1t
1s doubtful 1f hus life would have been filled with the
great achievements that 1t has been our pleasure
to record

In a life filled with tremendous purpose and bril-
liant achievement thete must be expected more or
less of troubles and loss. Edison’s life has been no
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exception, but, with the true philosophy that nught
be expected of such a nature, he remarked recently -
“Spilled milk doesn’t mterest me, I have spilled lots
of it, and, while I have always felt 1t for a few
days, 1t 1s quickly forgotten, and I turn again to the
future.”

Edison to-day has a fine physique, and, being free
from serious ailments, enjoys a vigorous old age
His hair has whitened, but 1t is stdl abundant, and
though he uses glasses for reading, his gray-blue
eyes are as keen and bright and deeply lustrous as
ever, with the direct, searching look in them that
they have ever worn

Edison 1 his ’erghties still has a fine physique,
weighs over one hundred and sixty-five pounds, and
has varied little as to weight in the last forty yeats,
He is very abstermtous, hardly ever touching alcohol
and caring little for meat In fact, the chief article
of his diet 15 warm milk, which he finds satisfactory
for his need

He believes that people eat too much, and governs
himself accordingly His meals are simple, small in
quantity, and take but little of lus time at table, If
he finds humself varying in weight he will eat a hitle
more or a little less in order to keep his weight
constant

As to clothes, Edison is simplicity itself Indeed,
it is one of the subjects in which he takes no interest.
He says: “I get a suit that fits me, then I compel
the tailors to use that as a jig, or pattern, or blue-
print, to make others by For many years a st
was used as a measurement; once or twice they took
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tresh measurements, but these didn't fit, and they
had to go back I eat to keep my weight constant,
hence I never need changed measurements ”

This will explain why a certamn tailor had made
Edison’s clothes for twenty years and had never
seent him

In 1873 Mr Edison was married to Miss Mary
Stilwell, who died in 1884, leaving three children—
Thomas Alva, Wilham Leshe, and Marion Estelle,

Mr. Edison was married again in 1886 to Miss
Mina Miller, daughter of Mr Lew:s Miller, a dis-
tinguished proneer inventor and manufacturer 1n the
field of agiicultmal machinery, and equally entitled
to fame as the father of the “Chautanqua idea,” and
the founder with Bishop Vincent of the original
Chautauqua, which now has so many 1ieplicas all
over the country By tlus marriage there are three
childien—Chatles, Madeline, and Theodore

For over twenty years Edison’s happy and perfect
domestic life has been spent at Glenmont, a beautiful
property in Llewellyn Park, on the Orange Moun-
tain, New Jersey Here, amid the comfoits of a
beautifully appointed home, 1n which may be seen
the many decorations and medals awarded to hmm,
together with the numerous souvenurs sent to hium
by foreign potentates and others, Edison spends the
hours that he is away from the laboratory They
are far from being 1dle hours, for it s here that he
may pursue lus reading free from mterruption

His hours of sleep are few, not more than six 11
the twenty-four, and not as tiuch as that when work-
ing nights at the laboratory In a 1ecent conversa-
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tion a friend expiessed suiprise that he could stand
the constant strain, to which Edison replied that he
stood it eastly, because he was mterested m every-
thing He further sard  “I don't live with the past:
I am living for to-day and to-morrow I am inter-
ested 1 every department of science, art, and manu-
facture. I 1ead all the time on astronomy, chemis-
try, biology, physics, music, metaphysics, mechanics,
and other branches—political economy, electnaity,
and, in fact, all things that are making for progress
in the world I get all the proceedings of the scien-
tific societies, the principal scientific and trade jour-
nals, and read them I also read some theatrical and
sporting papers and a lot of similar publications, for
I like to know what 1s gomg on  In this way I keep
up to date, and live in a great, moving world of my
own, and, what's more, I enjoy every minute of 11.”

In conversation Edison 1s direct, courteous, ready
to discuss a topic with anybody worth talking to,
and, m spite of hus deafness, an excellent listener,
No one ever goes away from hun i1 doubt as to what
he thinks or means, but, with characteristic modesty,
he 1s ever shy and diffident to a degree if the talk
turns on humself rather than on his work

He is a normal, fun-loving, typical American, ever
ready to listen to a new story, with a smale all the
while, and a hearty, boyish laugh at the end He
has a keen sense of humot, which manifests itself
witty repartee and in various ways

In lus association with his staff of experimenters
the “old man,” as he 1s affectionately called, is con-
siderate and patient, although always nsisting on
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ahsolute accuracy and exactness mn carrying out hus
ideas He makes liberal allowance for errors arising
through human weakness of one kind or another,
but a stuptd mistake or an inexcusable oversight on
the part of an assistant will call forth a storm of con-
temptuous expression that is calculated to make the
offender feel cheap. The incident, however, 1s
quickly a thing of the past, as a general rule

If there 1s anything mn heredity, Edison has many
years of vigor and activity yet before um What
the future may have 1n store in the way of further
achievement cannot be foreshadowed, for he 1s still
a mughty thinker and a prodigy of industry and hard
work
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XXVI
EDISON'S NEW PHONOGRAPH

S RELATED in a preceding chapter of this work,
A the first commercial phonograph was of the
wax cylinder type Cellulowd afterwards superceded
wax as a material for the cylinder record, because
of tts mdestructibibity Edison’s work on the disc
phonograph and record, mvented by mim in 1848,
18 related 1n the following pages

From the time of his conception of the phono-
graph m 1877 to the present day Edison has
had a deep conviction that people want good music
1n their homes That this is not a conviction founded
upon commercialism may be appreciated on reading
his own words, “Of all the vartous forms of en-
tertainment 1n the home, I know of nothing that
compares with music It is safe and sane, appeals
to all finer emottons, and tends to hind family influ-
ences with a wholesomeness that links old and young
together If you will constder for a moment how
universally the old ‘heait songs’ are loved in the
homes, you will realize what a deep hold music has
in the affections of the people. It is a safety-valve
in the home ”

Throughout the years that followed the advent
of the earlier type of phonograph with the cylindrical
wax records Edison never lost sight of s deter-
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mination to make it a more perfect instrument, for,
of all the children of his brain, the phonograph seems
to be the one he loves most He 1s the most severe
critic of his own work and 1s never content with less
than the best obtamnable

Thus 1t came about that, some thirteen years ago,
having ieached the apex of s dissatisfaction with
what he thought weie the shortcomings of the
phonograph and records of that time, he began work
on a long-cherished plan of refining the machine
and the records so that he could reproduce music,
vocal and mnstrumental, with all its original beauty
of tone and sweetness—in fact, a true “re-creation
As the world knows, he has succeeded

With his characteristic vigor and earnestness Edi-
son plunged into this campaign, fully realizing the
immmense difficulties of the task he had undertaken
In order to accomplish the desired end he must, in
the first place, devise entirely new types of recorder
and reproducer which would have essentially differ-
ent characteristics from any then mn existence In
addition to this, an entirely new material must be
found and adapted for the surface of the recoids, a
material pliable, ndestructible, and, above all, so
exceedingly smooth that there should be no rasping,
scratching sounds to mar the beauty of the music

In planning this campaign Edison had decided to
retwrn to the disc type of machine and record, which
he had invented away back mn 1878, and which he
now took up again, as it would afford him the great-
est scope for his latest efforts

While simultaneously carrying on a formudable
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line of experiments to produce the desired material
for the records he labored patiently through the days
and away mto the mghts for many months 1 evoly-
ing the new recorder and reproducer, pausing only
to snatch a few hours of sleep, which sometimes
would be taken at home and at other times on a
bench or cot i the laboratory After some thou-
sands of experiments, extending over a period of
more than ten months and conducted with the never-
wearying patience so characteristic of him, he per-
fected his recorder and the diamond-pomt repro-
ducer which gave him the results for which he strove
so many years This was on the eve of hus depar-
ture for Europe m August, 1911

When Edison thinks he has perfected any device
his next step 1s to find out 1ts weakness by trying his
best to destroy it Illustrative of this there may be
quoted two instances of severe tests in connection
with his alkaline storage battery After completing
it he rigged up a device by means of which a set of
batteries were subjected to a series of 1,700,000
severe humps in the effort to destroy them When
this failed, they were mounted on a heavy electric
car, which was propelled with terrific force a number
of times agamst a heavy stone wall, only to show
that they were proof against injury by any such
means

His new phonograph reproducer was not ex-
empted from tlus policy of attempted destruction,
and before leaving for Europe he gave instructions
for a grilling test, which was, of course, carried out
faithfully, but the diamond point was found to be
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uninjured after playing records more than four
thousand times With such results he deemed it a
safe proposition

On his return from Europe in October, 1911,
Edison resumed his attack on the evolution of the
new indestructible disc record with a smooth surface,
the main principles of wiuch had been determined
upon before his departure In addition, there arose
the problem of manufacturing such records in great
quantities  The difficulties that confronted him
completely baffle description The whole battle was
carried on with the aid of powerful microscopes,
which even at their best would fail to reveal the ob-
scure cause of temporary discomfiture Differences
in matertal, dirt, dust, temperature, water, chemical
action, thumb marks, breath marks, cloth and brush
marks, and a host of major and minor macidentals,
were patiently and painstakingly mnvestigated with a
thoroughness that 1s almost beyond belief to the
layman

Day and night the work was carried on inces-
santly. During the height of the investigation, to-
ward the close of this five-year campaign, Edwson
and a few of his faithful expermmenters—facetiously
called “The Insomnia Squad”~—stayed steadily at the
works for a period of over five weeks—eating,
drinking, working, and sleeping (occasionally)
there During that time Edison went home only
four or five times, and then merely to change s
clothing He and the men slept for short periods
in the works or 1n the library, on benches and tables,
resuming their labors immediately on waking up.
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Edison had arranged for an abundant supply of
good substantial food which they themselves cooked,
hence the inner man was well cared for The wrves
of the men came around at intervals with changes
of clothing for therr husbands This intense applica-
tion to work left no tume {or shaving, with the result
that all hands might well have been taken for a gang
of traditional pirates from their unkempt appear-
ance

They were all happy, however, and, strange to
say, all mncreased in weight, although a contrary re-
sult might naturally have been expected The intense
work has never ceased, but there has been no similar
protiacted siege since, as the main principles were
practically settled at that time The foregoing in-
stance has been merely mentioned to ilustrate the
fierce vigor with which Edison works when he 1s
seeking to complete one of lus inventions He has
been, and still 1s, prosecuting his labors with the
same energy to bring about the utmost perfection
that is possible

He has not confined his work to the refinement of
the merely mechanical parts, such as the instrument
and the records, but during the last ten years he has
devoted an immense amount of time to music itself
Becoming convineed that the public desired really
beautiful music, he set himself to a thorough study
of the subject, not only of compositions, but also of
the human voice, 1ts powers and himitations, and of
different effects of various styles of orchestration
He determined to hear for himself music of all kinds,
and with this objeci 1n view hired a number of sight-

244



EDISON’'S NEW PHONOGRAPH

reading players and singers to render musical selec-
tions by the hour

In the past ten years he has heard upward of
twenty-five thousand compositions of a wide range,
fiom grand opera to ragtime As he hears them
he mdicates his opinions, which range from “beau-
tiful” to “punk,” according to his idea of availahil-
ity for the phonograph An elaborate card system
preserves these indications for further application
in selecting music for the phonograph

It mught seem dogmatic to have the reproduction
of musical compositions depend upon s opnion,
but it must be said that he 1s not entirely commutted
to such drastic measures if there 1s a real demand
for some musical selection which does not seem to
merit tus good opmion IHis decision as to a com-
posttion s not based on a merely personal whim or
fad, but upon his opinion of 1t from the standpomnt
of an inventor He has said to the writer more than
once “‘Thete is invention 1 music just as much as
in the arts Composers such as Verd:, Rossini,
Bellini, Donizetti were inventors They did not
copy, nor did some of the other great composers
But the rank and file of musicians are not inventors,
they have copied the 1deas of the others, consciously
or unconsciously If you will sit down for a few
hours and have a lot of miscellaneous composttions
played you will be convinced of 1t.”

Edison has had no musical training, as the term is
generally understood, and the writer must confess
that before hearing the above expression he failed
to comprehend the true basis of the inventor's opin-
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1ons of the various compositions played or sung for
lum On several occasions he therefore arranged
(unknown to Edison) to have one or more com-
posttions played or sung again after a lapse of some
weeks, to see whether or not there would be any
similarity of opiion to that first indicated  In every
case Edison’s judgment was practically, and in some
cases precisely, the same as before, thus proving that
the opmion first given was not merely a whim, but
was based upon some definite Iine of thought in the
inventor’s brain.

His excurston into the musical realm has also
included the personal hearmg of many singers so
as to deternune their fitness for making phonograph
records, Thus proved to be a wonderfully interest-
g field of investigation, and he has given a great
deal of time to 1it, listening critically to each voce,
good, bad, or mdifferent, and patiently writing out
lus criticism in each case  Not only has he heard a
large number of singers who have visited the labo-
ratory for the purpose, but he also had a representa-
tive scouring Europe fo1 voices several years ago
This man vistted the prinapal cittes and towns of
Europe and took phonograph records of the voices
of the operatic and other prominent singers in each
place and shipped them over to Edison, who listened
to each one and recorded his opinion 1 a series of
note-books kept for the purpose He has in the labo-
ratory at Orange nearly two thousand voice records
of this kind, All this is done with the object of
securing the really best voices in the world., Prob-
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ably this 15 the most unique “voice library” in ex-
1stence

He 1s very deaf, but has a wonderfully acute inner
ear, which, being protected by his deafness from the
ordinary sounds of life, will catch nunute mperfec-
tions that ate imperceptible to the person of ordinary
hearmg In listening to a voice he uses a peculiarly
shaped horn which 1s held close to the ear, and such
is the acuteness of his hearing that he at once dis-
timgushes minute changes of register, extra waves,
tremolo, non-pertodic vibrations, and other minor
defects that detract from the true heauty of vocal
sounds In addition, he can immediately recogmze
the number of overtones and rate of tremolo, which
may afterward be verified by a microscopic exammna-
tion of a 1ecord of the same vorce

Edison contends that the phonograph will grve
the “acid test” of a vaice, for 1t will record nothing
more and nothing less than what 1s m the voice
itself, and the 1ecord is unchangeable In s judg-
ment, opetatic voices are not necessarily the most
perfect ones, for, as he says “the vocal cords of
opera singers are always at the stiamning-point
They usually sing on rcomy stages m laige theaters
with a large orchestra 1n front of them, and their
voices must go out above all these instruments so
as to be heard to the farthest limits of the house
Consequently, they are always domg their utmost
and their vocal cords become adapted to heavy work
only. People often wonder why their favorite op-
eratic singers do not charm them as much 1n concert
or through the phonograph as they did at the opera,
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but do not stop to think of the difference between
the opera-house and the concert-hall or parlor. I
don’t mean to say a word of detraction in regard
to operatic singers, for 1 have a great admiration for
their wonderful art and for many of their voices,
and a great number of them have now recognized
the value of spectal effort to acquire the distinet art
and technique of singmg for the phonograph (which
1s a parlor instrument), and have made some really
beautiful records.”

The writer was one day discussing with Edison
the temperament of singeis generally and the good
option that each one usually has of his or her own
voice irrespective of any artistic use he or she could
make of 1t, He said* “T don’t see what they have
to be conceited about The Almighty has given them
a little piece of meat in thewr throats that differs
shightly from the corresponding piece of meat in
somebody else’s throat They can take no credit for
that, but if they use thewr bramns to interpret and
perfect the use of what has been given them, they
have accomplished something What I want is
voices that will stand the test of the phonograph and
give permanent pleasure to people, irrespective of
stage environment, or the press agent, or pleasing
personality.”

This chapter could be extended to a great length
in setting forth the results of Edison’s deep study
of music which he undertook solely for the purpose
of bringing his latest achievement up to the high
standard which he set for 1t so many years ago, but
enough has been said to indicate the immense amount
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of work he has done and the trend of his ideas. That
he has been able, amid the round of his multitud:-
nous duties and work, which occupy his time and
attention from sixteen to eighteen hours a day, to
delve mnto the subject so profoundly and to evalve
ideas that are confessedly awakening the musical
world 1s sufficient to indicate that 1n spite of his years
and herculean labors in the past he has not lost any
of the vim or pertinacity that have so distinguished
him in days gone by,
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EDISON’'S WORK DURING THE WAR

1TH the shattering of the world’s peace by the
W great conflict which commenced on July 28,
1914, there came a universal disturbance of indus-
trial conditions The Edison industries were not
exempt
Edison’s activities during the years of the war
were of the same intensely vigorous and energetic
nature so charactenistic of hum throughout tus busy
life. His work during this period 1s divisible into
two distinct sections - first, the working out of proc-
esses and the design and construction of nine chemi-
cal and two benzol plants to supply chemicals and
materials greatly needed by our country, and, sec-
ond, his war work for the Ututed States government,
We will discuss these it the above order
For many years before the war America had
been a large importer of raw matertals and manu-
factured products from England, Germany, and
other European countries. Among these may be
mentioned potash, dyes, carbolic actd, aniline oil,
and other coal-tar products After hostilities hegan
the activities of the Allied fleets prevented all expor-
tattons by Germany and the Central Powers. On
the other hand, England and her allies placed em-
bargoes on the exportation from their countries of
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all materials and products which could be used for
food or munitions of war

Thus there suddenly came a great embarrassment
to numerous American industizes By reason of our
continued importation for many years our country
had become dependent upon Europe for supplies of
various products and had made practically no provi-
sion for the manufacture of these products within
our own borders

Inasmuch as our narrative concerns Edison and
his work, we shall not attempt to name all the mndus-
tries thus affected, but will confine owselves to a
mention of the items 1elating to his own needs and
of those which he promptly took steps to produce for
the relief of many industiies and for the general
good of the country These 1tems were carbolic acid,
aniline otl, myrbane, anilme salts, acetanilid, para-
nitro-acetatulid, paraphenylenediamine, para-amido-
phenol, benzidine, benzol, toluol, xylol, solvent
naphtha, and naphthaline flakes

Edison's principal requirements were potash for
his storage battety and carbolic aad and para-
phenylenedianune for use in the manufacture of dise
phonograph records After a great deal of experi-
menting he found that caustic soda could be used in
his storage battery and therefore employed it until
new supplies of potash were obtainable

Carbolic acid and paraphenylenediamine had been
previously mmported from England and Germany
and as there was practically none produced in the
Umted States and no possibility of substituting other
products Edison realized that he would be compelled
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to manufacture them himself, as the source of supply
was cut off He, therefore, as usnal, gathered to-
gether all available literature and plunged into a
study of manufacturing piocesses and quickly set
his chemists to work on vatious lines of experiment

Having decided through these experiments on the
process by which he would manufacture carbolic acid
synthetically, Edison designed his first plant, gath-
ered the building material and apparatus together
and nstructed his engineers to rush the construction
as fast as possible By woiking gangs of men
twenty-four houts a day the plant was 1apidly com-
pleted and on the eighteenth day after the work of
construction was begun it commenced turning out
carholic acid.  'Within a month this plant was mak-
ing mote than a ton a day and gradually increased its
capacity until, a few months afterward, 1t reached
its maximum of six tons a day

It soon became publicly known that Edison was
manufacturing carbolic acid, and he was over-
whelmed with offers to purchase the excess over hus
own requrements The demand for carbolic acid
became so great that he decided to erect a second
plant This was quickly constructed and 1ts capacity,
which was also six tons per day, was contracted for
before the plant was fully completed It 15 interest-
ing to note that the army and navy departments of
the United States were among the first to make long
contracts with Edison for his carbolic acitd, from
which they made explosives that were badly needed

We must digress here to show an emergency that
had arisen during the early days of the first carbolic-
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acid plant There had come about a serious short-
age of benzol, which 15 a basic matertal in the manu-
factme of synthetic carbolic acid  Benzol 1s a
product dertved from the gases arising from the de-
structive distillation of coal in coke ovens At the
time of which we are writing (beginming of 1915)
there was only a comparatively small quantity of
benzol produced in the United States

Mr Edison realized that without a continnous and
liheral supply of henzol he would be unable to carry
out his project of producing carbolic acid in laige
quantities He had also been approached by various
textile manufacturers to make amline o1}, which was
essential to their continuance m business, and of
which theie was practically no supply 1 the country.
Without 1t he could not malke paraphenylenediamime
Benzol 1s also a basic material 1n making aniline o1l

Therefore, 1t became doubly umportant to arrange
for an adequate and continuous supply of benzol
Edison made a study of the methods and processes
of producing benzol and then made proposals to
various steel companies to the effect that he would,
with their permission, erect a benzol plant at their
coke ovens, operate the same at his own expense,
and pay them a royalty for every gallon of benzol,
toluol, xylol, or solvent naphtha taken from their
gases Such arrangement would not only meet his
requirements, but at the same time would give the
steel compames an income from something which
they had been allowing to pass away into the air
He succeeded 1n making arrangements with two of
the compantes—namely, the Cambria Steel Company
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at Johnstown, Pennsylvania, and the Woodward
Iron Company, Woodward, Alabama

Ordmanly, 1t requires from nine to ten months
to erect a benzol plant, but before making his pro-
posal to the steel compares Edison had worked out
a plan fo1 erecting a practical plant within sixty days,
and had laid it out on paper He was sure of lus
grounds, because from his vast expeiience he knew
where to pick up the different pieces of apparatus in
various parts of the country

The contract for lus first benzol plant at Johns-
town, Pennsylvamia, was signed on January 18,
1915, and the actual woik was begun an hour after
the contract was signed, with the final result that
in forty-five days afterward the benzol plant was
completed and commenced working successfully.
The second plant, at Woodward, Alabama, was com-
pleted withm sixty days after breaking ground, the
two weeks difference mn time being accounted for
by the fact that Woodward was farther away from
the base of supplies and there wete delays 1n rail-
road transportation of materials

Being sure, through these contracts, of a continy-
ous supply of benzol, Edison designed a plant for
making aniline o1l By working gangs of men day
and night, the erection of tlus plant was completed
m forty-five days The capacity of the plant, four
thousand pounds per day, was fully contracted for
by anxious manufacturers long before the machimery
was in place.

Let us now consider Edison’s work on parapheny-
lenediamine  This 15 a chemucal product which is

254



EDISON'S WORK DURING THE WAR

largely used in dyeing furs black America had im-
ported all her requirements from Germany, but
within a few months after the beginning of hostili-
ties the visible supply was exhausted and no more
could be expected during war-times  Fur-dyers were
in desparr  Thus product being also absolutely essen-
tial 1n the manufacture of phonograph records, Edi-
son worked out a process for making 1t, and as his
requirements were very moderate he established a
small manufacturing plant at the Orange laboratory
and soon began to produce about twenty-five pounds
a day In some way the news reached the ears of
many desperate fur-dyers, and Edison was quickly
besieged with most urgent requests for such portion
of his output as could be spared Fortunately, a
small p1oportion of the output was available and was
distributed daily in accordance with the necessities
of those concetned This small gquantity being
merely a drop i the bucket, the fur-dyers earnestly
besought Edison to establish a larger plant and
supply them with greater quantities of parapheny-
lenediammine, as their business had come almost to
a standstill for lack of 1t He, therefore, designed
and constructed rapidly a larger plant, which, when
put 1mnto operation, was soon producing two hundred
to three hundred pounds a day, thus saving the situa-
tion for the fur-dyers The capacity of this plant
was gradualy mcreased until 1t turned out upward of
a thousand pounds a day, of which a goodly pro-
portion was exported to Europe and Japan

Lack of space has prevented the narration of more
than a mere general outhne of some of Edison’s
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important achievements during part of the war years
along chemical and engineering hines and in furnish-
ing many of the industries of the country with
greatly needed products that, for a time at least, were
otherwise unobtainable Much could be written
about his work on producing myrbane, amline salts,
acetanilid, para-nitro-acetanilid, para-amido-phenol,
benzidine, toluol, xylol, solvent naphtha, and naph-
thaline flakes—how his investigations and exper:-
ments on them ran along with the others, team
fashion, so to speak, how he brought the same re-
sourcefulness and energy to bear on many problems,
and how he eventually surmounted numerous duffi-
culties—but lmutations of space forbid Nor can
we tnake more than a mere passing mention of the
assistance he gave to the goveinments i the quick
production of toluol and in furnishing plans and help
to construct and operate two toluol plants in Canada.
Suffice 1t to say that his achievements duting this ep-
sode 1n lus career were fully in accord with the
notable successes he had already scored It may be
noted that 1n the thiee years following 1914 others
went into the business of manufacturing the above
chemicals, and as they installed and operated plants
and furmshed supplies needed in the industries Edi-
son withdrew and shut down lus special plants one
after another

Let us now take a brief glance at the patriot-in-
ventor at work for his government 1n war-times and
espectally during the last two years of the Great
War.

In the late summer of 1915 the Secretary of the
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Navy, Hon Josephus Daniels, communicated to Mr.
Edison an idea he had concerved of gathering to-
gether a body of men preeminent in imventive Te
search to form an advisory boaid which should come
to the aid of our country in an inventive and advisory
capacity 1n relation to war measures In this com-
munication Secretary Damels made an appeal to
Edison’s patriotism and asked him to devote some of
his effort i the service of the countiy and also to
act as charrman of the board Although he was
already working about eightcen hours a day, Edison
signified his consent  In the fall of 1915 the board
was orgamzed and subsequently became known as
the Naval Consulting Board of the United States
Mr Edison was at first chatrman and subsequently
became president of the board

The history of the work and activities of the board
is too extensive to be related here mn detail and can
only be hinted at  Indeed, 1t 1s the subject of a sepa-
rate volume which 1s bemg published by the Navy
Department We shall, therefore, confine our narra-
tive to the story of Edison’s work

In December, 1916, Secretary Damnels expressed
a desire that Mr. Edison visit lum 1 Washington
for an important conference At that time 1t seemed
almost mevitable that the United States would be
drawn mto the conflict with Germany sooner of
later, and at the conference Secretary Damels asked
Edison to devote more of his tume to the country by
undertaking experiments on a series of problems, 2
l1st of which was handed to him .

Edison signified his assent, agreemng to give his
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whole time to the government without charge, and
returned to his laboratory He immediately put
everything else aside, and with characteristic enthusi-
asm and energy delved into the work he had under-
taken The problems referred to covered a wide
range of the sciences and arts, and time being an
essential element, he added to his laboratory staff by
gatheung together from various sources a number
of young men, experts 1 various hines, to assist him
n his 1nvestigations

Inasmuch as Edison's war work for the govern-
ment occupted his entire time for upwaid of two
years, it 1s manifestly out of the question to narrate
the details within the limits of a chapter. We must,
therefore, be content to itemize the principal prob-
lems upon which he occupied himself and assistants
and as to which he reported definite results to Wash-
ington  The 1lems are as follows

I Locating position of guns by sound-ranging
2 Detecting submarines by sound {rom moving
vessels

3 Detecting on moving vessels the discharge of
torpedoes by submarines

Quick tuining of ships

Strategic plans for saving cargo boats from
submarines

Collision mats

Taking meichant-ships out of mined harbors.

Oleum cloud shells

Camouflaging ships and burning anthracite,

More power for torpedoes
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11 Coast patiol by submarine buoys

12 Destioyimng periscopes with machine-guns

13 Cartridge for taking soundings

14 Sailing-lights for convoys

15 Smudging sky-line.

16 Obstructing torpedoes with nets

17 Under-water search-lhight

18 High-speed signaling with search-hights

19 Water-penetrating projectile

20 Aurplane detection

21. Observing periscopes 1n sithouette

22 Steamship decoys.

23. Zigzagging,

24 Reducing rolling of warships

25 Obtaining mitrogen from the air

26 Stability of submetged submarines

27 Hydrogen detector for submarines

28 Induction balance for submarine detection

29 Turbine head for projectile

30 Protecting observers from smoke-stack gas

31 Mining Zeebrugge harbor

32, Blinding submarines and periscopes

33 Murror-reflection system for warships

34 Device for look-out men

35 Extinguishing fires 1n coal bunkers

36 Telephone system on ships

37 Extension ladder for spotting-top

38. Preserving submarine and other guns from
rust

39 Freemng range-finder from sptay

40 Smudging periscopes
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41 Night glass
42. Re-acting shell

It will be seen that Mr Edison’s inventive imag
ination was permitted a wide scope He fairly rev-
eled in the opportumty of attacking so many difficult
problems and worked through the days and mights
with unflagging enthusiasm. He committed lus
busmess interests to the care of his associates, and
during the two years of lus woik for the govern-
ment kept 1n touch with his great business interests
only by means of reports which were condensed to
the utmost In addition, for two successive winters,
he gave up his regular winter vacation on his Florida
estate, usually a source of great enjoyment to hum
But 1t was all done willingly and without a word of
regret or dissatisfaction so far as the writer’s knowl-
edge goes

Although we cannot take space to discuss the
above items in detail, the 1eader will probably have
a desire to know something of Edison’s work 1n re-
gard 1o the submarines

In view of the vast destiuction of shipping, per-
haps 1t 1s not an oveistatement to say that the most
vital problem of the late war was to overcome the
menace of the submaime Undoubtedly there was
more tniversal study and experiment on means and
devices for locating and destroying submarines than
on any other single problem

The class of apparatus most favored by investiga-
tors comprised various forms of listening devices by
means of which 1t was hoped to detect and locate by
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sound the movement of an entirely submerged sub-
marine The difficulttes 1n obtaining accurate results
were very great even when the observing vessel was
motionless, but were enormously enhanced on using
listening devices on a vessel under way, on account
of the noses of the vessel itself, the rushing of the
water, and so on

Edison’s eailiest efforts were confined to the in-
duction Dbalance, but after two months of mtensive
experimenting on that hine he gave 1t up and entered
upon a long series of experiments with listening de-
vices, employing telephones, audions, towing devices,
resonators, etc. The Secietary of the Navy provided
Edison with a 2o0-foot vessel for his expetiments,
and 1n the summer and fall of 1917 they had pro-
gressed sufficiently to enable hum to detect sounds
of moving vessels as far distant as five thousand
yards This, however, was when the observing ves-
sel was at anchor The results with the vessel under
way, at full speed, were not poor

Having pushed the possibilities along this line to
their reasonable limit, Edison was of the opinion that
this plan would not be practical and he turned his
thoughts to another solution of the problem—
namely, to cucumvent the destructive operation of
the submarine and avoid the loss of ships. He had
discovered 1n his experimenting that the noise made
by a torpedo 1n its swift passage through the water
was very marked and eastly distinguishable from any
other sound

With this fact as a basis, Edison, therefore,
evolved a new plan, which had two parts. first, to
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provide merchant-ships with a hsteming apparatus
that would enable them, while going at full speed, to
hear the sound of a toipedo as soon as it was
launched from a submarine, and, second, to provide
the merchant-ships with means for quickly changing
their course to another course at right angles Thus,
the torpedo would miss its mark and the merchant-
ship would be saved If another torpedo should be
launched, the same tactics could be repeated

His further investigations were conducted along
tlus line  After much experimenting he developed
a listening device in the form of an outrigger sus-
pended from the bowspiit. This device was so ar-
ranged that it hung partly in the water and would
always be from 10 to 20 feet ahead of the vessel,
but could be swung inboard at any time  The device
was about 20 feet long and about 16 wches i width
and was made of brass and rubber It contamed
brass tubes, with a phonograph diaphragm at the
end which hung n the water, The listening appa-
ratus was placed 1 a small room in the bow of the
vessel There were no batteries used With this
listening apparatus, and wiule the vessel was going
full speed, moving boats 1,000 yards away could be
eastly heard 1n 1ough seas This meant that tor-
pedoes could be heard 3,000 yaids away, as they are
by far the noisiest craft that “sail” the ocean

The second step 1n Edison’s plan—namely, the
quick changing of a ship’s course, was accomplished
with the “sea anchor™ This device consists of a
strong canvas bag which is attached to a ship by long
ropes When thrown overboard the bag opens, fills

262



EDISON’S WORK DURING THE WAR

with water, and acts as a drag on a ship under way.
Edison’s plan was to use four or more sea anchors
simultaneously In a trial made with a steamship
325 feet long, draught 19 feet 6 inches, laden with
4,200 tons of coal, by the use of four sea anchors,
the vessel gong at full speed, was turned at right
angles to her previous course with an advance of
only 200 feet, ot less than her own length This
means that 1f an enemy submarine had launched a
torpedo against the ship while she was on her orig-
mal course 1t would have passed by without harnung
her, thus making submarine toipedo attack of no
avail It may be noted parenthetically that this ap-
paratus has 1ts uses in the merchant-marine mn peace-
times For mstance, should the look-out on a steam-
ship running at full speed sight an iceberg 300 or
400 feet ahead this device could be instantly put
mto use and the ship could be turned quickly enough
to avoid a collision

There 15 only space for a passing mention of the
immense amount of data which Edison gathered,
tabulated, and charted 1 s study and evolution of
strategical plans suggested by lum to the government
in the line of lesseming the destruction by subma-
rines He spent day and mght for several months
with a number of assistants working out these plans
Tt 1s not possible to make more specific mention of
them here, as they are too voluminous for these
pages

With this tremendous amount of work pressing
on him he retamed his accustomed good health and
buoyancy, due, undoubtedly, to s cheerful spirit,

263



THE BOYS LIFE OF EDISON

philosophical nature, and abstemious living  Soon
after the armustice was signed his experimental work
for the government came to an end, and he then
switched back to the general supervision of his busi-
ness interests and to his ceaseless experiments
through which he is continually making improve-
ments and refinements in the products of the large
industries which he established and in which he 1s
so greatly interested,

Mention should also be made of another extensive
project he has undertaken, and that is the production
of rubber from plants, weeds, bushes, shrubs, etc,
grown m the United States Thus he speaks of as
“emetgency” rubber, to be resorted to in case our
country should ever be embarrassed in obtaiung a
supply of rubber from present sources This 158 a
tremendous problem, but he is applymng to its solu-
tion the same resourceful powers that have char-
acterized his previous endeavors

Herein, and in the development of new ideas, lies
Edison’s daily work and pleasure, and although he
is 1n his eighties at this writing, with still boundless
energy, it may be said of him

“Age cannot wither him, nor custom stale
His mfinite variety ”
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Notable Events and
Achievements in the Life of

Thomas Alva Edison

Prepared for the Edison Pioneers and copyrighted 1926 by
W H, MeapowcrorT, Historan,

1847 Born February 11th, at Milan, Oho,

1854 Moved to Port Huron, Mich,

1857 Started chemical [aboratory in cellar of his home.

1859 Became newsboy and “candy butcher” on trains of Grand
Trunk Railway, running between Fort Huron and De-
troit.  (The whirligig of time brings about peculiar de-
velopments. The Edison Storage Battery, the Edison
Primary Battery and the Ediphone are now used by the
Grand Trunk Rarlway Company, on whose ttains Edison
commenced life as a “newsie.”)

1862 Printed and published a newspaper, “The Weekly Her-
ald)” on the train. The first newspaper ever printed on
a moving train,

1862 Saved from death young son of J U. Mackenzie, station
agent at Mount Clemens, Mich, In gratitude, the father
taught Edison telegraphy.

1862 Put up a telegraph line from Port Huron railway station
to village and worked 1n local office,

1863 Furst position as regular telegraph operator on*Grand
Trunk Railway, at Stratford Junction, Canada

1863 Spent nearly five arduous years as a telegraph operator

to 1n varipus cities of the Central Western states, always

1868 studying and experimenting to improve the apparatus,

1868 Entered office of Western Union in Boston as operator
Later, resigned to experiment on duplex system of teleg-
raphy, and went 1nto private telegraph line business.

1868 Made his first patented invention, Electrical Vote Re-
corder Application for patent signed October 11, 1868,

1869 Landed 1n New York City from Boston boat, poor and
1n debt. Shortly afterward, looking for work, was 1n op
erating room of Gold & Stack Telegraph Company wher
apparatus broke down, No one but Edison could fix it
and he was given a job as superintendent at $300 a
month,
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1869

1870

1871
1872

to
1876

1875

1876
to
1877

1878

1878

1879

Went into Partoership with Franklin L Pope as elec-
trcal engineer, Improved stock tickers and made new
inventions, among which was the “Universal” stock ticke
er, also the Umson Device.

Received first money for inventions, $40,000. Opened man-
ufacturing shop in Newatk, where he made tickers, ete.
Assisted Sholes, the inventor of the typewter, to make
the first successful working model

Worked on and completed many inventions, including
motograph, automatic telegraph systems, duplex, quadru-
plex, sextuplex and multiplex telegraph systems, also
paraffin paper (came 1nto use later for wrapping can-
dies), also the electiic pen which, with other improve-
ments made by him, became the present day mimeograph;
carbon theostat, miciotasimeter, et His invention of the
quadruplex system of telegraphy was a great develop-
ment 1n the art and saved the mvestment of many mil-
lions of dollars n wires,

Discovered previously unknown and unique electric phe-
nomena, which he called “Etheric Force” Twelve years
aftetwaid these phenomena were recognized as due to
electiic waves in free space, and became the foundation
of wireless telegtaphy.

Moved fiom Newark to laboratory at Menlo Park, N J.
Invented the caibon telephone transmutter, which made
telephony a commercial a1t ‘This invention included the
Microphone, which makes Radio possible

Invented the phonogiaph. Patent was 1ssued by United
States Patent Office within two months atter application,
without a single reference,

Furst half of year improving the phonograph In sum-
mer went with astionomical party to Rawlns, Wyo,, to
test his mucrotasimeter during an eclipse of the sun  On
returmng commenced investigation of electric light prob-
lem.

In a prophetic article in the Noith American Review he
foreshadowed ten promunent uses for the phonograph —
all sinee accomplished — including 1ts combination with
the telephone, which became a reality in 1914 with the
perfection of the Telesciibe

Invented incandescent electsic lamp. The mvention was
perfected October 21st, 1879, on which day there was
put mto cireutt the first Jamp embodyin’ the principles
of the modetn inpandescent lamp, and this lamp main.
tained jts incandescence for over 40 hours,
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1879

1879

1879

1880

1880
1881

1881

1880
to
1882
1382

1883
1883

Invented radical improvements of construction of dyna-
mos, including the mica laminated armature and mica
insulated commutator, and constructed the first practical
generators for systems of distribution of current for light,
heat and power. Invented systems of generation, distri-
butien, regulation and measurement of electric curremt.
Invented sockets, switches, 1nsulating tape, ete  He also
invented gummed paper tape now in common use instead
of twine or string for securing packages.

The first electric motor ever made for a commercial cir-
cuit of 110 to 120 volts was constructed by Edison at
Menlo Park, N J, in 1879, This motor 1s still 1n exist«
ence and operative, and is in the Edison Historical Col-
lection,

December 31, Gave public demonstration of electric
hghting system 1n streets and buildings at Menlo Park,
N. J., using underground mains

Invented further improvements 1n systems and detals for
electric light, heat and power, and prepared to introduce
same commercially Established first incandescent lamp
factory at Menlo Park, N. J.

Invented magnetic ore separator,

Opened business offices at No. 65 Fifth Avenue, New
York City,

Established second and improved commercial incandes-
cent lamp factory at Harnison, N. J Orgamized and es-
tablished shops at 104 Goerck St, 108 Wooster St, and
65 Washington St, New York City, for the manufacture
of dynamos, underground conductois, sockets, switches,
fixtures, meters, etc

Invented and installed first life-sized electric railway for
freight and passengers at Menlo Paik, N, J.

Septemher 4, Commienced operation of first commeraial
central station in New York City for distribution of elec-
tric current for light, power and heat.

Turst three-wire central station for electric lighting -
stalled at Sunbury, Pa,

Discovered a previously unknown phenomenon. He
found that an independent wire or plate placed between
the legs of the filament of an incandescent lamp acted
as a valve to control the flow of current, This became
known as the #Edison effect” Patent was jssued to hum
in 1883, No. 307,031, This discovery covers the founda-
tion principle on which every modern Radw lamp (or
tube) is based.
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1880
to
1887

1881
to
1887

1887
1887

to
1890

1891
1891

1891
1900

Strenuous yeais of invention and endeavor in extending,
improving and exploiting the electric light, heat and
power systems, During these years he took out upwards
of three bundred patents, many of them of fundamental
mmportance such, for instance, as that coveitng the feed-
er system, and that covering the three-wire system,
Tnvented system of wireless telegraphy, (by mduction)
to and from trains 1o motion, or between moving traing
and 1a1lway stations. Installed on Lehigh Valley R, R 1n
1887, and used several years. Also 1nvented a wicless
system of communication between ships at sea, and be-
tween ships and the shore and between distant points on
land Patent No., 465,971 was 1ssued on this invention,
the application having been filed May 23, 1885, two
yeais befoie the publication of the work of Hertz. This
patent was sold by Edison to the Marcont Witeless Tele-
graph Company.

Moved to present laboratory at West Orange, New Jer-
SEYs

Invented 1mprovements on present type of cylinder phon-
ograph, In these four years took out over eighty patents
on these improvements, and also established a very ex-
tensive commercial business in the manufacture and sale
of phonographs and records, mncluding dictating machine,
shaveable record and shaving machne,

Made a number of inventions relating to electric railways,
Invented the motion pictute camera, By the invention of
this mechanism, with the continuous tape-like film orig-
mated by Eastmay, 1t became possible to take and repro-
duce motion pictures as we have them at this day,

These years were spent on the gieat non ore concentrat-
ing enterprise, 1 which Ldison did some of his most
brlhant engineersng work, Ile made many important
wmventions during this period, among which wete the
giant rolls for bieaking laige masses of rock and the
three-high rolls for fine crushing. During this period he
also invented the Fluoroscope Edison realized the neces-
sity and value of a pracucal fluotescent screen for mak-
1ng examinations with the X-1ay, He made thousands of
erystallizations of single and double chemical salts, and
finally discovered that crystals of Calcium Tungstate made
1n a particular way were highly fluorescent to the X-ray,
and invented the first Fluoroscope, He also made many
improvements in X-ray tubes
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1900 This period covers the work resulting in the invention of

to the Edison Steel Alkaline Storage Battery, and its corn-

1910 mercial intioduction

1900 During these years Edison established a Portland cemeny

to mull. He made many impoitant inventions relating to

1909 the method and processes invelved 1n the production of
Poitland cement. Some of these, such as the long kilm,
are of great importance to the industry in general.

1902 Worked on improvements 1n the Edison Primary Battery,

1903 (I;’Iade important inventions relating to phonggraph cyline

ers,

1905 Introduced new dictating machine, which enabled the
dictator to hear repetitions and make paper scale correes
tions

1907 Introduced for first time the Universal electric motor for
operating dictating machines on all hghting circuits,

1910 Woiled on improved disc phonograph. This work re-

to sulted 1n the production of an nstrument and i1ecords

1914 which 1eproduce voeal and nstrumental music with abe
solute fidelity and sweetness Improvements in recording
have been made, and all overtones are reproduced The
diamond point reproducer and the indestructible record
are important inventions and, on the whole, Edison’s disc
phonograph commenced a2 new era in phonographs

£912 Intioduced the Xinetophone or talhing motion picture,
after spending much tume in 1its development during a
number of years past. In 1887 he foreshadowed the pro-
duction of this combined device.

1913 Introduced automanc correction device for dictating
machine,

1914 Edison, being the largest individual user 1n the United
States of carbolic aad (for making phonograph records),
found himself in’ danger of bemng compelled to close his
factory by reason of the embargo placed on exportation
by England and Germany, the sources of supply, carbolic
acid bemg used 1n making explosives. Edwison devised
a plan for making carbolic actd synthetically, set gangs
of men working twenty-four hours a day to build a
plant, and on eighteenth day was mahing aad Within
four weehs the plant could turn out a ton a day

$514 On the might of December 9th Edison's great plant at
West Orange, N. J, was the scene of a great conflagra-
tion. Eatly next morning gangs of men were at work
clearing up the wreck  Hundreds more were added during
the day and work was continued twenty-four hours a day
Within thirty-six hours after the fire Edison had given
full orders for the complete rehabilitation of the plant.,
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Invented t .
d?u:in(mg ;‘;g:lﬁtcr{be, combining the telephone and the
srth e Rraph, thus permitting the recording of
l‘n’l o h"’z of telephone messages
oev o , -
bt usl.{hllg t‘l(l‘c (}ﬂenr Jdison found he was in danger of
frti sobich e Hl.m\la continuous supply of benzol
Fyope m wor l\l‘(\lte his synthetic carbolic acid The
supihes were WG ereated an enotmous demand and
Uheertain, Ile decided to ercct his own
bzl plants, |1¢ first | 1
crection and syt ooked up all the literature on
Peration of benzol absorbing plants, and
ghen e enmmenrne !
soeeting plans for a type of plant that
onthi be quickly tstalled, I Z d
fested 1t an s Taf ed, Txperimented on and per-
i Aotatoy,  He arranged with two coke
".‘“’"tl '“"L’;‘ % Mt in his benzol plants. The first at the
(.:m'{m ‘l‘“} Company's plant at Johnstown, Pa., in-
ol ‘1 “ml Mt mto operation in forty-five days. The
Wf“"‘l it the plant of the Woodward Tion Company, at
Woadwird, Al“-.. tompleted 1n 60 days., Ordinanly, 1t
fequires about nine months to jnstall a benzol plant.
Tuo other benzol plants weie erected in Canada accord-
ing to l"“. plus, each being completed and put in opera-
tion within sity days,  Af] these plants came into suc-
cessful commercin] opetation, producing benzol, toluol,
sulvent naphtha, <ylo] and naphthaline for several years,
Abwut Maveh, Ldison concerved the idea of helping out
the textile and rubber industizes of America by maling
myrbane, aniline oi] anq aniline salt, which are always
i great demand apd which had been previously im-
prted from Germany, He exhausted the literature on
the subjeet, a3 usual, then laid out the plant. By bring-
i great prevsure g bear, and working day and night,
he mstalled his plant 3y forty-five working days, corn-
monced deliverles in June, and was soon turning out
mer 4000 pounds o day,
The fue dyeing mdustry and other arts were suffering
frum a great scaicity of paraphenylenediamine, formerly
imparted from Germany, Edison also uses it mn the
manefncture of 1cconds for hus Diamond Dise Phono-
geaphy beng unable to procure 1t, he experimented in
his laboratory untl he found a way to make 1t. Much
pressure was brought to bear on him to supply some of
it to fur dyews and others, He equipped a separate plant
for this and yltimately manufactured ove, a ton a day,
thue relieving a serious situntion.
The great scaicity of carbolic acid in America })rought
jnnumerable requests to Edison to sell some of his prod

270



uet. His first plant worked well, producing about 7,000
pounds a day. This, however, was not nearly sufficient
to supply the demand, He therefore projected and in-
stalled another plant with a capacity of about 7,000
pounds additional a day, As he devised improved pro-
cesses for use 1n this larger plant there were a vast num-
ber of difficult problems to solve, but with old-time
energy and dogged perseverance he overcame all after
many weeks of strenuous work.

1916 Worked several months making important improvements
in the manufactuning technique of dise phonograph rec-
otds, and on studies of new methods and devices for re-
cording. Worked on improved methods and processes for
his chemcal products, also worked out processes for
making paramidaphenol, base and hydrochloride, benzi-
dine base and sulphate and constructed new plants for
their manufacture,

As President of the Naval Consulting Board did a large
amount of work during the year, connected with ques-
tion of national defense,

1917 Worked these years on special experiments on war prob-

and lems for tHe United States Government., Space will not

1918 permit details, Suffice 1t to say that he worked on the
following major problems, submitting reports from time
to time to the Secretary of the Navy,

1 Locating position of guns by sound-ranging.

2 Detecting submarines by sound from moving vessels,
3 Detecting on moving vessels the discharge of torpedoes

by submarines,

4 Quick turning of ships

5 Strategic plans for saving cargo boats from submarines.
6 Collision mats,

7 Taking merchant-ships out of mined harbors

8 Oleum cloud shells.

9 Camouflaging ships and burming-amthracite,

10 More power for torpedoes

11 Coast patrol by submarine buoys,

12 Destroying periscopes with machine guns,

13 Cartridge for taking soundings

14 Sailing-lights for convoys.

15 Smudging sky-line.

16 Obstructing torpedoes with nets,

17 Under-water search-hght

18 High-speed signalling with search-lights,

19 Water-penetrating projectile

20 Aurplane detection.
21 Observing periscopes in silhouette,
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1914 Invented the Telescribe, combimng the telephone and the

(VIR

1915

1915

1915

dictating phonograph, thus permutting the recording of
both sides of telephone messages.

Very early in the year Edison found he was in danger of
being unable to obtain a continuous Supply of benzol
from which he made his synthetic carbolic acid The
Eulopean war had created an enormous demand and
supplies were uncettamn, He decided to erect his own
benzol plants, He first looked up all the literature on
erection and operation of benzol absorbing plants, and
then made engineering plans for a type of plant that
could be quickly installed. Experimented on and per-
fected it 1n his laboratory, He arranged with two coke
oven plants to put in his benzol plants. The first at the
Cambria Stee]l Company’s plant at Johnstown, Pa, in-
stalled and put into operation in foity-five days, The
second at the plant of the Woodward Iion Company, at
Woodward, Ala,, completed 1n 60 days, Ordinanly, 1t
requires about nine months to install a benzol plant,
Two other benzol plants were erected 1n Canada accord-
ing to his plans, each being completed and put in opera-
tion within sixty days. All these plants came into suc-
cessful commercial operation, producing benzol, toluol,
solvent naphtha, xylol and naphthaline for several years.
About March, Edison concetved the 1dea of helping out
the textile and rubber industries of America by making
myrbane, aniline o1l and amhne salt, which are always
i great demand and which had been previously mm-
ported from Germany. He exhausted the literature on
the subject, as usual, then laid out the plant. By bring-
ing great pressure to bear, and worhing day and mght,
he mstalled his plant in forty-five working days, com-
menced deltverses in June, and was soon turning out
over 4,000 pounds a day.

The fur dyeing industry and other arts were suffering
from a great scarcity of paraphenylenediamine, formerly
smported from Germany, Edison also uses 1t in the
manufacture of iecords for s Diamond Disc Phono-
graph, beng unable to procure it, he experimented 1n
his laboratory until he found a way to make it, Much
pressure was brought {o bear on him to supply some of
1t to fur dyers and others, He equipped a separate plant
for this and yltimately manufactured over, a ton a day,
thus relieving a serlous situation,

The great scareity of carbolic acid in America brought
innumerable requests to Edison to sell some of his prod-
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uet. Hus first plant worked well, producing about 7,000
pounds a day, This, however, was not nearly sufficient
to supply the demand. He therefore projected and in-
stalled another plant with a capaaty of about 7,000
pounds additional a day. As he devised improved pro-
cesses for use in this larger plant there were a vast num-
ber of difficult problems to solve, but with old-time
energy and dogged perseverance he overcame all after
many weeks of strenuous work

Worked several months making important improvements
in the manufacturing technique of disc phonograph rec-
ords, and on studies of new methods and devices for re-
cording. Worked on improved methods and processes for
his chemical products, also worked out processes for
making paramidaphenol, base and hydrochloride, benzi-
dine base and sulphate and constructed new plants for
therr manufacture,

As Prestdent of the Naval Consulting Board did a large
amount of work during the year, connected with ques-
tion of national defense,

Worked these years on special experiments on war prob-
lems for the United States Government Space will not
permit details. Suffice it to say that he worked on the
following major problems, submitting reports from time
to time to the Secretary of the Navy,

Locating position of guns by sound-ranging,

Detecting submarines by sound from moving vessels.
Detecting on moving vessels the discharge of torpedoes
by submarines,

Quick turning of ships,

Strategic plans for saving cargo boats from submarines.
Collision mats

Taking merchant-ships out of mined harbors

Oleum cloud shells,

Camouflaging ships and burning~anthracite,

More power for torpedoes

Coast patrol by submarine buoys,

Destroying periscopes with machine guns,

Cartridge for taking soundings.

Sailing-lights for eonvoys.

Smudging sky-line,

Obstructing torpedoes with nets,

Under-water search-light

High-speed signalling with search-lights.
Water-penetrating projectile,

Airplane detection,

Observing periscopes 1n silhouette,
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22 Steamship decoys.
23 Zigzagging.
24 Reducing rolling of warship,
25 Obtatning nitrogen from the air
26 Stability of submerged submaiines,
27 Hydrogen detector for submarines
28 Induction balance” for submarine detection,
29 Turbine head fot projectile.
30 Protecting observets from smoke-stack gas
31 Mining Zeebtugge haiboi.
32 Blinding submarine and petsscopes.
33 Murror-reflection system for warships.
34 Device for look-out men
35 Extinguishing fites 1n coal bunkers.
36 Telephone system on ships,
37 Extensior ladder for spotting-top
38 Preserving submarine and other guns fiom rust,
39 Freeing range-finder from spray.
40 Smudging periscopes.
41 Night glass,
42-Re-zeting shell
1919 In his zeal to serve the Government, Edison had left his
to busmess 1n charge of his officials for the two years he
date was so engaged, After the Armistice he returned to his
plant at Orange, N. J,, and resumed the direction of his
affairs, In the years that have since passed he has per-
foimed a prodigious amount of work in reorgamzing his
plant, experimenting on new devices, processes and im
provements, and perfecting many technical piocesses and
mechanisms, including the electric control of Executive
Model Ediphone, and other impottant developments.
Since the beginning of 1919 he has filed 44 applications
for patents and 40 patents have been issued to him in
that period. Altogether, about 1,150 patents have been
issued to him, During the last two or three years he has
taken over the active management of his commercial en-
terprises and carited them on with his accustomed vigor.
He st:ll works from 16 to 18 houis a day

272






