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Cortina, Tyrol, July 24, 1888 2
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II. Maxwell EREBROMEARE"

1. Maxwell® =D ,

MaxwelBEZRIE, 3 ODRLIC L > TRAIZER L T8, B—3HL (77 75— D/
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BT, 4@ Y FaradayD S22 T DOMaxwell DFFIR L BUEHIRBRM Tz, =2
TRIIWENT o O—OEEMZ M LT, YEEOMOSER L OHHEEMEMb T %
BTHDEERNT), TDX 52T Fud—L UTHERERELZEEL, Uil > TEER
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Maxwellix 7 7 77 —DRIBEGEME L, Tt ETEFHICRRSETZOTH D,
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2. Maxwell's Dynamic Theory of Electromagnetic Field (1864) D&
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LI L T BRI R & & DFP 2 — D TERBE R A BR ( B oEENT
E1) T3, ZOBREV ODPOBRKER L TEREEL LA —F—TEETH LR
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7B, MOFIZERLTHD LI, BRI HertzPLodgelZ & » TIHITREEE T,
ETULENRS DA B LD, ZORTIRLTERE TCOANFHETAEETESTNHEDT
132K, HOMZENLIZESWTERIN TS, BLRXOWBEFNLD L 57 AR 2Rl %
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Ly, BERZ LI, REREOLL L TEICEHR L OWBBEN L IN42H EEHR ST
~NEEBREEDTNDZETHD, e xid, FROHRIETRENEENPLTHS, ELTE
NEFHAT S ERICH L THBRENEELOBBEREHIT D (FEL, FEL)  HHROET
NWEEDEIZY, b ALERBIN 2 EOBRGE LT, TALERMATITTAREE L TV 5,
BEDHDERBHR LR COBITS, 77 77— PRREOBEZNLBREERBIR L HDOBIGL D
LR L TEBY, LHd, FaadayPB 3 TIZEDL D 2iEME L TWAZ L 25 A LB 6RO
BREFEOARE LT3, BEROEFORBOALNLIEOBRERHASE X HXhizbi Tiden
ZEEMRTH S, KR, MaxwelldF =33 & 0 AN OEHERBLE & X T, 18614710A 19
H DFaradayss ZMITIZRD & 5 1ITEHR TN B,

HOBKNOBER L L, BREANTE, bTHRESHEMPET 5 Z LIZL o TERANME
REIERBENI DT HROBEMIZDL 5 REMIZ L > TOTHE T BROBEML,
ZOBRBOESHIWHEICERL, TAETHIIMITLEY, 2—AT U Va b Tx— =T
+%, EROHFENDHRE L BEHISE & ORI OBENEE, D, EROBEOHELZIEL,

FNEXRDO=—TNERIUTHD ERELT, BIREBOERIEEZRELTWE Lz, BRI
B510193,088v A NTE, 74 Y —IEEER)OHFEE=193,118vANLERELE L, Z0D
BEE, BREEHRLOTEDY A, SO TNV L BRESHIEE L IIR—Th
BEVIROERPHEETH D LETHTHEBHER/LLENES, 2

Maxwelld3, & BRSATERSR L ORI 2BV DRE, U TEFHIFROFH 5 Tidde
VY, FaradaylASRDOEBREEZ RO LADLTILT T T ORISR I TEY, ThERE
DIVFHIBERIZB O THE—BICHAL 5 2008 2 DD ERLOBRE THRE L 2o TWeDTH D,

B, BFEROMBEREBNDES, FER—ETV-RE-EROBEEL VI T 4 — Ry
THA INHBRARSNDH, LaL, FOMADRAT v FORCSERER/NSIRAT v T HEAE
RHNTWT, BRABFETIE, BROER L OB BPEICER IR0 OHFEREINIT O T
HBTEERKSTUIRDRNWEAD,
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3. Maxwell 58X D IreatisdH11 5 %K%

LAUF T, Maxwell M D&% DEAEA Treatise on Electricity and Magnetism (CBWTEER L
—EDBHDFFERE T T, MaxwellidTreatise Vol.2 @ Capter VI-IX T, R (A) 225 (L) £T
DRAEZREALTWS, Z06idEL LTRAFTTRENEATHY, TROFHRBOEMIE
NERLEz, £, HEIXEORETENRLE2Y MK TEXE L TEELTRY, BREFV
EESRBREZFESTWD, 7 MERBETHEDICHDIDIV.LEVWTHAEFRADESX
Fa LT3, bok bEAFIE, & 2EX (A)TV AZHER RS RO TV 2417 B
BIRVDENIRELEFTLLTNT, TAMEERRBETH S L3> TWedl, HATTE
KERBAL TS,

TRTHE, LRIV, HORRAEEDOEEELT VERLTEW L DEEEDOAR
IR LTz, 728, Maxwellld~<7 MiE R4 YXFTRELTWASD, HRIORE L, ZZTika
F v 7 TRLTNDD T TRV,

(A)Magnetic Induction
' B=V.VA
oo dH _dG
dy dz
p & _dH
dz dx
_dG dF
=—- .E
(B) Electromotive Intensity
E=V.GB-A-V ¢
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(C) Electromagnetic Force
X=vc-wb F=V.CB+cE—mV Q
Y=wa-uc

=ub-va

(D) Magnetization

a=atdmA B=-H+4rd

b=B+4nB
c=y+4nC

(E) Electric Currents

47C=V.VH

(F)Electric Displacement

D=(1/4 = )KE

(G)Conductivity

R=CE
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(H) True Currents

C=R+D

(D) Electromotive Intensity

1
4z

d
C=(C+ K —E
( dt)
u=cpr—Lt g
4 dt

\ 1 ,dQ
= C +— =
v=C0 4r dt

w=CR+L g R

Ar dt

(J) Electric Volume Density

e=S.VD.
_ df + dg N dh
dx dy dz

(K) Electric Surface Density

o =lfrmg+nh+lf+m'g'+n'h
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(L) Induced Magnetization

B=«H

4. Heaviside®Fi&
LAFTHE, HeavisidehMaxwell FR2N A 88 U FiE% R, ZAUIBI Hunt S ED % CEFR
L7= b DITERHL L T 539,

B-curlA A)
divB=0 (Aa)

E=VuB-A-grad¥ (B)
C=curlH (E)
D=¢E ()

C=(k+ ¢ JAE (D)

divD=p 0))
B-.H L
EN

AYe@L)1n  div(x Hy=0
@ EE»L  dv(eE)=op
E) L5 curlH=kE+ ¢ E - ---first circuital equation

D&, NBWEBWT, EHESFRETHIUE =0 b
E=A-grad?
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FADI—NEEDE,
curlE=curl(-A)-curl(grad ¥)

curl(grad ®)=0 72D T
curlE=-d/dt(curlA)

(AXL)A>H -curlE=yH cccevee second circuital eq.

TORT, ABT—RBTF UL ABIRRT MURT ¥V EEEL, Maxwell TR 2 fHR8 72

AT THZ B TE T,
dive E=p
divy H=0 <curlE=y H

curlH=kE+ ¢ E

Heavisidetd, RS fif(magnetic charge) o & {=3EE (conductivity)g %A L, xiiit(convection current)(u
o, uo ) B, e) ERTHEEFITIMZ, XURFOTRAZERICERBLE LR,

curl(H-h O -h)=kE+ ¢ E+u o

dive E=p
-curl(E-e O -e)y=gH+ . H+uo

divuH=0¢

ZZT h=V:Eu
e=-V Hu
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i%, HertziZJeBRiT 5 ERANIRHNER R K, KRBFBERNIRIIELZTT > TV e Z LB+ 5 238
21z LD, LodgelXOMBEDOYEFRIIK L TH, W OPDRTEELKITL TS E
DRHHER LTz,

1. LodgeDEH.E

(Bd—2) 13LodgeDEFEDENER 7T 7R LD THHH, RNLHLRE L,
RTCHOILFERIFFELFE > TS, Livh, 80 X THAIMARBEREI 2T T\ 5, FlfT
L7 ERITEITIS6R, BRERIFMRIIREDHAET —<Tho1,

(B—3) 1%, 188045 1910FEDRIZ OV THIZIRY i L TR b D TH D, HIEMZAIEI900
FEEITHALOMIBLLTEY, ThETORDPEHFECHEEFEDLORKERY A bk
BDBLE NI TVWD, ZIUTISEITETF 7 A FRWEKICK 7= 2 &, 1900EIC/—I H A
REFRICHE L Z R EICEDB(E L Bbha,

19004 & W 2 1T Lodge D3 S0RRIT R S TeEETH D, HOBRR L L TOLREDA A—I43Z 0
HURBDA A—T7EE NoTRNWEA D, BRI KARA LodgeDiEREFN HLHEBEZITT, Thi
FSE—IZIDRR R CHPEE MR L 202364 (1903)TH Y, HEBFEFETF AN
Philosophical Magazinet” ¥k 3. CTlodged® TN & BN LT DR I94ETH S (VIEBHE) . Zh
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b, BoNFERIZON

'C’ 71‘: a z ri’ 7}:0) J: 2 Whirling machine for ethec experiment, with bai.- of steel disks, 1 yard in diamebgr. Froma photograph
o~ taken during preliminary tests, before it was bolted down to stopo pier. Full voltage is always

‘:Jﬂi’\““oﬂ'@/‘éo supplied to the field magnets, vaviable resistance is in armature circait only. The brass.tube

conducts away sarplus oil. Drawings of the machine are given in Plate 32.
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View of ihe optical frame, supporting the mirrors, telescope, and collimator: detached from its position
round the steel disks, where it is shown in fig. 11.
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General view of the whirling machine, and independent support of optical apparatus, in action. The
speed indicator is seen on top of front post, ammeter. and  voltmeter on framework. The long
upper girders support the glazed drum which encloses the disks and secures the mirrors from the
blast. Telescope, &c., are at back, not seen ; boiler-plate screen for observer just visible. Every-

thing independent of floor, and po contact between anything on central altar with- anything on
gallows framework.
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AN= I X > TEMICFET 2ERWTERE (Thbbz—7 1) BEEY S, BTOEEID
FEOHRERIT LIz L B2 L, “BIER ERIL -+ - —DDRNR—J R, A< & 400,000
7 4 — MIHFOZEMOBRE +ZEHS” 0 LTV D, T DOHenryDFERH 22 BRI LodgelZ
Lo TR &, FicKelvinlZ & o THertzig TERFRIRDF LT ORI Shi,

Oliver Lodge#d% i, Hertz®DZEAE & OEHE TV XIS, Joseph HenrylZ K » Tz i OV ESR
WWHEEZIRB LTS, Fhid, FRUATCRBZ2bhibnX v bFok, BRARDE
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&

B RIOEN D E o TINS, 9

Kelvin® =1 X 7 MZ & % LodgeD#BITIL, Modem Views of ElectricityD P TR LN LD TH B,
Henry® 5 A 7 U HEEBRDOER LN L7=% T, BRBRHBERDBIToTWEZ L E2RD X0k
_XTWN B,

Henry®D 372 U AE 7 — /DG — 28K LT iudz 620, LirbEhiudibo & b Bk
FEL<HOTHB, ZHUIEL, WINZHertzD 2 FZERDON L ONIEEELTEY, HD0NE
B LI TR LTINS, bokb, HEXENERL WL LTS, HHED
MORBRF 1= b OHSL T ORYDERL RK Z LI TE o225 508,59

HenryDFEERIL, MaxwellARNATONIZ b DEST-DT, TNEAERTH LN TERDSTD
ISR TH T, MUK, BREKAKRH LBRRLHREDN, YAEP LB LG
27 b D& LT, TEdison®°E Thomson, S.P.Thompson, A E.Dolbear’s & DEBRHHE STV 59,
LorL, MaxwelBiABRIITONTHNT, bo & bHIZRO DA Hughes DERTH 5.

2. David Edward Hughes (1831-1900)0) 3Eg&

Hughesid, 18T9EDIK, A L F 7 ¥ a AT U AOEBRPIZ, HHEEE U THE-> TWE~VERE
WORRROFEAARRIZ L > THOREBICHE o7, BROZ LIETW I Textra current BFIE
W) 728, BROIEESNFRCGHEREOPTENRELTZOTH S, FHUIHKIT, HugheshE
R ES (rectifien)Z FER, L, 1 KEIRD DB ENT-EREOREEL FRIRIB LI Z L &5
HT2bDLeoT, #iIE, 2720 BN T Cextra curent DF 2RI TE D TH B,

R— b7 FED OROEBNTRLEZE, BOWOHOHEL, #ER (FFr239%)
AEBLTRNT, ZEBERFSTAYFR U 2HCLTTU— - R— 5 FMEICHB =
LiEofe, FXOY— FETIEIA LT OREL LY, TO&KIE, Ba X TH->T, 500%
— Rz L, bITREREROBEELM Z L3t loTs,

(180FEDFE 2 EX)

i, HLWBRBORERFZLETT, 18804 2 H20 H, W.Spotiswoode (4FfuA ¥ Y ¥xT
4 4&) , THuxley, Sir George Stokes H DRI TINEEEL TAHAET, L LEMARFESRSEEA
SEBEINT, HHR<GHRULTDZ L2 HE bz, UROBKIIZDRBEEERDa L F T ¥
g UEE R LTWDD, 2O%K, ZEREnbDBREE (aeral electric waves) ZFER LTV
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ELEEELE, HAMaxwel EEFRICHEEL CWE LED, HBWNIZ0EERE Ri-Stokes% (X L®
L ¥ BEEE T HOFU Lodge FitzGerald S\ e & Lk b, i b hsiC Hertzho 5B 7o BE B2
AERERSTZTHA D, 18719 L VAL, Lodge BERFE ORI &I L7z b LV O L A
TWebh k) EFOBET=0OTHSB, Z 2121, StokestiZEDEFHRBEETH-TYH, 2
Maxwell BEREFRRR Z BEATE L QU0 T2 2 EAVRENTWD &3, BFHIRRE, BREFBD D
DIFOEBEMIMERCICH DD, KE THeavisideDIFEFEHNILT, ZOLIBRBEOEREE X
72U,

V. EESFREUIMICHETS SirOLodge & O.Heaviside

1. O.Lodge & #ZDH

LodgelZ H & b—ROHHEL /e LI-REE THo 720, RRFCHMAOEN-ERE2ELFHEL,
FhaeRFEEHSIORUBRIDILBTEEAND TH T, O L, BABPKEIIZEAS L L
WCEBEREEEZRIZL TS, LodW, B¥EEORARR L WO BHIL, BEENRFEMD
¢fﬁiBﬂéﬁgﬂiﬁﬁkwfiﬁoeb%ﬁﬁfﬁbnébﬁfmﬁwo%§®ﬂ$¢@%
ORI ERBLT, HDVTEORRO BN SKEEL 5 T THREND L OTHY, £
DOEERE{RTRFEDE L VD bOBHET D, EXOHEDZ L LB, BIOGEDZ & LS5 LT
SO, UFTRINERFELESZLIZLLE D,

BRI, bHhAMEZ OREECT DM THDHEE, HIVEREREEEATHT, #
B b L ZAORFEEHRLIZLALRBLEEZX TRV, LrLEIUIBICENG 2 HEE
DI=bOTIFRL, HROEZAFOFITVEY RED X D 2HI2BOFER L O ERFOFRY
DFETHD, ZOREED, BWEINEEHEFEELRGHL, TOETERESTHFHR
2O o T3, LENRST, E2EMNSATELVWERTH-TYH, ZOBROFZEEHEN
EFhEBDHRTL, THTELWER L IIRY 22 oTe, 7Y A T VARRORFRLNY,
HEIER L22Y, 320X, JRMayerb A Wegenerd 4fIIEA LD Z LidRhoT, BERoOPIC
ZD XD RPPIBZBTNEEBRVD, WERFTLL D & LTV 5 19H4EE - OMaxwel ERETF:
HZFOBIZIRN D bD TRV, Bl TH 7z Hughes b Z DA B D—DE L N o TEWEA D,

EZAT, e 2BORIHLWERSBITAENEL LTH, BRHBE URTIIEEZI
WENIAE LRV, BTIAENERBPERZ LORLRERBEMNETHE5 98, BIrf-kvvh
B THD L XITESEURIES L R L SUEL DS, fREERY LTWXIE, LodgeZ 2,
X D) THB RN L BERA RN X I FEE > T=DOTH D, ZOETIE, Lodged® Heaviside
FROWEL, BOERERFELRITBENIE 2 72 2 812 K> T U THeaviside D4 RN <
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BHAATFHELIICBI B~ 27 1) 7 v O%El — 0. Lodge DR L Lok LT—

b
p N

DOND L3Ik RN 5,

2. Lodgel= & dHeaviside#ER

4 A 4 HHeavisidex B < &> TV DD, HAMaxwellBROFHAH Y, 5 HDO L 5 REF
MR L2026 Th D, Lo LHeavisideld7 7T I AL LITHEZGDO A TH Y, HELEF
HMF T RS — LIn— N OBKEHE TLI o7, LiehoT, HoRXbzFE My
IPREEZITRONT, SYRORFERTHER LIbDIW o, TOHEERNIEL, BOBERD
BN TND Z & 2 BINIER LiZDdLodge Tdh o 7o, HidHeaviside MENTNDZ & & RVNET
2, UFORIDPTIEL TR OWTHERL LTS,
(1)—(3)“Protection of Buildings from Lightning”, The Electrician, June 29, July 6, July 13, 1888
(4)“The Protection of Buildings from Lightning: To the Editor of The Electrician”, The
FElectrician, July 13, 1888
(5) “On the Theory of Lightning-Conductors”, Philosophical Magazine, Vol XX VI, 5th series,
July-December, 1888

(6) “On the Theory of Lightning-Conductors”, The Electrician, August 10, 1888

BT Lodge?n’ O.HeavisidelZflL7=DiX, The Electrician (ZH# X7z E3R(1)— () DdtEEHZES
D 3C(June 29-July 13, 1888) T D, E D TLodgetd, Heaviside DEFRAIERKIZAIN THD TS
AFVT 4 BBEE LT,

Pl XFAF UBHRICE LT, © (RAFUPRIT) ERAITIZProf. Hughes SRR L T eds, 2
I IIME. Oliver Heaviside <°Lord Rayleighd» 5V M3 Prof. Poynting/e €2 & 5 TRRAINTERED
DTHD” DERRTND, Heaviside DA RTE BAHNHIT T, HORBMEDOTRZ & ZERBUTR
BLTWDZENELONDH, HIORFTTIES bR 2RI D,

Lodge?s Z DX OF CTEIR LIZBHO—DIE, HDOTA T U HIREERIC LS, B, &
TUHEOERNEREED LIIROT, KvERoR W S&EE-72), ZERPICA—T LY
THLWHYEEThHo, ZHETAT VRICLAHRENERE THDDT, AXHRITE-T
AUEBRRTHHN, HUBEOFERIK LT, Lo Llodgeid, AX U ZhFICEY L THeaviside D
“Electromagnetic Waves” ( Philosophical Magazine, Vol. XXV, 5th series, Feb. 1888, pp.130-156) % {B&IZ
A TY, HeavisidellEHT B LIRS TEDOTHD, FLTRDEIICED,

I do not believe anyone could have expected this result. Possibly Lord Rayleigh might

have predicted it, and perhaps Mr. Oliver Heaviside. It would scarcely become me to

express admiration for the work of so great a master of science as Lord Rayleigh---, but I
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must take the opportunity to remark what a singular insight into the intricacies of the
subject, and what a masterly grasp of a most difficult theory, are to be found among the

eccentric, and in some respects repellant, writings of Mr. Oliver Heaviside.

65)

Rayleighf#]l & Heaviside LASMZIE, ZOXK ) REBRERETH CE bR -RTEASIEED
& & biZ, Rayleighlliz & $7:< & LTH, Heaviside®D#@iL, EXHFP=FE UMY v2Z T, L
BB YT b (RS D VIEIEFES) TiEHDH, L LEOFITIES LVWRBReAR T L2
BRATEZ EBFEELTOVA Z L 2B L T2 RIER B RVY EBRTW AL Th D,
Heavisideid: 6 A DX UiZLodge?>Mann Lectures iERFDO—IBEFIERBH Y, TIIZBHH
BERNTHNT L QO A X VR ERE B ERINCRIEI N TN D Z L 2 RTE X%, Lodgell
ZOFEDOFELRFR/ER I TUI LV E FEEE ST,

(B—15) i, Heaviside®Lodge~DiEENDFMHTH D, LodgenHELNIZFRITETA TORKE
EHRDTFAF YT 4T ONTHRARTN TR0 EHIR,
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Bl— 15 Heaviside®LodgeS8FH# ( June27,1888)
(London K20 ZHFKIZ & B)
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Dear Sir, I have just read your 2nd lecture, in the journal you kindly sent me. It seems to be a very
substantial addition to our Knowledge of the phenomena of sudden discharges. It also seems to me that
the true explanation of some of the effects you describe is by no means self-evident.
ERl S
My claim to be the discoverer ... is that I described it a year before the increased resistance expts*1 as
the result of mathl*2 investign*3 + made this claim explicitly after the H.*4 expts*1 & added then a
clear description of the methl*2 nature of the theory, Same as induction in Cores, to which I referred.
This was before Load R's*5 paper, so that | had a double priority.*”

(RAYE) *1526*51%, AT
*1 experiments  *2 mathematical *3 investigation *4 Hughes *5 Lord Rayleigh's

MM DOBMAE LT “HEBRBICH U TKEREN2EBME LTHWE b0 LBhhEd” L5HE
L, BROTT7AFYT 41220 Th, 132X Y & HughesBiR D EECRayleighlOFR L D 1 4551
CEFHFRORERE LT, AFUHRERER L TN 2 _TND Z L3505,

Electrician July 135512, LodgeDfREZEFLFENERHEN TV D, £ ZiZidHeavisideD 75 A F
U7 £ IZOWTRO L IR <H TV 5,

I am now informed that Mr. Oliver Heaviside published this fact, as deduced mathematically by himself,
a year before Prof. Hughes' experiments, ‘- and also before Lord Rayleigh had written on the matter;
and that to Mr.Heaviside, therefore, the priority is distinctly due.5®

Lodge3Heaviside?> 5 DFHKIZ L - T, L VHeaviside D77 A F VT 4 IZHEEZ b oo Z &b
725, Hughes®°Rayleighfl & ¥ & 1 fEAIZHeaviside s L2 BTS2 L BT, HicFI4
FVT 4 MHBZ EEFERELTNEL Y iTHeaviside» H D _EROFHEN S L (T2 > TEPR TN
DZLBHALNTHD, bolb, I TIHEELNI HeavisideD X DFRIIT LD L OMPIIARE
LTWR, ZHUTIKICED iz Philosophical Magazineim LD F TR END DTH D,

Lodgeld & HIZICRIZ “B DK FHeavisidefkld, Hughes#dR &R UL FIES Ly, FUIESE
bRALIIEDOND LI RDZLERFLELY Db IFIImATn5,

Lodgeld, Z ™% <\ZPhilosophical Magazine \Z b HEMRX 2 FET 51, TDH THeavisideD
Y L Electrician® 1885 1 R ED LD THHZ LR LTHRICO T TAZ VT4 3HHT L
EHRREIZLEDOTHD,
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That a condenser discharge is oscillatory has been known ever since 1858,:-*  Quite recently it has
been recognized, first quite explicitly perhaps, by Mr.Heaviside in the *Electrician' for January 1885,

that rapidly alternating currents confine themselves to the exterior of a conductor-+- ™

LDe ZDRTG TS5 T ~DERET, Heaviside LARINIZ b William Thomsonfh OFHEF IO F K
WHBHZ L EFLLT, Heaviside’s Z DEFRDENDRHERE THH DI TIIRVDE, ThHEDEDE
Bl L D § 18854 D Heavisidefa X DI 5 VAR TH D L kB D TH A,

O.Lodgeid, = DXDMOBATTHEICAN TV D, ETHEROBNE SHIZ) OBERES,
b EH & “HeavisideDSE 9 & ZAHDNA—IF LR MEEVRREL, BHO/NSWEVR TR K
EFWVRADBEEREOFERREFEH BRI Y, L) —A#EidHeaviside A>TV B L HERE L™,

Lodge® Z b D3, BMEHSOITTEFHE (Mann Lecture) D7=DITHERH LI T A 7 UHRIZ
L BB HEERICET D LD TH 7203, FRIETA T RIS K DREREREORE TR/ —
JEBILIEZLERARIORLTEY, BIXENEZERIZHR> TAUEBRBRIZL 2 b D7 L3BH
LTWe, LABAELERES K LRIEOMEEFF >Z L HEHLTBY MI-4288) , Zh
1345 B CHHertzDERBERFIER L 1L A LRI LBIERICE LEER TH oL EFHEER TS
DTHB (1—-32H) ,

Electricianz5i3 8 A 108 B M&IH ) — MIBWT, Z DLodgefa XOEEME AR 2, e BER
TTANT 7 M@ L CREICEREZR L™, LiBo TEROFBENINL ORI ERTEL
TRY, ZOREIY L UNSL )2, ZOPhl Mag T, HertzZEBROEHRICHEBER L
EWVWIERFEFTINTW DT, Z 2 T—HHertz b Heaviside PEEBFERICBWTHER &N X
IR T=DTH D, .

—7%, Heavisideb ZAUTISZ T, 8 A 178 DElectricianiHil V¥ — %3V, LodgelZ&a# Lo,
FZTHUBFLORILETA TR0 LEENTAET, BEDT 743V T2 FRLE
DTH B,

I was informed substantially that no one read my articles. Possibly some few may do so now, with Dr.
Lodge's experiments in practical illustration of some of the matters considered.”

IR0 &Y OFER, Heaviside D4 idLodge & 35BN D K 512720, 083 T The Electrician

X, HIH/ — MIBWT, “the theory of Dr. Lodge or Mr Heaviside™ 72 K L BT A L 5124250
Thsd W—163H) .
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- THE ELECTRICIAN:

A WRXXLY ILLUSTRATED JOURNAL OF

' ELECTRICAL SCIENCE, INDUSTRY AND ENGINEERING.

t No. 538.—Vor. XXI.

FRIDAY, SEPTEMBER 7, 1888.

Pzrice 4p.

NOTES.

| Frou the opening sentences in his very admirable Preal-
'deatial address in “Soction G we gathor that Mr. Prrxox fs
not fully prepared to endorss the views of Dr. Quivzr Lovos on
lightning-flash phenomena. The nature and extent of his
antagonism will doubtioss be mors fully disclosed in the discus-
son on the whole question which is about to ‘take place.
Mr. S. A. Vanexr also, who it writing an eatertaining though
womowhat omnium gatherum and docidedly dogmatio series of
articles in & contemporary journal, finds much to dissont from
in Modorn Views of Electricity as expounded by Dr. Lovor.
Without proposing to take upon curselves the task of buttroas-
 ing the theories of Dr. Lobas or Mr. Hravisiox, we should like
f to offer a few remarks upon the prosent stage of the controversy.
@ Mr. VArLzy goes 30 far as to avow his belief that “the surging
ot through Ughtning oond to which Prof. Lopax
P gives 50 much prominence, is more imagioary than real.” Now,
.vo take it that the discovery of the (sometimes) oscillatory
icharacter of the lightning flash s, if frue, one of the most
ftbeautiful, and will prove to be one of the most prognant, sciea-
Ritifie discoverics of recent date. There fa, thorelore, all the more
Fpason that it should sustain the closost scrutiny before it is
opovod to take the place of an establishod canon of electrical
sdencc. At the present moment the history of the subject may
pe brieBy summarised thus:—Ia 1847 Hruxmorrs (Dis Erial-
g der Kraft) proved that, under certain conditions, a con-

ded ph

; f lightning—notably *side-fiash™
Bfsom earthed eonducwm-veu ol the same gonerd character
B Electrician, ‘June 220d, 39th and July 6th, 1888). In
glgust last Dr. Lopox showod further, in the PAL Mag. (see
R0 Electrician, August 10th), that under certain not unresson-
fble assumptions, the conditions of a discberge from & thuador-
ud would Le within the limite which determine tho exfat

quantitios whoso values aro only asstuned as reasonably prob.
sblo—though the support which is furnished by such calcu.
lations is undeniably valid so0 far as it goes. On the contrary,
ws have striking experimontal verification in tho shape of tho
artificial roproduction of known and hitherto unascountable
phenoméns which are somstimes’ attondant on the lightaing
flash. Tho exact naturo and degroo of the analogy betweon
observation and experiment affords, of courss, & legitimats
ground for oriticlsm ; and we think it will be admitted that in
s case like this, where the natural phenomenon nooeumly
takes placo upon s scale of i p
with the laboratory experimont, that the hlghut valuo :l.uchu
to the results of direct or indirect obeervation. It seems worth
while, thorefore, to draw attention to the faot that, other
things being equal, an cscillatory discharge must have & greater
total durstion than & direct or continuous discharge. It is true
that the numerous experiments carried out by Axiao, and by
others alter him, have lod to the conclusion that the durstion
of a lightning flash is not groater than one-thousandth of &
of & s000nd ; but, on the other hand, Dr. Looas finds that the
period of oacillation fu & special case which he investigated
would have been of the order o! ono-millionth of a second ; s
that, although the theory doos not by any means say that all
flashes are oscillatory,-yet some of those observed by Arico
might still have consisted of many hundreds of such oscillations.
Perhape Dr. Loooz or Mr. Haavisioz will be able to calculate the
probable total duration of a visible cssillatory discharge under
given conditions.- The Importance of the polat Is enhanced by
the (which we ded in our issue of the 17th
ult, p. ¢58) that aa observation recently made in Frauce by
M. Trouvewor furnishes ground for believing that a single fiash
on ono bad & total d of no leas than three
soconds at the losst. Wa are gled to learn that M. Trouveror
intends to follow up the question of durstion by sid of the
camers, and it would seem certain that suoh obeervations would
throw much additional light upon the whole question.

—

bl d

WE aro & little surprived to learn from Mr. Prescs that “the
gineer and the physicist are completely at variznce * on the

Piloicillations. This iy, -in briol, the basis of the doduction

queation of “ What is Eloctricity $* It this bo so we tike it

Bl—16 The Electrician#& % 5%Dr. Lodge or Mr.Heaviside S FEU 88 % (TFHER)

—E#DLodgeDiG X EFeir L, EHREXDLOTAERA TH -1 Z L89B R, Fhuiny T
72<, Tz& ZidMacmillanfELodge D FHEDOFIZIL, “Heavisidel MBS RYBECEE =, I &b®)
THRZROTEYZ 5 ko THTTUELVWDRELENNbORBELTEY, LodgedsHis
RIRIZ & D Heaviside & FE72 28 HIRBY LI E LTV eZ L 2R/ LTV, Heavisidel: oA T A ¥ b
IV =7 A DRBITHERENDZ LITRDH, HELEE DA bLodge Th -7,

bH5A, HeavisideDFiEARR < FHEI L, ZHAMEE L1 Didlodge? 1T TId72V Y, FitzGerald<®
Hertz & {IMaxwellB i & X FF 5~ 27 AU = U 7 & U CHeaviside 2 BN X Lis, ¥72, Ido
Yavetzid, 18894EMKelviniliz & AIEER RH#EOPKE R B N2 o722 L 2L T 5%,
Kelvini 3£ DR T, EBIFEFHITAAT DHeavisideDEREE S o & Havailable 2T TH Y, Zhic
EETHLCLBNeDTHD, EEBE—ORFEKelvinDSEEL LTEbO TREREEH%
boktTHA D Z LB Ry,

Lodgel 3N - EELE L SFHE L, ZhERFEHLOTURZ D Z LB TEEAB TH- T,
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HertzPHeavisidelE722 ¥ T2 <, JHenryD¥#CFitzGeraldD =— 7 VBB, Y—< 8E, HDH0
BEM¥EAMOLERFETET AR Y, BOBRIO -2 EBNICRI PR OFIBALT
Wb, FOXIRENI-EETH, TANRE LFHhIAHAIFCRD N T LH TREEIZES
D, FDOXDREKT, Lodgeid, BIFELWIFOPIRITIAEN-EN-EiwE, HE
HBIEZD b2 L bREOEE THIM1DL HITRZ D, BEORRIENY 2L, BFEEMRT
HHEZO LI HEROESERNIAT D FV,

VL ERETILEO. Lodge
TREARME] (EBEFRL, 1973) Tk, REOTERFEFET MICONT, “BREE, -

Ty VOEBHRNSE L OREE T WEERL TV, HOTERRETETARRELL
$E—83CIX, Philosophical MagazinetZ¥8#% X k17~ Kinetics of a System of Particles illustrating the Line and
the Band Spectrum and the Phenomena of Radioactivity (1904) T& %, #HiZZ O XHOEIHET, +EH
DFRTFET MIOVWTMaxwell D L2 ET /UVIZAf 2%, “Oliver LodgefliE... LERIZHOWTHE
ZIRNMLTND DL ENT, Lodgehd T TIZ LBAET VOWEEMHIZER L TWA Z L 2R L
TV, LiL, 22 TREGHAIIE ST TR,

T LT TRE¥EKEME] T, Lodge?®i®3X Electricity and Matter Z B Al —IZHPiR &
e TRSEOYEB  ( DREFEIMEE] 20,No.260,1903) &R LT, “ThAEMOFRFERD
MRICKERE R RO ODEAS D EIRRTND, Fo, WEELREC B%s:’fﬂ%ﬁﬂ:mdgew
RXOPWREBEFXITORETWD LR EEHITT, Bl ICHT DLodge DEBOEEL LT
%, LipL “my PoFR Bl oWEB) ([CH%3 5 b DiXOliver Lodge, Modern Views of Electricity,
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The fact is, we come to an atomic astronomy, and the atom is becoming like a solar system, or like

nebulae or Satumn's rigs or something of that kind, composed of a number of small particles in a violent

state of revolving motion and occupying very little of the whole space with their actual substance.®®
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And ancther surprising and suggestive result is that the spaces inside an atom are so enormous
compared with the size of the electrical nuclei themselves which compose it; so that an atom is a
complicated kind of astronomucal system, like Satum's ring, or perhaps more like a nebula, with no sun,
but with a large number of equal bodies possessing inertia and subject to mutual electric attractive and
repulsive forces of great magnitude, to replace gravitation. The radiation of a nebula may be due to

shocks and collisions somewhat like the X-radiation from some atoms.*®
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The above may be taken as representing roughly and crudely the king of tentative view held for instance

by J.J.Thomson. A slightly modified view, favoured provisionally perhaps by Professor Poynting, and
likewise it appears by a Japanese physicist, Professor Nagaoka, would concentrate the positive
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electricity at the central point, thereby endowing it with considerable mass; but then the motion of the
electrons would be different at different distances. Professor Nagaoka, however, would not consider this
a disadvantage, for the treats them as forming constituents in a Saturn's ring; and there might be several

such rings, comresponding to the different lines in the spectrum.®?
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