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PREFACE

This volume has been prepared in response
demand created by a series of articles which t;):ﬂg‘:e:ler:
Electrician and Mechanic, Popular Electricity and Moder
Mechanics, and The World's Advance. The articles ccnrm::
briefly the apparatus employed in an experimenta] study of
high frequency current phenomena over period of se\{’cral
Years.

In this work, I have spared no effort to produce a treati
of practical value. Theory has been ignored chiefly bfcauz:
it would serve merely to confuse the non-technical reader.
The designs offered are more than theoretical—they are :he.
result of actual construction and experiment. In many cases
the e'nt‘i.re oscillation transformer has been rebuilt and rewoumi
many times before satisfactory results were obtained.

The work has been divided into six basic parts. The first
two chapters tell the uninitiated reader what the high fre-
f}f’:m:" _c_:-.prrent i_s, what it is used for, and how it is produced,
mﬂc l';ﬁ:anrd s.ec:zon comiprising four chapters describes in de-
e hm’l?a:'nmp es of the transformer, condenser, spark gap,
Sk ion transformcr, and covers the main points in the
i %nstr?ctmn o.f these devices as applied to the work
o fl‘;:qncnt third section covers the construction of small
e ]ahtl:_.jrr tD'LﬂrlL'S designed for experimental work in
o iy dalnry or in the c]'ass. room.  The fourth sec-
The £h1 de_s; 1 be: clectro-therapeutic ard X-Ray apparatus.
L 'ﬂ*:e ._a[;.parat-:us fc_:r the cultivation of pl'a‘nts and
diﬁcussioh.nf a:!p::::-ss::;uln . -,s ﬁ-m:mw L S
ill'!mf.tacul:lr pmaucﬁ-&]s. arze size for use upon the stage
3

NMPEAUCITIOBUE

OT0 u3gaHue ObIIO NOArOTOBNEHO B OTBET Ha OOLWMIM CMpPOC, CO3OaHHbLIN Cepuen craTten B
XypHanax ElectricianandMechanic, PopularElectricityandModernMechanicsu  TheWorld’'sAdvance.
CraTtbu BKpaTue onucbiBanu annapaTtyc, NPMMEHSEMbIA NPU 3KCMEPUMEHTANbHOM U3YYEHUN SBNEHUN
BbICOKOYACTOTHbIX HAMPS>KEHUA B TEYEHNE HECKOMbKMX NeT.

B aTon paboTe s cTtapancsa onucaTb BCE MMEHHO C TOYKM 3PEHMSI NPAKTUYECKOro NPUMEHEHMS.
Teopus nrHopupyeTtcs rnaBHbIM 00pa3om M3-3a TOro, YTo OHa Obl 3anyTana He-TEXHUYECKOro YnTaTens.
Mpenonaraemble KOHCTPYKUMM HE MPOCTO TeopeTU4eckue, HO OCHOBbLIBAIOTCA Ha pe3ynbTaTtax peanbHO
NMOCTPOEHHbIX HA OCHOBE 3KCMEepUMeHTOB. YacTo Becb TpaHcdopmaTtop konebaHwu nepectpavBancs u
nepemarbiBaniCa MHOro pas, Npexae Yem JOCTUrannchb yaoBNeTBOPUTENbHbIE pe3ynbTaThl.

Pabota pasgeneHa Ha LWeCTb OCHOBHbIX 4YacTew. [lepBble OBe rnaBbl OOBLSCHSIT He-
TeXHMYECKOMy4YMTaTeNto, 4YTO Takoe BbICOKOYACTOTHOE HanpshkeHue, Ofs 4ero OHO WU Kak OHO
npoussBoantca. BTopon pasgen, cocToslwmMiA M3 4YeTblpex rnaB, ONUCbIBaeT B AeTansx MpUHUMNbI
TpaHcopMaTopoB, KOHAEeHcaTopa, WMCKPOBOro 3a3opa M TpaHcdopmartopa konebaHun, a Takke
BKIMOYAET MHCTPYKLUMU MO MNPOEKTMPOBaHMIO M cOopke 3TUX YCTPOWCTB. TpeTum pasgen onucbiBaeT
KOHCTPYKLMIO ManeHbKMX BbICOKOYACTOTHbIX NPUBOPOB AN aKCnepuMeHTanbHOW paboTbl B JOMaLUHeN
nabopartopum unu B knacce. YetBepTblie pasgen MNOCBSLLEH 3MEKTPO-TEPaneBTUYECKOMY U PEHTreH
annapaty. [atbin pasgen onucbiBaeT annapaTyc Ans cenbxo3. Pabot. Lecton pasgen nocesLieH
BCECTOPOHHEMY 0BCyXAeHUI0 annapaTtyca 60nbLIoro pasmepa Ans pasnuyHbix LOY(?77?).
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I wish to acknowledge my indebtedness to the following
concerns and individuals for assistance rendered in the prepar-
ation of this volume: Victor Electric Company for illustra-
tions of standard electro-therapeutic apparatus; Clapp-East-
ham Company for illustrations and the list of parts and ma-
terials; Mr. Melville Eastham for a practical working knowl-
edge of magnetic leakage transformer design and constrise-
tion; and, last, but not by any means least, Prof. Wm. C.
Houghton, for many ideas and suggestions, and much un-
selfish manual labor during the course of experiments which
made this treatise possible.

THOMAS STANLEY CURTIS.

PREFACE TO THE SECOND REVISED AND
ENLARGED EDITION.

During the absence of the author of this volume, Mr.
Thomas Stanley Curtis, the writer was called upon to prepare
the second revised edition. The first edition of the book was
made so complete and the development work done with high
frequency clectricity since the first edition was prepared has
been so small that there was really little new matter to choose
from. H . a few th d words of Mr. Curtis’ later
writings on the subject of high frequency, which appeared in
past issues of “Everyday Engineering Magazine,” were found

to be suitable and they have been included in the present edi-

tion together with their accompanying illustrations.

RAYMOND FRANCIS YATES.

July, 1920,

Bblpaxato npusHaHne n GnarogapHoOCTb creaylwmMm dupmMmamM 1 Nigam, okasaBlUUMM NMOMOLLb
npu wum3gaHmm  aton  kHuru:VictorElectricCompanysa  unnioocTpaumMmM  CTaHOAPTHOMO — SNEKTPO-
TepaneBTu4eckoro annapatyca; Clapp-EasthamCompanysa wvnnioctpaumm M CNUCOK MaTepuanoB U
petanen; -H MenBnnMctxam 3a npaktuyeckne paboTbl O TpaHcdopmaTopax C paccemBaHUeM
MarHMTHOIO MOTOKa, MX KOHCTPYKUUM M MPOEKTUPOBAHMM; U MOCNEOHMA HO COBCEM HM pasy He Mo
BaxkHocTu NMpodh. Wm. C. Houghton, 3a mHOrMe ngeun n npeanoxeHus, a Takke 6eCKOpbICTHOE y4acTme
BO BCEX 3KCNEpUMEHTaX, KOTOpbIE NO3BONUMAN HaNMcaTb CEN TpakTar.

TOMAC CT3HNN KEPTUC.

NMPEOUCITIOBUE KO BTOPOMOY PACLULMPEHHOMY U AOMNOJIHEHHOMY U3OAHUIO

Bo Bpems oTcyTcBuA aBTopa aTon kHuru, M-Ha T. C. KépTuca, nucatens npussanu nogrotoBuTb
BTOpOEe nsgaHue. MNepBoe nsgaHme KHMrm Oblno HaCTONbKO NOMHbLIM U PaboThl MO MCCNEAOBAHMUIO
BbICOKOYACTOTHOrO aNekTpu4ecTBa C MOMEHTa NepBOro M3gaHus He CUNbHO NPOABUMHYNUCH BRepea,
noaToMmy ObIrio HeMHoro gobaeneHo. OgHako HekoTopble Gonee no3gHue naenl-Ha Képtuca o
BbICOKOYACTOTHOM 3J1EKTPMYECTBE, ONyONMKOBaHHbIE B XXypHarne EverydayEngineeringMagazine, 6binn
YMeCTHbI Ang oTobpaxeHnsa B AaHHOM U30aHUM BMECTE C UMCcTpaumsiMu.

RAYMONDFRANCISYATES
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r Maea 1
| mirretieedibabiel. MepeMeHHbI TOK HU3KOW M BLICOKOM YacTOThI
e Bo Bpems npurotoBneHust TeKCTa Ons 3TOM KHUIMM aBTOPY MO3BOHWMI
YyenoBek, NPeACTaBMBLLMINCSA SKCMEPUMEHTATOPOM U YMTaTENEM BCAYECKUX KHUT
no aTon Teme. JTOT 4YenoBeK OObBbACHMM, YTO MO MPOdECCMM OH HAMOTYMK
apmMaTypbl U XoTen 6bl 3aHATLCA BbICOKMM HamnpshKeHUWEM WCKIIOYMTENBHO B
kayectBe x066u. OH obrnagan orpaHMYeHHbIMU 3HaHUAMW MaTemMaTUKM U He
Mor pa3obpaTbCsl B KHUrax o TpaHccopmartopax.

Heckonbko MUHYT pasroBopa MOOHANM Ha MNOBEPXHOCTb HECKOSIbKO
Ba)XXHbIX MOMEHTOB, KOTOpbl€ C TeX NMOp U3MEHWUNN BeCb MeToa neveHus. lMon-
AKO0XKMHBI BONPOCOB MpejnonaraeMbix BO BBeAeHWM No obwumm Bonpocam
N3noXeHbl B cnegyrowmnx naparpadax.

UTo Takoe nepeMeHHOoe HanpsKeHne — aTO Takoe HanpsiKeHune, KoTopoe
nepuoanYecKkn MEHSIET CBOE HanpaBfieHne NoToKa onpeaerieHHoe KOnM4ecTBO
pa3 3a ceKkyHay. OTo obpaTHOe MOCTOSTHHOMY HanpsKEeHWUt, KOTOpoe nokuaaeT
G e inbae s somte | G@Tapeld MNM gMHamMo  C  NO3WTMBHONO Moriloca M BO3BpallaeTcs no

= oTpuuatenbHoMy KaHany. [py nepeMeHHOM HanpsKeHUW, TepMUHarbl MalUWHbI
l 1\, | | nepemeHHO nonoxuTenbHble U OTpuuaTtenbHble. 3Ty  XapakTepUCTUKY
L \ \J/ ! oTobpaxaeT puc. 1, KOTOPbIA MOXHO MPUHATL 3a UNMOCTPALMIO HanpaBneHns

e ABWKEHUS HanpshkeHus OT TEPMUHAroB reHepaTopa NepeMeHHOro Toka ¢ 4-Ms
nontcamu Bo3byxaeHunsa, ¢ potopom, Bpawatowmmea npu 1800 o6/MuH. ITy
MalnHY MOXHO Obino Obl oxapakTepu3oBaTb Kak 60-Tu  0OBOPOTHbLIN
anbTepHaTop, NOTOMY YTO HanpshkeHne OT Hero caenano 6bl 60 NONHbBIX LMKIOB
unu 120 yepepoBaHuin B Te4eHUe 1-oM CeKyHAbI.

mags Ha puc.1 npednonoxum, 4To A — 3TO HanpshkeHue, KoTopoe
HauMHaeTCa C OAHOro TokocobupaTenbHOro Kombua MawuHbl. Cneaysa
HanpaBneHuo CTpenkKn, Mbl Habnogaem Bo3pacTaHUe Hanps>KeHUs Mo BOfbTam
00 MUKOBOro 3Ha4YeHust B. 3To 3Ha4yeHMe 3aTeM CHWXKaeTCs A0 Hynsi, B TO BpeEMS
Kak HanpsbkeHwe nepexoauT Ha apyroe TokocobupaTenbHoe konbuo, C. B aTo
BPEMSs SIKOpb pOTOpa MalUVHbI NepeaBuraeTcs B creayowmn Habop nonen nnu
nosnewn cratopa v HanpshkeHue HauvMHaeT cHadana CBOW Kpyr, HO B obpamHom
HanpasneHun. [ins ygobcTeBa 310 M306paaeTCcs HMKE rOpU3OHTanbHOW NMHUM
(Hmke 0). C Toukm C HanpskeHve Bo3pacTaeT OO MakcMMmyma B Todke D u
3aTeM BO3BpaLLaeTcs K 3Ha4eHuio E.

lNepuon BpeMeHu, 3a KOTOpoe BCe 3TO npoucxoaut Bcero nuwb 1/60
L CeKyHAbl; 3a 3TO BPEMS HanpshkKeHue COBEpLUMO MOMHbIA YUK W3 ABYX
yepenoBaHUN, OOWH B MOJIOXKUTENBHOM, OPYroM B OTpuUATENbHOM HanpsbkeHun. 3a cekyHoy Oyaer
nponsseaeHo 60 NONHbIX LIMKIOB; NO3TOMY Takoe 3f1eKTPUYeCcTBO HasbiBaloT 60-TW LUKIOBLIM.

M3mMeHeHMe 4acToTbl — Tenepb NpeacTaBuMM, YTO Hall reHepaTop NepemMeHHOro Toka mmeet 8
nonev wnu nonen cratopa BMECTO 4eTblpex. BBuay TOro 4to HanpsikeHne MeHsieT MNOMspHOCTb
(pasBopaumBaeTcs), Korga obMOTKM poTopa NPOXoAdAT MMMO BAWSIHUS OAHOM Mapbl Monen cratopa,
3aTeM creaywouwlerd napbl nonen cratopa, OYEBUMAHO, YTO €CNU YyABOWUTb KONMWYECTBO Monen —
YBENUYNTCA YacToTa, eCny CKOPOCTb BpalleHnsa akops oguHakoBasi. C Apyror CTOPOHbI TOYHO Takue e
pe3ynbTaTbl AOCTUralTCs yBENMYEHWEM B [Ba pal3a CKOPOCTU BpalleHus poTopa npu 4 nosioCHOM
reHepaTope. Takum obpasom, BCe 3TO MOXHO M300pasnTb B hopmyne, koTopas OygeT nonesHa
9KCMepuMeHTaTopy, MNpuM YCNOBMM YTO OH ee MoMMeT u He OyageT 60ATbCS Kak Kakyro-HMbyab
MaTeMaTUYeCKyto XyTb. NTak, dopmyna:

of all manner of pr:
that he was an a
wished to take up b
was possessed of by

WE
_The period of time taken in the
2 just 1/60 second; in this of
made a complete cyele of two alterations, one in &
THE ALTERRATING CURRENT
and the
time, it
<
e a
.
a

YacTtoTta =2 X 60
Kon-Bo nonen

[nsa ynpoweHns nepeon hopMynbl B pOpMYy, FOTOBOM K MCMONb30BaHUIO B N06ON MOMEHT 6e3
Kakux nmbo pac4eToB MOXEM CKa3aTb, YTO KONIMYECTBO LIMKIOB 3a 060poT OyaeT paBHO KONMYEeCTBY
nonen pasgeneHHblx Ha 2. Hanpumep 4-x nonesad(nontocoBasl) MaluHa. YeTbipe OenuTb Ha 2 —
nony4yntcs 2. Takum obBpa3om MalmMHa NPOU3BOAMT ABa LMKNA 3a KaXAbl NOMHbIN 060pOoT poTopa.
Ecnn ckopocTtb BpaweHma 1800 o6opoToB 3a MuHyTy uimn 30 B CekyHAy, YacToTa paBHa 2 YMHOXEHHOE
Ha 30 unu 60 UUKNoB B CEKyHAY.

A dekTbl N3MeHeHUs 4acToTbI—4/11 KOMMEPYECKOro WMCMONb30BaHMA (Hanpumep namnbl U
npueog MOTOpoB B genctaue) 60-Tn obopoTHoe anekTpuyectBo mcnonb3dyetcs B CLUA. B HekoTopbix
yacTax cTpaHbl Jo cux ucnonbdyetcd 125-tm n 133-x o6opoTHOEe anekTpuyecTBo, a B KaHage 25-Tu
obopoTHoeE.



HIGH FREQUENCY APPARATU:

npoussogdawmnn 120-tn

PasHuua yactoTbl HanpskeHnsa TpebyeT COOTBETCTBYIOLUMX U3MEHEHUI
B annapatyce, KoTopbli ByaoeT OT Hero 3anuMtaH. OTO He U3 gaHHon cdepbl,
OAHAaKOo ANnd TOro YTobbl KOCHYTLCS YepeoBaHUN HEOBXOOUMLIX B MOTOpax Ansd
UX aganTMpPOBaHUS MNOA pasfnuyHble 4vactoTbl. [locTaTouHO ckasaTb, YTO B
cnyyae ¢ TpaHcopmaTopamu, KOTOpble TECHO OTOXAECTBAAKTCA C
BbILLEONUCaHHbIMKW  annapatycamu, nboe un3MeHeHne 4YacToTbl TpebyeT
COOTBETCTBYHIOLLErO N3MEHEHNSA B OOMOTKe TpaHcdopmaTopa.

B obwem, Hanbonee Bbicokas yactoTa npeanoyTutenbHa Ans paboTbl
TpaHcdopmaTopa, NOTOMY Kak CepaevHMK MOXeT ObiTb MeHblue U ferye, u
WHCTPYMEHT BBMAY 3TOro 3HaYMTENbHO Aewwesne u npouwe cobpatb. MoaTtomy,
€Cnn aKcnepumMeHTaTop cobupaeTcsl reHepupoBaTb COOCTBEHHOE HanpsiXeHue,
OH CMNOKOMHO MOXET WCMoNnb3oBaTb [eHepaTop MNEepPEeMEHHOro  ToKa,
00OpOTHOE 3MEKTPUYECTBO MPU YMEPEHHON ckopocTu. Kak npaBuno, ogHako,

HeKOTopble BWAbl NEPEMEHHOrO HaMnpsKEHUA AOCTYMHblI B CETWU, NO3TOMY 3KCMEPUMEHTATOP, KOHEYHO,
nonmMeT BbIrogy cOOpKM Takoro amnnapaTyca, KoTopblin 6bl paboTan oT cetm nnbo umetollerocs B
JocTtaTtke OpYyroro HanpskeHust.

THE ALTERNATING CURRENT ) r

La

B pasnnyHbIX onucaHuax TpaHcopmaTopoB B MOCMEAYHLNUX [naBax,
AaHHble O CTaHAapTHbIX YacToTax npuBedeHbl Ans  Toro, 4ToObl
aKcnepuMeHTaTop Mor obontucb 6e3 pacyeToB, ecrnum cam He noxenaet. B
AOMOSTHEHNE K 3TOMYy LUenas rfnaBa MoCBsLWEHa MNpOCTOMY OObACHEHUIO
NPVHUMNOB pacyeTa TpaHCHOPMAaTOPOB, M3YYMB KOTOPYH IKCNEpUMEHTaATOP
CMOXET paspaboTaTb Nobor Apyron, KOTOpbIA eMy NoXxenaeTcs.

Mpn ncnonb3oBaHUM MOCTOSTHHOrO TOKAa MOTOP-reHepaTop Kak Ha puc. 2
nHorga wmcnonb3yetcs. OH  COCTOMT W3 reHepaTopa MNEPEMEHHOro Toka
npMBOAUTCA BO BpalleHMe MOTOPOM MOCTOsiHHOro Toka. O6a  skops
CMOHTMPOBaHbI HA OAHOM Bany.

BbICOKOYACTOTHbIM TOK — KOrga MEpPEeMEHHbI TOK 3acTaBnsoT
M3MEHATb CBOE HamnpaBfieHWe MOTOKA MHOro0 ThbICAY pa3 3a CeKyHay,

onpegendaeTca Kak BbICOKOYACTOTHbIN TOK. To4yHas Ll,l/ld)pa - HE O4YeHb YETKO onpeaesieHa, Ho 00ObIYHO, -

10 000 obopoToB 3a cekyHay. KonnyectBo 060pOTOB MOXET OOCTUraTb COTHMU
ThICSAY MMM gaXe MWUIINIMOHOB 0DOOpOTOB 3a CekyHAy. Kak Takom TOK, KOTOpbIN
N3MEHSETCS C TaKOW 4acToTOW, NpomsBoguTca 6yaetr nogpobHO OOBLACHEHO B
cnegywouwen rnaee, HO B Hayane pJasavTe uU3y4yum crneumdudeckme
XapaKkTepuCTMKKN, KOTOPbIMW OH 06nagaeT u Kak 3TO MOXHO MCMOSb30BaThb.
Xapaktepuctuka BY Toka—-ans cepbes3HOro akcnepvMmeHtaTopa W
CTyOEeHTa COBPEMEHHOr0 aneKkTpuyecTBa, HeT Bonee yBnekaTeNbHOro N3yvyeHus
YeM OonbITbl C BblCOKONOTEHUMAnNbHbIM, BY Tokom. HABneHunda, KoTopble
NPOV3BOAUT TaKOM TOK 3penuLiHble U NopasuTernbHble, HEMbICITMMOW KPacoTbl U
MacwTaba, a B NpakTM4eCcKOM NpUMeHeHUn BocTpeboBaHbl BO MHOMMX cdepax.
B 10 Bpems kak 6onblmne annapatycbl TPebyoT TwaTtenbHon cOopkn 1 ny4vwmx
MaTepuanoB B  KOHCTPYKUWW, IOHbIA  3KCMepuMeHTaTop MoxeT  ObiTb

yAOBNETBOPEH CKOpPbIMU pe3yrbTaTaMmu, cobpaB BpeMEHHbIN annapaTtyc camoin rpyboin KOHCTPYKLMW,

KOTOPYIO MOXHO MpeacTaBUTb, BCE paBHO YyBUAUT 3ddekTbl, Gnu3kme K
HeOObIKHOBEHHbIM.

Korga anektpuuyeckoe HamnpasreHue nog BO3O4eNCTBUEM U3MEHSIET CBOE
HanpaefneHne wunu konebneTca HEeCKONbKO ThbICAY pa3 B CEKyHAYy, OHO
npuobpeTaeT yauBUTENbHbIE XapakTepucTuku. Bce npeactaBneHHble paHee
TEOpUN 3NEKTpUYEeCcTBa, MNPUMEHSIEMblE B KOMMEPYECKOM 3NeKTpuyecTBe,
paspyLiatoTcs, a nonyvyaemble deHOMEHbl MPSIMO MPOTUBOMOMNOXHbLI TEM, YTO
nMeeT OObIYHbIM anekTpuk. Hanpumep, ecnv obbl4HOE HanpsikeHne B 60 wnn
120 060opoTOB B CEKYHAOY MPOMYCTUTb Yepes YeNnoBeYEeCKOe TeNOo, NPOM3BOANTCS
aheKT COKpaLLLEHUS MbILLLL, YTO OLLYLLAETCS KaK «3feKkTpuyeckmn» LWokK. Ecnu
HanpsbkeHne 6ypeTr Gonee 100 BOMbT, LWOK CTAHOBUTCA OONE3HEHHbIM W
onacHbIM; ecnn 6yaet 1000 BonbT unu gaxe 500, wok 6yaet cmepTenbHbiM. C

OpYrorn CTOPOHbI ECIM TOK MEHSIET cBOE HanpasrneHue asmxeHns 10000 nnu 6onee o60poTOB B CEKYHAY
ero MOXHO npornyckaTtb 4Yepes Yenoseka 6e3 kakon NMHO onacHOCTU K Aaxe AuckomdopTa npu pasHule
noTeHUManoB AecATKM TbicaY BOMbT. Ecnm yacTtoTy ewé Gonblie yBenuuuTb, Hanpumep OO0 AeCTu
MUSIIIMOHOB OBOPOTOB, M YyBCTBO LUOKA U MblEYHbIE COKpalleHMs BoobLLe nepecTaHyT OLyLaTbCs.
BmecTo Hero nosiensietcst obuiee 4yBCTBO Tenna.

3axBaTbiBalowWMe AeMOHCTPaLMM — BaXHOCTb 9TOro Cneunguieckoro CBoncTaa AofmkHa ObiTb
OLEHeHa TeMu, KTO Buaen camofedaTenbHble NpeacTaBneHusi 3NeKTpUMYecKoro poga Ha cueHe. Wx



yTBEpXOeHNa 00 addekTe, YTO OHM NPOMycKalT 4vepe3 cebs TbiICAYM BOMNbT, BO3MOXHO, XOPOLUO
noaTBepPXKaakTCa HaNM4YMEM UCKPbl HECKOSbKO OOVMMOB ANUHON U SIBNSIETCA CBMAETENbCTBOM Hannyms
fonbwon pasHuubl noteHumanos. lNpuHATO 3a dakT, YTo Kaxabin gronm (1,25
CM) UCKPbl paBeH noTeHumany B cepeanHe mexgy 15000 n 25000 sonbT. CekpeT
KaXyLMXca  CBepX  BO3MOXHOCTEMW  pasBfnekatensd  UCKIYUTENbHO B
BbICOKOYACTOTHOM Hanpsi>XeHUN.

BoamoxHo, unMTaTens Bugen nogobHOro pasBriekaTens, 3apshkalowero
Teno accucTteHTa OO TaKOW CTEMEHU YTO MUCKpa B HECKOSbKO AHOWMOB AFIMHOW
Morna OblTb NOABNATLCA OT nanbueB, nNba, noabopoaka nnu gaxe asbika. yyok
XJionka wvnu nuct oymarm B UCKpPe HEMEANIEHHO 3aropaeTcs, WM BO3MOXHO,
pasBnekaTenb MNOAOKKET CBOK CUrapeTy OT UCKPbl MeXay CBOMMM nanbuamu u
TEenoMm accucteHta. MIHoroa passnekatenb 6epet TepMuHan CBOEW MallVHbI B
OOHY PYKY, a B ApPYrol y Hero npoBof, COEAMHEHHbIA C NaMmnon HakanuBaHus;
accucteHT GepeT BTOpOW TepMuMHam MallMHbl U TOK BKovaeTca. CBeyeHue
NamMnoYkM CTaHOBUTCHA KpacHbiM W 3aTem pfobena, B KOHLUE Bbiropas MNOMHOCTbLIO M3-3a TOKA,

npoxoasLero Yepes Tena passriekaTens n acCUCTEHTA.
G : CueHy MOXHO 3aTEMHUTb, a TEPMUHAI annapatyca COeAnHUTb C TEMOoM;
% Korga TOK BKMIOYEH, OKOHYaHMA Tena OyayT cBeTuTbes ronybbim ceeTtoM. Ecnn
NOAHATb PYKY HaA rorioBow, cTpumepbl 6arpoBoro orHa GyayT BbiCTpenuBaTtb OT
KOHYMKOB NanbLeB. BakyymHasa Tpybka, nogHeceHHasi Ha pacCTOsiIHUE HECKOSbKO
yTOB OT Tena, CBETUTCA HOpMasnbHbIM, CBOMM CBETOM, gfaxe Oyayuu
HenoaKNYEHHON K TeNy acCUCTEHTa UnnM TepMmnHany annapaTyca.

Bce 9TV SKCMeEpMMEHTbI M COTHU APYrMX MOryT ObiTb WMCMOJTHEHbI CO
CpaBHUTENTbHO HEQOPOrMM M MPOCTbIM annapaTyCoM, KOTOPbIA MOXET CMOKOWHO
cobpaTb 0ObIYHbIN MexaHUK-NbuTenb. Ecnn untatenb cTpemMmTcsa K 6onbwmnm
BbICOTaM, OH MOXET NOCTPOUTbL annapaTyc, NPou3BOAsLLMIA BonbLUNe, ONIUHHbIE
NCKPbI.

BY Tok B mMeauumHe—BY TOK, NpuMeHsieMbI K 4esiloBeYecKOMy Teny 4depes npasuiibHble
3NeKTpodbl WNU  NPUCMNOCOONEHNs, MOXHO  3aCcTaBuUTb  MPOM3BECTM OYEeHb  3HAYUTENbHbIE
dmanonormnyeckne adpdekTbl. [pUMEHAN Takon TOK Yepe3 CTEKMNSAHHbIN aNeKTpond, U3 KOTOPOro oTkadaH
BO34yX, TOK CTUMYNMpYeT LUMPKYyIsuMio KPOBW, YCBOEHME nuTaTenbHblX BelwecTB. [locTosiHHOe
NpUMEHEHNe BaKyyMHOro afiekTpoaa K ckanbny (Bosiocam) Yepes onpeneneHHble NpoOMEXYTKM BPEMEHN
BOCCTaHaBNMBAOT OPUTrMHanbHbLIA LIBET BOJSIOC OT ceauHbl. Ha ckanbne CoBepLUEHHO NbICOro YerioBeka
nocne nogoGHOro NPUMEHEHUS HAaYHETCA POCT BOMOC, B Clyyae ecnv KOpHM He Obino paspyLleHbl
MOMHOCTbIO.

lMomelLeHe nauueHTa Ha CTyn C MeTanIMyeckon NNacTUHON NoA4 CUAYLIKON U 3a CMMHKOW, Bpad
MOXeT npumeHaTb BY Tok B doopme aBTO-kOHAEHCAUUU(penakcauus, aBTo3apsaka) u nonyTHO CHUXKAaTb
OaBlNEHNe KPOBUM B CITy4asix aTepockrneposa. Takoe Xe nevyeHne NpUMMeHSeTcs Onsl CHUKEHUS U3NULLHEN
Macchbl.

O6wun adhhekT Ha NaumeHTa — TOHU3MPYIOLWMIN N NPaKTUYeCcKn Bceraa HabnwogaeTtcs, naumeHT
ocBexaeTtcs, gobaensieTcss sHeprum M 604pocTv, M (PaKTUYECKM MNPOSBNSET BCE MONOXUTENbHbLIE
appekTbl 6e3 Kakmx NMBO HENPUATHBIX NocrneayLwmx addEKTOB OT NPUMEHEHMS.

Mpy ynoMuHaHum MeauumnHCKOro npumeHeHna BY Toka, HENNOXO YNOMAHYTb, YTO XOTS HUKaKMX
B6onesHeHHbIX 3APPEKTOB OT NPUMEHEHMS HEOMbITHBIM BpavyoM He OyaeT Habnwoaatbecs, AnUMTENbHOEe
NPMMEHEHne, OT KOTOPOro oXugaetcs Kakou-nubo addekT/Bo3gencTtBne Ha Terno, He [OMKHO
ocyulecTenaTbCca 6e3 coBeTa Bpada. [IBa OCHOBHbIX METOAA NeYeHUs 3TO BaKyyMHbIA 3MeKTpog U
aBTO3apsaka, NpPou3BOAAT AMameTparibHO MPOTMBOMONOXHbLIE BO3O4eNCTBME. JledeHne anekTpogamu
MoBLILLAET OaBNEHME, B TO BPEMS KakK aBTO3apsiaka MoHmwkaeT ero. OyeBMOHO, 4YTO He cnegyet
NPUMEHATb aBTO3apAaKy NPW MOHMXKEHHOM JaBNEHUKU, TO €CTb fydlle NPUMEHATbL €€ Npu HopMarbHOM
cocTosHUM NMBOo Npu NoBbiLLEHHOM AasneHun. Nocne obcnegoBaHua 1 onpeaeneHns neyYeHuns, noyemy
Obl MpocToMy OObIBaATENO CamMOMy HE MPOWM3BOAUTL JIEYEeHWe, Mnocellasl Bpava B Noaxoasiliee Bpems
Mexay npouegypamu.

MpoussoactBo O30Ha M Xnyyen—4ns Bpada WM IKCNepumeHTaTopa, BO3MOXHO, HET
KOHCTPYKLMK Xny4der annapaTyca Nydle aganTUpOBaHHOW K OCBeLLeHUo odumca unu nabopaTtopHoro
NCMOMb30BaHNA, YeM UHOYKUMOHHAsA KaTylka. ATo 6e3onacHbIi, yaoOHbIM 1 MOTyLWECTBEHHbIN Npnbop
W NoaxoauT ANnd BCeX Criyvyaes, Korga HeobxoaumMo KOpOTKOe BO34encTBME GonblMMK nopumusamu, a
Takke ygoBneTBoput Bce TpebosaHus cnonHa. lNpaBaa, Xnyun HebesonacHbl MpU UCNONb30BaHWUU
HeOMbITHBIMKM OnepaTtopamMun, TOMNbKO oOnepaTopbl C MHOFOMIETHUM CTaXeM MOryT MpUMEHATb €ero
rpamoTHoO. Jlyun reHepupyemble OT caTAwenca ot BY Toka Tpybkn, ogHako, HE MPOM3BOOAT TaKoro
oXora, KOTOpbIN MOXET OT MobbIX ApYrnX BO3AENCTBUN (OrOHb, Nap, packaneHHbin metann). MNMoyemy Tak
— pgocere TOYHO He onpenerneHo, HO CYNTaeTCA 3a yTBEPXKAEHME.

e b
why




BY kaTywka npegHasHavyeHHass gns npoumssoacTea 8-mu  grommoBon (20,32 cMm.) UCKPSbI,

T——. T — ﬂ ajanTMpoBaHHasa nog Npou3BoACTBO Xnyyen moxeT ObiTb cobpaHa B JoMalLHen

“ 1 macTepckou 3a QoM CTOMMOCTU MHAYKLUVMOHHONM KaTyLKWN AN Takow e paboThbl.
Bbonee Ttoro BY annapatyc npocT B KOHCTPYKLUMM U paboTe M MOXET CMOKOWHO
Aenatb CBol paboTy 6e3 gocaxpawwmx npobnem ¢ npepbiBatenem n 6es
BEPOATHOCTM CEPbE3HOro npobos U30MsUMM, CBSA3AHHBLIX C  WUHOYKLWUOHHOM
KaTyLUKOWN.

Kak reHepaTop 030Ha Ans MeauuuHckMx uenen, BY  katywka
noaxogsawan u agpdektuBHasn. Korga TepmurHanbl paspsoB KaTylKU yaaneHbl
Ha paccTosiHMe, 4Tobbl He 6biNnO0  MCKpbl, Oonblwok 06beM 030Ha
BbICBOOOXJaeTCA B MNPOCTPaHCTBE, 3aroflIHEHHOM TpeljalmMn paspsgamu.
Korga BakyyMHbIN 3NeKTPOA MPOHOCUTCA PSiAOM C TEroM, B 30HAX KOHTaKTa
OyneT BbicBOGOXOATLCA 030H. [NA MHransuum npocton npmbop, COCToAWMNA 13
BaKyyMHOIO 351€eKTPO4a, OKPY>XEHHOTO BHELLHEN CTEKISIHHOM TPYOKOW C NPOCTPaHCTBOM MEXAY HUMMU,
MOXeT ObITb caenaH Ans NPOM3BOACTBA [A0CTAaTOYHOMO KOMM4YecTBe rasa,
KOTOPbI MOXHO cobpaTb M 4epe3 Pe3VHOBBbIN LWAHr nepedaTtb MNauueHTy.
Bbonee TOro, MOXHO nogaBaTb ra3 uyepe3 HebonbLoe KONMUYECTBO
3BKanMMNTOBOrO Macna, KOTOpbIM Takke ybupaeT 3akucb as30Ta, KoTopas
Hen3beXxHO NoSBNSAETCS NP reHepaLnmn 030Ha 3MNEKTPUYECKON UCKPON.

AneKkTpo KynbTUBauua pactutenbHoctu —BY Tok npu nponyckaHum
yepes ceTb MNpPOBOAOB Hag obpabaTbiBaeMbiM yyacTkoM 3eMnu obnagaet
npuMeyaTenbHbIM CBOWCTBOM CTUMYMSILMM PACTUTENbHOM XXMU3HU B 3eMie nog,
nposogamu. NModemy Tak OnATb Xe Takn LOCene HEM3BECTHO; B TO BpeMs Kak
BbIABUTalOTCA pasfnUyHbie TEOPUM, BO3MOXHO,UTO BCE OHW HEBEpPHLIE, HY U
KHMra Hawa npefHasHa4veHa He Ana ux obbacHeHus. AnnapaTtyc, He06X0AMMbIN
ONA KynbTMBaUMW pacTeHui B ManeHbkoMm MacliTtabe, geleBbli U ero nerko
cobpaTb OAHako, Hago MOHMMATb 4YTO TakoW Mpubop AomkeH paboTaTb
p— . ANuTenbHOE BPEMS, MO3TOMY KOHCTPYyMpOBaTb €ro Hago UCXOAs, Mpexae BCero

13 aTOro.

B cnepgyowen rmaBe fgaHHble , Heobxoaumble ONS KynbTUBaMM OLHOMO
akpa (40 coTok) nog, OTKPbITbIM cornHuem ByayT npefoctaBreHbl; B gobaBneHne
K 9TOMy 3aMeTKM NO NPOBEAEHMIO IKCMNEPUMEHTOB C FOPLUOYHBbIMWN PACTEHMSIMM B
3aKpbITOM MOMELLEHWMN, HECKONBbKO COBETOB MO TEMMMYHbIM NOcagkam U LBETOB
1 OBOLLIEN.

OneKkTpo KynbTUBaUMS pacTeHWi NpakTU4Ha Npu AOCTYMNHOM AeLleBOM
NUCTOYHMKE 3SHeprn. Ha maneHbkon depme canekTpu4yecTBOM OT BOAbl UMK
O€eH3MHa MOXHO reHepupoBaTh AELLEBYI0 3HEPIUI0 B OOCTATOYHbIX AN paboTbl
KonuMyecTtBax.

Y 9KCMEepUMEHTOB €CTb W KOMMepYeckass M u3yyaTeribHas OCHOBbI.
Ypoxan MOXHO 3acTaBUTb BblpacTu ObICTpee C 3aMeTHbIM YBENUYEHMEM BKyca U HexHocTu. Canar-
naTtyk 0cobeHHO BOCMPMMMYMB K TOKY, CBEKNA U peauc vyTb oTcTaloT. [1ns dppykToB 1 oBOLEN Npouecc
©onee NpoAyKTUBHbINA, YeM OObIYHbIN.

Papuo Tenerpaduma n TenecdoHna—6e3 coMHeHUs, camasn nonynspHas n Hambonee n3BecTHas
obnactb NpUMeHeHus1 korebdaTtenbHOro Toka. B kaXoon OepeBHE KaXeTca Tenepb eCcTb NobuTenb
pagunoTenerpaducT.

KonebartenbHbii TOK, NpU onpeaeneHHon YyactoTe BMOpauun, HacTpanBaeT 3NEKTPOMArHUTHbIE
BOSHbI B 3Upe, ecnv OHW HanpaBfeHbl B aHTEHHY UMW MNOAHATLIA Ha BbICOTY Kabenb, N30nMpoBaHHbIN
OT 3eMNnn. OTU BOMHbI, KOTOPbIE MOXOXMW Ha CBETOBbIE BOSHbI C TOYKM 3PEHUSA CKOPOCTU, HO COBCEM
HEBUOUMbIE, PaCNPOCTPAHSAIOTCA BO BCEX HaNpaBNeHUsx noa AaBrneHUeM paamo-TenerpadgHoro knwoya.

Annapartyc, ONUCaHHbINA B 3TOW KHUre 3amedaTternibHO noaxoauT Ans uenen paguo tenerpadum a
HeKoTopble TpaHcdopMaTopbl, KOHOEHCATOPLI, NCKPOBMKU—ITYYLLME U CaMble COBPEMEHHbIE B 06nacTu
pagunoTenerpadum.

IE ALTERNATING CUMRENT




MaBa 2

MeToAabl npon3BoAcCTBa BbICOKOYACTOTHOIO TOKa

How THE HIGH FREQUENCY CURRENT IS CyU.l,eCTByeT TP NPaKTU4eCKNX MeToda nocpencrtBOM KOTOPbIX MOXHO

PRODUCED.

npomsBectn BY Tok. B ogHOM K3 3TMX cnocoboB MpPUMEHAETCH reHepaTop
NepeMeHHOro Toka ¢ O4eHb 60MbLIMM KONMYECTBOM MOMen crtaTopa; 3TO BaXKHO
Anga Toro 4tobbl MOXHO ObINO MOAAEPXKMBATb CKOPOCTb POTOpa B pPa3yMHbIX
npegenax. [laxe y coBpeMeHHbIX BbICOKOOBOPOTHLIX ABUraTenemn co CKOPOCTbIO
BpawyeHus 6onee 10 000 060poTOB B MUHYTY, @ NpakTUYECKNE 3HAHUA YnTaTens
6e3 COMHEeHUs MOACKaXyT 4YTO TshKenas macca MeTanna, Bpaljarolascs Ha
TakoW CKOpPOCTU npeactaBnsetr OOnblUuytd CMOXHOCTb B MOCTPOMKE U
opraHusauummn, 4Tobbl BCce paboTano HopmanbHO. MakcumanbHas 4YacToTa,
nony4aemasa npu takom crnocobe — 100 000 obopoToB B CcekyHOy, a Takas
yacTtoTa C AOCTOMHOW CUION TOKa OOMKHA AOCTUraTbCs NOCPEACTBOM AOPOromn m
CnoxHon mawwmHbl. MeTtoq npomnssogcTea BY Toka Takmm reHepaTopom, OOHOBPEMEHHO C HEKOTOPbLIMU
NOMNOXUTENbHBIMU MpenmyLecTBaMmn B paguoTtenerpadun n TenedoHun, egsa Ny Tonvka annaparyca
OMNNCAHHOro B AAHHOWN KHUre.

BTopon meTog — nocpeacTBOM Ayr MOCTOSIHHOrO Toka. Korga obGblyHaa ayra coeguHeHa B
napannenb C NOAXOASLWEA EMKOCTbI0 W WMHAOYKTMBHOCTbIO, B LENU nosiBnstoTca konebaHusi. Bo
BTOPUYHON Lienn, MOMELLEHHOW B MEPBUYHYIO LIENb UM CNUParnbHY MHAYKTUBHOCTbL, HaBegeTcs BY Tok
TaKoW >Xe 4acToTbl Kak B nepBuYHOW. [yTeM noaxodsuien HaCTPOWKM COOTHOLLUEHUS BUTKOB KaTyLUEK,
noTeHunan TepMmMHanoB BTOPUYHOM KaTyLLIKN MOXET ObiTb yBENUYEH MO XeNaHuio (MPon3BOsIbHO).

r,, e | Camoe n3BecTHOe Ucnornb3oBaHMe Oyrn B kayecTBe reHepaTopa BY Toka

B il — B obnactu paguoTtenedoHuMn. YucToTa BOMHbLI, FEHepUpyemon ayron,
AOCTaTOYHO XOPOLWIO NoAXoAuT ANs NPaKTUYecKoro ucnonb3oBaHus. [ns
AEMOHCTPAUMOHHbIX LUenen, oAHako, OYyroBOW reHepaTop He B COCTOSIHWUM
NpPOM3BECTUN LOCTATOYHOrO Bbixoda (MO MOLWHOCTM). C AOMKHBIM YBaXXEHUEM K
AaHHOMY MeTony B paboTe, K KOTOpOWM OH Haubonee nooxoauT, Mbl TEM He
MeHee MNOopeKkoMeHAyeM 3JKCMepuMEHTaTopy He MpuvHMMaTtb BO BHUMaHWe,
nucnonb3yss BMECTO Hero, B (OpMe reHepaTopa — pas3psg KoHAeHcaTopa,
AeTanbHOe onucaHue KOTOporo cneayeT ganee.

FeHepaTtop Pa3pspa KonpgeHcatopa (PK) — npuHumaem, 4to umtaTenb

L ‘| 3HaKOM C Q3neMeHTapHbiMM npuHUMnamu GecnpoBogHoro annapatyca. [lpwu

YCINOBMM 3TOr0, pa3yMHO MpPeanonoXutb, YTO TakoW vuMTaTenb MOHUMAET, Kak
yCTaHOBUTb KonebaTtenbHbl TOK B Lenu U3 MHOYKTMBHOCTM WNKN KaTyWKW NpoBOAAd, €MKOCTU Wnu
KoHOeHcaTopa W uckpoBuka. KoHOeHcaTop 3apskaeTcs TOKOM BbICOKOrO HanpsikeHus u3 noboro
NOAXOAALLEro UCTOYHMKA Hanpumep TpaHcdopmaTopa UNn MHAYKLMOHHOW KaTyLIKU U KOrga noteHuunan
KOHAeHcaTopa [OXOAMT OO KPUTMYECKOro 3HaveHusl, BO34yX B 3a30pe UCKpoBUKa Gonblue He MOXeT
caepxuBaTb 9TOT MOTEeHUMan KOHAeHcaTop paspskaetca udepegon uckp. Korga HanpsbkeHue w3
KOHAeHcaTopa nepecekaeT UCKPOBOW 3a30p B OQHOM HanpasreHuun, oHO BykBanbHO npeBocxoaut cebs
KaK Ka4yeHne MasTHMKa NosBMBLUEECS OT HEMTPanbHOW TOYKWM NOA BO3AEWCTBMEM pyku. Korga nepsbin
NOTOK NPOHOCUTCS B OOAHOM HanpaBfieHU NPoMCXoauT pa3BopoT 06opoTa 1 BTOPOM MOTOK BEXUT yxe B
obpaTHOM HanpaBneHuMn. JTa onepauus MOBTOPSIETCA MHOMO ThiCAY pa3 3a CekyHay, paspsg
nocTteneHHo ocnabeBaeT [0 TakoOW CTEMEHW, YTO HEe MOXET MepeckounTb BO3AYLIHbLIA 3a30p.
KoHgeHcaTop HemeaneHHo OepeT CBeXUM 3apsg y TpaHcopmaTopa W BeCb LMK onepauumn
nosTopsieTca. byge NOHATHO, YTO BCe 3TV LENCTBUS NPOUCXOOAT 3a OONU CeKyHAbl, 3apsia U paspsag
KOHAeHcaTopa NPOUCXOOAT HACTONbKO ObICTPO, YTO Habnpatenb He CMOXET YBMAETb pasHuLy B
ncKpe, Nepnoanyeckun nosiBNSAOLLENCS B 3a30pe.

Koroa TOoKk pesko m3ameHsieTcs Tyga-ctoga vepes WHAYKTMBHOCTb, NPeACTaBnsioLLyO MPOCTYHO
KaTyLLKy U3 HECKOIbKMX OBOpPOTOB OYEeHb TOSMICTOrO NMPOBOAA, MOXOXUW TOK MHOYLUMPYETCS BO BTOPOM
KaTyLlKe, pacrnofioXeHHOM B TOW Xe MIOCKOCTM, YTO U nepsas. Hebonblwas pasHuua B KONM4ecTBe
060pPOTOB BTOPWUYHOW KaTyLUKM MNPOM3BOAUT O4YeHb OONbLUOE MNOBbILEHWE NOTeHUMana TepMUHAamnoB
BTOPUYHON.

B oTnuume oT HM3KOYACTOTHOrO UMM KOMMEPYECKOro TpaHcgopmMaTopa, BbICOKOYACTOTHbIA UK
TpaHcdopmaTop konebaHunm He TpebyeT XenesHoro cepAeyvHuka COBCEeM; Ha CaMOM ferne Hanuuue
Xenesa B UeHTpe OOMOTOK He [O/MKHO paccmaTpmBaTbCs Kak npuumHsiowee yuwepb pabote
TpaHchopmaTopa.

OT cux uuTtaTenb 3aMeTuT, 4YTO Ans npoussoactBa BY Toka npaktudeckoro mnu nwoboro
Xenaemoro noteHumana HeobxoAMMO BCEro Nulb COeAMHUTL ABEe 0OMOTKM M30MMPOBAHHOIO NpoBoAa




COOTBETCTBYHOLLNX I'IpOI'IOle,IAVI n KonmnyecTtBsa O60p0TOB C  OOblYHbIM TpchcbopmaTopOM,
KOHOEHCaToOpOM, N NCKPOBUKOM.

sands ally dying

T MeTon nuMHHaKOLWEN KaTyWKW - JencTBue TpaHcdopmMaTtopa BbICOKOro

HanpshkeHns Ons 3apsgky  KoHdeHcatopa TpebyeT Hannuus MepeMEHHOro
HanpsbkeHns. CyllecTBYIOT M3BECTHbIE CriyYan, korga HeoboxaMmo Mpon3BecTy
BY TOK, KOTOpbIN MNOCTOSAHHbIN. OTO MOATBEP)KAAETCS INEKTPO-MEeOANLNHCKUM
annapaTycomMm, KOTOpPbI OOMKEH BCeraa HaxoguTbCs C MOCTeNbio naumeHTta. [Ang
nogobHoro Tuna annapaTtyca CywlecTByeT npocTas moaudmkaumsa paspsga
KoHAeHcaTopa. OTOT MeTo4 WUCNoNnb3yeT TO, YTO  Ha3blBaeTCA MUHHAOLLEN
KaTyLUKOMW.

MMHHatoWwan kaTywka — 3TO COofleHoMs M3 YepHOBOro MeAHOro npoBoaa,
L g re HaMOTaHHOro Ha NaMUHUPOBAHHbIN XeNe3HbI cepaeYHUK. Ecnn nocTosIHHBIN TOK

— NyCTUTb Yepes 3Ty KaTyLUKy, M pa3opBaTb LieMb BHE3anHO, NPOU30iiaeT BCMbILLKa

npuM pasMblkaHUM KOHTaAKTOB. BbICOKM MOTeHUMan OT 3TOM BCMbIWKW HABOOUTCA CaMOWHAOYKUMEN
KaTyLLKN, HAMOTaAHHOW Ha Xenes3HoM cepaeydHuke. Mpy noaxogawmx ycrnoBusix reHepauum MrHoBEHHOE
HaNpsPKeHNne MOXET AOCTUrHYTb OT HECKOSNbKMX COTEeH A0 ThbICAY BOMbT. OTOT MOTEHumarn, KOHEYHO,
[OCTaTOYHO YAOBMETBOPUTENBHbIN 451 3apsiAKM KOHAEHcAaTopa, 1 BCEro Nnb HEO60XAMMO NPON3BECTHU
HEeKoTOopble OENCTBUSA AN YaCTOro 3amMblKaHNA U pa3MbiKaHUS Lenun, COCTOSLLIEN U3 NocrenoBaTeribHOro
COeQIMHEeHNs KoHAeHcaTopa M WHAYKTMBHOCTW, ANs Toro 4tobbl npomssBoante BY TOK no ceonctesam
NMOXOXWUI Ha TOT, KOTOPbLIA NPON3BOAUT annapaTyc, ONUCaHHbIN B NpeabiayLlemM pasgene.

OKkcnepuMeHT nokasan, 4YTOo HadexHbld KonebaTtenbHbli npepbiBaTenlb C  Cepbe3HbIMU
cepebpsHHBIMM  KOHTaKTamMu MNPEeKpacHo noaxoauT Anst 3Tux uenen. [llpepbiBaTenbHbIA  3NEMEHT
aKTMBUPYETCA MarHETU3MOM CEpAEYHUKA NMUHHAIOLWEN KaTyLUKW.

7 © HIGH FREQUENCY ADPARATUS
r dis-




MaBa 3

BbicoKonoTeHUuManbHbIN TpaHcopMaTop MUY MHAYKLMOHHAsA KaTyLuKa

Tf -T UuTatenb yxe Mor caenartb BbiBOAbl U3 NpeablayLien rnaebl O TOM, YTO
T e | paspsiA KOHOEHcaTopa 3a[eicTBOBaH B KOHCTPYKLMM BCEX OMWCAHHbIX B 3TOW
=bui | KHUre annapaTycoB. XOTS UCMonb3oBaHWe, ANs KOTOPOro npegHasHauyeHHO TOo
U UHOE MCMOSTHEHWE annapaTtyca, HaknagblBaeT OorpaHuMyeHus u onpegensieT
KOHCTPYKLMIO U AM3anH, OCHOBHOMW MPUHLUMN OOAWH W TOT XXe BO BCEX Cryyasx.
Mcxogss n3 3Toro Kaxaoe WCNofHeHwe annapatyca OygeT cocTosiTb M3
cnenyoLwmx aNemMeHToB:

TpaHcdopmatop (npeobpasoBartenb) unu MHAYKUMOHHaA KaTyLuKa,
KOTOpas KOHBEpPTUPYeT TOK C HU3KUM HanpsbkeHnem, AOCTYMHbIN OT ceTu
OCBELLieHUs, unun, Bo3MoXHo, 6atapeun, B BY Tok, nooxoosawmn onsa 3apsagku
L KOHOeHcaTopa.

KoHaeHcaTop, KOTOpbIN COCTOUT M3 YepeayroLumxcs fNMCTOB MeTanna M cTekna wunu apyroro
ananekTpuyeckoro martepuana. KoHaeHcaTop paspsbkaeT CBOW 3apsf 3NeKTpUYecKoro Toka mnof
OonblWMM AaBneHNeM Yepes...

McKpOBMK, COCTOALLMI CyLLECTBEHHBIM 06pa3oM 13 MeTanIMyecknx anekTpoaoB, pasMeLleHHbIX
B OOHOW MMOCKOCTM W  3aKpensieHHbIX MNoAXoasWMMU  KpenneHUsMu.
MocnegoBaTenbHO COEAMHEH. C WCKPOBMKOM, KOHAEHCATOPOM W MNEepPBUYHON
0BMOTKOW. ...

TpaHcdopmatop. KonebaHun, cocrtoswimm u3 AOBYX OOMOTOK wnu
cnupanen megHoro nposoga. OgHa M3 3TUX KaTyllek, NepBUYHasi, COCTOUT M3
HeCKOMbKMX 0OMOTOK TONICTOrO NMpPoBOAA, a BTOPUYHAA — MOXET MMeTb 06poToB
Oonblle B AecAaTb-CTO(OT A4eCATM OO cTa) pas.

Heckonbko o0OWMX MNOACHEHUA KacaTeflbHO B3auMMOOEWCTBUSA 3TUX
3M1EMEHTOB, BEpPOATHO, OyayT nonesHbl Ans 6Gonee MNOMHOrO MOHWMAHWSA
KOHKPETHbIX YyKasaHui, B nocneaywwmx rnaeax. B atom rnaBe nbiTaTbCa
O0BbACHUTL OeTanu KOHCTPYKUWMW, Takme Kak pa3mepbl Jdetanen, Oyaer
0eCCMbICNEHHO, TaK Kak 3TON 3agaye NOCBSLLEHbl HECKOSBbKO Nocrneayowmnx rnas
C KOHKPETHbIMM yKasaHusMM U cnocobamm O KaXaoMm KOHKpeTHOM npubope. Llenbio obwen
WHpopMaumm B 3TOM M Nocnegyowmnx rnaBax siBNAETCA OOHECTU OO0 uYnTaTens, KOTOpbI 3akonancs B
TPYAHOCTAX paboTbl C BbICOKOBOSIbTHLIM HaMNpPsbkeHNMEM, pas3yMHOEe OOBbACHEHWE OCHOBHbLIX NMPUHLAMOB
NPOEKTUPOBaHMS U COOPKN HECKOSbKMX 3NIEMEHTOB, KOTOPblE BMECTE COCTaBMSIOT annapaTyc.

TpaHchopmaTopbl. — TpaHcoOpMaTop MO CYLLECTBY YCTPOMCTBO NEPEMEHHOrO Toka. B camom
npocTon opme oH cocTouT n3 cepgeyHmka (C), Ha puc. 3, U3 NUCTOBOrO Xenesa, nepBmMyHaa oOMoTKa
13 wmsonuposaHHoro MegHoro nposoga (P) u nosepx 3Toro BTOpudHaa obmoTka (S), Takke U3
N30MMPOBaHHOrO MeaHOro nposoaa. lNepemMeHHbI TOK NPOoXoasawmMn Yepes ogHy oOMOTKY MHAyuMpyeT

MOXOXMWIA TOK BO BTOPMYHOM OOMOTKe. PaanunuyHble COOTHOLUEHUS NEPBUYHON U
r BTOPUYHON OBMOTOK MCMOMb3YITCA ANA JOCTUXKEHUS onpeaeneHHbIX N3MEeHUHUI
B MHOYLMPOEMOM HanpsiKeHuu.

Takon TpaHcdopmaTop Ha3blBAT C «OTKPbITbIM CEPAEYHUKOMY, MOTOMY
YTO MarHWTHblE MOTOKM (NTMHUK) MOSy4YaeMolr B MPSIMOM >KEe3HOM CepAeYHuKe
CUNbl OOMXKHbI MPOWTM Yepe3 BO3AyX Kak rnokasaHo Ha puc. 3 OO0 3aBepLueHus
MarHuTHon uenn. Moaudukaumst Ha puc. 4 nokasbiBaeT METO4 NpU KOTOPOM
0OMOTKM TpaHcdopmMaTopa YaCTUYHO OKPYXKEHbl Xene3om, 4YTO npeacraBnsaeT
cobol yxe roToBbI NyTb AN MarHUTHOrO MOTOKa C GONbLIMM YBENUYEHUEM
3(P(PEeKTUBHOCTM ITOrO WHCTPYMeHTa. Takon TpaHcopmaTop HasbiBalT C
«3aKpbITbIM CEPAEYHUKOMY.

CylecTByeT MHOXECTBO Mogudukaumn TpaHcdopMaTOpOB C 3aKPbITbIM
CEepAeYHMKOM, Kapas w3 KoTopblx obnagaeT cBoeobpasHbiMM LOOCTOMHCTBAMM B CBOen cdepe
npuMeHeHus. [ns ocBeLleHna U Kakon-nmbo MoLHOW paboThl, KenatenbHo 4Tobbl NnepBas n BTOpas
0OMOTKM ObINn pPacnosfioXeHbl COABOEHHO Kak MOXHO Grivbke Opyr K Apyry, MO3TOMY MHOIMME MOLLHbIE
TpaHcdopmaTopbl 0b6nagatT O4YeHb KOMMAKTHbIM CEePAEYHMKOM, MNOYTM LENMKOM MOKPbIBAKOLLUM
0O6MOTKN. DPdeKT OT Takoro GMM3KOro pacnofioXeHWUst 3aknoyaeTcs B YNyYLWEHUN perynnpoBaHUs
TpaHcdopmaTopa, T. €. CHWKeHue konebaHunm BomnbTaxa OT pexuMoB 6e3 Harpysku, C MOSIHOW
Harpyskom, co cpedHen Harpy3kon. Takon TpaHcdopmaTop n3obpaxeH Ha puc. 4.

TpaHccdopmaTopbl ANA 3apsaAku KOHOEHCATOPOB — Ha 3ape paguoTenerpadun, Korga
TpaHcdopmaTopbl BrepBble ObiNM MCNOMNb30BaHbl ANA 3apsgkM KOHOEHCATOpPOB, 3JKCNEpUMEHTaTop
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coBceM marno 3Han o TpeboBaHuaX K npoueccy. TonNbKO BbICOKOMOTEHLManbHbIN TpaHcgopmaTop Obin B
- | COCTOAHUW  MpPedoCTaBUTb  CTOMIbKO ~ MOLLHOCTM  CO  CBOMMM  OnM3KO
pacrnonoXeHHbiMM  Apyr K Jpyry obmoTkamu, u nepBble MOMNbITKA  ero
ncnonb3oBaHma ganu obewatrowme pesynbTatbl, KOTOpble paspaboTymku
NPOJOITKNNN N3ydaTh C Lerbio YCOBEPLUEHCTBOBAHNA annaparyca.
, OpHa cepbesHas TPYAHOCTb MosiBUNack ¢ camoro Hadana. Ha puc. 5 k
ggjn_:@q TepMuHanam BTOPWYHOM OOMOTKM napanfnenbHo MNpPUCOEAMHEH  UCKPOBUK,
KOTOpbIA B CBOK oOuyepenb NapannenbHO CcoeguMHEH C KOHOEHCaTopoM U
nocnefoBaTenbHO COeAMHEH C  MepBuMYHOM  OBMOTKOM  TpaHcdopmaTopa
konebaHun. Korga KoHOeHcaTop paspshkaeTcs 4epe3 UCKPOBMK, paspss
NPOM3BOANT KOPOTKOE 3aMblkaHWe ANs BTOPUYHOrO ToKa B TpaHcdopmaTope,
nocrne TOro Kak MCKpa uctowaeTcsa. ITO SABMSETCA MPUYUHON BO3HUKHOBEHMS
ayrn. PesynbtatoMm 4ero sBNSeTCs OTCYTCTBME 3apsga KoHaeHcatopa. bnuskoe pacnonoxenue
OOMOTOK KaK MNpaBuo MOAAEPXKMBAET BTOPUMYHOE HaMpsKeHWe Ha MakCMMyMme, Korga npoucxoauT
[E—— KOPOTKOE 3aMblKaHue.

PasnnyHble aKCNepMMEHTbI NPOBOAMIUCL ANS yCTpaHeHusi oGpa3oBaHus
Ayrn, cpegu HUX CTOUT YNOMSIHYTb MarHUTHOe TyLWeHWe, KOTOpoe Takke
BbICTyNnaeT Ha CTOpOHEe TyWeHus Ayrn: B3pbiB CXKaToro BO3gyxa B 3a3ope
NCKpoBMKa OykBanbHO BbloyBaeT Ayry, Kak TOMbKO OHa obpasyeTcs; a Takke
pasnuyHble MNPUCNOCOBMNEHMS KOTOpble MEXaAHWYECKN pas3gensioT anekTpoapl
(McKkpoBMKa) Ha paccTosiHWE TyLeHUSA UCKpbl. CaMbll 3HaKOMbIN U3 BCeX cnocobos
— OObIYHbIN BpaLLAKOLLMNCA UCKPOBUK.

B TeueHun pas3BmuTna aTOro HanpaBneHus, AKCNepMMeEHTaTOpPbl y3Hanu, 4To
YCTaQHOBKOW ApoOccens, COCTosLero M3 OAMHOYHOrO MeAHOro npoBoga Ha
»Kene3Hom cepaeydHuke, nocriegoBaTeNibHO c nepBUYHON obmoTKOoM
TpaHcopmaTopa, ayroobpasoBaHne BbISIO CyLLECTBEHHO CHUXXEHO U pasfiMyHble OyloLimMe yCTPOUCTBa
OKa3anucb HEHYXHbIMWU B onpedeNniHHON cTeneHn. Bcé aTo nsobpaxkeHo Ha puc. 5,
KOTOPbIN MOKasbiBaeT ApOCCeNb MNOCNefoBaTeSlbHO COEAMHEHHLIM C MEepPBUYHOM
ob6MoTKOM TpaHcdopmaTopa, 0OMOTKM KOTOPOro pacnonoxeHbl ©nm3ko apyr K
apyry. OTO cTano nepBbiM WAroM Mo HamnpaefeHU K 3HaMEeHUTOMY
b6ecnposogHoMy TpaHcdopmaTopy Tuna E, 3anateHToBaHHoro Mr. M. Eastham un
KOTOpPbIA KOMUPYETCH B PasfUYHbIX WUCMOMHEHUAX AXWHOW Npou3BOoAUTENEN C
MOMEHTa ero AeMOHCTpaL K.

KoHCcTpykuns TpaHcgopmatopa Tuna E npegctaenser TO KavecTso,
KOTOpPOro ctpemsitca usberatb B CBOUX M3OENMAX BCE NPOM3BOOAUTENM MOLLHbIX
TpaHchopmaTopoB, MarHUTHOE paccemBaHue rMoToka B cepaedHuke. Korga
BTOpU4YHasa o6MOTKa Takoro TpaHcopMaTopa 3akopovYeHHOA Ha 3aMblkaHne Yyepes
NCKPY, NOTeHUmMan HemeafneHHO nagaeT OO0 TakoW CTeneHu, YTOo Ayra BbIMUpaeT
cama cobon; Ha camom pfene BooOLle COMHWUTENBHO, 4YTO Oonee MeHee
HopmManbHas gyra obpasyeTcs.

MpuHUMNBI TpaHCOpPMaTOPOB C MarHUTHOM YTEYKOM NoKasaHbl Ha puc. 8,
9, 10. Ha puc. 6 nepBryHasa M BTOpUYHAS HAXOASATCA Ha MapansenbHbIX YacTax
NPSAMOYrONbHOrO XenesHoro cepaeyHuka. MogobHbiM 06pa3om pacnonoXeHHble
0OMOTKM NPOM3BOAAT MarHUTHYIO yTEYKY B MPOCTPaHCTBE MexXay 0OMOTOK 1 BOKpYr
cepAaevHuKka, Kak nokasbiBatoT NUHUKM Ha puc. 8, 9, 10. JTa yTeuyka oTenekaeT
yacTb obuwiero notoka OT Mpoxoga 4epe3 CepaedHuk W, Korga HeHopmasibHasi
Harpyska nogkntoyeHa KO BTOPUYHOM OOMOTKE, NoTeHuan 3HauuTenbHO nagaer,
TakK Kak U3MeHeHne BbIXO4HOro napaMeTpa HamepeHHo cnaboe.

Ha puc. 9 nepsuyHas n BTopuyHass obMOTKM eLLé aanblie pasHeceHbl NyTeM pasmMeLleHus
Ha KOPOTKMX CTOPOHaX cepaedHuka, B oTnvyune oT puc. 8. Begem mbicnb gansiue.... Ha puc. 10 y Hac
HacTosWwWN MHCTpyMeHT Tuna E, B dopme 6ykebl E(LL), npuyem cpeHuii BLICTYN HE KacaeTCsl CTOPOHbI
NpsIMOYrofibHUKa. Tak nonyyaeTcss YacTUYHOE MarHWTHOE LUYHTMPOBaHWE, KOTOPOe MOMOraeT BCEM
3agavaM BHELLHEro gpoccens n Kotopoe obnagaeT HEKOTOPbIMU NpUMeYaTenbHbIMU NPENMyLLLECTBAMU
Hap, BbILLIEONUCAHHbIM YCTPOUCTBOM.

C npaBunbHO pacdmMTaHHbIM (COGMOAEHNEM BCEX NPOMOPLMIA) TpaHCHOPMATOPOM C MarHUTHOM
YTEUKOW, NPUBEAEHHBIM B pPE30HAHC MOAXOASILMM KOHAEHCATOPOM B KonebaTenbHOM KOHTYpE,
ayroobpasoBaHMe Ha UCKPOBUKE CHWXAETCs 40 MUHMMYMa 1 pa3psag 3BYYMT 3BEHALLMM TOHOM, KOTOPOro
He GbiBaeT B Apyrmx Tunax obopynoBaHus.

B nobaBneHne K oTMEYEHHOMY NPENMYLLECTBY, TpaHCHOpPMaTOp MOXHO caenath ¢ Takum K4 m
KO3 PULMEHTOM MOLLHOCTU KaKne He BO3MOXHbI B OObIYHOM KOMOMHALMK C OpOCCEeNEeM.

HIGH FREQUENCY APPARATUS




HanpsikeHne BTOPUYHON OOMOTKM — Hagnexailee HanpskeHue B Cliydae C Pe30HaHCHbIM
TpaHcopmaTopoM (TEPMUH, KOTOPbIM Mbl Oyaem onpenenaTb HU3KOYACTOTHbIN
TpaHcopMaTop NEepPEeMEHHOro HamnpsKeHWs npegHasHadYeHHbI ANna  3apsagku
KoHOeHcaTopa) OygeTr 3aBuceTb OT KOHAEHcaTopa, C KOTopbiM OH OygeTt
MCnonb3oBaTbCsA, a Takke OT Tuna uckpoBuka. C Tex nop Kak MNOSBUNUCH
denepanbHble 3aKOHbl B paguoTtenerpacgum, KOTopble perynupytoT OfIMHY BOSH
NOBUTENbCKNX CTaHUUIA, HaMeTUNacb TeHOEHUMS B NOBbILLEHUN HaNpsbKeHusa Ans
fbecnpoBogHon Tenrpacdmyeckon paboThl.  Bbicokun noTteHnan nossonsieT
MCnonb3oBaTb MeHbLIMN KoHAeHcaTop. Ona gpyrux BY pabot, ogHako, oco6o
npevMyLLecTB  He W3BfeYb W3 BbICOKOBOSIbTHLIN BTOPUYHOM OOMOTKM U €€
ucrnonb3oBaHne o6ycnaBnMBaeT HanuMune OnpedeSieHHbIX SNEeKTPUYECKUX U
MeXaHW4eCKMX TPYAHOCTEN, KOTOpble AOPOrMe 1 pasgpaxaroLiue.

Camble yaoBneTBOpuTENbHbIE NOTEHLMarNbl, B aBTOPCKMX 3KCNEpUMEHTaX,
o o1 4000 go 12000 B TpaHchopmaTopax pasmepom ¢ 0,25 kBT go 3 kBT1. 3toT
NPOMEXYTOK HanpsbkeHnn, ¢ 0,03 mk® KoHOeHCATOpOM OKas3ancd O4veHb
noaxoasaLmMM ans KOHCTPYKLUUM MHOTMX UCMOSIHEHMI annapaTyca.

C 3akaneHHbIM MCKPOBMKOM, HabnogaeTca abCcoMOTHO APYroe COCTOsHME.
BropuuHoe HanpspkeHus oT 900 sBonbT go 1000 BOMbT NpekpacHO Nogxoadr K
MarneHbkUM KoHAeHcaTopaM eMkocTbto oT 0,25 pgo 0,5 kBt. Ona ©Gonbliunx
pa3mMepoB, HanpsXkeHnamoryt wuameHaTbcs oT 2000 BonbT o 3000 BonbT.
3aKaneHHHbIA WCKPOBWK, KOTOpbIN OyaeT cneuuwanbHO OMMcaH Mo3Xe, HaMHOro
KOpOYe M C HAMHOIO MEHbLLUNM HaNpsXXeHNeM COOTBETCTBEHHO Ha NOPSALOK.

KoHcTpykuus TpaHccopmaTopa — B KaXXJ0W rnase 3TON KHUMM, B KOTOPOW
onucbiBaeTca Kakon-nnbo Tun annapartyca, NofHble crneumdukalmm KOHCTPYKUMM TpaHcdopmaTtopa
npepocraensaTca. Takum obpa3om o0O6bekToM obcyxaeHus OyayT BaxHeunwwme
MPVHLMNBI KOHCTPYKLNN.

CepaeyHuk TpaHcopMaTtopa B KaXOoOM Criydyae [AOfKEeH COCTOoATb U3
TOMHUKX JMCTOB KpemHumeBon ctanu, 0,014 grommoB (0,35 mm) TonwumHOW, u
CAEeNaHHbIX crneumanbHO ANA MCMNONb30BaHUA B TpaHcdopmaTopax W ApYyrux
annapaTycax nepeMeHHOro Toka. Takas cTanb NpakTUYeCKM Tak Xe [elleBa Kak U
Tak HasblBaemMoe TpaHC(OpPMaToOpHOE Xeneso, W ecnv y4uuTbiBaTb pes3ynbTaTbl
HaMHOro feLllesne AbIMOXOLHOrO Xeresa.

KoHCTpyKkumsi cepaeyHuka npocta. KpemHueBylo cTanb MOXHO KynuTb B
nucTax, unu, YTo npegnoyvtTuTenbHee, yXXe B Hape3aHHOM B HYXHbIX pasMmepax u
rotoBoMm K cbopke Buge. NpsamoyronbHble NUCTbI CKNaabiBalOTCA APYr Ha gpyra 4o
HY>KHOM TOMLWMHBI cCOBUpaemMoro cepaeyHmka, 3aTeM XXeCTKO 3aKpennsoTCa NEHTON.

O6moTKM genarTcsl Ha NPOCTbIX OEPEBSHHbIX hopmax, HamaTtbiBaloTCa NMOO Ha cTaHke Nubo
BPYYHYIO HA HAMOTOYHOM YCTpOMCTBE. HamoTka Bcerga nponssoauTcs MeTo4oM CroeB (4pyr Ha apyra).
HamoTtka Tuna «nupor» (nnockasi KaTyllka), OnMcaHHas BO MHOMMX CTapbiX KHMrax no paguo,
ncnpoboBaHa aBTOPOM W €ro Kosnneramu TwarenbHenwmnm obpa3om MHOro pas, pesdynbTaTt — BceobLyee
oTpuvuaHWe Takoro Tuna HamoTkM, npoboBanu, pesynbTaT ocTanucb npexHumn. [lo npasge,
HEKOCKONbKO MOAMMULMPOBAHHBIN BapUaHT HAMOTKM TUMNa NMPOr BCTPETUTCA BO MHOMMX KOHCTPYKUMSX B
3TOM KHUre, TeM He MeHee He denalime KonbLla n3 nposoga, cobpaHHble BMECTE BOCKOM, C HAMOTKaMu
Bpa3bpoc. Cekumm MoryT ObiTb TONCTLIMU UM TOHKUMU, HO KakuMu Bbl OHU He Bbinn. OHM AOMXHbI ObITh
HamMoTaHbl POBHbIMW  (PaBHbIMW)  CNOAMW  M3ONUPOBaHHbIMW  Mexady cobon cnoem Gymaru
(n3onaumnoHHOro MaTepuana). OTomy nNpaBuIy BCEHENPEMEHHO CreayoT BCe OnMcaHns HaMOTOK.

OManupoBaHHbI NPOBOA NPEeAnoYTUIEH ANs BTOPUYHOM 0O6MOTKM TpaHcdopmaTtopa. B cny4vae ¢
WHOYKUMHHBIMM KaTyLliKamu, KoTopble 6yayT onncaHbl, MOXHO MUCNOMb30BaTh XSOMKOM WU30MPOBAHHbIN
kabenb, BBMAY TOrO YTO 3TM OOMOTKM 3aTEM NPOMNUTLIBAKOTCA BOCKOM. BTOopuyHas obmMoTKka MHAYKUOHHOM
KaTyLLKN NOABEepraeTcsi BIMSHUIO OFPOMHbIX NOTEHLMANoB, U HarpeBaeTcsl NpuM 3TOM COBCEM HEMHOIO.
BtopuuHass obmoTka TpaHcdopmaTopa, C OPYrod CTOPOHbl, MOXET AOBOMbHO CUMbHO HarpeTbcs BO
Bpems paboTbl, NO3TOMY €€ HeobxoaMmo AenaTb, NpeaycMoTpeB NMbo oxnaxaeHue nmbdo paboTty npu
BbICOKOM TemnepaType 6e3 yxyalweHusa xapakTepucTuk. B aTom crnyyae amManvMpoBaHHbIN MpOBOA
XOpOLUO NOAXOAUT, TaK Kak BblAEPXKUBAET BNUSHME 3HAYUTENbHbIX TeMNeparyp.

lMpoekTupoBaHue TpaHcdopmaTtopa — Bonpocbl Tuna: Ckonbko 06OpOTOB npoBoAda Hado
jenatb B nepsuyHon obmoTke? U Kakoro pasmepa npoBog mcnonb3oBatb? OyeHb 3HAKOMbl aBTOpPY
KHUIN. BblumcneHve — npocToe, n He TpebyeT NpuBNeYeHnst Kakmx NMBo rnyOGuUHHBIX 3HAHUN MaTeMaTUKK
ONA pelleHns 3agayn.

Hago npocTo 3anoMHWUTbL HECKOSbKO OCHOBHbIX MPUHUMNOB Neped Hadanom pacyeTtoB. [lepsoe
onpegeneHne, eCTeCTBEHHO, EMKOCTb 3aKOHYeHHOro uagenud. Bengy nonynapHoctn 0,5 kBT pasmepa,
onuwem ero B KadecTtBe npumepa. Beuagy Toro, 4to TpaHcdopmaTop OOMKeH OblTb MCNOMNb30BaH Ang




3apsaakm KOH/J,eHcaTODOB OonblloOe paccemBaHuMe MarHUTHOrO MOTOKa Heobxoammo, YTo onpedensieT
dopMy cepaevyHuMKa U METOA4  pacrnonoxeHuss oOMoToK. Haubonbliag
3(pPeKTMBHOCTL [OCTUraeTca NpuU WUCMNOSMb30BaHMM OOPOrnX MartepuarnioB U
bonbworo Beca. B pgaHHOM onucaHuM nNpoeKkTMpoBaHMsS TpaHcdopmaTopa,
pasnnyHble BblMUCIIEHUSA Bblny ynpoLleHbl 40 NPOCTENWMX opM, YTOObLI UX Mor
NCNonb3oBaTh WHXEHEP-NOUTENDb, 3HAKOLWWNA NPOCTbIE MPUHUMBLI apUDMETUKMN.
MoTepn OT COMPOTMBIIEHMS WFHOPUPYKOTCA  UCKIMIOYUTENBbHO, MOTOMY 4TO
; npeactaenalT n3 ceba ewé ogHo BblMUCHEHME, He Bhudollee Ha obliun
pesynbTart.

lMponsBonbHO, NpeacTaBUM, YTO HaM HyXeH TpaHcdopmaTtop ¢ Krig
npumepHo 93 %. Mexgy npoymm, TpacHdopmaTtop, MPOEeKTUPYEMbIA B 3TOWM
rnaBe, TakoW Xe Kak WU B nocnegywwen rnase o6 BY annapatyce ans
I XOTUM MMETb Ha BTOpu4HOM obmoTke noteHnan 5000 BonbT; nepBrMyHaa obmMoTka —
110 BOMbT; U Mbl XOTUM 4YTOBObI BCe 3TO paboTano Ha 60 obopoTHoM Lenu. Ecnu
Mbl xoTum 0,5 kBT nnmn 500 BatT, u KN4 93%, o4eBnaHO, 4TO HaM HyXXHO BornbLue
ToKka Ha Bxofde Yem 500 BaTT, UTOObI KOMMNEHCUpoBaTh 7% NOTEpPb.

BxogHom TOK cumTaeTcsa geneHnemM BbIXogHOro Toka Ha npoueHT KId; soT

of 5376344 wa

Tak:

500 / 0,93 = 537,63444+, nnn Ham notpebyetca 537,6344 BaTT, 4TObObLI Ha
BbIxoae 6birio 500 BaTT.

O6bem ceppeyvHuKa - crefylowmin 00bekT Hawero BHMMaHus. BHavane
Hago onpegenuTb O6LLYHO NOTEPH BaTT, MyTEM BblYMTaHMSA BbIXOAHOro Toka 500
M3 BXogHOro Toka 537,6344, nonyyaeTtcd, 4TO noTeps B TpaHchopmatope —
37,6344 BaTT. OTa noTeps 13-3a NoTepb, ncxoaawmx ns gopmyn I X R, koTopble
nposBnsaTcs B addekTe HarpeBa MeaHbIX 0OMOTOK, M MOTEpPb Ha rectepesnc u NoTepu OT BUXPEBbLIX
TOKOB B CEpAEYHUKE; NOCNeAHME Ha3bIBaAlOTCA NOTEPSIMU Ha cepaeyHuke. MNMotepu Ha npumepHo 47% ot
obwmx 37,6344 BatT, nnun 17,688 BatT. MNMpumepHo 20% OT 06LIMX NOTEPb HA CEPAEYHUKE COCTaBMAOT
noTepn OT BMXPEBbLIX TOKOB, 3HA4MT 80% noTepb OoT o6wwmx notepb 17,688 BaTtT, YTO cocTaBnsieT
14,1504 BaTT TepATCA Ha rnm3tepesunce.

PasnuyHble 4acToTbl — N5 NPAKTUYECKOro NPUMEHEHNST AKCNEPUMEHTATOPOM, KOTOPbIA CTPOUT
annapaTyC OMUCaHHbI B KHUre, M3MEHeHWe B KOHCTPYKLUMM TpaHcdopmaTopa, KOTOpbii Heobxoanmo
aganTMpoBaTb Mo pasfMyHble YacToThl KOMMEPYECKOro ToKa, N ogHaxabl cobpaHHoro anst 60 o6poTos.,
obmoTkm gna 25 obpotHoro nnu 120 o6poOTHOro CTaHyT NPOCTbIM Aenom nponopumn. CepaeyHnk MoxeT
OCTaBaTbCsA OAMHAKOBbLIM AN BCEX YacToT. 25 o6opoTHas obmoTka ByaeT cocToATb U3 ABYX KONMYECTB
obopoTtor 60 ob6opoTHON. YUTOBLI 06ECneUnTE MECTO AN NS 4OMOMHUTENBHOro Konudectsa 060poToB
25 060opoTHOM OBMOTKM, MOXHO MCMOMb3oBaTh MPOBOL Ha OOWH MMM OBa pasmMepa MeHblle, HO 3TO
A0NyCTUMO BBUAY NPepbIBUCTON paboTbl 3TOr0 MHCTPYMEHTA.

Mponopuuun cepaeyvHMKa - NPONOPLMM cepaevHMKa pacunTbiBalOTCA OYeHb NPOCTo, BykBanbHO
Ha nanbuax. MNaBHOe, YTO HAZO 3aNOMHUTL: CEPAEYHUK HE OOIMKEH OblTb CIMLLIKOM ASIMHHBIM U TOHKUM
Tak Kak COMpOTUBMIEHME B TakOM Cllydae CIMLLUKOM BESIMKO U NepBuYHast 1 COOTBECTBEHHO BTOPUYHASA
OOMOTKM [OIMKHbI ByAyT MMETb Ype3MepHoe KONMMYecTBO OOOPOTOB YTO BblfbETCA B AOPOrMB3HY OT
konnyectea Meau. C Opyron CTOPOHbI ecnv caenaTb cepAedHMK CIULWKOM KOPOTKUM WU TOJSICTbIM,
YCINOXHAETCS KOHCTPYKUUSI M30MAUMKM 1 pacnonoxeHnss obmotok. C nepBoro pasa onbiT/pesynbrart
MOXeT NPOAEMOHCTPMPOBATL TONMbLKO CHACTNMBLIN MeamyM. YepTex B rmase 10 nsobpaxaeT cepaeyHumk
C XOPOLUMMK NPONpLMAMK AN TaKoro Tuna TpacHgopmaTopa U MOXeT ObITb MCNOMb30BaH Kak wabnoH
ONs MHCTpyMeHTa B0MbLUero unmM MeHbLLEro pasmepa.

Bo3bMeM nonepeyHoe ceyeHne cepaevHuka 2 gionma keBagpatHbix (12,903 cm kBagpaTHbIX), B
Ka4yecTBe 3KCrepuMeHTa. Y Hac AOMMKHO O6biTb kak MUHUMYM 94,33 kybudeckmx gtovma (1545,79 cm
KyOunyeckux) xxenesa Bcero. Ecnn coenatb npamoyronbHuk 9,3/4 atonma (24,77 cm) B ANUHY n 6,75
aronmoB (17,15 cM) B LWUMPKHY, BHELLHWE pa3Mepsbl, Y Hac byayT 9,75+9,75+2,75+2,75 nnu 25 grorimoB
(63,5 cm) nnedo marHutonpoBoga. Cekums OBa pasa no gea unv 4 kBagpaTHbix Atoonma (25,80 cm
kBagpaTtHbix). OnunHa 25, ymHOxXeHHas Ha cekuuto 4, gaet 100 kybumueckmx grovmos (1638,71 cm
Kybuuecknx) obbema aTOoro cepgedHvka. Bemay Toro 4to, Bcerga Takke CBOWCTBEHHO owwmbaTtbcsa C
O[HOW CTOPOHbI, TakoW cepAeyvyHUMK MOXHO CcuuMTaTb [OBOSMbHO noaxoadwmm. [locnepyowme fanee
BblYMCNEHNss OOMOTOK MOKaXyT YTO 3TWU npornopuun BepHbl. [nNsg onpegeneHns Beca cepaevHuka Mbl
yMHOXaem obbem 100 kybuyeckux aronmoB (1638,71 cm Kybudeckmx) Ha 0,25, Tak Kak Kaxgblv
Kybuyeckun ArMM NnammHMpoBaHHOW ctanu BecuT npubnuantensHo 0,25 cdyHToB (0,11 kr). 310 Aaet
Ham 25 dyHTOB (11,34 Kr) Beca xenesa B CEpAeYHNKE.

[danee Mbl MOXeM nocyuMTaTb TOK BO BTOPUMYHOW OBMOTKE NpW MOMHOM Harpyske. Tak Kak
noteHuynan 5000 BonbT u Bbixog 500 BaTT, Mbl MOXEM MNOAENUTb BTOPUYHbLIE BaTTbl HA BTOPUYHLIE
BOMbThbl, YTOObI y3HaTb BTOPMYHbIE amnepbl, kKoTopble ByayT B Hawem crniyyae 0,1 amnep. B pa6bote ¢




MOLLUHbIM TpaHCcopMaTopoM 3TO 0bObIMHOE Aeno npefoctaenaTb kKak MuHMMyM 1000 KpyroBbiX Mun

. nrowanu (eauHuua nnowaan cevyeHus NpoBoAHUKOB; KpyroBon mun - egvHuua
M3MepeHusl, paBHasa nnowaan kpyra gnameTtpom B 1 mun (1 mmn=0,02539mm)
NPOBOAHMKA Of1s KaXOoro amnepa MepeHoCMMMOro Toka. [ns Hawux uenen,
OofHaKo, TpaHcdopmaTop AOMmKeH OyaeT ObiTb MCMNONb30BaH KOPOKTOE BpeMs,
Korga BO3MOXHO OXNakAeHe U Ha npakTuke nnoTHocTb 600 KpyroBbIX MUEn Ha
amnep, byget goctaTtovHom n 6e3onacHomn.

Tak kak BTOpPUYHbLIA TOK paBeH 0,1 amnep, nonyyaeTcs 4TO NPOBOAHMK
aomkeH 6bitb 600 paz no 0,1 mnm 60 KpyroBbix mMwun, 4Tobbl Ge3onacHo
NepeHoCUTb Takown TOK.

B koHUE KHUMM ecTb Tabnuupl, KOTOpbIE JalOT NIoWaab MegHbIX NPOBOLOB
B KpyroBbix munax, y Ne32 nnowagb 63,21, 3HauMT, 3TOT NpOBOL BMOSHE

NoAXoauT.

MepBMYHBIN  TOK cnegywwmi no nopsgke. CornacHo  eguHCTBY
KoadduumeHTa MOLLHOCTU, MEpBUYHbIE BaTTbl pasfeneHHble Ha nepBUYHbIE
BOMbTbl AaAyT NepBUYHbIE amnepbl. Takumo obpasom nonydvaetca 537,67 / 110
unn 4,88 amnep. Tak kak KOdpOUNEHT MOLLHOCTM Takoro Tuna TpaHcdopmartopa
nexut B npegenax 85%, Ham HyXHO OydeT KOMMNeHcupoBaTb 3TO MCMOMb3y4,
GonbWwKN TOK B nepBuyHon obmoTke. Bepem Hawwm 4,88 amnep, Mbl X MOXeEM
YMHOXUTb Ha 1,15 (MpuHMMas BO BHWMMaHue koadduumeHT molHocTn 85%) u
nony4yaem 5,61 unu 5,61 dpaktnyeckux amnep Ha nepsBuyHOM obMOTKe. Y Hac
Takke 600 KpyroBblX MW, Ternepb Mbl 3HaeM YTO Yy MNEPBUYHOrO MNPOBOLHUKA
pormkHa ObiTb nnowagb 600 pa3 no 5,61 mnn 3366 kpyroBbix Mun. Tabnuua
pa3mMepoB NpoBOAOB Yyka3biBaeT 4To Ne15 obnagaet nnowaasto 3,257, ay Ne 14
nnowagb 4,107 kpyroBbix mMun. Crneaytoa npasuiny AOCTAaTOYMHOCTU, Mbl MOXEM
B351Tb NOCHeAHNA NPOBOA 4SS NEPBUYHON KaTyLLKM.

HakoHelu Mbl MOAXOAMM K TOYKe KoTopas 3aTtpyaHsna 60nbUMHCTBO
nobuTenen aKCNEPMMEHTATOPOB YEM Kakasi-nmbo gpyrasi, T. €. pacyeT obpoToB
nepBuyHon 0O6MOTKM. KoHeuyHOo, Koraa ofHaxabl y3Haewb 3TO KONMMYECTBO,
onpegeneHve BTOPUYHOM OOMOTKM CcTaHOBUTCA npocTbiM. Popmyna ans
nepBMYHON OBMOTKM HE CrOXHasi, U ero pacyeTt TpebyeT nNpuMeHeHus obbl4HOWM
apudMeTUKN.

MakcMManbHbIi NOTOK paBeH MNMOTHOCTM YMHOXEHHOW Ha nnowaib
cepaoedHvka B KBagpaTHbIX [AlOMMax. OAeKTPO-MarHuTHbiM  noTok  (OMIT)
reHepupyemMblin nepBU4HON 0BMOTKOM cunTaeTcs no opmyne:

Ep=(4,44* N * Tp * n)/ 10 B cteneHn n, rae N makcumarnbHbIA NOTOK, Tp
— KOJ-BO 060pPOTOB NEPBMYHON OOMOTKM, N — YacToTa.

Ep — npuHnmaemoe nepBuyHOE HanpsixeHue, Takum obpasom

Tp= (nepBnyHOe HanpskeHune * 10 B cTeneHn n) / 4,44 * N * n

MpueHuB aTy opmMyny Mbl cCHadana onpeaenum MakcuMmarsbHbI MOTOK. Tak Kak cekuus
cepaeyHuka 2 aronma (5,080 cm), Haxoanm nnowaab (Bo3BoAsA B KBaapar), 4 kBagpaTHbIx arorma (25,80
CM KBagpaTHbiX). YMHOXaem nnowadb Ha nnoTHocTb, nonyyvaetca 4 * 30000 = 120000 -
MakcumanbHbii NoToK, N. NepBuyHoe HanpsikeHne npuHumaeTces 3a 110 BonbT 1 hopmyna npuHUMaeT
BUA;

(110 * 100000000) / 4,44 * 120000 * 60 = 363 + 06pOTOB B NEPBMUYHON OOMOTKE.

Mo cnepytoLen hopmyre MOXHO onNpeaennTb KONMYecTBO 060POTOB BTOPUYHON OOMOTKM:

Tp* (Es/Ep), roe Es — BTOpnyHOE HanpshkeHne, Ep — nepBu4HOE HanpspkeHue.

BTopuyHoe konnyectso 060poTOB, NpUHUMas ero HanpskeHue 3a 5000 BonbT, Nony4aeTc:

363 * (5000 /110 ) = 16480 o60poTOB BO BTOPUYHOM OOMOTKE.

lMpocTpaHCTBO Ha cepAaevHrKe Ans nepBMYHON M BTOPUYHOW KaTywek — 2,75 giorma (6,985 cm) B
AnuHy. B Tabnuue nposoga nokpbiTble xnonokoM Ne 14 DCC HamaTbiBaeTca 13 pas 3a 1 atovim. Tak Kak
HEKOTOpOE MNPOCTPAHCTBO Mexay OOMOTKOM M CepaeYHMKOM O4YeHb BaXHO, caenaem obmoTtky 2,25
arormMa BLUMPUHY, 4Tobbl oTcaBuTb no 0,25 aronmoB ¢ obenx ctopoH. B 2,25 gronma (5,715 cm) mbl
moxem cgenaTtbT 30 06opoTOB MepBUYHON OBMOTKM, M COOTBETCTBEHHO 12 crnoes, 4YTOObl COGMOCTH
Tpebyemoe konuyectBo o6opoTtoB — 360. HaMOTaHHasi HECKONbKUMMK CROSIMU C U30MsiUMEN MexXay
CrnosiMy npomacrneHHon 6ymaron, TonwmMHa NepBUYHON KaTyLwlKkon ByaT=eT 6onblue Yem Of4uH OHONM.

Ecnu tpaHcdhopmaTtop 6yaet pabortate Ha 70 BonbTax, Takoro Kak BpallaloLwUncs KOHBepTep,
nepeBuyHasa obmoTka 6yaet coctoaTb n3 70/110 konuyecTtea o6poToB. MNocunTas 310 nonyvyaem, 4to 231
000pOT — HyXHOe KonudecTBo. [ns yaobcTea, nepBuYHyi0 o6MOTKy Ha 110 BOMbT MOXHO caenaTtb C



OONONHUTENbHLIM OTBOAOM B MecTe rae 231 obopoT npoxoanT 1 UCnonb3oBaTh ero npu pabote ot 70-
TV BOMnbT. Takke n ons 220 BonbT KONUYECTBO 0BOPOTOB HYXXHO YOBOUTH U B 3TOM
crny4ae npoBoA OOMKeH OblTb Ha MOMOBUHY MeHblue no nnowaan. 9t1o Ne 17
npoBoA, y koToporo nnowwagb 2048 kpyrobix Mun. [ns MakcmmanbHoro ygoocrea
N NpucnocobnaemMocT ¢ MUHMANbHbIMU TPYAHOCTAMM, OOMOTKA MOXET ObiTb U3
363 obopoToB nposogoM Ne 14, ¢ BeiIBogoM Ha 231 obopoTe, 1 3aTeM NOBEPX
nposoga Ne 14, gononHuTenbHas HamoTka 363 obpoTtoB npoBogom Ne - ¢
Ha4anom CoeguHEHHbIM C KOHLOM nepBor obMoTKKN. Takasi nepBMYHasa NoO3BONAET
TpaHcopmartopy pabotate Ha 70, 110 u 220 BonbTax, 6e3 kakux nmbo
N3MEHEHWI, TONIbKO MEHAS COeAMHEHME.

BTopnyHas obmoTka cocTtouT Kak Mbl 3Haem u3 16480 obpoTos
amManupoBaHHbiM npoBogoM Ne 32 ¢ nogxodsawmm Aansa  3TOM  OOMOTKM
napameTtpoMm 112 obGopotoB B 1 atorime. NpeononoXxmm Mbl cAenaem Kaxabli
cnon BTOpMYHOM cocTosiwmM M3 230 oBOpOTOB; MOMYYUTCS LWMPUHA OKOJo 2
OIOMMOB, YTO OCTaBnsieT OOCTAaTOYHO MecTa And M3onduun OT cepaedHuka. 72
cnosi npoeoga gagyTt Ham 16560 o6opoToB, Yero AOCTaTOYHO AN HeobxoanuMbIX
16480. Bo3aMoxHO ans Toro 4Tobbl Hayano M KoHel, OOMOTKM Obinv B pasHbIX
KOHLaX, MOXXHO HamoTaTtb 71 crnon, 4Yto gact 16320 obopoToB. JTa npouenypa
BOM30XHa M Aaxke NpeanodTuTenbHa, Tak Kak pasHuua B CTO C NUWHUM 060poToB
He NPOU3BOAET HUKAKOro adppekTa Ha OKOHYATENbHbIN pe3yrbTar.

PacuyeTbl Beca npoBoga nNepBUYHOM M BTOPUYHOW OOMOTOK OYEBUAEH.
Ecnu kaTywkn HamoTaHbl BOKPYr Kpyribix ¢OpM, cpefHsast gnvHa obopoTta
MOXeTb ObITb lerko onpegeneHa n yMHoXeHa Ha obliee Konmy4ecTBo 06OpOTOB.
PesynbTaT nepeBedeHHbI N3 OONMOB B yTbl, B Tabnuue MOXHO MOCMOTPETb

CKOJ1bKO 4YTO BECUT.

MHAYKUMOHHBbIe KaTywKn — B MecTax rge 110 BonbTHBIA TOK He AocTyneH, 6onbliasa 6atapes
MOXeT npoussoants BY TOK nocpectBOM  MHAYKUMOHHOW KaTyllkM BMECTO TpaHcdopmaTtopa
T—,- 1 konebaHun. Katywka pana a3mmx paboT pJomkHa ObiTb  CKOHCTPyMpOBaHa

UCKIIOYMTENBHO AONSA 3apsidku KOHAEHcaTtopa M €€ KOHCTPYKUMS paauKkarbHO
oTnu4yaeTcs OT OObIYHbIX KaTyleK Ans nNpov3BocaTBa ANWHOM M BOSIOKHUCTOW
UCKpbl.

B 71O Bpems, kak npaktudecku nbas KaTywka AacT HekoTopble
pes3ynbTaTbl, cepbe3Hble 3PdEKTbI ByayT NPOOEMOHCTPUPOBAHbI C KaTyLUKOW, Y
KOTOPON CpaBHUTENbHO TOSCTLIM U KOPOTKMI NPOBOA B NEPBUYHOW, a BTOPUYHASA
obmoTka u3 6onee rpyboro npoeoga 4yem nepsuyka. BropnuHas obmoTka gosmkHa
ObITb pacnonoxeHa 6NM3KO K LEHTPY CepAeYHUKa, My4ykomM, BMECTO HaMOTKM MO
BCcen anuHe. lMepBuyHaa obmoTka AormkHa ObITb HamoTaHa, NpPegnoYTUTENBHO,
ABYMS ManeHbKMMK nNpoBogamMu B napannenb BMeCTO O4HOro TONCTOro NnpoBoaa.
OT0T MeToa nossonsieT Oonee 6GNU3KYHD HAMOTKY WU AMaMeTp HaMOTKM BTOPUYHOW MOXET ObiTb
COOTBETCTBEHHO CAeSlaH MeHbLUE.

BTopuyHble KaTylKu OOSMKHbI OblTb HaMOTaHbl CriosiMM a He (nuporamu) Bwmpb. B 6onblion
KaTyLke, oT 4 0o 8 cekum cnoes, ByaeT AaHO Maro U3oNAUMK Tak Kak noTeHuuans He Tak BbICOKU KakK y
KaTyLLKW, NOCTPOEHHOW ansa pabotbl ¢ Xnydamu. Cekumm CnoeB MOXHO pas3fenvTb CMeCcbid BOCKa U
KaHudonu.

MpoekTupoBaHMe MWHAYKMOHHOW KaTyWKA — MNPOEKTUPOBaAHNE KaTylWKW AONs  3apsgkv
KOHAEeHcaTopa MOXHO onucaTb HeckonbMu crnoBamMu. Mbl HE MOXEM MocYMTaTb TakkKe TOYHO Kak Mbl
caenanu 3To, NPOEKTUPysl TpaHcdopmaTop, NPM 3TOM Halle NPOEKTUPOBAHUE OOSMKHO pacHMTbIBATbCH
Ha nanbuax; 3TO0 BCE AN NPAKTUYECKOro NPUMEHEHUs ONMUCAHHOrO B 3TOW kKHure. CepaeyHunK OOSmKeH
pacyMTbiBaTbLCA N0 ONpPeAEneHHON NPONopLUN, KOTOPYH MOXHO U3MNOXNUTL KakK:

[nnHa cepoevHnka gormkHa bbiTb He Bonee 4Yem ero anameTp * 8; Takum obpasomMm cepaevHuK 8
aronmoB (20,32 cm) gnnHon 6ygeT 1 gronm (2,54) cvm n Tak ganee. Konnyecteo 060poTOB NEPBUYHON U
BTOPUYHOWN KaTyLLEK 3aBUCAT OT NMPUMEHSAEMOro BOSbTaxa, CKOPOCTU npepbiBaTend U T. 4, U Tak Kak Bce
cneundukaumn, NpeaocTaBeHHble B 3TOW KHWUre, oTobpaHbl U3 peanbHoro onbita, 6ecMbICrieHHO
npeanpuHMMaTh NOMbITKM 06 BACHEHMSA NPOLIECCOB, KOTOPbIE Aann 3TK cneundrkauum.

MuHHaoWwmMe KaTywWwKKM — 3TO MPOCTOM CONeHona U3 CpaBHUTENbHO TOMCTOro NpoBoda BOKPYr
CepAeydHVka M3 MMOTHO YrNakoBaHHbIX XenesHbiX npoBoAoB. [MpegnoytuTenbHa Ans MHAYKLMOHHOWM
KaTyLLKW, NpeBMYHas 1 BTOpU4Has oOMOTKM KOTOpon npucrnocobneHa ana pabotel Ha 110 BonbT, rae
Henb3s UCNonb3oBaTb TpaHcopMaTop.

MpoeKkTMpoBaHME Takke SBMSETCA pe3ynbTaTOM 3SKCNepuMeHTanbHbIX paboT, u Teopus
o6bAcHATbCA He Oyaet. [lMonHble cneumdukaumm npeaocTaBreHbl B NOCReAywmx rnaesax no
KOHCTPYKLMN pasnnyHbIX annapaTycoB, B KOTOPbIX NMUHHAOLME KaTyLKM Hanbonee noaxoaar.




MaBa 4

KonebartenbHbI KOHAEHCcaTOP

r e (DyHKU,VIﬂ BbICOKOMOTEHUMANbHOro KoHAEeHCaTopa B KOMMJNEKTaunn BY

THE OSCILLATION CONDENSER.

annapatyca - 3abpatb BY anektpuyectBo OT TpaHcdopmaTopa wnu
WHOYKUMOHHOW  KaTyLUKW, HaKoNUTb ero (CKOHOAEHCUpPOBaHHasi aHeprus) Ao
onpeaeneHHoro KpUTUYECKOro 3Ha4YeHUs, N 3aTeM, paspsaanTb HanpshkeHne Yepes
noaxoasWwmmn UCKPOBMK, TEM CaMbl NPOWU3BOASA 3JNEKTpudeckme KornebaHus,
KOoTopble co3garwT TO, YTO HasbiBaoT BY anektpunyectBom. B camom npoctom
npakTuyeckon opme, KOHOEHCATOP COCTOMT M3 [BYX KYCKOB XXECTAHOW honbru,
pasgeneHHblXx nuctom  6ymarn.  Takom  koHgeHcatop 6ymetr  obnagatb
onpeneneHHon  3NeKTPOCTaTMYECKOW  €MKOCTbIO,  Has3blBAEMOW  CINOBOM
«MuKpodhapag» unu dppakumst nnu kpatHoe. OamH nuct dymaru, NoKpbIThIA C ABYX
CTOpOH cponbrori 6yoyT obrnagate €MKOCTbIO MarneHbko ppakumm Mukpodhapang wunum mpg —
abbpesunatypa. Pasmelwias nuUCTkM € PONbrom nonepemMeHHoO B CTOMKYy M COeAMHAS napannesnibHoO
BbIBOAbl B Ky4y, MOXHO cAenatb KOHAEHCaTop MnpakTuyecku nobon eMKOCTW, eMKOCTb BO3pacTaeT B
NPSIMOM COOTHOLLUEHMM K KOMMYECTBY MarieHbKUX KOHAEHCaTopoB cobpaHHbix BoeauHo. C  apyrou
CTOPOHbI, €CNn B3ATb [Ba OAMHAKOBbLIX KOHAEHCATopa U COeauHWUTb UX nocnegoBaTernbHO MX obwias
€MKOCTb pacnpenenuTcsa nononam.

r T BbICOKONOTEHUMaNbHbLIE KOHAEHCATOPbl — €CMM 3MEeKTPUYEecTBo C
BonbwKnM  HanpskeHnem OyaeT BO30OyXOeHO B KoHAeHcatope u3  Bymarn,
ONUCaHHOM Bbilwe, ByMaxHas m3onaumss He cmorna OblTb MPOTUBOCTOATH cCune
anekTpuyectBa M OHO Obl npowno 4epe3 Oymary. Takum ob6pasom, 4TOObI
3NEKTPUYECTBO BbICOKOrO BOSIbTaXa MOrMO ObiTb MCMOMb30BaHO ANsi XpPaHEHUs
OOMbLIOr0o KOMMYeCcTBa 3HEpPrn B KOHAEHcaTope, HeobXoAMMO MCMoMb30oBaTb
Kakon-nmbo cepbesHbin ananekTpuk. CTekno un critoga, BOM30XHO, 6onblue Bcero
NoAXo4AT ANS HayuHalowero akcnepumeHTaTtopa. BosaywHbin  koHOeHcaTop
XOpOoL, Takke KaK W KOHOeHCATop MNNacTWMHbI, KOTOPOro MOMeLLeHbl B MAacho;
nocnegHue CNoXHo 1 Aoporo cobmpaTtb, O4HAKO, OHM eLle KO BCEMY rPOMO3aKNE U
TSKENble.

[na nocTosIHHbIX YCTAHOBOK, Korga annapatyc He OyayT asuratb U
nepemMewaTtb, MoauduKaumm BbILLEONUCAHHBIX OTNMYHO noaxoaaT. Cobupas
CHa4ana obblYHbIN CTEKMAHHbBIM KOHOEHCATOP U 3aTeM Nomellasi ero B pesepayap
C MacroM, MOXHO YCTpPaHUTb BCE WCKpbl/MpownbaHnsa KoTopble SBMSIOTCS
YyTEUKON Unu notepen.

Ana GonblWMHCTBA NPUMEHEHW NIOOUTENA 3KCNepumeHTaTopa, O4HakKo,
KOHOEHCaTop W3 CTEKNsHHbIX NnacTuH BnonHe noaxoaut. CTtapble doTO
HeraTMBHble MnAacTuHbl pasmepom 8 * 10 grorimoB (20,32cm * 25,4 cM) MOXHO
cnpocuTb B Mtobbix NpodeccrMoHanbHbIX OTO 3aBeAeHUAX. Takoe CTEKNo camoro
nyyuwero kayecTtBa, AOCTYMHOIO Ha PbiHKE, N €ro OAHO3HAYHO Jyylle NMPUMEHATb
YeM OKOHHOE CTeKI0, 0ObI4HO BbIOMpaemoe nsi aTUX enen.

Ecnn Heratmebl 8*10 nokpbiTb ¢honbron pasmepom 6*8 aronimos (15,24cm*20,32cm) ¢ obeunx
CTOPOH Kaxkgas nnacTtvHa Wnn oTAenbHbIN kKoHAeHcaTop OyayT obnagatb emMkocTbio npumepHo 0,001
Mdpa. 3T nNnacTuUHbl MOXHO YAOOHO CrpynuMpoBaTb B HOHUTHI M3 OECATU NfacTuH, Takum obpasom
eMKOCTb kaxgoro toHuta ©Oyget 0,01 mdpg. Cobupas noboe xenaemoe KONMMYECTBO HOHUTOB B
NOAXOAAWMMN AWMK UK KOPOOKY, NOOXOAALLYI0 eMKOCTb Ans cobvpaemoro annapatyca nerko 6yget
obecneynTsb.

donbry MOXXHO 3aKpenuTb Ha CTekne BbICTPOCOXHYLLUMM UKCUpyoLWMM cpeacTteoM. Mo gpyromy
MOXHO HaknagbiBaTb ponbry 6Gonblwero pasmepa U notom nogpesaTtb. Beob donbra npogaetcs
nuctamun 6,5*8,5 oIOMMOB — 3TO MOXHO NErkO OCYLLIECTBUTD.

Korga donbra 3akpenseHa ¢ 06enx CTOPOH CTEKMna, HOHUTbl MOXHO CKPEenuTb TOHKOM MeOHOW
NeHTOM cnpaea W cneea, caenas 0TBOAbI AN cOeANHEeHUs. 3aTeM NIEHTON CKPEennsaiTCsa caMmu CTekna,
OTBOAbl 3ananBaloTCs, a BCS KOHCTPYKUMUS MOMeLLaeTCa Ha [Ba Yaca B pachnfnaBeHHYI0 CMeCb BOCKa U
KaHugonu. Korga Bce 31O OCTbIBaeT, OHa chopMupyeT TBepayt BOA4OHENpOoHMLaemyo 060mnoyky ans
KOHOeHcaTopa, npefoTBpawias npobown, n He gonyckas Brary. Takum obpasom Hago genatb Bce
KOHAEHCAaTOpbl, ONUCaHHbIE B 3TOW KHUre, eCrin cneunanbHo He yKaszaHo UHOe.

KoHaeHcaTopbl CcO CnoAoW — UCMNOMb30BaHWEe Crodbl B KavyecTBe AWMAMEKTpuka B
KoHOeHcaTopax nopTaTmBHbix BY annapatycoB He MoOXeT ObiTb CWUbHO pPEKOMEHOOBaHO K
ncnonb3oBaHutio. Martepuan nerkun un obnagaeTaneKkTpuyeckMMm CBOMCTBaAMU KOTOPblE  OTIIMYHO
onpeaensalT ero K UCMonb30BaHMIO. JrekTpudeckasa crnioga goporasi, U LeHa 3aBuUCUT OT pas3MepoB
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NNCTOB; HO LieHa He BaXXHa eCnin ferkoCcTb — OCHOBHOE TpeboBaHue. Cnogy MOXHO KynUTb B ManeHbKnx
ﬂ nuctax npakTuyecku nobon xenaemon TonwmHbl. MeTon cOopKM Takon xe Kak u
CO CTEKMNSAHHbIMU NNacTUHaM.

PopMOBaHHbIe KOHAEHCATOpPbl — TakoOW TWM KOHAEHCAaTOPOB BHE
npeaenoB BO3MOXHOCTEN NOOUTENs-akcnepumeHTatopa, Tak Kak Tpebyer
3aBopckomn cbopku (bonbluoe aaBneHne u cnoxHasa cbopka). Tem He MeHee Takomn
MOXHO KynnuTb C eMKocTbio 0,2 Mdpa. Takon KoHAeHcaTop npakTUyecku
HEBO3MOXHO MOBPEeaUTb MexaHuyecku. Npoeogawmnn matepman — MeaHble SINCThI
NpPUMepPHO 5 OIONMOB KBagpaTHbIX, COOpaHHble cnelmanbHbIM COCTaBOM, KOTOPbIN
Takke wu3onuMpyet nNUCTbl Mean Mexay cobon, B OOuH TBepabi  6rok,
repMeTMYHbIA, BOAOHENPOHMLAEMbIA, WU MpPaKTUYECKN TenmnoCTOnKon. Takue
KOHOEHCaTOpbl XOPOLLO MOAXOAAT AMs annapaTyCoB pasBreKkaTenbHbIX, KOTOpble
MOrYT NOABEPraTbCs CEPbE3HbIM (PUNYECKNM BO3OENCTBUSIM.




MaBa 5

UckpoBuk
T ®yHKUMs  uckpoBuMka — obecneunTb 3a30p Mexay MNOAXOAALMMM
MeTannuMueckummn anekTpogamu Ana BY  anekTpuyecTBa, HaKOMMEHHOro B

KOHAeHcaTope, npoxosliero 4epes3 3a30p, CO3J4aloWero aneKkTpuyeckue
konebaHusa. NckpoBMK B CBOeW caMoO MNpocTon dhopme npeacrasnsaet u3 cebs
napy UWHKOBbIX UWNMHAPOB, pa3MeLLleHHbIX APYr HanpoTuB Apyra (KoHuamu) u
N30NMpOBaHHbIE OPYr OT Apyra; pacTosHUE MexXay 3NeKTpogamMu MOXHO MEHATb
W nogctpavMBaTb OO0 Heobxoammoro. TakMe HaCTpOMKM MOXHO caenaTtb C
yoobCcTBOM, ecnn  pa3MecTUTb LMHKOBbIE CTEepXHWU B JgepxaTensax c
npeaBapuTenbHO NPOCBEPAEHHBIMU NO4 CTEPXHM oTBepcTMAMU. Bonblias py4dka
unn Aauck u3 ubpbl Ha OOHOM W3 3MEKTPOAOB MO3BOMSAET MNPOM3BOANTL
HacTpoKKy npu paboTatoem anekTpudecTse.

lMpocTon WMCKPOBMK NOABEPraeTcsl CEepbe3HOW KpUTMKE B BOMPOCax MPUMEHEHUS C BbICOKOMM
aHeprMﬂMM XOTS ero BrOSIHe MOXHO WUCMNONb30BaTb B YTPOWCTBAX C MHAYKLUMOHHOW KaTyLIKOW WU B
ﬂ yCTpOWCTBax C HebonbwuMm  TpaHcgopmatopom. [lpn  mcnonb3oBaHUM
TpaHcopmaTopoB ot 0,5 kBT 1 Oonee, NpoCTON UCKPOBUK ObICTPO HarpeBaeTcs
N YHKUMOHMPYET HEyOOBNUTBOPUTENbHO. YIydleHMe BO3MOXHO MyTeM
pasmMeLleHns TENMOOTBOAALMX paguaTopoB Ha 3nekTpogax, ytobbl obnerunt
npouecc oTBoga obpasyemoro Tenna. [anbHenwee  ynydweHve — —
ncnonb3oBaHve 60MblWMX NO pasMepy 3MeKTPoAOB M3 UMHKA K elwé Gonblunm
ynyJylweHneMm SBNAETCS UCNONb30BaHWE 3NEeKTPOAOB W3 HUKENb-CTanu Crnna.a;
XOTH TakuMe Beln HeJOCTYMNHbl NPOCTOMY 3KCMepuMeHTaTopy. MHorga BO3MOXHO
nprobpecTn HUKeNb-CTarbHOW NPYT NOAOXAAWEN ANWHBI, B TAKOM Criydae npocTo
HeobXxoanmMo Takon UCNONb30BaThb.

Ecnu nopbiB BO3gyxa HanpasuTb NPOTUB 3MEKTPOAOB U B 3a30p, Npouece
paboTbl ynydwutca eweé. MoToKk BO3ayxa CNYXWUT He TOMbKO AN OXMaXAEHUS 3NEKTPOOOB, HO U
cbuBaeT ayry, Kotopas moxe obpasoBaTtbCs.

Bpawaowmmncsa UCKPOBUK — B ITOM TUMNE WCKPOBWMKA, OAMH 9MeKTpod — CTauMOHapHbIA, B
TOBpPEMSI Kak BTOpPOM — BpallaeTcs onpenenHHoe KonmnyectBo o6opoToB B cekyHdy. PasnuuHbie
MoaudMKauum Takoro MNPOCTOro BpallaltoLLerocsi paspsgHuKa CyulecTBYHOT Ha
pblHKE, MO3TOMy OWUCbIBaTb MX Mbl He Oyagem. [locTaToyHO ckasaTb, 4TO
BpaLLaoLWLNACA 3NIEMEHT MOXET COCTOATb M3 OAMHAPHOIO MEeTanIM4eckoro gmcka
Kpam OKPY>XHOCTWU KOTOPOro HapesaH B doopMe 3yOLOB; NnNn 3T0 MOXET ObITb AUCK
N3 OM3NEKTPUYECKOro martepuana, K KOTOPOMY MpUKpensieHbl MeTannnyeckune
LINUNBKKX, MPOXOAsLMEe Yepe3 BeCb AMCK K Kpak OKPY>XHOCTW; B nocrnegHem
npumMepe cTauMoHapHbIN anekTpon OyaeT ckonupoBaH M pasmelleH ¢ obeunx
CTOPOH Aucka.

MpenmyLiecTBa MHOrMX TUMOB UCKPOBKKA BOMblUe MexaHn4ecKne Hexenu
anekTpuyeckme. JKCnepuMeHTaTop, BblbMpas onpefeneHHbld Tun, OOIDKEH
NpYHMMaTtb BO BHMMaHWE CBOM BO3MOXHOCTM MO NPUOBPETEHU0 MaTepuanos.
Bce Ttunbl paspsigHMKOB XOpPOLWIM, B 3aBUCMMOCTM OT Tpebyembix pes3ynbTaToB, U novtu nobon
BpaLLaroLLMNCA UCKPOBUK JyyLle YeM Jaxe OYeHb XOPOLUMA CTaLMOHaPHbIN.

Konmyectso wwnunek mnu mMckpawmMx Todek OygeTr 3aBuceTb OT gMaMeTpa poTopa gucka wu
CKOPOCTW NPV KOTOPOW OH BpallaeTcs. KonnyectBo WNUeK U CKOPOCTb BpalleHUs onpeaenstoT TOH
WX Wwar HoTy, usgaeaemon uckpon. C 12 Toukamm n BpauleHnem npu 1800 o6/MUH 3BYK OT MCKpbI
My3blKanbHbIi M MAPUATHBIN  ONA  Cnyxa; 4YTO 3HAYUTENbHO OTnMYyaeTcsa OT  Tpellawero unu
pasbuBatoLlerocs 3Byka UCKpbl OT CTaLMOHAPHOro paspsagHuka. XoTs 3To CBOMCTBO obnadaeTt 6onbLuen
Ba)XHOCTbIO ANg paguotenerpadun Yyem Ons AEMOHCTPAUMOHHbBIX KaTyleK, TeEM He MeHee MPUATHbIN
My3blKanbHbI 3ByK MPOU3BOAMT BraronpusTHoe BnevatrieHne Ha nyonuky.

PacctosHne mexay BpalalwuMcss U CTauMOHapHbIM 3MeKkTpodaM AofkHa ObiTb, B 00LieM,
HaCTOMbKO KOPOTKMM, HACKONbKO BO3MOXHO 6e3 obpasoBaHus uckpbl. Cnegyetr npeaycMoTpeTb
BO3MOXHOCTb PerynMpoBKM 3a3opa NocpeacTBOM M3ONMPOBAHHOIMO MexXaHu3ma, 4Tobbl Npou3BOAUTb
HACTPOWNKY NPV BKIHOYEHHOM HaMpPsHKEHUMN.

3akaneHHbIN UCKPOBUK — Aenasi aNekTpoabl MCKPOBMKA OYEHb MACCMBHbBIMW, pacrorioras ux
OYeHb aKKypaTHO M pPOBHO OTHOCUTENbHO [Apyr pApyra, obecneynBas GonblUylo K3MNyYatoLLyHO
MOBEPXHOCTb Ha KaX4OM 3fIEKTPOAE, U HAKOHeL, Aenas 3a30p pa3MepoM B MUKPOHBbI, Y HaC nony4vaeTcs
TO, YTO HasblBalOT 3aKkaneHHbIM MCKPOBMKOM. bomnbllag macca meTtanna v usnyyawlias noBepxXHOCTb
obecneyrBatoT ObICTPbI OTBOA Tenna v pa3psag KoHOeHcaTopa CTaHOBUTCS OYEHb KOPOTKUM, YNCTbIMU




N MpaKkTUYecKn HesaTyxawowmm. bonblias noBepXHOCTb M KOPOTKWUMA 3a3op yBenuumsaroT obliee
KONMMYECTBO pas3psaoB 3a OAHO YepedoBaHue (konebaHwe) anekTpuyecTtBa OT
OAHOro-ABYX 3a OAHO KonebaHue A0 HECKONbKMX COTEeH MMM Oaxe, BO3MOXHO,
ThICSY. OTO HE O3HAYaeT, YTO YacToTa ANEKTPUYECTBA 3aBUCUT OT XapakTepUCTUK
TOMbKO 4YTO OMWCAHHOIO WCKpoBMKA. YacTtoTa KonebaHum MoxeT ObiTb Takxke
BbiCOKa M B OObIMHOM WMCKPOBWMKE, HO rpynnbl uUnn «noesga» konebaHun, unm
BO3MOXHO [Ja)e nydlle cKasaTb [pynnbl paspsgoB  KoHAeHcaTopa, OyayT
npoucxoamTb HamHOro 6Gonblie pa3 3a CekyHay, Wnu 3a ogHo konebaHue
3NeKTpn4ecTBa B 3aKarieHHOM UCKpPOBUKe. Tak ckasaTb KOHAEHCaTop CTaHOBUTCS
3apsKEHHbIM N pa3psXKeHHbIM HAaMHOro Gorblue pa3 3a CeKyHay, B TO BPEMS Kak
yacToTa konebaHui B KaXX4OM OTAENbHOM paspsiie OCTaHeTCs NPexXHeNn.

MpenymelicTBa 3akaneHHOro  UCKPOBMKA  MHOFOYUCIIEHHbI, HO M
NPON3BOACTBO TAKOr0 WMCKPOBMKA TPyAHOE W 3aTpaTHoe. 3akarneHHbI MCKPOBUK
TpebyeT XOpOoLNX MHCTPYMEHTOB M NpodyeccuoHansHoro oneita. MNMpn pabote OH YacTo neperpmBaeTcs
U nepectaeT ObiTb CTaOWMbHLIM. 10 CpaBHEHWIO C OObLIYHbIM MCKPOBUKOM —
3aKaneHHbIN JOPOron u TSXXenbln.

KomneHcnpyss nepeyvncrnieHHble HedoCTaTKM MOXHO  CkasaTb  4To
pes3ynbTaTbl OT TakKOro WCKPOBMKA caMble npumedatenbHble. BY paspsigbl oT
KaTylWwKkn Tecna Wnu oguHa, Npou3BOAMMbIE 4Yepe3 TakoW WCKPOBUK —
noTpsicaroLLme: BMECTO TOHKOMW, TAHYLLENCA UCKPbI, NosyYyaeTcsa ropawmnn, 6enbin
pas3psn KOTOpbI MOXHO CPaBHUTb C OFHEM OT OYeHb BbICOKOMOTEHLMANbHOrO,
HW3KOYaCTOTHOro TpaHcopmatopa. IT1oT BY paspsa He Tuxuin, ofgHako,
NpOV3BOANT TPOMKMIN LIMNAWNIA 3BYK. [na anekTpo-tepaneBTnyeckon paboThbl
Takol WCKPOBUK — BENMKOSENEH, MPU YCIIOBMM YTO OH CMpPOEKTUPOBaH, cobpaH
Ansa aTux uenen. Xnyy4m ocoBEeHHO 3HepruyHble U Ans aBTOKOHAEHcauuu, npu
KOTOPOW CKOPOCTb paspsiioB MMmnepaTUBHasl, MUNM-aMnepax MOXeT AoCTUraTtb
1400 6e3 kakoro-nnbo guckomdopTa Ons naumeHTa. MTak, untatenb yBuOUT, YTO OdaXe CO BCEMMU
cBOMMM npobnemamMmn u HegocTaTKamu 3akaneHHbIA UCKPOBUK CTOMT TOro, 4Tobbl ero cbopaTb, €Cnu Bbl
cobupaeTecb UCKITHOUYNTENBHO 3KCNEPUMEHTMPOBATD.

Bpawarwwmnca UCKpOBUK — Ons paauoTtenerpadum, BbiCOKasi TOHANbHOCTb WCKPbl OYeHb
HY)KHa Takyl) TOHANbHOCTb MOXHO BbIOENUTb M3 aTMOCKEPHbLIX CTONIKHOBEHWMMA U OPYrMX CTOPOHHMX
3BYKOB TaK 4acTO CIlblLUMMbIX B HayLLUHMKax paano peceBmpoB. OOblYHbIM BpaLLaLWMUnCcs UCKPOBUK AaeT
Takyl0 TOHanNbHOCTb BMoOfHe yaoBnuTBopuTenbHO. 500 o6opoTHOe nepemeHHoe
9NEKTPUYECTBO HaNpaBieHHOEe B cneunanbHbIvi TpaHCopMaTop M UCMOMb3yemoe
Ona paspsiga NocpeacTBOM 3aKaneHHOro MCKpoBMKa paboTaeT gaxe nydile, HO
500 o0OOpOTHOE 3NEKTPUYECTBO Ha BXOAe BHe nNpedenoB AOCUraemMocTu
nobutensa-skcnepumMmeHTatopa. Heckonbko neTr Hasag pogunacb  uaes
COBMELLIEHNST 3aKalNeHHOro M BpalLlaloLLErocsl MCKPOBMKOB B KayeCTBE 3aMEHbI
500 o06opTHbLIX HabopoB, MNOCPeACTBOM Takoro mnepegatymMka oO6bl4HOe 60
06pOTHOE 3ANEKTPMYECTBO MOXHO ObINIO HanNpaenATb B annapatyc M 3acTaBnsaTb
NPON3BOANTL YMUCTbIM My3blKasnbHbI 3BYK pas3psga Co BCEMM BO3MOXKHbBIMMU
npenmyLLecTBaMn 3aKafieHHOro0 WCKPOBMKA, a Takke CO MHOXECTBOM OpYrnx
OOMNONHUTENbHBIX.

Bo BpawatolemMcsa UCKpOBUKe, BpalLalLLNACA 3anekTpod caenaH B hopMe MeOgHOro gucka ¢
pagnanbHbIMKU NPOPEe3sMU MO MOBEPXHOCTU M TakMM 0O0pa3oM OCTaBnss KIMHOBMAHbLIE Topuvalume
BbICTYMbI 4115 uckpbl. CTaumMoHapHble aNekTpoaa, KOTOpbIX ABa, Kaxabli opMUpyeT NONyKPYribIA KyCOK
Mean C paguanbHbIMU CrioTamu, YToObl B3aMMOOECTBOBATL C BpalLaloWmMMcs aneMeHToMm. [ocnegHuni
yCTaHaBNMBaEeTCA Ha Bany C MNoAwunHMKamu, TakuMm obpasom, 4Tobbl BbICTYMbl OblM HA MUKPOHHOM
pPaccTosiHAM OT CTaLUMOHAPHOW YacTu, 1 BpallaeTcsa Ha 6onbLION CKOPOCTU. NTak Mbl MUMEEM HaCTOALLINI
3aKaneHHbIN MCKPOBUMK, noapasfensiollen pasps KoHOeHcaTtopa Ha cepuio paspsaoB, KOTopble Mpu
BpallleHN Oucka pasgenstoT pas3psg KoHO4eHcaTopa B rpynnbl, KOTOPblE JErko OnpeaenswTcs u
KOTOpbIE COMPOBOXOATCA KPACKMBbIM My3blKanbHbIM 3BYKOM UCKPbI.




MaBa 6

TpaHcdopmaTop Koneb6aHum

T Fo— - ®dyHKUMA TpaHcopmaTopa konebaHunm — NpuHMMaTh konebaTenbHbIN TOK
HaBOOUMbBIN pa3psagoOM  KOHAeHcaTopa 4epe3 UCKPOBUK, U yBenuuMBaTb €ro
o e it et i | [IOTEHUMAN OT HECKOSbKMX ThICAY BOMbT A0 NpakTU4Yeckn roboMoro xenaemoro
- | noTeHumana. Torga kak NPUHUMM NPaKTUYECKU Takow ke kak U B obblyHoM HY
TpaHcopmaTope, TpacHdopmaTop BY Tvna obnapaet cBOUMMU
npyMmeyaTenbHbIMK CBOWCTBaMM. Hanpuwmep, nepBuYyHas obmoTka
TpacHdopmaTopa konebaHun moxeT coctoAaTb M3 oT 1 0o 10 o6opoTOB OYEHb
TOMCTOr0 MEAHOro MPOBOAHMKA; B TAKOW KOPOTKOM U C HU3KMM COMPOTMBIIEHUEM
oB6MOTKe, anekTpuyecTBO Konebnetcs C MoTeHuManamMm B HECKOMbKO TbICAY
BONbT. BTopnyHaa obmoTka TpaHcdopmaTopa konebaHun MOXeT COCTOSATb U3
| . 2 OQHOro crnos nposoda, ¢ obwum KonmyectBoM obpotoB Gnmxke k 100 BMecTo
1000, kak HanpUMep B HU3KOYACTOTHOM TpaHccopmaTope; HO B TAaKOW KOPOTKOWM BTOPUYHOM O0OMOTKE, C
o HebonbLWMM KONMyecTBOM 060pOTOB, MOXHO HaBECTU HEU3MEPUMbIA NOoTeHuman
— BOMbTaX A0 MUWMAMNWOHOB. TpeTbs, W, BO3MOXHO, Camasd BaxHasa duLLKa
TpaHcdopmaTopa KonebGaHum 3TO TO, YTO Y HEro HET XXEeNe3HOro cepaeyvHuKa;
Hanuyue nboro xenesa rydbutenbHO ANA AENCTBUSA 3TOr0 YCTPONCTBA.

PasnunyHblie BUAbI — COOOpaXeHns 0 HanpsikeHuun, anekTpuiecTase, Bece,
YyactoTe W pasnuyHble Apyrve @akTopbl MPUHUMAKTCA BO BHWMaHue npu
NPOEKTMPOBaHUK TpaHcdopmartopa konebanun. OBMOTKM MOXKHO M30NMPOBaTb
Apyr OoT gpyra BO3A4yLHbIM MPOCTPAHCTBOM, MAacroM, BOCKOM WM Ba3esIMHOM.
MepBuyHasg moxeT ObITb B (hopme crnvpany n3 Meau Uinm nonockl, NeHThbl, TPYOKK,
a MOXeT COCTOSATb M3 XOpOLUO M30NMpOBaHHOro nposoga. BrtopuyHaa obmoTka
HamMoTaHa OOHWUM CIoeM MOBEepX KapTOHHOrO U OepeBAHHOro uunuHapa, vnu
OepeBsiHHOM pamku (B doopme TpyObl), Ui MOXKET OblTb HAMOTaHa psdamMm y3Knx
CMNOEB Ha M30NAUMOHHYK Bymary mnmn TkaHb. BTopnyHas obmoTka Takke MOXeT
ObITb B (hOpMe KOHYCa UNn N0CKOM Cnvpanu, HanoOMUHAKLWEN NayTUHY nayka.

OavH u Tecna TUNbl KaTyweK — TpaHcdopmaTopbl konebaHnm MOXHO
knaccucpmumposate no atmm Asym Tunam. Katywka OpguHa Ha camom pene
aBTOTpaHcgopmartop, T. €. ero nepsumyHas obmMoTka U BTOPUYHAA COEAMHEHbI
BMECTe B HeWTpanbHOW Touyke, KoTopylo B crnydae ¢ BY annapatycom
Heobxoanmo 3as3eMnsaTb. B kaTywke Tecna coavHeHne nepBUYHON N BTOPUYHOWN
KaTylweK — MHAYKUMOHHOE; ABe 0OMOTKM pasgeneHbl Mexay cobon. (cMm. puc. 18).

TpeTun Tun, CTOAWMKA YNOMUHAHUSA, BBMAY, TOro0 4YTO OH Hawubonee
NpPaKkTUYHbIN, - KOMOUHaUua uenen Tecnol n OgmHa. Nony4yaeTtca gBa pe3oHaTopa
OpauHa, pasmelleHHbIx 60k 0 BOK Apyr C ApYyroM, C 3a3eMNSAILWUMM KOHTaKTaMu,
COeQIMHEeHHbIMM nocnegoBaTenbHO 0bWwmM 3asemnsaowmm nposogom. KonebarenbHas uenb, KOHEYHO,
yepe3d ob6e nepBuMYHble OOMOTKM. [anbHenwas Moaudukaumss BO3MOXHa MNyTeM pasMeLleHUs
OCHOBaHWI pe3oHaTOpPOB kak nokasaHo Ha puc. 20. Takum obpa3om BUPTyanbHO norfyvaeTcd Tecna
KaTyllka U3 AByX, eAMHCTBEHHOM pasnuyme B TOM, YTO HENTparnbHble TOYKN a33eMIIEHbI.

MpeumylwecTBa pasnuMyHbIX TUMOB — KaTyllka Tecrna gaeT camble AJIMHHbIE WCKPbl MO
CpaBHEHMIO € MbObIM APYrMM TUMOM. OTY KaTyLlKy TpygHO cobpaTtb, 04HAKo, B MEXaHUYECKOM MfaHe —
3TO [OBOSMBbHO npocToe ycTponcTBo. Camasa 6Gonblwas npobrnema Tak pasMecTuTb NEPBUYHYID U
BTOPUYHYIKO KaTywKn, 4Tobbl wun3bexarb yTeuyknm anekTpuyectBa (Mpobonm wmexagy KaTywkamu).
KombuHmnpoBaHHbIn Tun Ha puc. 20 mnn TMn Ha puc. 19, nossonsieT obGONMTU 3Ty TPYAHOCTb CO
CpaBHUTENBbHO HEDOMBLUMMMK NOTEPSMMU.

Katywka OguHa gaeT orpoMHbIN paspsii CO CBOEro €AUHCTBEHHOro TepMuHana. B Gonbliown
KaTyLlKe, CTpMMepbl MyprnypHOro OrHSA BbICTpenuBaloT B pOpMe BETKM AepeBa Ha paccTosiHue B
HeCKOmnbKO pyTOB BO BCEX HanpaBneHusX. Takas KaTyllka, OOfPKHbIM 0Bpa3omM CnpoekTUpoBaHHas (C
y4yeToM BCex HeobxoouMmbiX MPONopuMin) M akkypaTHO cobpaHHas AacT BENUKOMENHble pesynbTaTbl.
KoHCTpyKUMs npocTa, a NPOeKTUPOBaHME CMOXHO W CTOMKU 3PEHUA MeXaHUKU U C TOYKU 3peHus
anekTpukn. [1na noptaTMBHOro ncnonb3oBaHusa katywka OanHa — naeanbHbIN BapuaHT, 0cobeHHO ecnu
HeobXoAMMO CHM3NTL BEC M TPOMO3OKOCTb annapatyca W MOBbICUTb €ro yaaponpoyvHOCTb Mpu
TPaHCNOPTMPOBKE.

Mponopuunm KaTyLweK — Npy NPakTUYEeCKON IKCNyaTaLumm HECKONbKUX AOXKUH PasnuyHbiX TUMOB
BY kaTywek, aBTOp CQOpMYynMpoBan HECKOSbKO MPOCTbIX MNpaBurl, KOTopble, MO OBBLACHUMbIM
npuyMHam, CMOryT NpeaocTaBuTb 06bSCHEHNE B chepe CTPOUTENLCTBA N NPOEKTUPOBAHUA KaTyluek. B
TO BpeMs KaK CyLleCTBYEeT COBEpPLUEHHbI MEeTOA4 MO KOTOPOMY KaTyLIKM MOXHO CNpOeKTUpoBaTb Ha
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Oymare, nocpeacTBOM PasrmyHbIX PopMyr, KOTOPbIE COXHbI B Ppa3HOM CTENEHU,
CpeaHecTaTUCTUYECKMI IKCNepUMEHTATOP OTMETUT 4YTO MpaBuMO pacdetTa Ha
nanbuax obnagaet onpeAenHHbIMU NPENMYLLECTBaMU MO CPABHEHWUIO C OPYTUMMU,
0COBeHHO Korga pesynbTaTbl pac4eToB Ha MnarnbLax akkypaTHO (PUKCUPYHOTCSA U
nocpeacTBEHHasA KOHCTPYKUNS NUKBnaMpyeTca B Oyaywiem annaparyce.

C Takmm KpaTKMM OOBACHEHWEM, WM BO3MOXHO, W3BMHEHWE 3a
NCNonb30BaHVe-NPenCnonb30BaHne MpaBuNo pacdeTa Ha nanbuax, MoXem
NPOAOIXNTb UCCMNedoBaHWe MNPOEKTUPOBaHWUS TpaHcdopmatopa KonebaHui
pasHbIX pasMepoB U Ans pasHblxX uenen. bes kakmx nnbo NonbITOK 0ObACHEHUS
Teopun, aBTOP, Ha OCHOBAHWW CBOErO OMblTa, MOXET CKa3aTb, YTO BTOpUYHAs
obmoTka Tecna KaTyLwKku JomkHa 6bITb HAMOTaHa Ha LUIMHAP, ANMHa KOTOPOro B
3 pasa npeBbiwaeTt ero gunametp. B pesoHatope OauHa BTOpMYHad obmoTka
AOMMKHa OblTb HaMOTaHa Ha UWNWHAP, ANMHA KOTOPOro HEMHOrO0 MeEHbLUe ABYX
anameTpoB. [puMMeHas 3TO NpoCToe npaBuno, Tecrna kKaTywka cO BTOPUYHOWN
obmoTkon B guametpe 12 arwonmos (30,48 cm) B anameTpe, AomkHa 6biTb 36
aonmos (91,44 cm.) B anuHy. Katywka OguHa 6yget okono 22-24 aionmos (55,88
cm — 60,96 cm) B BbICOTY ecnu ee gnameTp paseH 12 giovimam (30,48 cm). aTo
npaBunNo NPUMEHUMO TOJSbKO K LNMIIMHAPUYECKUM BTOPUYHBIM OBMOTKaM.

KonunuyectBo 060poTOB NpoBoga Ha LUNUHOPUYECKON BTOPUYHON OOMOTKE
Tecna KaTywku JomkHO 6biTb B panoHe 800, Toraa kak katywka OguHa coctouTt
n3 400-600 obopotoB Ans AnuHHbIX Mckp M 100-300 obGpoTtoB and ©Gonee
KOpoTkoro u 6onee MOLLHOIO paspsga. IATOMYy npaBuily Kak oKasanochb,
NOAYMHAIOTCS M Bonblune N ManeHbKMe KaTyLLKW, a NpeaoCTaBeHHble Ldpbl —
B35Tbl U3 Tabnuu, gaowmx nHdopmauunio 06 3dEKTUBHON HAMOTKE pPasfiMyHbIX
BMAOB KaTyLLeK.

KoHycoobpasHaga kaTyllka 0cobeHHO adhheKkTMBHA, ecrnn NpaBuibHO
cnpoektMpoBaHa. [lponopumMmM KOHyca MOryT MEHSTbCA OT NeprneHOUKYNsapHO
POBHbIX MO OTHOLIEHMIO K OCHOBaHWO [0 nepaneHankynsapHelx B 1,5 pasa
MEHbLUMX Y BEPXYLUKA YemM OocHoBaHue. Yem 6onblue KOHYCHOCTb Tem Gornblue
ONnHHbIe uckpbl. OBMOTKa kKOHyca formkHa coctoaTb uM3 100-500 oGopoTtoB
nposoga (npu 100 obopoTax uckpa kopoTtkas u Torncras, npm 500 obopoTax uckpa
ONMHasa 1 ToHKas).

[na o4yeHb ANU3KO PacnonOXeHHbIX APYr K OPYry KaTyllek, Hanpumep B
dopme nupora, rge HamoTKka MpPOM3BOAUTCS CrOsSIMM, a KaTylwka 3aTem
3anedvartbiBaeTcs, KonuyectBo obopoToB MoxeT goxogutb oT 1500 go 2000.
KaTyllKa CpaBHUTENbHO HEBOMbLLIOrO AnamMeTpa B JaHOM chny4yae, criov nposofa
He cnegyeT genaTb OYeHb LUMPOKMMW, TaK Kak He BblOEPXUT N30MaLmns.

MpoBoaHMK Onsi BTOpUYHOM 0OOMOTKM ntoboro Tuna TpaHcdopmaTopa
konebaHum pomkeH ObiTb K3 MArkon, yncton mean. UN3onauma mMoxeT ObiTb
XJIONKOBasi UNn LWEmKoBas, HO He aManupoBaHHagd. VMicnonb3oBaHne nocnegHero
ana BY BTOpUYHbIX OBMOTOK CUNBHO PacCcTpPoOMio aBTopa Mpu CTPOUTENbCTBE
HeCKOmMbKMX 60MbLUMX U CpaBHUTENbBHO AOPOrnX KaTywek. Msonauusa nposoaa He
npeacTaBnseT Kakon-nnbo LUEeHHOCTW, KpoOMe TOW 4YTO OHa npepocTaBnset
MexaHu4eckoe pasgerneHne obopoToB npoBoda, M (POPMUPYET OCHOBY WNn
nogaepXxKy caMmomMy NpoBoay, K KOTOPOMY OHa MPUMEHeEHa.

M3onauma BTOPUYHOM OOMOTKM - OAWH Cepbe3Hbln hakT npeacraet
nepea 9KCNepMMETaTopoM MOCMe TOro Kak OH MOCTPOMM U MO3KCMEPUMEHTMPOBAN C HECKOSIbKaMu
KaTywkamn. HeT Takon TBepaon wu3onsumMmM kotopass cmorna 6bl pabotate npu BY u  Bbicokux
noTeHuunanax; CTEeKno, pe3uHa, crniogda, TKaHb, M Adaxe napaduH, BOCK B KOHEYHOM peayrbTaTte
NOMOraroT 3MeKTPUYEeCTBY NponTn vepes cebsa. TepMuHanbl KaTywkn MOryT ObiTb pasHeceHbl Aanblue
WCKPOBOrO PacCTOSHUS B BO34yXe W eCriv MOMECTUTb TOSMICTYH CTEKMSHHYIO NIacTUHY MeXay HUMM,
pasps4 HeMeAneHHO HavvMHaeT Kak BUXPb NpoknagbiBatb cebe nyTb Mo MOBEPXHOCTU CTEKna, B KOHLUE
NpoHM3bIBas BCE CTEKNO, Kak ecnu Obl 3TO Obina kapToHka. lMocemy rnaBHoe, 4TO Heobxoaumo
3aNOMHUTb HEMOCBSALLEHHOMY 3KCNepUMEHTaTOpY: N30NMPoBaTh Tecra NepBUYHYIO OT Tecna BTOPUYHOM
KaTywKn CpeacTBamMu, UCMNoNb3yemMbiMy Npu padote ¢ 0ObIMHON MHAYKMOHHOW KaTyLIKOW, BEnuyanlas
rmynocTb npu pabote ¢ BY anektpuuyectsom. >Kngkoe macro, MOMHOCTbI0 06E3BOXEHHOE, - CaMblit
NyYWnin U30NATOP ANS TakMxX YacToT. Ero Tskeno nepeHocuTb 1 OHO pasbanTbiBaeTcs Npu nepeHocke,
HO ero ucrnonb3oBaHWe onpeaenseT nornyvyeHne KpacuBoro adpdEeKTHOro paspsga Co BTOPUYHON
KaTywkn B BO3gyX. Psgom ¢ Macnom CTOMT CMEeCb NYENUMHOrO BOCKA U KaHUMONW B paBHbIX SOMSX.
BeposaTHO 3TO npakTMyeckn S3aNHCTBEHHAst TBEPAAs U30nsaums, Hy UM NodTu TBepaas, kotopass MoaeT
NPOTMBOCTOATb HanpsikeHutio. CambiM nocnegHnm cnegyeT Bo3gyx. Mbl roBopyMM nocriegHuin, notTomy




yTO BosuymHaﬂ nsonauma gorkHa 6bITb HamHoro 6Gonble (ropasgo nydwe) Yem nwobon w3
npeawecTBeHHNKOB (Macno, KaHNonb/BOCK); HO caMoe rnaBHOe, YTO BO34yLUHAS
n3onsuma — AeleBbli, NerkMnm no Becy, 1 abCOMTHO HaOEXHbIM NOMOLLHMK BY
aKcnepumeHTaTopa. PasgeneHne nepBUYHOM U BTOPUYHOM OOMOTOK BCEro Ha
HECKOSbKO [IOMMOB, MNPW YCMOBUM UYTO OHW MEXaHUYECKM W IMEKTPUYECKH
rPamoTHO cOOpaHbl, U YTO [MaBHEe — AOOCTYMHOCTb BCEX KOMMOHEHTOB AnNs
MOMEHTaNbHOr0O OCMOTpa — Ccamble MNpuMevaTeflbHble 4YepTbl M30NUPYHOLLEro
nocpegHuka (Bosgyxa).

B BO34yLLHO-M30NMPOBaHHbIX KaTyLlKax, BTOPUYHYO OOMOTKY crnegyet
HamaTblBaTb C BO34YLWHbIM MNPOCTPAHCTBOM MeXay Kaxgoro obopoTta c
cocegHUMN. ITO PaCCTOSAHME 3aBMCUT OT HABOAMMOIO HanpshKeHUs Ha BEpPLUUHE
KaTyLWKMM ODbIYHO 3TO NPaCTPOCTPaHCTBO pPaBHSAETCS WMpuHe npoBoda. [onbin
npoBO4 MOXHO MWCMNONb30BaTb, HO He pekomeHayeTcs. [BonHas wmsonauus
XJlonKkom nposofa 6bina BbIbpoM aBTOpa MOCHE MHOIMMX 3KCMEPUMEHTOB, YTOObI
onpefenntb OTHOCUTENbHbIE OOCTOMHCTBA BCEX MOKPbITUN. Takas wusonauus
SABMSETCHA OTNUYHOM OCHOBOW ANS Llesiaka, KOTOPbIM MOTOM B HECKOSbKO CIOEB
MOKpbIBaeTCA KaTyLlKka W BbICyLUMBAETCH, 1 oneyaTbiBaeT(U3onupyeTt) 0OMOTKN OT
uunuugpa, npegoTBpallas B 3HAYUTENbHOW CTeneHn npobon/yTeukn mexay
obopoTtamn, Korga KaTywka paboTaeT Ha MOMHYyK MOWb. TeopeTudecku
BTOPUYHYIO OOMOTKY crnegyeT HaunmHaTb C 0GPOTOB pacnonoXeHHbIX 6nn3ko apyr
K OpYyry, paclumnpsis pacCcTosiHAE MeXOy HUMMK MOCTEMNEHHO K BEPXHEMY KOHLY MO
Mepe pocTa HanpsbkeHust. JOTOT METO4 HaMOTKM OO0BOSIbHO CHOXHbBIA - Ons
nobutena akcnepuMeHTaTopa, OAHaKo, emMy MpuAeTca NoTpyauTbCs YTOObI
NPUHUUNE HamoTaTb 06OPOTbI TakMM 06pa3oM, YTOBbI OHM BbINK N30NMPOBaHLI K
npyv 3TOM COXpaHuUrcsa noTeHuunan.

MacnsHas wn BockoBas MU3ONAUUA — MacfioOM MW30NMPOBaHHAA KaTyllka MOXeT ObITb
CKOMMOHOBaHHa C O6NM3KMM pacnonoXeHnem; TO eCTb nepBu4Has MoxeT ObiTb coBcem 6nM3ko
pacnonoxeHa KO BTOPUYHOW. AWMK WNW KOHTEMHep ANS KaTywek MoxeT OblTb AepeBSHHbIM, C
OLMHKOBAHHbLIM YrofikoM. BHYTpeHHAs NOBEPXHOCTb OOIMKHA ObITb, KOHEYHO, M30NIMPOBAHHOW CTEKMOM,
pesvHon wunn 4em-nubo macnoctomkmm. LUudpep He cTOUT MCnonb3oBaTb TakK Kak OH COAEPXMUT
BKpanneTHUs MeTanna, KoTopble MopTAT paboTy KaTywku. BbicokonTeHumanbHble BbIXOAbl M3 0bexu
KaTylleKk MOXHO BbiBECTM 4epe3 ¢hapdopoBble, CTEKMSAHHbIE UMM TBEPAO-PE3MHOBbLIE LUANEKTPUKM-
Kpenexwu, yCTaHOBMEHHbIE Ha BEPLUMHE SALMKa U yXoadLwme BHA3 B Macro.

BhbIlWeynoMAHYTLIN COCTaB, COCTOSALLMA HANoOMOBMHY M3 BOCKa N4Yen, HanomnoBuHy U3 KaHudonu,
ncnomnb3yetca [Ansi onevatbiBaHMs KaTywek B ¢popme nupora B MNOPTATMBHLIX TepaneBTU4ECKUX
annapaTtycax, rge BCe HanpaBfeHO Ha CHUWXeHWe Beca M pasMepa. OTOT cOocTaB TONUTCA B ABOMHOM
neyn (napoBon GaHe), TaK Kak U30NMpyloLWMe XapaKTepUCTUKM HapylalTca npu naneHuu. Kartyuwka-
nupor, Kotopas 6yaeTt nogpobHO onvcaHa ganee B KHWUre, Norpy>KaeTcs B ropsvMi COCTaB Ha HECKOSbKO
yacoB noka o6moTkm u OGymara, pasgensawowas obMOTKM XOpowo nponuTanmMcb/o6BONOKNUCH
pacnnaBneHHbIM BOCKOM.

MpeumywiectBa GM3KOro pacrnonoXeHus KaTylwlek Apyr K Apyry cTanu AOCTynHbl Gnaropaps
nyywemy 4Yem BO3AyX u3onsaTopy Ana 6onbwen adpdekTMBHOCTM TpaHcdopmaTopa KonebaHui
cobpaHHoro nogobHeiM o6pa3om. Uckpa Tornuie 1 ropsiiee, U MoXeT ObiTb NOXenaemon AfMHbl. OTO
Ka4yeCTBO HYXHO Ans paboTbl ¢ Xnydamu. [ng AeMOHCTPaLMOHHOro annapaTyca, 0OgHako, nydliee, 4Yto
3KCNepuMeHTaToOp MOXET UCMONb30BaTb — BO3AYLUHAA N30NALNA KaTyLUEK.

KOHCTpPYKTMBHbIE OCOBGEHHOCTM — MpocTenasa KaTylwka Tecna uim oguMHa — Ta, B KOTOPOM
BTOpPUYHaA oOMOTKa Ha UMNMHAPE M3 KapTOHa MPUMEPHO, Kak NOYTOBbIN/YEPTEXHbIV LMNnHAp/Tybyc B
anameTpe vnuM UMNMHAP ANS HAacTPOEYHOW KaTyllKW, HaMOTaHa HECKONbKMMW COTHSMUM 0O60pOTOB
N30SIMPOBAHHOITO OBMOTOYHOrO MpoBoAa ANs 3NeKTpomarHWToB. [lepBuyHas MOXeT OblTb caenaHa
HeckonbkMMKn obopoTamMm  MeOHOW neHTbl cnupanbid ¢ obopoTamu  pasgernieHHbIMU - MOSIOCKON
ANaneKkTprka Bce BMecTe OUKPCUPYETCH NEHTON B NATU UK LLECTU MeCTaXx.

[na Takoro npocTtoro craprta, 6onbline KaTylwKku MOryT paspaboTaHbl B aHanOrM4HOM KIlHoue.
KapTOHHblE UMNUHAPBLI MOXHO KynNUTb pasHbiX pa3mMepoB, a ewé Gonbline MOXHO 3akasaTb. OyeHb
fonbline UMNMHAPLI MOXHO Aenatb W3 peek, MNPUKPENpPenneHbiX OepPeEBAHHbIMUA KPEMneHUsaMN K
AepeBSAHHBIM Kpyram, >xeriaemMoro pasmepa.

MepBuYHbIE OBMOTKM MOryT ObITb M3 NpPaKTUYeCKM NobOro LOCTYNHOrO TONCTOro NMPOBOLHMKA.
Tak kak BY anekTpnyectBo ABMXKETCA MNyTLWECTByeT MO NOBEPXHOCTM MPOBOAHWKA, Nyylle caenatb
NEPBUYHYIO U3 MEOHOWN NEHTLI/NONOCHI UNN Jaxe MegHOW TPpyOKM OTHOCMTENBHO BOMbLIOro AnamTepa.
MHOrOXUINbHBIA/BUTON MNPOBOAHWK BENWKOMENEH, M €CriM TOYHO 3HaTb KONMM4ecTBO OOOPOTOB M He
TpebyeTca HacTpoKKa, SKCNepMMEHTATOP MOXET UCMONb3oBaTh TOMCTbIA MHOFOXWUIbHBIA NPOBOA, ANd
OOCTWXEHNS AOCTOMHbIX pe3ynbTaToB.




MpaeanbHbI NepBUYHBIN NPOBOOHUK — Nofoca/neHTa nnm 6pycok CMOTaHHas B cnuparsnb. Takyto
NepBUYHYI0O MOXHO cAenaTb KpemnkoW U OHa MpPeBOCXOAHa C JMEKTPUYECKOW TOYKM 3peHus. Takown
NPOBOAHMK Nno3BonsieT 6onee 6rmM3koe pacnonoxeHne oOMOTOK Apyr K apyry 6e3 pucka npobos mexay
HUMK. HamoTky pebpom TpygoHO caenatb, Kak MOXeT MpAenonoXutb yutatenb. MexaHuyecku 310
OENCTBUTENbHO AOBOSIBHO COXHO, MO3TOMY HyXHa MalumHa/npcnocobneHune, npcnocobneHHas nog
Takoh cnoco® HamoTKW. JIeHTYy MOXHO KynUTb B Y€ HaMOTaHHOM BMAEe B Tpex pasmepax u eé
ucnonb3oBaHve ByaeT Aanee onMcaHo B KOHCTPYKLMM HECKOSbKMX KaTyLUEK B KHUTE.
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BapuaHTbl UICMONHEHUs MHAYKLMOHHbIX KaTyllek, paboTalowmx ot 6aTtapeu

CHAPTER VII.

INDUCTION COIL OUTFITS FOR BATTERY
CURRENT

1

N3 Bcex akcnepumeHTanbHbIX annapaTycoB B npedenax AOCAraeMocTu
nobutens akcnepMMeHTaTopa, HU OAMH He CPaBHUTCS C BbICOKOMOTEHUMANbHbIM,
BY TpaHcdopmaTopoM Korga Aeno KacaeTca AeMOHCTpaunsa Unn passriedeHuns.
[MpocTOoM KapTOHHBLIM LMAWHAP, C HaMOTKOMW B HECKONbKO COTEH 0OOpoTOoB
npoBoAOM And TpaHcopMaTopoB (MarHMTHbIA MNPOBOA) OOHWM  CIOEM,
YCTaHOBMEHHbIA Ha BEpPLUMHY Chnvpanu, BxoAsuwien B cocTaB 6ecnpoBOAHOro
TpaHcdopmaTopa, AacT IKCNEPUMEHTATOPY UCKPY B HECKOSbKO OIOWMOB AMVHOWN.
C TakoM MCKpOW 3KCNEepMMEHTaTop MOXeT BOOBOMb MOUrpaTbCA Tak Kak OHa
abcontoTHa 6e306maHa. Ecnu npuHumMath Ha cebs Yepe3 MeTanmn4ecknuini Kycok
Takoe 3neKTpMYecTBO Bpeda He ByAeT HMKAKOro, HECMOTPS Ha TO YTO BOSbTax
MOXEeT [OCTUraTb ThiCAY BOMbT. OTO 0OBACHAETCA TEM, UYTO ANMEKTPUYECTBO TaK
ObICTPO MeHSieT HanpaBneHWe CBOEero AOBWMXEHWUS Tak ObICTPO, YTO HepBHble
OKOHYaHWs (HepBbl) He MOTYT nepeaTtb owyleHne 601 1 Mblwubl HE OTBEYaloT
nony4aemMblM nynbcauusm.

AnnapaTyc ¢ MHAYKLUMOHHOM KaTyLUKOW — 3KCMEPUMEHTATOP, Y KOTOPOro
cpeouM  wMMmyllecTBa  UMeeTCcs  MCKpoBas  KaTylwlka, noaxoadawas  Aans
paguoTtenerpacun, MOXET NOrpy3uTbTC B TAUHCTBEHHbIA MUP  BbICOKUX
NoTeHUManoB, BbICOKMX YacToT 6e3 6onblumx dhnmHaHCOBbIX 3aTpaT. Ecnu y Hero
eCTb KaTyllka, CKOopee BCEero eCTb M WCKPOBMK W BbICOKOMNOTEHUMANbHbIV
KOHAeHcaTop.

HauvHass paboty ¢ atum obopyaoBaHMeEM, IKCMEepUMEHTATOPY TOMbKO
Hapo 6yaet nobaBuTb NpocTon pe3oHaTop/kaTywky OanHa KO Bcemy 3TOMYy, Ans
TOro 4tobbl MOXHO ObIIO MourpaTbCs C UCKpamMu AN pasBriedeHns cebsa u
apysen. PesoHaTtop moxeT cobpaTtb nobon pabouni, genasBwunin korga-nvbo
HaCTpOeYHylo KaTywky. KapToHHbiM uvnuHap 2-4 awonma (5,08-10,16 cm) B
anameTpe M OBa AnameTpa B ASIMHY MOXET ObiTb CKpenneH AepeBAHHbIMM
UMNUHApaMn 1 MoKpbIT cBepxy wwernakom. Korga nocneaHui BbICOXHET, LMIMHPA
MOXHO YCT@HOBUTb B TMNPOCTYHD HAaMOTOYHYK MalUMHYCTPOWCTBO, KOTOpOEe
nokasaHo Ha wnnmocTpaumn.  LunuHgp, Bpawaembln  OT  HaMOT4MKA,
obmaTbiBaeTCsi BECb MPOBOAOM C ABOWHOM XJTONKOBOW M30NAUMEN pasMepoM Mo
BblGopy oT 34 oo 28 dupmel B. & S. Gauge.

CobpaHHylo BTOPUYHYO OOMOTKY MOKPbIBAOT HECKOMBKUMWU CROSIMU
Lwenaka, BbICyluMBas MNPOMEXYTOYHbIE CrOM Mepen HaHeCeHUeM CrnenyloLnx.
Korga nocnegHuid crioM 3acTbifl, BTOPUYHYIO OOMOTKY MOXHO

slizhtest sensation of shock,

M IHGH FREQUENCY AnPaRNTUS , ycTaHaBnvMBaTb Ha [EpeBAHHOM OCHOBEe, MpUKPENWB CHU3Y
e e ok ypynamu. HwkHid KOHeU 0BGMOTKM NpOXOAwT MOA OCHOBOW K
B e e s TepMuHarny, KoTopblii notom OyaeT 3asemneH. BepxHuin KoHeu

TR e e 3akaH4MBaeTCs ANEKTPOAOM C NaTyHHbIM LLAPUKOM Ha KOoHLe. 3TOT

LapuKk 1 3J1IEKTPOoO MOXHO B3ATb U3 CTAPOro 3JIEKTPUYECKOIro

Teelllsbien trensturear

T

3BOHKA, WNW LWapuK MOXeT ObiTb — CBMHLOBOM ApoObio, TUNa
KapTeuw.

MepBnyHaa obmoTka COCTOMT M3 OBeHaguatu obopoToB
O4YeHb TOSICTOr0 MEAHOro NPoBOAA TAKOro, KOTOPbIN UCMOMb3yeTcs
B NepeaaroLLen cnupany B 6ecnpBOAHOM KOMMIIEKTe. OTOT NpoBOA4
HamaTblBaeTCsi Ha CTEPXHM, BOTKHYTble B OCHOBaHWE BOKPYr
BTOPU4HON 06MOTKM. CTepxHM crnegyeT pasmellatb Takum
obpa3om, 4YTOObl BHYTPEHHMIA AnaMeTp nepBu4HOM obmoTkn B 1,5

mechanic,

is permissible if he is a fairly carcful and patient

- T"‘fl ga_u given in this chapter is for the construction
_ 9% coil built expressly for radio and high frequency work

P 2 Dk 1 O et st b pasa 6onblwe 4em pAuameTp BTOpu4HOW. OBMOTKa TOCNTHIM
nduction Coil Construction.—1In the event that the ex- | ~

Peimentr iy ot the ossssor of 1 docion <o g NPOBOAOM [OIMKHA MOKPbIBaTb 2/3 BbICOTbI BTOPUYHOW OBMOTKM.
+ 10t spark, he will need either ta buy one outright or

che comstruct one n_his home workshop, The Jatter Ecnu nHaykumoHHas kaTylka Ans Bo3byxaeHus konebaTternbHoro

TpaHccopmatopa  OonbLIOro pa3mepa, BTOpMYHAsA KaTyllka
L MOXeT npobuBaTb UCKpaMW Ha NepBUYHyt0. B Takom cnyyae

nepeuYHyO Hago caeratb oonbLluero anameTpa. YkasaHunsa 3gecb

npuBOOUTCA AONA CpPaBHUTENbHO ONM3KO pPacnonOXEHHbIX APYr K Apyry KaTyllek, MOTOMy 4YTO 3Ta
KOHCTPYKLMSA AaeT Haunyulime pesynbtaTthl Npu paboTte ¢ 0bbl4HON BeCNpPOBOAHOM NCKPOBOM KaTYLLKOW.

HWXHWMIA KOHEL, NepBUYHON Cnupanu NPUKPENnsSeTcs K TOMY Xe TepMUHany, YTO U HWXHUIA KOHeL|
BTOPUYHOM N BCE 3TOM 3asemnsieTcs. Cxema coeanHeHnn gaHa Ha puc. 27, 1 untatenb 3aMeTUT 4YTO



WCKPOBMK CBA3aH CO BTOPMYHOM OOMOTKOM WCKPOBOW KaTyLUKW; KOHAEHcaTop WM nepBuyHas obmoTka
pe3oHaTopa coefuHEeHbl NocrneaoBaTenbHO C MCKPOBUKOM. PaboTas ¢ kaTywkon nonpobynte pasHble
€MKOCTU KOHOEHCaTOpOB, pa3Hoe KONMM4ecTBO OOMOTOK MEepBMYHOW, YMeHbLUaTb/yBenMunBaTb 3a30p B
NCKpoBUKe. Yepes onpegenHHoe KONMYeCTBO MOMbITOK Bbl AOCTUrHETE pe3oHaHca W LapuK Ha KOHLe
anekTpoga OyaeT BbICTpenuBaTbh KpacuBbiMW MyprnypHbIMM OrHAMU. Ecnu nogHecTn K wapuky Kycok
MeTanna I/ICKpa 6y/:1eT npoxoanTb 6e360ne3HeHHO ANA AepXKaLlero aToT KyCOK.

. KOHCTPYKLMA MHAYKLUMOHHOW KaTyLKU — eCNN Y 3KCnepuMeHTaTopa HeT
WHOYKUMOHHOM KaTyLIKW, Aatolen TONCTY, MOLLHYK MCKPY, NpuaeTcs Kynutb
unn cobpaTb CBOW B AOMalHEW MacTepckow. [locnegHee BO3MOXHO Mpu
YCITOBMM YTO 3KCMEPMMEHTATOP — aKKypaTHbIN 1 TEPNENUBBLIN MEXaHUK.

MHdbopmaumss paHHas B 3TolW  rmaBe Ans COOpPKM  KaTyLUKM,
npeaHasHa4YeHHOW WCKuYnTENbHO Ans paguo un BY paboT, n oveHb cunbHO
OTNINYaETCA B HAMOTKE M NPOMNopLMAX OT OObIYHON UCKPOBOW KaTyLLKW, KOTOPYHO
M3HayanbHO WCNONb3YKT AN NPOWM3BOACTBA ANMHHOM MCKpbl. OnucbiBaemas
KaTyllka u3MepsieTca He [AfMHOM WcKp, a Batt emkoctbio. [locpenctsom
noaxoasiero npepbiBaTens, katywka MoxeT pabortatb npyu 10 BonbTax u 10
amnepax npoaomkuTenbHo. BrtopuyHas o6moTka OTHOCUTENbHO  HU3KOrO
CONpPOTMBIIEHNs, Takmm obpasoM Xxopowo ajanTupoBaHa pAnsuenen 3apsga
KOHOEHCaTopOB.

CepaeyvyHuK U nepBUYHasi OOMOTKa — CepAeYHMK ITOW KaTyLUKM oXarnka
MSITKMX >Kene3HbIX NPOBOAOB, MMOTHO COBpaHHbIX BMECTe B UMnMHAP 12 AMOB
(30,48 cm) B anuuy mn 1,5 gronma (3,81 cm) B gnametpe. Npoeog cepaedHuka
MOXHO KyNUTb YXe Hape3aHHbIM W BbINPSAMIEHHbIM, Torga OH MNPEKPacHO
cchopmupyeT umnuugp. Cobpae B Kydy He0OXooMMoe KONMMYEeCTBO MPOBOAOB, UX
Hado 3aKkpenuTb NPOBOSIOKOW, 3aTEM MPOM3BECTU U30NSALUMIO U OOMOTKY LUENKOM
(nnoTHO, 4TOGbI 3aduKcMpoBaTb MPOBOAA), 3aTeEM MepPBble KPEenneHuss MOXHO
cHATb. O0evmun pykam BpawaTenbHbIMU OBWXEHMAMU  cobupaem npoBog B
KOMMaKTHbIN UMnMHAP. 3aTeM NpoBOSIOKOW obamTbiBaeM CepAeYHUK B LEHTpe 1
no kpasm. [anee npogormkaem KpyTUTb AONS BblpaBHMBAHUSA W MOATArMBaEM
npoBoniokor. [lJo Tex nop noka CepaeyvyHUK He CTaHeT POBHbIM, TBEPAbIM,
NpakTU4eCKn eanHbIM.

HaunHas Cc KOHLA MOXHO Tenepb CHMMaTb M obmaTbiBaTb LLENKOBOM
NEHTON MO CcnMpanu, HauynHas C KoHue cepaedHuka. Korga Becb cepaeyvHuk
o6MoTaH, nocrnegHuMn o6opOT NEHTbI MOXHO 3aKPENUTb LIENaKoM U HECKOMbKUMMN
obpotamn HUTM Ana npugaHua TeepdocTu. Becb cepaeyHuK, OOMOTaHHbIV
LUEeNKoM, 3aTeM MoMeLlaeTcs B KOPbITO C LwenakoMm. [lorpyxeHne Ha 4vac
NOCTaTOYHO, YTOObLI 3anONHUTL MPOCTPaAHCTBO MexXady NpoBoAamu, U nponuTatb
wenk. CepaeyHuk 3ateMm noaselwumBaeTca Ansg obrtekaHus n cywkn. MNMocnegHss
. | onepaumsi no BpeMeHn aAnutcs 24 yaca. Korga Bce BbICOXHET, CEpEYHUK CTaHeT
& TakuM >xe TBepabIM, Kak ecnu 6bl Obin U3 LEenbHOro Kycka xxenesa, n 6yget rotos
K obmoTKe.

MepBuyHas obmoTka B ABa crnosi. KoHeu nepsoro cnod obmoTtodHoro nposoga Ne 14 DCC
noMeLlaeTca MNoA KOMbLO Lenka Ha CepaeyHuke U NpovM3oBAUTCA HaMoTKa MyTeM MOBOpaYnMBaHus
cepaeydHvka. Broporn obopoTt npoBoga 3admkcupyeT KOmnbLo Lenka, TeM caMbiM 3adhmKcMpyeT nepsblii
oboporT. NepBbin 06pPOTO CcneayeT HavyMHaTL Ha paccTtosiHum 1 gronma (2,54 cm) OT KoHUa cepaeyHuka, a
caM repBblN Cron OOIMKEeH C 06enx CTOPOH OTCTOATb Ha 1 AWM OT KOHUOB (2,54cm). BTOpoW Mrou
HamaTblBaeTCsi MOBEpX MNepBOro, Mexay HUMMK MpoKNagbiBaeTcs M30NAUMOHHas TkaHb. [locnegHun
060pOT NepBUYHON OBMOTKM PUKCUPYETCS KOMbLIOM LUerika, KOTopoe HeobxoaMMo noaTAHyTb, nocne
3aBepLueHns obMoTkM. Beca nepBuyHasa kaTywka ganee oOMaTtbiBaeTCs LLIENKOBOW NIEHTON Tak Xe Kak u
CepAeyHVK, BO3Me BbIBOAOB [eraeTcs HeCKONbko Tyrmx obopoToB Ansa u3bexaHuss ocnabneHus
HaMoTKW. Bclo 3Ty KOHCTpyKuUMio (Becb cepAeyHuK 1 KaTyLlKy) Aanee noMeLwarT B COCTaB U3 paBHbIX
yacTen BOCKa U KaHWONM, pacTonseHHble B GBOMHO Tunnke, Y4Tobbl HE UCNOPTUTL AUANEKTPUYECKUX
CBOWCTB (He nanuTb, HO NnaBuTb). [lorpyxeHne Ha 4Yac — ABa [OCTATOYHO, 3aTeM KaTyluKy Hago
OCTYAUTb U AaTb CTEYb U3NULLKaM.

U3onsauma — korga nepBuYHas KaTyllka OCTbIfla, €€ MOXHO MOKPbITh 3aUTHBIM U30NSALMOHHBIM
NoKpbITUEM (CNIOASHBIM) MX Heckomnbko 4-5, nonyuuTtca wmsonupylowas Tpyba. Cniogy npou3BoasT
HblHYE€ TOHKOW M rMBKoW (TonwmHa MeHblue gronma). OveHb TONCThIN CrOW LWenaka MCnosnb3yeTcsa npu
HaHEeCEeHMN MOKPbITUA, WU KOorga MOCNEeAHWMM CIIoOM Cnogbl HAHOCUTCA (M MPUKIMBAETCS LWIENakom K
npeablaylemMy) BCHO KOHCTPYKUMIO HeobxoaMmo obmoTaTtb NeHToM AN pukcauuu, noka Lenak He
BblICOXHET. Korga HakoHel, Bce 3aKOHYEHO, BCHO KOHCTPYKLMIO HAao MOMECTUTb B NMeYb U Crerka HarpeTb,
3aTeM MNOCTaBMTb Ha 3aKkpbiToe ceM-HUbyab OHO W 3annTb BOCKOM MPOCTPAHCTBO MeXOy MNepBUYHOM




KaTywKkon n nsonupytowen tpybon. nuHa nocnegHen — 10 grorimos (25,4 cM) 1 No AlOMy cepaeyHuka
ocTaeTcd TopyaTb ¢ obeux CTOpoH Ana ygobcTBa MOHTMPOBaHUA B pamy, KoTopas OyaeT ganee
onucaHa.

BtopuyHas obmoTKka — BTOpUYHas OOMOTKA HamaTbiBAeTCH 4YeTblPpbMS CEKLUMAMU, Kaxaas
ceKkuMs HamoTaHa B HECKONbKO Cnoes nosepx macnsHon 6ymarn 1,5 grovimos (3,81 cM) B LUMPUHY.
MpoBoa Ne 32 SCC? Kaxgbin cnoun coctont n3 112 o6opoToB NpoBoaa U LUMpUHa
ogHoro cnosi npoeoda — 1 awnm (2,54 cm); Takum obpasomoctaetcs 3anac 0,25
aronma ¢ obexm CTOpPOH Kaxdoro crnosi npoesoga. B kagon cekuum 64 crnos u
NOfIHOE KONU4eCcTBO 0BOPOTOB KaXkAoW CEeKUMM COOTBETCTBEHHO — 6832. YeThbipe
cekumm cocTtaeart 27328 06poToB COOTBETCTBEHHO.

BTopuyHble cekuun MoryT ObITb HamoTaHbl NGO Ha cTaHke nubo
nocpeacTsoM dOpMbl, 3aKpENNEHHOM Ha NPOCTOM HAMOTOYHOM YCTPOWCTBE, TUNa
TOoro 4yto Ha puc. 30. BHewHun gnameTp U3OMSALUMOHHOINO Criosi NepPBUYHON
KaTywkn paBeH npumepHo 2,25 awwnma (5,72 cM) M OH Xe O0mKeH ObiTb
BHYTPEHHUM [MAMETPOM CEKUUN BTOpPUYHBLIX. POpMa M3 AepeBSAHHOro Aucka
NpuKpennseTcs K [OEpeBAHHOMY KOPOTKOMY LMIMHAPY M BCA  KOHCTPYKLMSA
MOHTMpYyeTCca NMnMbo Ha CTaHOK NMOO Ha HaMOTOYHOE YCTPOWCTBO kak Ha pc. 30.
Unnungp anoxeH 6biTb 2,25 aonma B guameTtpe m 2 gionma (5,08 cm.) B anvHy.

CHavyana HamMOTKM CEeKUUW OEepeBAHHbIA LMnMHAP crneayeT obepHyTb BO
YTO-HNOYAb, YTOObI MOTOM MOXHO ObINO CeKUuMo CHATb C umnuHapa. lepBbiv
Ccnon macnsiHon Gymarn Hago HamoTaTb Ha 0BepTKy LMnMHApa, KoTopas 3aTem
BbITaCKMBaEeTCs KOrga cekuusi 3akoHyeHa. B nepsom 6GymaxHom cnoe Hago
caneatb 6 unn 8 TOoNMWWH macnsaHon Gymarn (HamoTaTb Tak), 4YToObl Gymara
cTana OCHOBOM AOnsl CEeKUuMM Mnocre e€ CHATUA C uuMnuHapa. HadanbHbli koHel
npoeoga Ne 32 SCC npunamBaeTca K TOHKOM MEAOHOW MOJIoCcKe, KoTopas
3acoBbIBaeTCs B OyMaxkHble Cron, 1 HamaTbIBETCA NepBbii cnon — 112 obopoTos.
B Takom cocTositHum obmoTka dofmkHa 3aHuMmartb 1 gwonm (2,54 cm) B LLUMPUHY.
Cnon macnsHon Gymarnm 3aTeM HaknagblBaeTCs Ha NPOBOA M HaMaTbiBaeTcs
Bopon crnon. Tak npogoskaetca Ao 61 cnosa. 3aesepLuarowmin 060poT NPOBOAA NPUNANBAETCS K TOHKOM
MeOHOW Nonocke W ewe aecatb crnoeB Oymarm HamaTtbiBalOTCS Ha NpoBoA.
Monocka kpenutcs B 6ymare mexgy 8 n 9 cnosimu. OTO 3aBepLuaeT Cekumio,
KoTopasi Tenepb rotoBa k 06paboTke cMmechio Bocka 1 kKaHndonu.

Mpn HamoTke MepBOW CeKuuW, BpallaTb 3aroToBKy criegyet oT cebsa u
ANCK-KOHEL, KaTyLKM OOSMKEH ObiTb CneBa MO OTHOLUEHMIO K 3KCMepUMeEHTaTopy.
HamoTKy crnegyeT HaunHaTb CrieBa M ABMraTbCA MO HaMpPaBfEHMIO K KOHUY. JTy
npouenypy Hago NoBTOpPUTL C ewwé ogHom cekumen. Korga obe cekumm rotoBbl NX
Hago OTMeTUTb Homepamm 1 mn 3. [anee HamoTKa NPoM3BOAUTCS HaoOOpPOT:
HaMOTOYHOE YCTPOWCTBO pasBopaynmBaeTcs, 4Tobbl AMCK KOHeL, KaTylku Obin
crnpasa OT aKkcnepumMmeHTatopa. HamoTKy HauMHaTh cnpaBa n ABUratbCHa BNeBo 0
KOHLla, BpawaTb 3aroTOBKY TaK Xe Kak M B npegbligyliem criydyae, T. e. OT
onepartopa. Takas cekums bygeTt oTnnyaTbcs obpaTHbIM HanpaBneHneMm o6MoTKM OT 1 1 3, ONUCaHHbIX
YyTb Bblle. TakMx cekuum Toxe AOMKHO 6biTb ABe 2 n 4. CMbICn BCEro 3TOr0 CTaHeT MOHATEH Mpu
Hayane coopku.

C6opka — pama ans kaTywkn nsobpaxeHa Ha puc. 32. KOHUbl CEpAEYHNKA YCTaHaBNMBAKOTCA B
oTBEpPCTMS B OOKOBbIX [EpPEeBSHHbIX CTEHKax-gepXaTensx BCeW KaTywku. BrTopuuHble cekuun
yCTaHaBNMBAKOTCH MOBEPX M3ONAUMOHHON TpYyObl NepBuMYHOM OBMOTKM B nopsake Hymepauumu (1,2,3,4)
HauMHasa cneBa Hanpaso. Ecnn obmoTKka caoenaHa kak onvcaHo, MepBbl BHELWHUMW BbIxod (Monocka
Mean) nongeT Ha Knemmy, S1, BHYTPEHHS NITOCKa CEKUMM 1 K TAKOW e B CEKUMN 2; BHELLHIOK MOJNOCKY
OT CEKLMM 2 K BHELUHEN NOMocKe CeKunn 3; BHYTPEHHIOK MOMOCKY 3 KO BHYTPEHHEN 4; N BHELLHIOW 4 K
ocTaBLLencsa knemme. [1Ba nepBUYHbIX Bbixoga (OT NEPBUYHON KaTyLUKWM) O4HM Ha KNeMMYy B OCHOBaHWUW,
OpYron K npepbiBaTento.

MpepbiBaTenb U KOHQEHCATOP — HE3ABMCUMbIN NPepbIBaTENb O4EHb XOPOLIO paboTaeT ¢ Takon
KaTywkon wn Hambonee npegnoytuteneH. lpepbiBaTenb MoOXeT ObiTb PTYTHO-TYpOUHHOrO TMna, C
BMOPMPYIOLLUM KOHTAKTOM UMK ANeKTPOonuTuiecknii. NocnegHmn Tmn npepbiBaHnS
(aneKkTponuTUYEeCKUn) OaeT Havnyydwme pesynbTaTbl, €CNu CNpPOEeKTUPOBaH U
cobpaH OomKHbIM 06pa3oM; ecrnvm SKCNEPUMEHTATOP He XaxaeT npoboBaTh CBOU
CVNbl B MOCTPOMKE TAKOro npepbiBaTens, CBA3aHHOM CO CTEKONbHOM paboTon, OH
MoXeT npuobpecTn yxe roToBbin 3a 2,25 $. Ota LeHa MOKPOeT CTOMMOCTb
MaTepuanoB 1 Tpyaa, KoTopble Obl NPULLNIOCHL MPUMEHUTbL 3KCNEPUMEHTATOPY.

Bubpupytowmin TMn npepbiBaTens gacT xopolwine pesynbTaTbl, €Cnu ero
KOHTaKTbl caenaHbl Mo wegpon nponopumn (6onbwue? Wnm ¢ 3anacom?), a




KOMMOHEHTbI FPaMOTHO CNPOEKTUPOBaHbI. [JaHHbIN NpeaoCTaBfieHHbIe B KHUIEe ONUChLIBAKOT B AeTansx
nucnonb3oBaHne Teepabix cepebpsaHHbIX koHTakToB 0,312 OONMOB (...CM. ManeHbkne B obLiemM) BMECTO
NNaTMHOBbLIX, Pa3MepoOM HaMHOro MeHblle. [pexae 4Yem Mbl NPOAOIHKMM OMucaHue BUOPUPYIOLLLErO
npepbiBaTens, KOPOTKOE YNOMUHaHWE O PTYTHO-TYpOMHHOM npepbiBaTene AOMKHO OblTb caenaHo,
NoTOMY YTO TakoW npepbiBaTenb — naeaneHbIn Ansg BY ycTpoicTs.

B pTyTHO-TYypOMHHOM npepbiBaTene nOTOK PTYyTM MNOAHMMAEMbIN MNOCPEACTBOM Hacoca W
pacnbinNsieMblii TOHKOW CTpyel Ha KOMMIEKT MeTanfuM4yeckux IonaTtok, C KOTOPbIMU OH YCNeLHO
KOHTa4uMT. OTO YCTPOMCTBO el Bonee cnoxHo cobpaTb W CAPOEKTMpOBaTb YeM Apyrve Tunbl
npepbiBaTenemn, N03TOMy B 3TOW KHUre ONMCaHWUSi KOHCTPYKLMKW Takoro npepbiBatens He byaet. PTyTHO-
TYpOUHHBIN NpepbiBaTenb ctout 9 $ n ansa ero paboTbl NoTpebyetcss HeGonbLlon MoTop. Ero MoxHO
1ncnonb3oBaTh ¢ NOObIM BonbTaXkoM oT 6 go 110.

MNMonoxeHne BNBpUpyIOLLLEro npepbiBaTens Mo OTHOLEHW K MHAOYKLMOHHOW KaTyluke nokasaHo
Ha puc. 32, a geTtanu npepbiBaTens mM3obpaxeHbl Ha puc. 33. pacwndpoBka uUdp Ha pUCYHKE: 5 —
docdhopHO-6poH30Bast NpyxuHa/nonocka, 3,25 aronma (8,255 cm) B anvHy, 1 aonm (2,54 cm) B WUNPUHY,
0,0312 poMMOB (TOHKas O4YeHb) B ToOnwMHY. K KOHUY 3TOW MOMOCKA BWHTaMu MNpUKpenneH
mMeTannumyeckui 6pycok, 6. aTOT KyCOK MeTanna MOXHO caenaTb U3 MArOKOro enesa unu otpesatb OT
XenesHoro npytka. KoHTakT, 7, Bblpe3aeTcsi U3 cepebpsiHHOro npyTka Maroro gunameTpa, KOTOpbIi
npoceBepnuBaeTcs n 3akpennseTtcs 6ontamm Ha

e Npy>XMHe/Nonocke, Kak rnokasaHo Ha pucyHke. CTauMOHapHbIN

KOHTaKT, 8, coenaH M3 Takoro e marepuana M HaxoguTcs Ha
dpesepoBaHHON TrOMOBKE LWypyna, 9, KOTOPYH OKyHalT B
cepebpo. PerynmpoBouHbin  6onT 9, pacnonoxeH Ha
nonepeyHon Ganke m3 natyHu, 10, KoTOpas B CBOK oyepenb
noaaepXvmeaeTcs naTyHHbIMKU cTonbukamm, 11, ¢ 06emx CTOpPOH.
Bubpupylowas nonocka/npyxumHa, 5, noggepxuBaeTtcsa B
HWKHEN CBOEW 4acTu naTyHHOW MPOCTaBKOMW, K KOTOPOW OHa
npukpenneHa 6ontamu c wanbamn. 3Ta KOHCTPYKUUS BaxkHa
ANg Toro, Ytobbl NpyXMHa/nonocka nMmena onpeaeneHHy TOUKy
WNN rpaHb C KOTOPOW OHa HavMHaeT BUOpMpPOBaThb.

KoHgeHcaTop Hago napannenbHO NoAcoeanHATb yepes
npepbiBaTeNb M OH JOMKeH ObiTb  nogcTpanBaeMbiM.
OKcnepumMeHTaTopy 34eCb  HACTOSATENbHO  peKkoMeHayeTcs
npuobpecTn yxe TroTOBbI TakoW KOHAeHcaTop. 3agava
N3roTOBMEHNA  KOHOEHcaTopa W3 XeCcTdHon donbrm K
napacguHoBon Oymarm — pacctpauBaeTt, a npodeccmoHaneHO
cOenaHHble KOHAEHCATOpbl MOXHO KynUTb 3a O4YeHb AeLleBo,
TaKk 4TobObl SKCMEPUMEHTATOPY HEe MPULLINOCb CaMOMy 3TUM
3aHMMaTbes. CTaHAapTHLIVM TeNnedOHHbIN KOHAEHCATOP EMKOCTb
1 M4 npubnManMTenbHO NpaBUIIbHOW eMKOCTM 1 ecnu eweé 4
KoHOeHcaTopa emkocTbio 0,5 mdba nobasutb, Heobxoaumble

Fig. 32, —Induction coil eomplete showing relation of component parta

HaCTPOMKN Ha 3TOM 3aKaH4MBaIOTCS.

Ecnun akcnepumeHTaTop XenaeT caenatb KOHAeHcaTop
e caMm, OH MoxeT kynutb 250 nucrto
OGymaru, Takyto B KOTOPYIO 3aBOpaymBaroT
500 nucto 8*10 awowmos ((20,32 cm *
OblTb TOHKOW, 4YTOObI U BEeC U €€ LeHa
Hago nopesaTb Ha Kycku pasmepom 6*8
20,32 cm). 3tm nmctbl  donbru, C
BblBEAEHHbIMU nonepemMeHHo ans
mMexay Bockon 6ymaron ctornkamm no 100
Takum obpa3om Oyget cocTtosaATb M3 5

TONCTOM  napaguUHOBOW
KOH(eTbl, HapesaTb Ha
25,4cm). ponbra gormkHa
OblNn pasyMHbIMK, K €é
aronmoB (15,24 cm ¥
nosiockamu

OTBOJOB, pa3MeLlalnTcs
INNCTOB. KoHaeHcaTtop

oHUTOB — Kaxabii mo 100 nmcrtos. lNpenocTtaBneHHble  cneundukaumm —
aonst 0onblUMX KOHAEHCATOPOB, HO COrnacHoO aBTOPCKOMY OnNbITy, NnobuTens
aKcnepumeHTatop  He  obnapaet Takum o6opynoBaHeM,4YToObl
[OCTaTO4YHO CnpeccoBaTb OHUTLI 4O TaKOW CTEMNeHW Npu KOTOPOWM eMKOCTb OydeT 60nbLuon corfnacHo
npeaocTaBreHHOM pa3mepy nmMcTtoB. EOQWMHCTBEHHOE YCTPOMCTBO KOTOPOE MOXET WCMNonb3oBaTb
3KCMepuMeHTaTop — Npecc Ans nucem, Takonm npubop AaeT NUlb HEeBOMbLUY YacTb TOro AaBrEeHUS,
KOTOpOe MCnonb3yeT Npon3BoauTENb CTaHAapPTHOrO KoOHAeHcaTopa.

Cxema coefMHeHMI nokasaHa Ha puc. 34. pacnonoXeHne CeoaMHUTENbHbLIX MPOBOAOB HE 4aHO
MOMHOCTBIO Ha puc. 32 3aKOHYEHHOM KaTyLllKW, MNOTOMY KakK JUWHWE NWHUM 3anyTann Obl 1




3KCNepuMeHTaTop, KOTOPLIN NOHMMAET NpUumUnbl paboThl KaTyLlwek, 0OAHO3HAYHO Bbl NoACOEANHUI NX MO
obblvyHON, paboyel cxeme.

KoaHeHcaTop BbICOKOro HanpsXeHusi — KOHAEeHcaTop ANA COeAMHEHUS CO BTOPUYHOM
OOMOTKOM WHAOYKUMOHHOM KaTyWKM MOXHO caenaTtb M3 HeraTMBOB CTEKMAYHHbIX pasmepom 8*10
OIOMMOB, NOKPbITLIX (POMbron ¢ ABYX CTOPOH pa3MepoMm 6*8 fAlorimoB. BeposTHO, ABE uUnu Tpu Takux
KOHAEHCATOPHbIX NNACTUHbI, €CNN CoeanHATb ux BmecTe. [ns BY katywek koHgeHcaTop 6yaet 6onblue
Yyem Ana obwux pagmo paboT, HO IKCnepumeHTaTopy NpUAETCA caenaTtb MONAKKMHBbI NOOOBHbIX
HeraTueoB pasmepom 8*10 aonMOoB Anst AOCTAaTOYHOW EMOKCTH.

INDUCTION COIL OUTFITS s ‘

nhaBa 8

CHAPTER VI

AnnapaTtyc ¢ NnMHHaroLWen KaTyLKon

BoamoxHocTn BY annapatyca ¢ nNUHHalWen KaTylwKoNn OaBHO U3BECTHbI
NPOV3BOANTENSIM 3NEKTPO-TEPaANEBTUYECKUX UCMNOSNHEHUA, HO 6e3 COMHEeHUs 13-
3a HexBaTkM MWHdOpMauuM Mo ITOMY BOMNPOCY 3TOT MPOCTOM, HEOOPOrowu




reHepatop BY oanektpuyectBa He cTan AomMkHbIM - obBpasom nonynsapeH cpean niobutenen
3KCNepMMEHTaTopOB.

lMuHHaWas KaTywka MOKaXeTCsl CTPaHHOCTbI0O HEMOCBSILLEHHOMY OFeKTPUKY; 3TO MpPOCTO
HaMOTKa CPaBHUTENbHO rpyboro MegHoro NpoBoga, HAMOTAHHOIO Ha My4vok/oXarnKy MSITKUX >XeAEe3HbIX
npoBoAoB. B aTon npocton kaTtyLike, KOTOpoas MOSIHOCTbIO NULIEHAa BTOPUYHON OOMOTKM, HABOAMTCS
HanpsPkeHne [OO0CTaTOMHOro noTeHumana and 3apsgknm KoHAeHcaTopa; 3TOT BbICOKMW MOTeHuman
WHOYUMPYETCS MOCMe KaXdoro paspbiBa Lenn, 4TO MO3BOMSIET 3MNEKTPUYECTBY MPOXoauTb uYepes
KaTyLLUKy.
Puc. 35 nokasbiBaeT Takyto uenb. [NuHHawowaa katywka K coedmHeHa c ofHomM

CTOPOHbI CBOEW HAMOTKM C OAHMM KOHLIOM nuTarowen uenu. [pyron KoHel o6MOTKM ngeT K
BUGpupytoemy npepbieaTtento. OT cTauMoOHapPHOro KOHLUA npepbiBaTens naeT coeanHeHne
C MepBMYHOW Tecrna WNU OfuMHa KaTyWKM W OTTyda obpaTHO B WUCTOYHWUK MUTAHUS.
KoHoeHcaTop coeOouHeH COeOuHEH 4epe3 MpepbiBaTeNlb U NEPBUYHYD  OBMOTKY
TpaHcopmaTopa KonebaHun.

Korga anekTpuyecTBO uOeT 4Yepes KaTywKy, B MOMEHT MpepbiBaHUA BCNIecK
BbICOKOro noTeHumana npoucxoguT B KaTyLuke. JTO 3NEKTPUYECTBO BXOAUT B KOHAEHcAaTop,
KOTOpbIA paspshkaeTcd 4epe3 WMHOYKTMBHOCTb W 4Yepe3 KOHTaKTbl NpepbiBaTens, Korga
nocrnegHnin 3akpbiBaeTCsl Ha [OCTAaTOMHOE BpeMsi, YTOObl MOTeHuMan BO3pOC A0 Takowm
cTeneHu, 4Tobbl NEPECKOUYNTL BO3AYLLHbIN 3a30p.

MpousBoas noaxogdwMe HaCTPOMKM  KoHAeHcaTtopa  (nogbop
€MKOCTH) N COOTHOLLEHNE Mexay obpoTamy nepBuUYHON OOMOTKM U BTOPUYHOWN

TpaHcopmaTopa konebaHun, BY anekTpnyecTBO MNpaKTUYECKU
noboro )KENaemoro BOSbTaXa M 4acToTbl MOXHO MOMyYuTb, B Npeaenax
€MKOCTH MCMONHEHMS annapaTyca, KOHEYHO.

Benunuyanwas 3acnyra aToro annapartyca — BO3MOXHOCTb paboTbl U
Ha NEPEMEHHOM W Ha MOCTOAHHOM HanpsKeHUaX nNpu  COBCEM

HebOoNbLIOM M3MEHEHUM KonmyecTBa 060poToB B HaMoTke. KOHeYHo,
31O HEeOCNopuUMbIA (haKT, YTO MMHHAKLWAA KaTylKka He cpaBHMMaA C

NCMNOSTHEHMEM c TpaHcopmaTopoM npwu nepeMeHHOM

SMneKTpu4ecTBe, TeEM He MeHee OHa 3ameuvaTenbHO paboTaeT B

cnyvasix, KOrAja TOMbKO NOCTOSIHHOE HanpshXeHUe JOCTYIMHO.
WpeanbHoe ncnonHeHue, eCTECTBEHHO, TO KOTOpoe ByaeT oanHakoBo 3pdeKTUBHO

paboTaTb U Ha NOCTOSAHHOM W HA MEPEMEHHOM 3JNeKTPMYECTBE; MOCNeAHUA C 06nbLUMM
CENKTPOM MPOM3BOAMMBIX YacCTOT LUMPOKO pacnpocTpaHeH. lNpegnoxeHHasa 3gecb cxema
obnagaeTr BCEMU MEPEYUCHIEHHBIMW XapaKTEPUCTUKaMK, AOCTUraemMbiMM MNOCPEACTBOM
NoACTPOEYHOr0 KOHOEHcaTopa WM [ONOSNHUTENbHOM MUHHaWen kaTywku. [locnegHas
3aMKHyTa Ha KOPOTKOE 3aMblkaHue Mpu MCMoNb30BaHUN NepeMeHHOoro anekTpuyectsa. Ha
puc. 36 cxema Takoro coeguMHeHus.

Takoe ucnonHeHve MOXeT NpPou3BoAUTb 3deKTUBHbIE Xnyun u obLyto
9NEKTPO-TepaneBTUYECKYD paboTy B Hen3beXHbIX OrpaHuyYeHusiX, NPUCYTCTBYHOLLNX B
noptaTMBHOM annapaTte. Mckpa — xopowlero kayectsa M B OJfIMHY OOCTUraeT MOSHbIX 7
aronmoB (17,78 cm.). Ecnn TpaHcdopmatop konebaHum 6bin Obl cgoenaH Gonblie B

anameTpe, AnvHa nckpbl obina 6bl ewé 6onble 6e3 kakux NMbo n3mMeHeHUn B 3adatoLLen

YacTu.

[na npenogosaTens unu aKkCnepuMeHTaTopa Takoe MUCMOoSIHeHWe — UcKnyuTensHoe. Jlerkoe no
BECy, HeOdoporoe M npocToe B MOCTPOVKE, U Kak Mbl yXe 3aMeTUnu yHuBepcarbHOe B nMriaHe
NCNONb3YyEMOro HanpsHKeHUs (M NOCTOSTHHOE N NePeMEHHOE ANEKTPUYECTBO).

MpepbiBaTenb — 3TO BOT 3AMHCTBEHHOe cnaboe mecTo B 3TOM annapartyce. XoTs 6onbluve,
pa3paboTaHHble Bpaljalowmecs npepbiBaTenu KOHTakToB 6onee HagexHbl B paboTe, OHM CrMLIKOM
TSKenble W goporve Ans AaHHOro WUCMNonHeHus annapaTtyca. He xyxe 6yger pabotaTb npocTon
BMOpUpYOLWUI NpepbiBaTeNb C MACCUBHBIMW KOHTaKTaMu, MOKa3aHHbIA Ha puc. 37.

MocTbl/ocHOBaHMS NpepbiBaTENS OOMMKHbBI ObITh LWeapbIX Nponopumii (MacCuBHbIE) MPSMO KakK Ha
pucyHke. CTOK (TO, C 4YeM KOHTauuT BuOpupylowmii koHTakT) 0,75 AonmoB kBagpaTHbiX (4,84 cwm
KBagpaTHbIX) UMM W3 rekcaroHanbHOro naTyHHOro cTepxHs. [locnegHwu npegnoyvtTUTENeH ecnu y
9KCMNepumMeHTaTopa ecTb CTaHOK TOKapHbI Ansg 06paboTkM 1 NpocBEpnMBaHNS OTBEPCTUM, LUNNKOBKW.

MpyxuHa/nonocka AomkHa 6bITb U3 docdopucton BpoH3sbl; TonwuHa 0,312 AonMoB (TOHKas
o4eHb). C 04HON CTOPOHbI MPUKPYYEH KYCOK MSATKOro Xenesa unu xonogHokaTaHHon ctanu. [enaetcs
npocto — oTpesaetca 0,375 awnmosbli Kycok oT 0,5 OroMMoBOro cransHoro npytka. B otBepctune B
KyCKe Xenesa BCTaBMSIeTCS CTEPXKEHb C pe3bbon, KOTOPbIN SEPXKUT CepPebPSAHHbIN KOHTAKT (pacnonoXeH
Ha HEM) U camy apMaTypy Ha Npy>XuHe/nonocke.



OTOT KOHTaKT OTpe3aeTcs OT TOHKOro cepebpsiHHOro npyTtka. ManeHbkun UunuHAp Hago
NpOCBEPNUTbL U BCTaBUTb Ha rnybuHy 1/8 atorima 4Tobbl B3siTb 8/32 AOMMOBbIV CTEPXKEHD.

CTaumoHapHbIN KOHTaKT CNPOEKTMPOBaH TakuM oBpasoM, YTO HanpsbkeHne Mexay KOHTakTamu
MOXHO OYeHb TOYHO perynupoBaTb. 3OTO OCYLLECTBNSAETCA NOCpPeaCcTBOM MeNkoh pesbbbl Ha
perynupoBoYHoM GonTe, KoTopbii Npeactaenset M3 ceby natyHHbin npyTt 3/8 (0,375) aronmos (0,952
cMm) B avameTtpe. UunuHap ¢ cepebpsiHHbIM KOHTAaKTOM BKPYYMBaeTCs B OTBEPCTME Ha KOHLUE
perynupoBoyHoro 6onta. OBpaTHas cTopoHa 3Toro 6GonTa ocHaweHa OUIENEKTPUYECKOM PYYKOn
xopowlero pasmepa.

Opoccenu -
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of one contact against the other may be regulated to a
nicety. This is effected through the medium of a fine
thread on the adjusting screw which is of 3% in. diameter
brass rod. The silver contact cylinder is driven into a hole
drilled in the end of the adjusting serew. The reverse end
of this screw is tipped with a fibre knob of good size.

The Choke Coils.—The smaller of these coils, Fig, 38,
serves as a magnetic device to actuate the interrupter. [t
consists of a core of soft iron wires formed into a bundle
54 in. in diameter and 4 in. long, covered with several layers
of empire cloth; over this is a winding of 1,000 turns oi
No. 22 D.S.C. or enameled wire wound 72 turns per layer

el with 1178 durne of Wo. B0 soaselsd
Eﬂ‘.#.n‘“.ﬁihm-]q. -

B dovbkle Yoras layer *
18 Inyers deep }

Large ateks coil

Fig. 39.—Large choke cail in detail

and 14 layers deep. A turn of empire cloth is interspersed
het'ﬂ.'“n chtm la}rETS of Wi-fﬂ.

The core is supported between heads of fibre that fit
closely over the bundle of iron wires. A good construction
1$ to form a spool of fibre tubing with square fibre heads:
forcing the core wires into the tube after the winding is
completed. As the drawing shows, the layers of wire dc
ot come quite out to the end of the layer of insulating
Seth; this affords ample protection to the end turns which
ok ’“‘?!*““‘1 te maximum potentials.
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mm is 63 in, long and 74 in. in diameter, The wind-
ing is of No. 20 D.CC. wirc wound two in parallel. Each
layer comprises 84 double turns and there are 14 layers in
all. The same rules as to. insulation apply as in the case
of the smﬂi coil.

The W,,-Thm is of the glass plate v;_uet]r in
ﬂu pn:stnt dﬁugn If the builder cares to invest in mica
thﬁ ﬂ:t‘g same S sm.:, he will effect a material saving in
Si):a';e m‘- ....l..-t-‘

The glass to be used is of the variety known as "lan-
tern slide mver g!la.asc. A.-. the name implies, the glass is

used to cover the Pﬁﬂtﬂﬁﬂiﬂlm Pus:twe in a lantern slide.
The cover glasses are thin and perfectly free from bubbles
and the usual defects, They may be purchased from al-
most any photographic dealer and the standard size is 3x4
‘inches.

For the condenser at its maximum capacity, 200 plates
of glass wnﬂ. be required. While this large capacity is not
ﬂ!fi!IJS in use, still it is essential for certain classes of work
and it should therefore be provided.

'_I.'hr. n@nﬁucmr for the condenser is heavy tin foil
‘s t\ﬁﬂ'ﬂﬁ in sheets ﬁ,:'i x 814 in. and 27 sheets weigh 2
s For our condenser 200 pieces are to be cut
3% x 4% in., and for this operation a photo trimmer is well
il!lﬁl, ?“&”"’E this, the foil may be placed on a large
sheet of glass and cut with a sharp knife,
. Th!: mdnnm is to be assembled into 20 units of ten
tes ﬁiﬁh This ‘makes for convenience of adjustment.
5 m’ﬁﬂﬂ will have a capacity of approximately 005
-mifd. the entire condenser therefore reaches .1 -mfd.
. W;um the assembly is started the builder ‘should pro-
ie h with a small gas or spirit lamp, a lump of
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A

Fig. 40,—Details of the condenser
beeswax, and a tuft of cotton wrapped in a piece of soft

cloth. These accessorics on a work table, with the clean
glasses and sheets of tin foil, will enable the worker to
proceed.
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With reference to Fig. 40, the first plate of each unit
s to have its foil sheet projecting to the left. This leaves
2 margin of 3 in. on three sides. This first sheet of foil
is to be secured to the plate in the following manner:

Sligilﬂy warm the glass over the flame and immediately
touch with the beeswax; spread the latter is a very thin
hyﬂ,.,ﬁ_,i‘ﬁ' a tuft of cotton. Place the foil sheet in position
and rab into perfect contact, using the dauber, and working
outward with a circular motion:

When this first sheet has been secured to the glass, the
latter may be platr:don the table with the foil underneath
and projecting to the left: A touch of the wax to the
upper side of the plate and the second foil sheet may be
laid on; this is to project to the right with a margin of 34
in. on top, bottom, and left side. Next comes a piece of
warm glass with its drop of wax; then the third sheet of
foil which projeets to the left the same as sheet No. 1. On
this_.'ii-*t!ye-%thifd plate of glass, fourth sheet of foil, and so
on until 10 sheets of foil and ten plates of glass have been
assembled as shown in Fig. 40.
~ The object of the drop of wax is merely to insure that
the glass and foil sheets will maintain their relative posi-
tions during assembly. The unit is now to be “backed up”
on either side with a piece of cardboard. The projecting
lugs are rolled up with a piece of U4 in. copper ribbon en-
folded, and the entire unit bound firmly with linotape at
top and bottom. This general procedure is to be followed
W"lﬁl each of the 20 units which will then be ready for
impregnation.

In a double boiler, melt equal parts of beeswax and
rosin; in this compound suspend the condenser units for
two hours. If the wax has been kept sufficiently hot the

A

interstices between the glass plates will be completely ﬁ!lﬂﬂ




and each unit will form a homogencous mass that is bath
clectrically and mechanically sound on cooling.

" The Oscillation Transformer—This may be either of
the Oudin or the Tesla type. For the sake of simplicity,
the former is preferable. In order that the Tullest benefit
may be derived from the exciting apparatus it is essential
that the primary and secondary of the oscillation trans-
former be closely coupled. This is cffected by means of
the spirally-wound or “pancake” type of Oudin coil.

“This coil is wound in a success of layers in flat or

ancake form as its name implies. The wire is No. 30
D.C.C. and the insulating material between layers of wires
is oiled paper 134 in. wide and 003 thick.

The post shown in Fig. 41 is of hard rubber. While
the rod is held in the chuck a 4 in. hole is drilled clear
through. The tail stock center is then brought up to bear
in the hole to prevent chattering and the end of the post
is finished off. A cut-off tool introduced at the correct
position finishes the rubber Toil. '

The hole at the base of the rod is to be tapped out
Ti-l8. A length of }4 in. brass rod is then forced in from
the top of the post and cut off when it has entered to with-
in 1% in. of the base. The top is threaded to ehter a dis-
charge ball and near the bottom a small hole is drilled
‘through the hard rubber rod and into the brass to take
‘an eseutcheon pin which forms a means of connection.

The rubber post is then to be serewed on to an arbor
threaded {4-18 with a large disc of rictal or wood between.
Upon this rig, the pancake coil is to be wound.

The winding may be done either in the lathe or. if
wone is available, in a simple, home-made winder. The
starting end of the wire is soldered to the head of the cs-
cutcheon pin that makes connection with the central rowl.
Taking three turns of the oiled paper aver the rubber post.
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and turning the lathe lackwards or away from him, the

worker may start the winding over the oiled paper. The
first layer must have its turns separated 4 in. Over this

e

hmuu

)

£

i

sl

R e

Winding 4s donm om bard rubder post

l-—}‘-sl Layar of wice 1° wide

- . Fig. 4L.—Details of the oscillation transiormer
layer of wire are placed three more layers of paper; then
another of wire with turns spaced 14 in. This is repeateil
wntil 50 lavers are in place, the turns being gradually
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placed closer together until, with the 50th layer, they are
separated only 1/32 in.

From this point on and until the 150th layer, which
completes the _mil, has been wound, the turns mayv be
med-:hﬂut 32 to the inch. The layers should be but one
inch in width in order that a margin of ¥4 in. may be left
on either edge. The final layer of wire is to be covered
with 10 layers of oiled paper, the end of the winding being
brought out ready for connection with the primary.

The primary consists of 10 turns of copper ribbon, 1 in.
wide, wound spirally around the secondary pancake. Be-
tween the turns of the primary is a strip of corrugated
board such as is used for packing purposes. The finishing
end of the secondary is soldered to the starting end of the
primary and at this point a length of flexible lamp cord
cofinects to the junction of the two. The ten primary
turns are then wound and a tap of lamp cord taken from
the upper edge of each of the turns from the third to the
tenth inclusive. This provides a means of varying the pri-
mary inductance while tuning the apparatus. The final
primary turn is held mechanically by means of a wrapping
of several layers of oiled paper; the latter may be shel-
lacked in place, '

R"f“‘!”"i!lg the coil from the lathe, we now have the
complete winding ready for impregnation with the com-
Pﬂ_“'{d already suggested for the condenser. The entire
coil is to be immersed in the molten wax for several hours
-amI.' before its removal, the heat should be withdrawn in
Drd:!r that the mass may ﬁmi:ﬁly congeal, As the wax
shrinks on cooling, it is essential that the substance be
permitted to contract within the coil.

While the winding is being treated, the worker may
build the box that is to contain the oscillation transformer.
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The case may be ﬂiu:i‘ﬁ and deep gn_:uugh tu.PﬂFmil of 3k

inch of wax above and below the coil. 1t is obyious that

‘the box must be wax-tight for the molten compound is to
be poured inte this cuntaii‘:u: .

Assembly—For experimental purposes, the component

e of the apparatus may well be mounted upon a com-

mon base board. For partable purposes such as upon the

jecture platform or with the physician, a cabinet totally

- m e E

Fig. 42.—Suggestion fur assembly of apparaius uwpon a common base R
enclosing the outfit will be found more satisfactory. The
_.mnthnﬂ of mounting is optional with the individual and,
for the sake of simplicity, the apparatus is shown ready
for use on 3 base board in the appended drawing.

The connections will be clearly understood en refer-
ence to the diagram in Fig. 36. For direct current work,
the large kicking coil is left in the circuit, while for use on
?-_ﬂitm‘nﬂng currents, it is short cirenited with the single-
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Ph.' ﬁﬂgie-thmw switch shuwn in the illusteation. The
letters “A.C”" and “D.C." should be plainly stamped he
neath the respective clips of the switch as indicated in the
diagram to prevent possible confusion.
 The capacity of the condenser is varied as may be
found necessary by means of the copper strips which are
forced into the clips projecting from the condenser case.
In operating the appa.mtus the ad;uﬁtmg knob of the
interrupter should be in the “open” pesition. Turn the
‘current on and screw the contact in gradually.  As soon as
contact is made, the interrupter will begin to vibrate and
a sputtering spark will form at the break of contact, The
operation should start with about hall of the condenser
capacity thrown in and with half of the turns of the Oudin
“coil primary in use. Ptfh;i]}'s a spark will be in evidence
“at ﬂll: ball terminal of the ﬂS{‘.ﬂlatian transformer if the
mtmd terminal is brought up to within a couple of inches
of the ball. If not, try an adjustment of the capacity in
the condenser or a variation of the primary turns. This
‘will show some improvement and the operator may then
-serew in the vibrator contact a bit further; a considerable
increase in length and thickness of spark will result. A
further Edjnﬁtmtnt of capacity or inductance and a tenta-
tive hﬂiﬂéﬂlﬂg of the contact will tune the apparatus per-
fectly until the maximum results are obtained.
Elm‘ﬁiﬂap:um Work.—The outfit described is ad-
mirably adapted for hgi:t X-Ray and vacuum tube work.
If a D -&fﬁﬂ'ﬂ?ﬂ current is desired for auto-condensation,
the builder is Eﬁ'ﬁtlgly advised to make a second oscillation
transformer in which the primary has five turns and the
anﬂary ten turns of copper ribbon. This coil may be
simply constructed by winding up 15 turns of }4 in. copper
ribbon in a flat q:u-:ml wrth a :inp of th: -;ﬁrmg’ﬂttti PﬂPﬂ’
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coil current is sent through ‘the inside turns, say up to

xhur.ar five, and the D’Arsonval current for the couch is
taken from the remaining turns. The diagram, Fig. 43,

r

Tas remaining tem borm
ap secondary

i ey
-
-.; aopper ribbon in 1B lurna

Fig: 43,—£ni'i. for the production of D*Arsenval currents
makes this perfectly clear. The coil may be sealed up in a
flat wooden case with taps brought from the respective
turns of copper ribbon to binding posts on the outsile of

‘the case.




CHAPTER IX,
ONE-HALF KILOWATT TRANSFORMER OUTFIT.,

If the experimenter is the fortunate possessor of a sup-
ply of alternating current from electric lighting mains, he
may well devote his energies to the construction and use of
transformer apparatus rather than bother with either the
induction coil or kicking coil outfits previously described.
The transformer is easily and chezply made, and, in results,
it is, beyond any doubt, superior to any other device for the
charging of condensers.

The Core.—The transformer core is composed of thin
‘sheets of silicon steel which is prepared expressly for trans-
former cores. The core is built up to form a hollow rec-
tangle as shown in Fig. 44 which gives the overall dimen-
sions. The first step is to procure the silicon steel cut to
size; this procedure is recommended rather than attempt-

ing ti? eut the ‘}argg: sheets in the home workshop. Unless
Iﬂﬂﬂ-ﬂh&ar is available the job is a slow and very unprofit-
able one as the pleces will not lie flat if cut with an or-
dinary pair of tinner's shears. The core irons may be pur-
chased cut to size at a reasonable price.

The core irons are procured in two sizes, Fig. 45, for
the ends or legs of the core and for the sides or yokes. Of
cach size, 230 pieces will be required. The windings are
‘ptgt.ﬂﬁ on the shorter h:gs of the core, i. ¢, thn legs made
up of the 2—:;43{ in. pﬂ:q}Es. These pieces are to be built
W in two piles, the picces being placed with ends over-
lappis = aitmnﬁtui; first to mm;ﬁ then to the left for




a distance of 2 in. as shown in Fig. 45. When each hundle
'hn been built up to a thickness of 2 in, firiction tape
shim.itl be '.w.nppfd around the center or winding space to

Fig. 44.—Core of transformer with dimensions
compress the sheets into a compact bundle. If the sheets
arc clamped in a vise and the tapc wrapped around the pro-
jecting end, the core may be tightly bound as the bundle
is released an inch at a time.

After the two bundles have been formed, they may be
juined by interleaving the 2 x 734 in. pieces to form a yoke
between the short legs, The fourth side of the hollow rect-
angle is not to be built up until after the windings have
been placed in position.

2 -  Core Hos

=2
==

Buits oo 2 o7 fhese

Fig. 45 —Short leg af core upnn which winding is placed
_ Primary Winding.—Tig. 46 gives the data for the pri-
mary winding to use for any of the commercial frequencies.




The core is so generously proportioned and the quality of
i!ﬁn specified so good that the only change necessary for
use on various frequencies is in the number of turns of
wire.
_ The primary is wound upon the form illustrated in
Fig. 48. I the builder has a lathe, the form may well be
mounted upon an arbor or even upon the faceplate. The
No. 14 D.C.C. wire is wound upon a base of several layers
of ciled paper 2% in. wide. In preparing the form for the

Primaory dofa
for ne volf's
Bh~ .

462 Turns Mg e
60~

237 Terns "’# Pt =

/25 ~ i
125 Teri?s /4 Doe

for 2z0 rolfs use Fwice as mony of Yrace

tmabi : Fig. 46 —Data for primary windin
winding, a layer of cord is first :nund :nrcr the wooden
~drum, and the base of oiled paper placed over this layer of
Wd’ The object of the cord is, of course, to permit the
winding Nk be removed by pulling out the cord.
| Bﬂw‘:ﬂnﬂch layer of wire and its neighbor, four turns
of the viled paper should be taken. This will make the
m&g, ﬁfmuﬂ smooth and it serves further to aid in
T, 'ﬂﬂtﬂﬂm The winding, when completed, is given a
liberal coating of armalac. The starting and finishing ends




of the winding are soldered tﬁ_lengths of incandescent lamp
cord which are subsequently joined to the primary bindine
mtss' condary Winding.—The secondary data is. given in
Fig. 47. This winding is of enameled wire and the method
ik ;':-mi:ctl'm‘.ﬂ 1s identical with ﬂ‘lat of the primary. The
same form is used and_tha winding .sta-.rtf:ct upon a heavy
layer of micanite sheeting cut 2% in. wide. In all, this

for sooo velis
25 ~
32000 Turns 'fnrfm
&0 ~ #
1420 TLrs 32 en

;L 125~

$ 8240  Jurms Tpen

Fig. 47 —Data for secondary winding

insulation should be about % in. thick. The top turn of
micanite is cavered with several layers of oiled paper, after
which the winding may start.

Before starting the paper turns over the micanite, the
builder places a strip of thin copper ribbon across the mi-
canite. Over this the paper is wound. The starting end
of the fine wire js to be soldered to the tip of the copper
ribbon and as the layer of wire is wound, the ribbon is se-
curely held.  The layers of wire in the secondary are to be




by

2 in. wiile to leave a margin of ¥4 in. on cither side of the
wire. Two turns of oiled paper are taken over each layer
of wire before the nest layer is wound. The finishing:
Jayer of wire is terminated m a second copper ribbon which
forms the secondary lead for connection to the high tension
terminals. Over the final Tayer of wire, several layers of
oiled paper are wound to form a mechanical protection for
the delicate wire, The edges of the coil are well soaked
with armalac and the secondary is then ready to mount,
alter th mpﬂﬂﬂd haﬂ dﬁﬂﬂu

Wind both Prirmary
£ Secondary

3

"~ Fasten fo Work Fench

Fig. 4L—Winding machine for both primary amd secopdary

Assembling and Mounting.—In Tiz. 49 the complete
transformer is shown with primary and secondary in place
and the remaining core irons in position to complete the
magnetic circuit. The space between the winding and the
the core is to be partially filled with wooden plugs, care-
fully ‘:‘Fhiﬁhﬂ to fit the space without forcing.

E!g- 50 suggests the mounting for the complete trans-
f‘."f"“h T’i_:; case may be of mahogany, cak or whitewood.
h‘ 15 'Pll__i-lt to fit the transformer and as the windings for
different frequencies change the diameter of both primary
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amd secondary, and eomsequently the 'Icfup;th of the complete
traneformer, the dimensions are not given in the drawing.
The core is aripped between Iengths of wood and the latter
pivces arc secured by nieans of serews passing through the

walls of the case.

r'_

SIDE IRONS FITTED IN ONE BY ONE

TaiE

/

ELEVATION

Fig. 47-—The transformer assembled
The primary and sccondary leads are brought to suit-
‘able terminals in the case and the job is finished. For
safety to the transiormer secondary, a permanent gap
.--gl'mxﬁd he affixed 10 the secondary terminals as shown in
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Fig. 50. This gap is to be not more than 2 in. in length.

~ Oudin and Tesla Coils—Tiz. 51 suggests the design
for a very practical form of Tesla coil that is casily aml
cheaply built. Fig. 52 gives the data for an Oudin cail,
the construction of which is very similar to that of the

i
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Fig. 50.—Transformer in its cace

stela | kno 'fiEECﬁpﬁgm herewith will accordingly be de-
voted to a dizcussion of the latter type only.

With reference to Fig, 51, the base, 1, is of suitable dry

: as is also the upright suppart, 2. The dimensions




Fig. $1.—Oscillatian transformer camposed of two Oudin resonators placed bass
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Fig: #2—fam for Oudin re=anater
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“and details of these parls arc given in Fig. 53. The up-
iont is sccured to the base iy means of stout brass screws
passing up through the basc. ' i

" Upon the upright piece, 2, is mounted, on either side,
the primary coil of the oscillation Fransinnﬁer. The com-
plete coil is really two (udin resonators placed base to
hgﬁewiﬂi'pﬁmaries_:m& secondaries in series.  The details
of the primaries are given in Fig. 11 and the reader will
note that the primary conductor is of edgewise wound cop-
per strip, held in suitable supports of fibre. These sup-
ports are detailed in Fig. 54 at 3 '

* Fig, 33 —Wondwork for oscillation tranaformer

The secondary coils are of 400 turns each, of No. 30
D.C.C. copper magnet wire, wound in a single layer upon
a eardboard cylinder 6 in. in diameter and 8§ in. long.
cither end of each cylinder, a wooden head is affixed. The
details ‘of the cylinders and heads are given in Fig 53.
ﬁim".wi“ﬁi“g the cylinders, the layer of wire should be
Even five coats of shellac, cach coat being dried out thor-
ourhly before the next is applied.

oy The secondary discharge rods are shown in detail in
Fig. 54, together with the clips which hold the ball on the
rod. The two primary coils are connected together as
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shown with the neutral point attached to a ground conneec-
ﬂﬁu. The secondary windings are likewise connected to-

cether and their neutral point grounded at the same place.
Condenser and Spark Gap.—The condenser, Fig. 56, is

-'1-
~z
POST-FIBRE-BREQ

s
4TURNS

PRIMARY - | RE@, BALL CLIP - 2 REQ.
&)= s i

DISCHARGE ROD- 2 REQ

e

ﬁﬁhmh of priveary, Il.ril'ﬂlr, suppart, ball clip, and discharge rod
comiposed of three units of 01 mid. cach connected in mul-
tivle. Each unit is formed by eoating both sides of 8 x 10
_F'[Ptft;:_?aphi.: negative glaéﬁcs with 6 %8 in. sheets of tin-
i:wlf,a“d,“mmmf“g ten of these plates into a bundle as
shown in the illustration. Lugs are brought out alter-
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uately first to right and then to left in the usual manner

and l-‘hi:'ﬁg"lugi"s;{rklerﬂd to 4 common connector on ecither
side of the unit.

The spark gap, Fig. 37, is simple in construction. This
design is quite satisfactory, hawever, for experimental work
on small-powered outfits. The electrodes are of battery
zinc, ¥ in. diameter. A sinale zine cut in two will answer
well. Thﬂ'._cl;:‘,ctmd'cs arc held in supports of brass rod
suitably drilled and help uprizht upon a base that shoul d'

preferably be of marble. If marble is not available, hard

4 I fif inside of cylinder :
i

ll o

= s

bd —— & ———
Jecondory cylinders 2 régd

Fig, 53.—Dietails of secondary cylinders

wood will answer. Slate should not be used as the minute
metallic veins found in some varieties render the substance
unsuitable for this purpose.
~ Connecting and Using.—Fiz. 58 shows how to connect
the apparatus. The spark gap is placed across the scc-
.-"f"ldﬂfjl" terminals of the transformer. The condenser i5
inserted in one lead from the gap to the primary of the
Oudin or Tesla, while the other connection from the pri-
mary goes back to the gap.
When the current i applied, the ball of the Oudin or
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the discharger of the Tesla should give out a large brush
discharge of purplish fire. If the first trial does not result
in this, try a variation of the primary turns of the oscilla-
tion transformer. This, together with a wvariation of the
spark gap, will serve ultimately to bring the apparatus to
the point of resonance. The Tesla coil will give a full 16
in. spark with the 14 k.w. transformer deseribed in the early
part of this chapter. :

The spark from-the oscillation transformer is perfectly
harmless if taken through a metal rod grasped firmly in the
hand. No sensation of shock whatever will be experienced.

—

A UNITS OF
10 PLATES EACH
GLASS 8 X I0-FOIL6X

Fig. S6.—Data for the condenser

Tf the discharge touches the bare skin, the current will
IH__\": a blister if applied for any length of time in one spot.
Aside from this unpleasantness, no direful results may be
expected. '

Whenever the apparatus is operated, the ground con-
nection shown in Fig. 58 should be religiously made. This
connection will protect the windings of the low frequency
transformer and also the line wires and meter in the house,
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ONE-11

n from "kick back” on the line, place

Iror further protectio !
two small telephone condensers in series across the line

2 BATTERY ZINC

Lt

>

Fig. 57.—Simple ring spark gap
wires where they connect to the transformer and ground
the neutral point,

Fig. 55.—Dasgram of connections




CHAPTER X.
QUENCHED GAP APPARATUS,

Comparatively few experimenters with high frequency
current phenomena and apparatus within the acquaintance
‘of the author have used the quenched gap in their ‘experi-
“mental work. Possibly this is due to the scarcity of data
‘an the construction of gaps adapted to the purpose; possi-
‘bly to the lack of practical knowledge on the part of the
‘workers. High frequency apparatus is so easy to build,
and with a given expenditure of time and labor the results
“are so great with even mediocre equipment that the casual
_experimenter is likely to devote his hours to making the
_sparks fly rather than to devise ways and means for in-
creasing the efficiency of this apparatus with a correspond-
[ing increase in the quality of the results obtained.

The Quenched Gap.—The quenched gap to be de-
scribed combines a number of very desirable features from
the amateur mechanic’s standpoint. It is admitted that
‘there are certain inherent defects in the design, but these
have to be tolerated in order that the gap may come within
the limits of the amateur’s shop equipment, which is
usually confined to a small bench lathe and a few other

tools. One improvement that might be made in the gap is
10 be noted in ¢connection with the means for adjusting the

distance between the electrodes. If the upper electrode 2

Were cast in one piece integral with the hub or spindle 3 the

Eap might be varied in length by threading the spindle

ﬂ"‘“‘“ﬁ_‘ the top frame plate 5, This construction presents
114
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some wﬂu machine work, and a screw-cutting lathe i
y essential. Assuming that the latter tool is not
to i..:_fmd in the average amateur shop, the design has
m muﬂ,.ﬁad so that the thrcadmg may all be done with
taps and dies, and the only lathe work required is the
fnmg..ﬁ and drilling operations that may be done in a
small bench lathe with a shide rest.

T]:r: effects pnudamci with the high-frequency coil in
connection with a quenched gap are truly remarkable. In-
stead of the thin, wiry spark ordinarily seen, the discharge
takﬁs the Eurm of a flame as thick as a man’s wrist when
conditions are nght. At times the actual ]mgth of the dis-
charge is reduced, but w:th Everjfthmg in resonance an
increase both of th:dmcsﬁ and length will be noted.

With reference to Fi If. 59 which is a sectional view of
the complete gap, the reader will note the instrument is
m-mpnsaﬂ of two cast copper electrodes, 1 and 2, which

“are held rigidly, with their faces only slightly separated.
The lower electrode is permanently secured to the lower
iron casting of the frame 6, while the upper electrode is ar-
ranged to be raised or lowered by turning the insulated
knob 14, which is fastened to a brass bushing 13. The
Ehmdlc 3, which carries the electrode 2, is of cold-rolled
steel, threaded y4-18 for a distance of 1-% in., when it en-
ters the electrade, then turned to 14 m. for the central
portion and finally threaded for 14% in., with the y5-18 die
for the remaining portion.
~ The electrode is held from turning by the two steel
pins 7, which are driven into heles in the electrode and
""’hd‘l slide freely in holes in the frame above. Obviously,
thtTIIﬂrﬂ1 the mavement of the upper electrode is a vertical
‘ene without any twist or turn. The coiled spring 8, serves

to keep the necessary tension on the movement.
The hﬂﬂder will be required to do somc simple pat-
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ﬁ'nﬁiimg, ?,-tu this need not alarm him. It is to be de-
plored that the average amateur has such a pronounced
t]:.}r to anything in the nature of a pattern or a cast-
ing, whereas the latter is frequently the simplest way out
ofa given difficulty. The pattern for the electrode castings
is illustrated in Fig. 60. It is turned out of a block of
wh:t:-wund secured to the faceplate of the lathe, care heing
taken to leave the extra stock on the cdge to provide the
mr:ssuf Emil:. Whm the pattern has been turned out it
should ht sent to the nearest qunﬂty for a pair of copper
castings as nearly pure as the shap can supply.

Given the copper castings the worker grips No. 1 in
the lathe chuck by the outer edge with the sparking face
of the casting next to the face of the chuck. A good chip
is taken off the projecting portion to remove the scale and
the face finished with a light cut. The centering tool is
then broug it ‘up in the tailstock and the casting centered.
A M dﬂﬂ is mext run ﬂ-ry narcﬁ:ﬂy through the casting

“and this is followed with the 75-18 tap, which should be
started "mlh the- tailstock center against it to insure ac
curacy. The hole threaded, the casting may be removed
{rom ‘.thn chuck and laid aside temporarily while exactly the
"_'_;;Ep&raimm are :iﬂné on the No. 2 casting. This latter
must also have holes drilled to take the pias 7 after the
casi’“ng has been removed from the lathe. Lo far the
' - will have faced off the hubs of the castings 2nd pro-

-,tai;pad !ml:& for the spmdlnﬁ. and this in a man-
mer that insures that the spindle will be truly at right
gles to the ‘plane of the hub.

. Thl!l next operation | is to prepare the spindles for ﬁn‘:mE
i}ﬁ the :ijm*iﬁmg sﬁni:u:rs of the castings. The spindle 3
is first prepared. It is to be used as an arbor upon which

re faced off. A piece of ff in. diameter
vod is cut off 4 in. long and each end faced
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off and centered in the chuck, bringing its length down to
37% in. Holding the rod in a dog between lathe centers,
a light cut is taken for a distance of 1 in., bringing the
diameter eventually down to {f in. after several cuts have

CastingMo2, _Backof Cast

ity

o,
Finished Size. Enm*rk.mngsngﬁr adiation.

S

SRR

ety

F._-:_....____.,..__.__,._,_ T"'_ ____________ I 1--11
Finished Sire of Tron Gasting Mo 5.~ Mo Similar, but Drilled

Fig. &0.—Details of electrodes and frame plates
been taken. A slight cut is taken at the end to taper the
rod for Et;artin_.g'a.'dig on it and the rod is then placed 1n
the chuck with the turned portion projecting. Bringing




the 75-18 die mth ttfl! tailstock face plate against it, the

gwhm with nﬁzmﬂt? and the thread taken on

e. In order to cut the thread quite up to the

mﬁ;ﬂ p[‘ ﬂm unturned portion of the spindle, it will be

; ssary to reverse the die taking the final cut or two with

“the die on backwards. This completes the work on the
% qiﬂﬁd!e for the present.

Before remaving the spindle from the chuck, the Na. 1

copper casting may be screwed on. The spindle is then
removed from the chuck and replaced between centers with
ﬂu; dog as before. The surface of the copper casting may
now be faced off with the assurance that it will be truly
at right angles with the spindle. The edge of the casting
m;gr a}sh be turned. The dcgrﬁman in the center of the
mqu is cut % in. decp and 134 in. in diameter. This
casting finished, it may be removed from the spindle and
the No. 2 casting put on. The facing cut is again taken,
the d:;pmmm made, and the edge turmed. The entire
sspmiih with the casting is now to be reversed in the lathe,
ﬂ;ﬂ casting first being pinned to the spindle on which it is,
of course, to remain. The drive this time is by means of a
stud projecting from the faceplate and engaging a screw
in the pm'iphery of the casting; the hole in which the screw
is placed is subsequently used for the binding post, to
which the fexible cable is attached.

‘The spindle may now be turned to its finished diameter
of 15 . for a space of 134 in., and from this point to the
end it is ﬁmﬂﬂ!ﬁ off to g in. read]r for threading. The lat-
ter operation is accomplished as before by starting the die
‘With the faceplate in the tailstock.

’ nﬁmﬂdh for the lower partion of the gap casting is;
of course, threaded 7;-18 throughout its length. This oper-
ﬁﬂﬁﬂﬂl e most easily done hy gripping a piece of 1y in- rod
in the chuck and tﬁreﬁdmg to the required length befare
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cutting off. As shown in the detailed drawing, Tig. 3
the length of this spindle is 2/ in. 3
“The frame plates 5 and 6 are iron castings. The pat-
tern is a simple one that may swell be cut out on a scroll
<aw, the boss for spindle and the small elevation in each
corner being turned separately and fastened on with brads
and glue. The ﬁ.lﬁ?h'ﬂd size of this casting is shown in Fig
2 - The one 'lj_ﬂlfelfn serves for both 'c:isﬁngs. but the ma-
chine work on each casting differs slightly from that on the
other. As will be noted, the central hole in casting 6 is
tapped for the 7718 spindle, while that on casting 5 is
drilled and reamed to provide a good sliding fit for the
plain portion of the spindle 3. The clearance holes for the
pins in the upper electrode casting are also indicated in
casting 5. A smooth file-cut on the corner bosses finishes
the machine work on the frames after all holes have been
ﬁc*'ﬁaur corner posts are of fiber rod 34 in. in diameter
and faced off accurately to 474 in. in length. Tapped holes
are made in the ends for the }4-20 screws which fasten the
structure together.

The remaining details are obvious in construction. In
assembling the gap, the feet and four corner posts are first
nﬁmn:dm the lower frame. Then the lower electrode is
set up tightly on its spindle in the frame. The upper
electrode is placed on the lower and the coiled Spring
slipped over the spindle. The top frame is next slipped on,
making sure that the pins engage the proper hales in the
I“mt' The driving home of the corner screws and screws
ing on of the insulated adjusting knob completes the as
sembly, and the builder is ready to sce how well he has
done his work, The only “snag” is likely to be found in
the inaccuracy of the filed bosses on the upper frame. Tc
mithnmug’lﬂy good job these should have been faced
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_ﬁﬁ‘i‘il‘hﬂlﬂ at .31!1: sanmte time as the ‘central hole was
""i!ﬁll ed. To do this would .r.gqu‘n-g:;- 10-in. lathe, however,
anid in view of the admitted restrictions mentioned in the
opening paragraphs it was thought best to omit this speci-
fication. The facing off and drilling should by all means.
he done on the faceplate if a sufficiently large lathe is
available. R '
Quenched Gap Transformers.—The transformer for
Gl st H‘-m:'_\nﬂ_h_nd gap is cssentially the same as that
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Fug. €1.—Demils af the small parts

used with the ordinary open gap, The one possible differ-
ence worthy of mention is the secondary potential em-
ployed. With the quenched gap, this potential may be
tmﬁdﬂraﬂf lower ; this chanze merely introduces an in-
€rease in the number. of discharges per sccond.  For certain
classes of work, this characteristic is of material advantage,
while for others it possesses no particular merit.

beF principal advantages to be derived from the low

_potential secondary are as follows: The discharge from the
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high frequency coil is thicker and hotter, although it is
not so long; the comparatively low potential secondary
is cheaply and easily built and insulation difficultics are les-
sened materially; for electro-therapentic work, the quenched
gap in connection with the low potential transformer gives
a current of very high milli-amperage which is of value
in cases where the hiood pressure of the body must be re-
ﬂucﬂd by a;itﬁ-mndéﬂsaﬁnn in a short time.

“The instrument to be described is of 2 kw. capacity
and it delivers a secondary current at a potential of 2500
volts. The power factor is about 83 per cent. and at full
load the primary of the transformer draws 23 amp. from
the line on a 110-velt circuit. The winding specified is for
&l-cycle circuits but the data for other frequencick may be
calculated as described on Page 27. As the construction of
transformers has been covered so thoroughly in preceding
chapters, no attempt will be made to cover the method of
procedure. '

The core of the transformer is 3 in. square in cross-
-';imﬁﬂﬂ and the core irons are to be pmviﬂnﬂ in two sizes,
ie,3by8in and 3 by 12 in. Each leg of the core will re-
quire 130 irons to build up the required three inches and
accordingly 360 pieces of each size of iron will be required
for the core. The core iron weighs approximately 94 Ibs.
for this transformer, This core is gencrously prupprtinntd
‘and the instrument may be overloaded to 3 considerable
extent without ui.'-q.:.&'c'[:_t,g'a-a.. the ¢ore is not worked nearly
to the point of saturation on a G0-cyecle circuit.

_The primary winding consists of 132 turns of No. 2
D.C.C. magnet wire wound on a round form. As the wind-
ing spate on the core is 5 in. the primary coil may be 4%
in, in length overall to provide the necessary 44 in. of space
on either side for insulation. The winding may be tapped
at the 125th, 135th and 143tk turns if it s desired to have a
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convenient means of aver-loading the _iha!"t-r'\.lml:ntp When
the full mumber of turns is in uise, the instrument operates
SR e ) .
A ﬁ;;:tmw inding consists of 3,454 turns of No.
Z5 enameled wire wound in two sections. This winding is
lso done upon a round form, the air-space between wind-
JIIE and core serving to Leep them both t.f‘onl through the
medium of the extra radiation surface provided. Each sec-
tion of the secondary winding may be wound upon eiled
paper 15,;&;, wide. The winding may be carried out to
within 7§ in. of either edge of the paper, which makes the
actual width of winding 134 inch. The two secondary sec-
tions are separated by a disc of fibre or, preferably, mican-
ite sheeting, the edges of which may be bent around to lap
gmthg picces inserted between the secondary sections
and the core. Tor specific instructions on the winding of a
'I'.wu-sclznﬂn secondary, see the transformer directions in
‘The magnetic leakage tongue may well consist of a
bundle of picces of the core iron cut 3 by 4 inch. The
thi"'—k“f{ﬁaf ‘the bundle will depend vpon the condenser
capacity used with the transformer and also upon the type
'“iﬁ:ﬁiﬁ employed. The correct amount can readily be de-
lﬁm‘“cﬂ _'ﬁ'_f--ﬁ?q?ﬁfhﬁﬂnt. however, after the instrument has
been finished and put in operation.
qutmﬂ—"fh!: secondary winding of this transformer
Iﬁﬁfh’w Fesistance and it delivers a high potential current
ﬂ'ﬂ would most likely prove fatal if taken through the
hml;— _Tor this reason, more than ordinary care should be
o mﬂlﬂﬁ_ﬂ‘:e handling of the instrument. [If one takes
?Itﬂuﬁmwﬂm}m ta make sure that the main switch
L the pritnary current is quite open and so located

ﬁthm“‘hymy ‘possibility fall shut while the apera-
Wj‘} orking with the transformer, no accident can hap-
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In the ﬂrpmmm: of the author, but one serious acci-
E; has occurred in connection with this t}"pl: of apparatus
“and that was caused through the playful antics of a pet dog.
Th& contral switch of the outfit was ﬁ.—mp_uraniy mounterd
up.pn the floor and the canine came bouncing along just
asa  connection on the rotary spark gap was being changed ;
a Wﬁhﬂfﬂm d:og ‘s tail and the switch came down, turning
m;'-than low frequency, high potential current. The shock
W m_f:hming but fortunately the bmly waswell insulated
fmm grﬁﬂnﬁ as the floor happened to be dry. It is the
tu[aﬂ}f qnﬂmﬂt& mﬁ‘!ﬂﬂ&is DI thiﬁ ﬂ&tute 1hat {iEWiap into
real accidents. The high mi&nml current is something
thﬂtmd ot he{eafed ‘but it should certainly be ru:spmcted.
~ The ﬂnnﬂ(msct—-—-‘l'hé oscillation cnndtnser for this
tz;:pr. of @iﬂ:atus may well be built up into sections of 01
‘mid. each as d’é,ithd n fﬂnﬁer chapters. The total ca-
pacity required will range from .04 to 08 mid,, depending
‘upon the number of turns in the primary of the oscillation
tﬁn_ﬁﬁrml:r awdt the type of quenched gap employed. As
m_:smmi is low, the condenser is not subjected to the
“strains that have to be borne by the usual type. The cur
_'fﬁﬂt is relatively large, however, and the plates are likely to
‘heat if the operation is maintained for any great length of
time. For all ordinary purposes of demonstration appara-
tﬂﬁ. the ‘Siﬂgle units connected in pnralicl to pive the de-
sired capacity will answer but if the coil is to be operated
for say half an hour steadily at a time, as is the case in
certain. hﬂﬂsﬂhﬂ of el::ct:u-thqra peutics, the series-multiple
connection, in which four times the number of units are
employed, should be used. For detailed directions cover-
1‘# thi'ﬂ‘t#hdﬁ‘m:r :eﬁﬂ' m L!:a:pmr IV which explains the




CHAPTER XI.

PHYSICIANS' PORTABLE APPARATUS,

The design of a portable high frequency u:utﬁt for the
use p{phumtrms thas been appmm:h::d with some diffidence.
Such an outfit imposes certain requirements in skill and
mrkmaﬂﬁhip that the amateur constructor is not likely to

'T]:g portable B_!.Itﬁt,.-tt‘.! ‘be of practical value, must be
compact, light in weight, rugged in cosstruction, and,
above all, reliable and ﬂr;.r efficient in operation. This
means expert workmanship in the c‘mﬁtru{:tmh of the vari-
ous parts qmt no hﬂl: skill :m& mgmmty in their assembly
within a case of small compass.  The greater difficulty will
be in the placing of the connccting ires and cables. These
leads must frequently be placed in locations that are seem-
ingly inaccessible. Should a short cireuit occur within the
cﬁe while the ’ﬂﬁpamtus i5 in opEratmn the results might
17"3.’ dﬁﬁg::mus, A l:u:ge measure of the success achieved by
ﬂccta‘mﬂ:eramsts has been due to their use of apparatus
that could be depended upon to work at the right time and
thereby to establish a fecling of confidence on the part of
‘the patient.

For ﬂ“& reason stated above, no attempt will be made
to ﬁﬁ@ ibe the construction of a protable electro- thera-
peutic hu-tﬂ!. of the tranafarmer type. The high teasion
'ﬁﬂhﬂwmtr is d’ffﬁcult of construction for the amateur in

the very. mﬂ and compact desian that is necessa:y in this
- case. The kicking coil type of outfit lends itseli admirably
l#', . 125




. nts of the practitioner, however, for work
nt's bedside and such an outfit may readily he
cted by the amateur worker who is the fortunate
r of a few tools and some ingenuity in their use.
Kicking Coil Outfit—In Chapter V11T, a very
gﬂgﬁ;d‘ﬂ-‘l"ﬁf'ﬂ 'ﬂﬁi‘iﬂﬁ I'ﬁ &s&mh“ﬁ& in: iil!tili. Thl:_ specifi-
cations call for the various parts of the outfit mounted
mpon a mn’rxmm ‘base of wood. For the purposcs of the
pbyaaﬁ&n* ch ’mtmu outfit may readily be assembled in
“a wooden cabinet with handle attached, or is may be built
into a small leather suitcase. The latter method is, per-
‘haps, to be m’!&rmﬂ as the container is more durable.
In building the outfit from the directions given in the
hapter I'tf‘!!ﬂ'l‘-‘ﬂ to, the worker had best employ a mica
denser in liew of the g‘iass sheets. The mica shects
acme in Lﬂl'ltknm of about 1,’3’ in. and each sheet may
mﬁty be split in two as the mica has a higher dielectric
b _: than ﬂlﬁﬁaﬁﬁ The:ngat of the mica is, of course,
‘much Htgﬁér than that of the glass but only half as much
«af the mica is required. The exact number of plates re-
:-.qmﬁ is dependent partially upon the speed of the inter-
crupter and the worker may well experiment as directed in
G‘lthfnfr Vi1 to determine exactly the right amount of
enser Lo use hefore he proceeds to build the box that
is to old the plites.
~ The discharger post of the oscillation transformer may
Prove so long that the apparatus will not go into a case of
reasonable size.  If thisis the case, the post may be cut off
an n'xd‘h uﬁﬁtms tI-u: box in which the coil is mounted, and.
; : cket connection: The arrangement
itself to the builder and no specific
owing te the fact that the size
f{j 'bg used will govern the precise
struments. “The description of
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standard apparatus which follows will serve to offer a few
suggestions relative to suitable arrangement.

Standard Electro-Therapeutic Apparatus—The stan-
dard apparatus now on the market has reached a high stage
of development and in many cases the physician will do
better to buy an outht outright rather than attempt the
construction unless he is exceptionally well supplied with
tools and facilities for pood work. The portable cutfits

Fig. 62—Tanable transformer outfit designed for vaemum fube treatment work

range in price from S7300 (o S185.00 and instruments at
the latter figure are arranzed to operate on either alternat-
i‘hg or direct current. With the larger types af these
portable outfits, light X-Ray work may be done at the pa-
tient's home. This feature 15 of Turim.:: impartance where
X-ray diagnosis is deemed advisable and where, at the
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same time, there s no other reason for moving the patient
to the huﬁpiml
In E‘Ig 62 may be seen a reproduction of a portalile
outfit that may justly lay claim to many unique features,
This is one of the lower-priced outfits but the price cannot
be taken as a criterion of its value. The outfit incorporates
i c-{gﬂ;ﬁmallj- fine control device which renders it well
m:}.'m to the requirements of the general practitioner or
the 5;1:;313I13t who uses the usual hlgh fru'qu:m:jr modalities
in his work, The range “of the : apparatus covers everything
but lin X-ray and the Ehmmatmn of this feature in the
design is I,;rgi;‘ly rcspﬂnmhle for the low price of the outfit.
X The outfit is of the transformer type and it operates
only ‘on alternating current cireuits; for use with direct
current, a rotary converter is necessary. The rotary costs
ahit forty dollars and its weight detracts from the porta-
Lility of 1h¢ outfit. The main mnmdérat:ml for the pro-
spective purchaser is, therefore, to determine whether the
i:ur:i:nt*s*wpplf mn the plaﬂgs W!mrc ﬂ'ﬁc ‘outfit is to be used,
is .-.;an:mng ‘or dxmr.:t If the httqr is fgum‘l to be preva-
1ﬂ:fi't a modified type of ;wrtalflu outfit selling at the same
price would serve the purpose hetter.
i 'r*'lﬁ small transiormer outfit deseribed in the preceding
Eg‘m];:h is designed for all classes of vacuum tube, fulgu-
ration and ‘diathermic treatments. For fulguration the ont-
fit is ideal as the fine control enables the operator to change
from a tm‘ﬂnmuxﬂy cald spaﬁk such as is used to produce
g X dehjrdmhug mmﬂ_ to 2 hot and caustic spark. The
principal feature nf the mn‘tml is found in the use of an
I’Ilt#f{:hm;gpamg .Fqur Uf ﬁc:gn_dar:'- .¢m|l5. an thie ascill I-HU‘“-
Hmfmmw In addition to this, the “eoupling” of the
primary and the seeondary is variable, which ntroduces
&hﬁm refinement of control.  One of the secondary units
- Minductors" as they are called by the manufacturer. is
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wound with comparatively few turns of coarse wire to pro-,
duce the hot spark for fulguration, while the other coil is
wound with a greater number of turns of finer wire to pro-
m-tﬁt'ﬁighqﬁ voltage necessary for vacuum tube work.

For diathermy where an exceedingly heavy current is
made to pass .t'hrnﬁgh-a localized area of the body, the coil
is quitc unique as it is capable of delivering a current vary-
ing between zero and 2,000 milli-amperes between the
dia‘ﬂltrniiic electrodes.

Direct Current Oﬂtﬁtﬁ.—*Fig, &3 illustrates a treatment

Fig. 63.—Portable kicking coil outfit that will operate en cither direct or
alternating current

outfit of the kicking coil type that sells for $75.00. This
outfit weighs but thirty pounds, will operate on either
dircct or alternating current circuits, and combines all of
the high frequency modalities with the exception of heavy
auto-condensation and NX-ray work. True, it will do light
general diagnostic work as the potential is sufficient to
break down an air gap of four inches which is sufficient to
excite the average six-inch X-ray tube of moderate vacuum.

The outfit described is preferable to the transfcrmer
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apparatus in the event that nothing but direct current is
available in the vicinity. No rotary converter is necessary
and if the physician chances to be in a neighboring town
where alternating current is unexpectedly found, the appa-
ratus is equal to the emergency.

For dentists this outfit is exceptionally well adapted.
It is excellent for the treatment of diseases of the oral
cavity and in addition it will make good radiographs of the
jaws with comparatively short exposure.

Large Portable Outfits.—Fig. 64 illustrates an outfit of

Fig. €4.—Pawerful poriable outht comprising both kicking coil and transformef
for wse an either direct or alternating current circuits

the highest grade which combines the features of porta-

bility, reliability, and general utility to a degree not ap-

proached by the smaller outfits. The price of this equip-

ment is $185.00 when arranged for both alternating and di-

rect current use,

This outfit is capable of doing all manner of g_eric'l'ﬂl
high frequency and X-ray work that may come within the
requirements of treatment at the patient’s bedside. The
Various modalities can be obtained from the equipment as
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follows : Static spark, vacuum electrode, fulguration or con-
vective discharge, high frequency spray or effluve, Qudin,
Tesla and D’'Arsonval currents, unipolar current, cautery
current, ultra-violet lamp (from alternating current circuits
cnly), and currents for auto-conduction and auto-condensa-
tion, sufficient for all local treatments. In addition to this,
the apparatus is capable of giving very good results in
X-ray work of the lighter type such as making radiographs
of the extremities, fluoroscopic examinations for diagnosis
in cases of fracture, etc.

The outfit combines both a transformer and kicking
coil. The former is used on alternating current circuits and
the latter on direct. The operation is controlled by means
of a few switches and levers and simplicity is a character-
istic of the equipment.




CHAPTER XII.
PHYSICIANS' OFFICE EQUIPMENT.

The construction of a powerful and efficient high fre-
qumcj' iu:ld X-Ray equipment capable of meeting all the
mqmmenta of the genqral pract:tmm:r is well within the
reach of the average amateur builder,

True, the apparatus will not be enclosed in a handsome
cabinet and the entire outfit will probably be somewhat
bulkier than the manufactured article. Furthermore, the
cost of the entire apparatus will probably be ncarly as great
as that of a professional outfit purchased complete. The
amateur constructor’s principal reason for building his own
outfit will probably be the experience he receives and the
intimate knowledge of the component parts that he
acquires during the process of building:

The design for a 1 k.w. outfit comprising all of the
popular high frequency modalities is contemplated. Fig.
165 suggests the assembly of the various units upon a table
of conventional design. Of cotirse, all of this apparatus
.tl:light be arranged within the walls of a cabinet, but for use
in the office where the outfit is seldom if ever to be moved,
the tahmEt has no partmula.r advantages over the simple
iﬂ‘ﬂngtmen-t shown in the illustration. Furthermore, the
“ﬁlﬂﬂ}‘l? on a table results in a most imposing array of
instruments all of which are readily accessible for adjust-

ﬁﬁ.ﬂt Or repair.
] complete apparatus is divided into two basic
i+ W one of which is the cxeiting apparatus comprising
132
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W"F embraces the oscillation or high frequency trans-

o of which there are three. Of the latter, No. 6,

the fiest instrument on the left in Fig. 65, is a coil of the

Oudin type capable of producing a high frequency current

of moderate potential for vacuum tube work; high potential

current of very high periodicity for producing a spray or
effluve; and a current of great intensity, moderate poten-
tial and high periodicity for the removal of moles and
warts by means of fulguration. The maximum spark
length of this coil is about 3 in. The winding is coarse and
the coil may therefore be used for high potential auto-con-
densation work. The variation in frequency and potential
is effected by means of an adjustment of the number of
primary turns.

_The coil shown in the center of the table, Fig. 65, is
designed for X-Ray work. This instrument is an oilim-
mersed oscillation transformer which may be termed a
combination of the Oudin and Tesla types since two Oudin
coils are placed base to base to form a Tesla coil of sound
‘mechanical construction,

The X-Ray coil produces a thick and very hot 10 in.
discharge between the points connected with its terminals.
With a suitable high frequency tube, radiographs may be
made of any part of the body in a comparatively short
space of time.

.;‘T:fi_ﬂ' oscillation transformer at the right, No, 8 in Fig.
'ﬁﬁlﬁmimded for general D'Arsonval treatment and its de-
‘lﬁg“ 1S such that the work may be made to cover both auto-
m‘dﬂl’ﬂﬂhﬂn and diathermy. The latter is a comparatively

few method of treatment which consists in placing a plate
Of metal on either side of the Iocalized area fo be treated
ml‘ﬁﬂﬂﬂga very heavy current of from 800 to 2,000

ratperes.  The frequency, potential, and intensity of
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the current delivered by this transformer may be varied to
an astonishing degree by placing the clips attached to the

—

_—

Fig. f5.—Large electro-therapeutic outht mounted upon a fable




{

exible connecting cords on different turns of the winding,
This wide range of adjustment permits the operator 1o so
Zi'-'i-- ?':IE.EE.-'IFP'.E' ratus that the circuits through the patient's
body and the coil may be brought very closely to resonance,
Reference to Fig. 68 will disclose the wiring diagram
for the complete outfit, The reader will note that the leads
from the condenser and the spark gap are attached to two
copper tubes placed parallel with the X-Ray transformer
and supported in insulating pillars secured to the top of the
table. From this tubes heavy flexible cables complete the
oscillation cireuit through the primaries of coils 6, 7. and 8,
The thoughtful reader will, of course, understand that
~one coil is connected in the circuit at one time; this permits
of a concentration of the full output of the exciting appa-
ratus upon the particular coil in use and obviates the
necessity of dividing the energy among the several instru-
ments, only one of which is used at one time. Two spark
gaps are specified in the assembly, Fig. 65. The gap “4" is
of the conventional stationary variety with nickel steel or
silver electrodes, while the gap “3” is of the rotary type
mthﬂm stationary and aluminum rotary electrodes re-
spectively. The rotary gap is used for the X-Ray and
D'Arsonval coils, while the stationary gap is best adapted
for the Oudin Coil, No. 6. The current delivered by the
latter coil must he under perfect control and in certain
classes of vacuam tube work it is necessary that a delicate
“-’335_’ perfectly steady high frequency spark be employed.
The stationary gap sugcested will cnable thé operator to
J"d-l'#ﬁ*f IHE current with such delicacy that the spark may
o€ Brought from 2 velvety spray.a quarter of an inch i
"ENEM to a hot, 3 in., caterpillar discharge simply through
7 adjustaient of the length of gap, variation of primary
m’#ﬂthmgmnf the current regulator on the low fre-
QUENCY teansformer. The rotary gap is intended for long-




continued treatments where the apparatus is working at
approximately full power during the entire length of time.
While the stationary gap is in use, the disc of the rotary
is turned so that the electrodes are opposite the open
spaces in the periphery of the disc; when the rotary gap is
to be used, the a ljustable electrode of the stationary gap is
~merely opened until the spark prefers to pass by means of
the rotary.

A useful accessory to the apparatus is shown mounted
on top of the D'Arsonval coil, 8. This is a hot wire meter
that will indicate accurately the amount of current passing
through the paticnt’s body while the INArsonval treatment
is being given. The design for a simple hot wire meter is
given in the next chapter for the sake of completeness, but
in view of the fact that a standard instrument of the type
shown in the illustration can be purchased for $12.00, the
amateur builder is scarcely justified in attempting the con-
struction.

The low frequency transformer, 2, which converts the
tesidence lighting current into a high potential one suitable
for charging the condenser of the outfit is a standard mag-
netic leakage instrument with a variation in the number
of turns in the primary. The alternating curront supply
from the house mains is connected with the knife switch
Eh'ﬂwﬂ directly above the transformer and from the switch
a cable leads to the low-tension terminals of the trans-

fm‘mex, The snap switch controls the rotary spark gap
motor,

e Th& condenser is the glass plate type arranged in sec-
hﬂ“_s ar units which may be connected in multiple one
P“tm“‘ar" ﬁm by means of the single pole knife switches
shown on the top of the cabinet (5 in Fig. 63).

o F‘“': the sake of clarity and simplicity, the construction
of the various instruments that enter into the assembly of
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the outfit i is divided into cight sections, each part bearing
.nfnﬁmprm heading. The numbers preceding each head-
ing correspond with the numbers assigned to the various
instruments shown in Tie. 65 which represents the ground
covercd in the first part . uf this Eh.aplq,r

2. The Magnetic Leakage Transformer.
3. The Rotary Spark Gap.
The Stationary Spark Gap.
The Oscillation Condenser.
The Vacuwm Tube Treatmient Transfarnier.
The X-Ray Oscillation Transformer.
& The ['Arsonval Oscillation Transformer.

‘Magnetic Leakage Tfannim:mn:r —This transformer is
of 1 k.w, capacity and the data is given for windings suit-
nhle. for use on 110 and 220 volt aiti:mahng current cir-
cuit ha\nng p:mmhclt:es of 25, 60, and 125 cycles. This
ﬂala will be found in Fig. 2 which gives the details of the

furrue:r The specific instructions for the building of
thr: m;atrumeut apply only to the 60 cycle, 110 volt winding
as that is the one most commonly used.

The core is a hollow rectangle of laminated silicon
stecl built up by placing rectangular picces of the steel with
cids ﬂv&rhf}pmg alternately to the right and left as shown
in the drawing marked “assembly.,” Two sizes of core
picces will be needed, namely, 2x534 in. and 2x 634 in.
and 340 picees of each size will be required.  The magnetic
;E'k‘a"'" 1““5“'} hown in thq center af the core is a bundle
of 90 ) picces of silicon steel cut 3 in. x 356 in. The silicon
steel for the core may be purchased cut to size and ready
*%Hﬁr_mbh, if desired, and this course is the wiser one to
mﬂ; if the constructor is not possessed of a gate shear.

The 2x537 in. :JIEHH of steel are to be divided into
two equal I?“ﬂﬁ and each pile assembled with the strips
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slternating to such an extent that the overlap is just 2 in.
The assembled pieces may be clamped in a vise and tightly
bound from end to end with friction tape, releasing the
core an inch at a time as the binding proceeds.

The winding is done directly upon the core in the case
of both primary and secondary. The illustration suggests
how this may be accomplished. Two blocks of wood are
prepared with recesses to take the ends of the core strips

—
THIS CORE
, FOR
-0, 90 or123
CYCLES
ASSEMBLY

CYCLES DRIMARY  SECONDADY

25 400 TURNS 15800
MO.1a DT HO. 30 D

a0 200 TUGNS 8400 Yu
NO.11 D.CC N ES En

e

425 100 TURNS 4200 T
MO.11 BCC  NO. 28w

Ff". 66 —Data for the magnetic ]EIEI!’{' transfarmer

‘_;’-_hﬂr‘iﬁr_ﬂ'lat the core may be held in the lathe for winding.

® primary winding consists of 200 turns in all of
%‘:- 11 D.CC. wire tapped at 110, 140, 170 and 200 turns.
“_i:: ?rmdm_g 15 27 turns per layer and the first layer of
i t::‘_‘qund upon two thn:!-:nes?es ?f :.nicanite wrapped
bl i A single turn of micanite is placed between

yers of wire to insulate the winding and to keep the latter




‘uniform. A convenient method of making the taps in the
primary is to solder a length of copper ribbon to the proper
turn, insulating the ribbon thoroughly with paper where
it passes between adjacent turns. To this tap of copper
strip, 2 flexible stranded cable may be soldered and carried
to the switch on the outside of the transformer case.
When the primary winding is finished it may be given sev-
eral coats of armalac and permitted to dry,

The secondary is wound in two sections upon the other
leg of the core. Each section has 4,200 turns of No, 28
enameled wire which is wound in layers 1 in. wide with
layers of oiled paper 134 in. wide, between. The precise
manner in which this winding is done has been covered so
thoroughly in other chapters of this book that to reiterate
the instructions would be superfluous,

When the windings have been completed, the core is
assembled by fitting in the longer core pieces in the spaces
left between the projecting ends of the cores containing
the windings. This is rather a tedious job, but with the
ﬂ& of a small hammer judiciously applied, the magnetic
circuit may be completed without undue fabor. The mag-
netic leakage tongue is wedged between the yokes of the
core by means of wooden strips. The complete trans-
former is mounted within a wooden case, the dimensions of
which have not been given.

Th!'-‘nﬂtﬂty Spﬂrhﬁa_p.—'l‘h]s ‘gap may be of the stock
“rkt-'" sold b -many wireless supply houses for use in
cannection with amateur transmitting sets of from one-
ol 1o one kw. capacity. The design presented in Fig.
65, however, is simple of construction and in use it will be
w SUperior to some of the manufactured articles now
on the market, :

mﬁﬁ;‘-‘*i’ a dise of 34 in. aluminum, 6 in. in diame-

tex. and having 12 semicircular scetions removed from its
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periphery, thus leaving a series of 12 tecth, each tooth pre-

senting a surface of }§ x J4 in. to the stationary electrode
mounted on either side. The rotor disc is fitted to a fibre

bushing and this bushing is mounted upon the shait of a

sinall alternating current fan motor, which should have a
speed of approximately 1,800 rp.m. j

The stationary electrodes are lengths of 3§ in. zine rod
tlireaded and tipped with larze dizc of filire to serve ae
‘adjusting knobs to wvary the gap between the clectrodes
and the dise.

The entire apparatus is mounted upon a suhstantial
base of dry wood.

The Stationary Spark Gap.—This gap may be a stock
one purchased from a wircless dealer or it may be con-
structed to order. The design given in Fig. 65 covers a
gap of substantial proportions and one that is designed for
continuous operation. The gap consists essentially of the
two nickel steel or silver electrodes, mounted upon threaded
rods, and supported by square brass pillars of suitable
‘Proportions.  One of the threaded rods is fitted with a
?‘-I_FEE fibre handle for purposes of adjustment. Radiators
Consisting of discs of brass separated by washers are
‘mounted in back of the clectrades in order that the latter
may be cooled. The construction is so clearly shown in
ify :iramng_s; that no further description is deemed neces-
; Th':" Bm—“-ﬂﬁﬂn Condenser.—The condenser comprises
four wnits of .01 mid. capacity each, so arranged that they
b b““ connccted in multiple one at a time by closing the
thrf¢ smgle pole knife switches mounted on the top of the
“hlm The connections are clearly shown by the dia-
EWJ:IL mn F:ig, ﬁE_ I
8 1§m unit of -1‘111‘- condenser is composed of 10 plates of
8% 10 photographic negative glass coated on both sides




o 6x8 in, sheets of tin foil with lugs projecting alter-
Dt on ane side and then on the other as the units
B embled, The construction of this type of condenser

is thoroughly covered jn other chapiers of the book.

cillation transformer is of the Oudin type comprising a

econdary of 200 turns of No. 18 annunciator wire in a
cingle layer wound upen a cardboard cylinder 8 in. in di-
ameter and 13 in. long, and a primary helix of 10 turns of
gdgmm wound copper strip having an inside diameter of
1034 in. The primary turns are supported by rectangular
!j_j_{]laxs of fibre or hard rubber preferably mounted upon an
independent base in order that the complete transformer
may be removed from the table without difficulty.

:‘i‘eﬁe.;m;;g tum.:ﬂf the secondary winding is connected
with the brass ball surmounting the coil while the bottom
turn is connected with a common ground terminal which
is mounted upon & copper bar running the entire length of
thl; table. The bottom turn of the primary helix is like-
wise connected with this ground terminal.

‘The X-Ray Oscillation Transformer.—This coil is of
the oil-immersed type, TFig. 67 shaws clearly the method
of construction and the reader will note that the trans-
farmer is a combination of the Tesla and Oudin types.
Two secondary coils are wound upon 6x 8 in. cylinders of
?ﬁﬁ‘mfi and the winding is ta be of No. 22 D.C.C. wire
wound in a single layer until 200 turns are in place on each
OF the cylinders: The turns are either to be spaced ina
Hathe or-else wound with a coarse thread between, for it is
essential that they be separated fully the thickness of a
Piece of the wire in order that the very high potential be-
e s T

SIORTY corls are, of course, to be wound in the same direc-
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tion as one coil is to be a continuation of the other when
they are placed end to end.

The two secondaries are secured to the central piece
of wogd which is fastened to the cover of the case that
contains the transformer. The outside ends of the second-
-ary winding are connected with rods leading to the dis-
charge balls of the coil while the inside ends are, of course,
connected together, a wire passing through the supporting
board for this purpose.

The primary is composed of 8 turns of edgewise wound

{ ]

Fig. 67.—0il-immersed cacillation transformer for XN-Ray work

copper strip 714 in. inside diameter. The helix is divided
in the center in order that 4 turns may be placed on either
side of the wooden piece upon which the secondary cylin-
ders are mounted. The primary turns are mounted upon
?TUttﬁd fibre supports in the usual manner. A tap consist-
ing of a length of heavy incandescent lamp cord is soldered
to each of the 3 guter turns on both sides of the helix and
brought to its proper terminal in the cover of the case.

The containing case should be of rather heavy stock
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and lined with sheet zinc with corners carefully soldered.
The reader will note that when the cover of the case s re-
moved the entire coil comes out with it and there is ac-
cordingly no necessity for attempting to make any connec-
tions underneath the oil which fills the zinc-lined case.
 When the mechanical work on the transformer is fin-
ished, the cabinet may be filled nearly full of transformer
oil, or if this is not available, double-boiled linsced oil may
be employed. The oil should be made very hot before the
transformer is lowered into it in order that the air may he
expelled.
The essential details of construction are clearly shown
in the drawing, Fig. 67. Further discussion is not deemed
~ The D'Arsonval Oscillation Transformer.—This is a
standard “loose coupled” helix of the wireless type and it
may be purchased complete for $12.00. It is simple of con-
struction, however, and the builder, if he so desires, may
purchase merely the edgewise wound copper strip, making
the slotted hard rubber supporting posts and the wooden
heads ;ijnzl'lis_"nwh'_‘u;a"_q:_ii"k: shop. The copper helix is 7% in.
in diameter and the strip may be purchased already wound
#.1'_5_. tis. per turn. The primary or lower portion of the
transformer comprises & turns while the secondary or upper
Portion contains 22 turns, There is no electrical connec-
E“Z*“ _‘?ﬁhit_m the two, the closed oscillating circuit taking
0 the primary while the patient’s body is connected with
e mmb!’p-Thg entire lot of apparatus is assembled as
S1OWn upon a substantial table fitted wtih a shelf beneath.
i F”E':E'Ef‘*éﬁi bﬁfﬁﬂlﬁq wiring diagram for the entire
h& of %hm. a Thﬂ connecting wires should be of
neavy stranded cable which may conveniently be made by
BFORRing four or five strands of heavy incandescent: lamp




HIGH FREQUENCY APPARATUS

cord together and binding them into a cable with tape or
fishline, ana soldering the ends into suitable lugs. The
variable connections to the turns of the primary coils may
be clips of the conventional variety. The drawing sugpgests

r © @ = ﬂnn@

Fig. 68.—Diagram of connection for the entire outfit

a clip of suitable design. The ground connection is abso-
lutely essential and care should be taken to sce that the
ground terminal is connected with the nearest water pipe
whenever the apparatus is to be set in operation.




CHAFPTER XIIL

A PHYSICIAN'S OFFICE EQUIPMENT MADE
WITH STANDARD MATERIALS,

The materials used in the outfit described in this chap-
ter can be purchased on the open market from the various
electrical and supply houses. In this way a very inexpen-
sive and highly efficient outfit can be put together.

The complete set of apparatus is shown in Fig. 69,

Fig. 89 —Complete, homemade office outft for physicians” -mse

This may be said to represent the essentials of the equip-
ment without the trimmings such as controlling devices,
electrades, treatment chair, etc. The apparatus as shown
will produce the high frequency current required for auto-
tﬂ::d_-:nsatian, X-Ray or vacuum tube treatment. The con-
faining case or cabinet, cont lling switches, etc, will
form the subject of the latter part of this chapter.
145
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From left to right in Fig. 69 we see the
stationary spark gap, rotary spark gap, condenser, and pe.
cillation transformer. To define the terms just siven we
may say that the transformer reccives the commercial 3l
ternating lighting current from the house mains at a volt-
age of 110 or that commonly used for running motors and
lighting lamps in the house. The transformer converts this
low potential current into one of several thousand wvolts
pressure at the secondary terminals of the instrument.
This high voltage current “charges” the condenser which
consists of two groups of metal plates separated by plates
of insulating material. \VWhen the charge in the condenser
reaches a certain critical value, the current leaps across the
electrodes of the spark gap, thereby setting up electrical
oscillations or a high frequency current in the circuit con-
necting the condenser and spark gap.

Now, the high frequency current generated in this cir-
cuit is of comparatively low voltage, so we must utilize the
principle of the transformer once more to “step up” the
voltage to that required for X-Ray and treatment work.
To do this we include in the oscillatory circuit a coil or
spiral of brass or copper ribbon, having four or five com-
plete turns, each turn separated from its neighbors by in-
sulating material. This forms the “primary” or low-ten-
sion side of an oscillation transformer. To produce a very
high -.;{’.]tagr, hizh frequency current, we have merely to
place within this primary a cylinder or cone of cardboard
wound with a single layer of insulated copper wire, con-
necting the lowermost turn of the cylinder or cone winding
with the inside turn of the primary. From this sccondary
coil we may take a current of perhaps hundreds of '-hf‘:“‘

sands of volts, depending upon the number of turns in its
winding and upon the relation of its winding to the balance
of the cireuit.

transformer,
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‘The transformer and condenser are shown in Fig. 70.
The current is applied to the primary at the left ang taken
from the secondary at the right of the transformer, Pri
mary and secondary are merely coils of Very coarse and
very fine copper wire, respectively, thoroughly insulated
and mounted upon a core or hollow rectangle of silicon
steel built up from thin shects placed one upon the other.

Fig. #0.—The compicte wransformer and  condenser

In Fig. 71 is shown the rotary spark gap and beside it
the small stationary gap, The rotary gap is used when the
apparatus is working at its full power for the production of
a long and powerful spark for use with an X-Ray tube.
The smaller gap is uscd for vacuum-tube treatment work
where a small and very mild current, under perfect control,
is used.

Fig. 71.—The rotary and etationary spark gop
:_Fig'. 72 shows the oscillation transformer which steps
Tp the high frequency current. In Fig. 73 is shown the
winding machine, of wood, upon which the cardbeard cone
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The oscillation transformer may be purchased, but it js
so easily constructed that the builder is advised to attempt
it. The first requisite is the cage upon which to do the
winding. The construction is obvious. Three discs of

Fig 72—~The complete ocacillition transformer
wood are cut by means of a scroll saw and mounted upon a
length of dowel rod-which is in turn carried in the simple
wooden uprights which form the bearings. Slats of thin
wood are then nailed to the discs to form the conical cage.

Fig. 73—The improvised winding machine

In forming the paper cone, red rope insi‘llatiﬂﬂ _P"‘lli'“
should be used. This paper is heavy and stiff and it has




emdlﬁthwhhn:prﬂpﬂhﬁ- A disc of paper of the cor-

rect size to form the cone should first be cut.  The size of
ﬂmmzmyhﬂmod within reasonable limits in the
tm‘t that the builder may have some substitute for the

; ng shown. However, it is well to adhere as
.gluuly as possible to the dimensions given here. This
mﬂ-‘l-m.atrmthntop. 12 in. at the base, and 15 in.
high at the perpendicular,

Some assistance will be required in rolling the disc of
paper-into a cone or cornucopia before slipping it upon the
form. The final trimming may be done when the cage or
form' is inside:. Glue may be used to hold the edges of
the paper together, but we recommend the use of shellac or

“some other insulating compound as the water in the glue is

likely to cause trouble. When the adhesive is thumnghly

‘dry, the seam may be ‘sandpapered smooth and the entire

surface of the cone coated with shellac preparatory to

‘winding.

The winding for this size of cone is a single layer of

No. 22 double cotton covered magnet wire. The winding

is started at the smaller end of the cone, small brads being

“driven part way into the slats at the end of the cone to pre-

vent the succeeding turns of wire from forcing the first
ones off as the winding proceeds. The base of the winding
“S-‘ﬂhﬁﬂid be firmly secured to the work table before start-
ing in.

When a single even layer has been placed, the end of
ﬂ‘u'_ whn is seclr.md by passing it through the conc and
g the hole with a toothpick dipped in shellac,

Tﬂm the mt:re surface of the winding is thoroughly
coated with shellac, care being taken to see that the fluid
mkiwull into the insulation of the wire. When this coat
is thoroughly dry, paint a second time and a third. Make
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-Sn'l"l' _“I»'it each coat is perfecily bone dry, however, belore
starting the next.

When the winding is finished, attach a wooden disc 1o
d"&m of the cone and to this a bed-post ball of brass,
Solder the topmost end of the winding to this ball. Sol-
der a piece of flexible lamp cord to the lower end of the
winding-and secure in place so that the fine wire will net
unwind in use. The oscillation transformer is not com-
plete with the exception of its primary which is so simple
as to meed very little description.

The primary is merely four turns of brass or copper
ribbon, of about No. 26 gauge, and one inch wide, wound
inte a spiral 15 in. inside diameter, with turns separated

Fig. 74—The coil used for D'Arsonval and Thermo-Faradic treatments

by a strip of corrugated paper packing. Bindings of tape
at frequent points hold the turns together. Connection to
the turns is made by means of brass clips formed by bend-
ing pieces of the brass ribbon in two and soldering a piece
of lamp cord to the top of the clip thus formed. :
The coil used for.D'Arsonval and Thermo-Faradic
treatments is shown in Fig. 74. The smaller ribbon spiral
is in this case made to displace the conical secondary 25 a
lower potential is required. In the next article, the con-
struction of a more efficient form of D’Arsonval coil will
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~ This completes the description of the cssential parts
of the apparatus. .

The cost of the apparatus will depend upon the size
of the outfit; that is to say, upon the power of the equip-
ment. For instance, for light tube treatment and auto-con-
densation work in a patient’s home, it would be absurd to
build an outfit of the power of that shown in our illustra-
tions. One quarter of that power would be sufficient, For
the physician’s office, however, where an X-Ray picture
may have to be made of any part of the body, the larger
power is worth while, particularly as such an outfit is not
Very expensive.

For convenience, we have divided our estimates into
groups of ¥4, %, and 1 kilowatt, in size. The oscillation
transformer may remain the same for all and as its cost is
represented chiefly by the builder's time, this item is not
listed, MNeither is the cabinet to be deseribed. We have
listed only the items it will be necessary for the builder to
purchase outright before starting construction:

One-quarter Kilowatt:
Transformer, magnetic leakage type ..............5 20.00
Rotary gap ..._....... o LA e U i, . RS0
Condenser, six sections at $3.00 each
SHAUONETY A, e i b et R e s e -
Safety condenser :

_ One-hali Kilowatt:
Transforiner, magnetic leakage type.....
Rotary gap i
Condenser, five sections at $4.00
&aumm gap and safety condenser
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Umne Kilowatt:

Stationary gap and safety condenser........

In these estimates, the transformer is quoted in the un-
mounted condition. There is no need for paying several
dollars for a mahogany cabinet that cannot be used in the

Fig. 75.—Complete details of the cabinet for the ootht

outfit. The condensers are made in two sizes, namely,
0017 mid. and 002 mfd. The latter are larger and
stronger and are therefore used in the large outfits. '_I‘h-c
rotary gap is the same for all outfits as are also the station-
ary gap and protective condenser. The latter is necessary
to protect the house wiring from danger.
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The details of the cabinet are given in Fig. 75. The
box may be constructed of mahogany, oak or white wood
stained and finished to suit the taste of the builder or to
harmonize with the furniture in the office.  All of the nec-
essary details of the cabinet are given in the drawing and
it is believed that further description will be unnecessary.

Fig. 76 shows the eabinet with cover shut down and
the following instruments mounted upon it: operating key,
impedance and primary regulators, rotary gap, switch and

Fig. 76.—The cahinet clossd

controlling rheostat, single pole, single throw knife switch,
stationary gap, and inductance coil.

~ Referring to Fig. 77, we have an enlarged view of the
left-hand end of the cabinet with impedance coil removed
to show method of mounting. This coil consists of a core
of iron wire made up into a bundle 2 in, in diameter and
7}‘5 in. long. On this core is placed a single winding con-
sisting of 700 turns of No. 14 D.C.C. wire disposed in even
layers and with eight taps taken out of the winding at the
last eight layers. These taps, together with the starting
and finishing ends of he coil make ten leads in all to be
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connected with the contacts of the impedance switch on the
cover of the cabinet. The abject of this impedance is to
reduce the amount of current flowing through the primary
of the transformer, when operation at full power is not de-
sired. The impedance, furthermore, makes it pessible to
produce some very curious and wvaluable phenomena in
connection with the hizh frequency discharge.

The protective device, consists of two standard con-
densers of the tclephone type, having 2 mifd. capacity each,

Fig. T Method of mounting impedance coil
connected in series, with the outside Icads placed across the
primary supply wires and the neutral point gr ounded.
This protective device can be purchased in the open mar-
ket about as cheaply as it can be constructed by the ama-
teur. Its use is absolutely essential to the safety of the
apparatus and the house wiring.

The high tension transformer is secured in the cabinet
by means of wooden clamping picces clearly indicated in
the drawing. At the end of the first layer of the primary
winding, a tap of flexible cable is soldered. This will be of
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great service in connection with the impedance in produc-
ing such cffects as the spray or effluve so desired by many
practitioners. The secondary leads from the transformer
make connection with the ends of a pair of brass rods
which pass through the partition and directly over the con.
denser. Across these rods is also secured a safety gap
comprising two pieces of flat brass strip, so arranged that
the space between their ends is not greater than 54 in.
The rods should be insulated from the cabinet and the
partition where they pass through the walls by means of

Fig. FE—Cahines, fhowing controlling switches

hard rubber or composition bushings such as are used in
intiﬁdgﬁc_tnt lamp sockets. These rods pass directly
through the end of the cabinet where they terminate in
binding posts from which the desired leads may be taken.
The mounting for the condenser is so arranged that a
free tirculation of air is produced between the sections and
around them. This is essential if the outfit is to be placed
n long continued operation.
. The d*ﬂa'rm of connections for the entire outfit is
Biven in a separate drawing.
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‘Referring to the illustration Fig. 76, we note that all of
the controlling switches and other parts which require ad-
justment are located on the cover of the cabinet. The
standard wireless key at the left is of course placed in
series with the transformer primary circuit. Fig 78 is an
enlarged view of this end of the cabinet and it shews
clearly the arrangements of the controlling switches. Fig,
79 is an enlargement of the right-hand end of the cabinet

‘showing how the rotary and stationary gaps are placed in
multiple merely by closing the small knife switch. For all

Fig. 79—The cabinet, showing the spark gap
currents at full power or thereabouts the rotary gap is used.
For the more delicate currents such as that required for
vacuum tube treatment, the stationary gap is employed.
By using the full impedance and closing in the stationary
‘B3P, a spark a fraction of an inch in length and so mild
that it may be directly applied to the bare skin without any
pain whatever may be produced. From this we may go
to the other extreme by op&ﬂ'mg out the '3t'atiﬂna1jr.‘_ E’?--
‘starting the rotary, and cutting out all impedance. This
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will give us the crashing flame shown in some of the illus-
trations of the discharge. |
The inductance is placed in series with the primary of
the oscillation transformer or Tesla coil. This inductance
consists of 20 turns of No. 10 bare copper wire, wound up-
on a cardboard drum or cylinder, and with each turn sep-
arated from its neighbors by a generous space. This wind-
ing may be done by winding two turns of heavy cord in
parallel with the wire, removing the cord after the winding
is finished. A substantial sliding contact is mounted upon
the wooden coil ends, as shown clearly in the illustration
Fig. 79. This coil is of great service in obtaining reson-
ance by tuning the oscillation circuit.

Fig. B0—A standard form of Tesls e
A form of Tesla coil available in the open market at
a reasonable price is illustrated in Fig. 80. Tl conattiie
tion is simple and believing our readers might care to
build one, we are giving herewith the specifications. the
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two parts of three turns cach, connccted together in the
middle and ‘mounted upon bakelite posts on either side of
the ccntral upright picce w ‘hich is of wood. The secondary
consists of two cardboard cylinders wound with a single
ta;mr of No. 24 double cotton covered wire, the winding
covering the entire length of each cylinder with the excep-
tion of an inch at either end. This winding must be very
thumnghly filled with shellac, layer after layer being put
on, and each one being thoroughly dry before the next is
applu:-i The secondary coils are joined at the center and
this point connected with a binding post which leads to the
ground wire. The outer ends of the winding lead to the
discharge rods shown in the illustration.
A complete WInng' diagram for the apparatus described
in this chapter is given in Fig. 81.




CHAPTER XIV.
HOT WIRE METER CONSTRUCTION.

A Hot Wire meter is the most easily and cheaply con-
tructed of all practical electrical measuring devices. It
may be used either as an ammeter, or in series with a re-
sistance, as a volt-meter, on direct or alternating current of
any frequency, and it is the most satisfactory high fre-
quency current measuring device known.

The principle upon which a hot wire meter operates is
the expansion of metals when heated. The current passes
through a long, fine wire “element,” which becomes longer
when heated by the traversing current. The one end of
this wire element is fixed stationary, while the other end is
attached to a lever, which acts as an “indicator.” In this
way the linear expansion of the wire causes a movement
aof the indicator which is proportional to the square of the
current.

The instrument here described will give very good re-
sults and it may be constructed at a minimum cost. Its
current carrying capacity and sensitivity may be varied by
":h‘ffﬂgiﬂg the cross-sectional area or material of the wire
used, Platinum alloy wire is generally used on commer-
cial instruments on account of its high melting point, but
for experimental waork, copper wire will very often answer
vﬂr well. The higher the resistance and the greater the
’f"-‘-‘ﬁdﬂnt of expansion of the wire, the more sensitive the
“‘Em"!"i- The higher the conductivity of the wire, the
greater the current it may carry for a given cross-sectional
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area. The temperature of the wire should not go too high,
because the higher the temperature of the wire above that
of the surrounding atmosphere, the greater the loss of heat
by radiation, and hence the greater the inaccuracy of the
arca of the wire must be determined by the current and
use for which the instrument is intended. It is best te
instrument. Therefore, the material and cross-sectional
experiment with several wires to find which is best adapted
to the purpose.
The hot wire meter is absolutely “dead-beat,” ;. e, the
pointer does not fluctuate but comes to an absclute rest

Fig. 82.—Meter with cover removed

a5 s0on as it reaches the extent of its travel. To offset this
pronounced ‘advantage, the instrument is slow to record.
The hot wire element takes a certain amount of time to
assume its final temperature and degree of expansion

the pointer moves slowly over the scale. If a very fine
ﬁfﬁ is used for the element, the action is hastened and the
inability of the fine wire to carry any great amount of cur-
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rent be overcome by using a shunt across the meter term:
inals.
Fig. 82 shows the meter in a plan view while Fig. 83
gives an idea of the movement. The hot wire, 1, is sup-
ported between two posts, 2, 2, to which the current is
applied. Attached to the center of the hot wire by means
of a fine wire hook 3, is a length of silken thread which
passes in three turns around the spindle of the pivot 4,
which carries the pointer. This spindle is taken from an
old alarm clock. From the spindle, the silk passes to the

Fig. B3.—Movement of the Lot wire meter

end of a coiled spring 3, which is, in turn, held by a low
post. When the wire element is heated, it lengthens and
permits the silken thread to be drawn forward by the ten-
sion of the spring, turning the spindle and moving the
pointer over the scale at the same time.

The dimensions given in Fig. 82 are not hard and fast,
but they are good in that they produce a meter of tested
efficiency and wvalue. Fig. 84 suggests the methnd_ of
mounting the pivot which carries the pointer. The bridge
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is bent up of brass strip and the lower bearing is passed
through the basc of the meter.

The meter may be covered with a suitable case, pre-
ferably of wood if the instrument is to be used on high
frequency currents. The mechanism is, of course, covered
by the case which has an opening cut in it to show the
scale. The latter should be made as the instrument is
calibrated. If no standard meter is available for calibra-
tion, the values may be placed on the scale with fair accur-
acy if a bank of 16-candlepower carbon lamps is available
on a 110-volt circuit. Each lamp takes approximately 1

Fig. B4.—The Meter pivot. Showing connections lor calibration
amp. and by adding onec lamp at a time and marking the
scale in half ampere divisions, a fairly correct scale will be
the result. Various shunts should be experimented with
during the first tests in order that the correct one may be
permanently connected across the binding posts of the
meter. If the meter is to be read from O to 10 amp., a strip
of German silver 34-in. wide and in about No. 28 to 30
gauge will be approximately correct. In testing, turm the

ent on in gradually increasing amounts until 10 amp.
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pass. If the pointer does not describe a full-seale deflec-
tion, cut a narrow strip from the shunt and try again.
Continue this paring eperation until the needle sweeps to
the end of the scale when the full amount of current is
passing.

For electro-therapeutic purposes, the meter will require
no heavy shunt as the current is measured in milli-amperes
or thousandths of an ampere. The most practical scale is
one reading from O to 2000 m.a. (or, O to 2 amps.).

The adjustment for zero is effected by turning the

Fig. 85.—The meter in ita case

spindle 4, within the coils of silk thread. Thisis 2 danty
operation but patience is rewarded by success. The thread
will give some trouble owing to its propensity for absorb-
ing moisture and changing its length in consequence. The
only remedy is either to seal the case hermetically or, bet-
ter =till, to use a length of the fine tinsel known as “galva-
nometer suspension.”” This may be obtained from a maker
of high-grade instruments if the builder is fortunate in
being near one, The material is exceedingly thin and nar-
row phosphor bronze strip.

The hot-wire element should be left just a trifle slack.
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'Undur no circumstances should it be taut. Before calibr
ore =
ihx the instrument, the wire should be “aged” by hun:lt
it to its maximum several times and permitting the pu|nt;
to come back fully to the zero point. This will lessen the

variation from zero..




CHAPTER XV.

NOTES FOR THE BEGINNER IN ELECTRO-
THERAPEUTICS.

This chapter is intended, as its name implies, for the
physician who feels a growing interest in the possibilities
of electro-therapeutics but who knows very little of the
subject. The discussion, therefore, opens with a descrip-
tion of the electrical apparatus in order that the lay reader
may understand the reference to the various instruments
in the latter portion of the chapter.

The Transformer.—The alternating current taken from
the house lighting circuit at perhaps 110 volts is passed
through 2 suitable controlling switch to the primary of the
transformer. The function of this device is to change the
intensity or voltage of the current from that suitable for
lighting lamps to one many hundred times higher. The
principle of the transformer has already been discussed in
these columns, but for the benefit of the lay reader it may
be said to be briefly as follows: When an alternating cur-
rent is made to flow through a wire, a similar current will
be produced in a sccond wire placed beside the first but
having no connection with it. If the two wires be wound
into coils and the coils placed side by side, the effect is
greatly enhanced, and if a mass of laminated iron be placed

within the openings in the coils the effect shows a very

marked increase. This property of the alternating current

15 known as “induction” and the current produced in the
166
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second wire is said to be induced by that in the first. The

voltage of the current induced in the second wire is in

direct proportion to the ratio between the number of turns:
of wire in the first and second coils. Therefore, if the first
coil contains one hundred turns and the second coil one
thousand turns, the voltage induced in the second coil will
be ten times that applied to the first. Accordingly, let us
‘assume that in our transformer there are one hundred turns
of wire in the first coil or primary, as it is called, and thirty-
five hundred turns in the second coil or secondary. If we
impress a voltage of 110 on the primary we shall have 2
voltage of thirty-five times 110 or 3850 volts at the second-
ary terminals.

This high voltage makes it necessary to employ highly
specialized methods of insulating the windings of the trans-
former for the tendency of the very high potential current
is to leap through the air for a fraction of an inch or to tear
its way through even the best of insulators unless they
prgﬁgqt._m-ﬂiﬁien-t- resistance to its passage.

"We shall next see how this high voltage is applied to
the operation of the apparatus and what measures are taken
to safeguard the patient from the dangerous current.

We have learned that the alternating current, after
entering the apparatus within the instrument case, is trans-
formed or stepped up in voltage to a value perhaps hun-
dreds of times as high as that at which it entered the in-
strument. This voltage would prove dangerous or fatal
‘under certain circamstances if it were applied to the body of
4 patient in its existing state. Before it can be nsed, there-

fore, it must be converted to a current of very high fre-
quency, i. ¢, one which changes its direction of flow hun-
dreds of thousands or perhaps even a million times per sec-
ond. The astonishing characteristic of such a current is
that it may be applied to the human body in guantities
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which would prove fatal if the current were of the com-
mercial frequency. . p
The Condenser and Oscillatory Circuit—Tracing the
course of the high potential current as it lcaves the second-
ary of the transformer, we find that it passes into a device
called a condenser. This piece of apparatus consists of a-
number of sheets of tinfoil separated by plates of mica or
glass. The foil sheets are supplied with lugs projecting
alternately first from one side and then from the other as
the foil and mica plates are assembled, The alternate lugs
-are soldered together on each side and to these joints the
wires from the transformer are fastened. Passing from the
condenser we find the current flows through the primary of
another transformer, but one without an iron core, and
finally across a spark gap and back to the condenser.
 The condenser acts as a reservoir for the current,
waich stores up as a charge on the plates until the tension
becomes so great that the current leaps across the spark
B2p in a crashing discharge. This discharge is not com-
posed of a single spark, as appearances would scem to indi-
cate, but it comprises many scparate discharges which
surge back and forth across the gap with a motion which
may be likened to that of a swinging pendulum. When
m‘mﬁfﬂ is finally spent the discharge would naturally
cease, but during all this time the condenser is again re-
‘Plenishing its supply from the high voltage terminals of
the transformer and as soon as one discharge has died
away, there is another charge ready to take its place. All
of this happens perhaps in the ten thousandth part of a
_ The oscillatory discharge of the condenser across the
‘B2P sels up a current of very high frequency in the circuit,
which includes the primary of a second transformer in it, a5
previously explained. Obviously, therefore, it is only




- to place ‘within this primary a secondary coil
having @ suitable number of turns of wire in arder to obtain
2 high frequency current of any desired potential. There
is no clectrical connection between the twa in the case of
certain forms of apparatus and, owing to the fact that
‘nothing but the current of high frequency would induce
another current in the secondary of this transformer—due
ta the absence of an iron core—there is no danger whatever
of the patient receiving a shock of low frequency current
from the secondary terminals.

"he generation of the high frequency current having
been explained, the method of adapting it to the various
electrodes and their uses will next be considered.

Disregarding for the moment the effects of the various
frequencies upon the body, we may turn our attention to
the broad classifications given by the manufacturers of
apparatus to the currents produced. The classes are in the
main but three: the Tesla or high potential current, the
13'Arsonval or medium potential current, and the thermo,
or as it is sometimes called, the diathermic current which is
‘of comparatively low voltage as high frequency currents go.
Tn order that the respective uses of the three currents may
‘be the more fully understood, it is proposed to treat them
under their proper headings.

The High Potential or Tesla Current—This current
is that taken from the terminal of the _pniit'-whiﬂﬁ tops the

high frequency apparatus and it is generally applied
through a vacuum electrode of glass ‘which is held in an in-
sulated handle of suitable form, The application is quite
without pain, and, in fact, without much of any sensation
‘other than gentle warmth, unless the electrode is lifted
[from the skin in which case the resultant spark is rather
painful. Therefore, anc of the first points for the operator
to impress upon his mind is the fact that the clectrode
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should never be applied or taken from the patient without
the operator placing his own hand upon the glass to divert
the current from the patient. The entire suecess of the
electro-therapeutic treatment may be said to rest in the
practitioner first of all inspiring confidence in his patient.

The most pm:munc:d. physiclogical effect of the high
voltage current is shown in the increase of blood supply to
the part under treatment. This results in an improvement
in the local nutrition. Other characteristic efforts are an
increase of heat locally without a rise in the body tem-
perature, a marked increase in excretion and secretion, and

-3 general effect which may he ecither sedative or stimulat-
ing accordingly as the current is higher or lower in
frequency. :

In at least one particular ean the vacuum tube appli-
‘cation be said to be the direct opposite to the low voltage
or D'Arsonval treatment. The effect of the vacuum tube
treatment is to increase the arterial tension when the tube
is passed up and down the sping, while the auto-condensa-
tion treatment with the D'Arsonval current is exceedingly
_=ﬁﬂi:amus in reducing the blood pressure. The pertinent
fact here is to note that in cases of arteriorsclerosis, the ap-
plication of the vacuum tube to the spine should never be
made. However, where the bload pressure is found to be
normal, this treatment is of great advantage in producing a
‘general tonic ¢ffect upon the system, particularly if a mod-
erately low frequoncy is used.

In cases of alopecia and other diseases of the scalp and
skin the vacuum tube treatment has been found invaluable.
The treatment has received a large amount of publicity
under the misnomer of “The Violet Ray,” and so far has
this misleading advertising been carried that the treatment
has frequently becn condemned as quack. The violet my
part of the propeosition is simply a fascinating and perhap




coined as &muit of the appearance of the muumﬁ
when mmmmﬂn@ The interior is filled with a

h}urﬁyht which has lead to the conception which,

e it makes no claims definitely, leaves the uninitiated
ander the: impression that the treatment is in some Way asso-
ciated with the fgmm ultra-violet rays of Finsen. The fact
of the matter is that even ﬂmugh there were an appreciable
amount of ultra-violet hgl':rt generated within the tube (as
is probably the casc], the glass walls are practically opaque
to the ray and its passage to the patient would be stopped.
Huwtmﬁ beyond the mere fact that this slight deception
has lowered the dgni'ty of the treatment and has made it
a name ﬂmmn: as tmman as that of a patent medicine, the
;nnﬂent need not concern us. The merit of the high fre-
quency tun'ent ;jmpn:rly applied is now definitely estab-
lished beyond question, and the physician who first learns
its powers and then uses it honestly is sure to derive ever-

lasting satisfaction from the treatment.

The treatment has met with the most encouraging suc-
cess in the stimulation of the growth of hair on heads
-mht hopelessly bald, and the experience of a number of

minent workers goes to show that even gray hair may
hnrnﬁ;mrﬁﬂ_ to its original color through a perfectly natural
_process. While success has not come in every case, still
%m}tﬁ are so encouraging that the writer believes he

15 i‘_l;‘.l!ﬂlilﬁﬂi in stating that this treatment offers a distinet
“?P‘?#‘.fmtr to the scalp specialist who is willing to apply
a . 1T with #-he Bame &litgem:: that he would bestow upon
*”““.“‘?i?mmﬂi‘ but promising drug. The effects of the
treatment arc cumulative, and in stubborn cases patience
- " y for while the first few treatments do not per-

haps have the desired effect, the cumulative characteristics
come out after persistent administrations.




CHAPTER XVL

PLANT CULTURE WITH HIGH TENSION
CURRENT.

There appears to be a decided scarcity of data cover-
ing the process of plant culture through the agency of elec-
tricity. The contributions on the subject have been anb-
thing but specific in nature and this is due,'in part, to the
fact that most of the experimentation has been carried on
by private investigators who, for various reasons, do not
seem disposed to make public the results of their research.
In this country, the greatest progress has probably been
made by the agricultural departments of several schools
and colleges, and it is to the excellent bulletins from this
source that the author is indebted for much of the data
that led to some private experimentation. While the pres-
ent discussion is based upon this experimental work, the
author does not wish to pose as an authority on the subject
and the remarks herewith are offered in the hope that they
_may lead to some private research on the part of the
readers. An mtmhangc of ideas and experiences is invited
and it is felt that such a policy will be conducive to a
:;u:.ler presentation of the subject in later editions of this

[s]
While the art of electroculture is almost wholly in the
ﬂpﬁﬂmtntal stage, still it may be said that the experiments
are productive of really practical results and the apparatus

necessary for their performance is not expensive, providing
the investigator is content to begin on a small scale,
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There are several methods by which plant life may be
stimulated with the electric current and, in treating of the
subject, the at'l-ﬂflﬂlf_ w:.!ﬂ I_C_I'htﬂillt these methods briefly in
order that the detailed descriptions of the equipment neces-

‘sary in each particular case may be made clear. The con-
) ;!.. ‘of the apparatus involved will then be covered
tnd it will bg wn;l-.-wuh the expufiﬂeniaﬂr whether he
mnﬂmnts his apparatus or buys certain parts of it ready-
made from manufacturers. The latter course i3 desirable
in many instances as many instruments are rather difficult
of construction and can be purchased ready for use almost
,'s'j;hﬂﬁ;j-is{thef..mn be made in the home worksh '
~ Electroculture Methods—The methods Ey :i:can:; of
which plant life may be stimulated with the electric current
may be divided broadly under two headings: nﬁ'e, in which
the rays from an electric lamp are permitted to fall upon
*bife area upﬁtr:'FﬂFtiﬁﬁﬂn.-an'd the other, that in which a
high potential current is sent through a network of wi
stretched over the plot of ground. This okt v
e ground. This latl:l::f method may
i high mmm d;:tﬂ twu!"l:.msm hegdmgs: One in
fﬂurrm: rent is sent through th:f:vi:r q:ﬂ- frcq_u{ancy altmnt:ing
S e ﬂhﬁ ‘; » the other, that which
former is simpler and productive of very cood results: the
RS .ﬁ_pn? luctive .qf very good results; the
W bemspeutaguh;mwe and, in some cases its results
Pﬁﬂﬂqﬁﬁ{ﬁhftm 91;1:;:5‘:1 tﬁlu?iuh discharge method was
Expetinieq {h.e.jut ouraging T:ﬁ;lﬂ.t! i.n the personal
nf-;' all. mlmt-. i) dmhm. this method will be discussed first
bogieal G med that this is the right or even the
BB the case of one i it o od" Where others failed
Prejudice: et - vidual mvestigator who is naturally
prej mwm thereby, —
subject under :nvestiga&qn was a bed of lettuce,
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10 feet wide by 20 feet long. This was situated across a
yard and 50 feet from the companion bed used for purposes
of comparison. The two beds were boxed in with lumber

and topsoil was taken from the same load for each; in fact,

the conditions were as nearly identical as it was possible
to make them. Four posts were set up at the electrical
bed, in the corners of the plot as shown in Fig. 86. At a
distance of 3 fcet from the ground, ten wires were spanned
from cross-arms attached to the poles. The wires were

Fig. 86 —~Showing span of wires ta carry the high tensian current over & plot of
ground in which planis are to be cuitivated

carefully insulated with two porcelain cleats in series at
the end of each wire and a common lead connected the span
of wires at one end as shown in the illustration. A ground
connection is made by means of strips of galvanized iron
“chicken wire” buried in the earth beneath the bed. The
acrial conductor is brought to a small shed or other shelter
arranged near the bed under cultivation and in this shed
‘the high-tension transformer is placed. The power wires
fﬂl‘tlll the electric lighting circuit are carried to the trans-
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former shed and a switch is conveniently placed both at
the shed and at the point where the wires leave the house
- mmm Be Observed.—The utmost care must be
used to prevent the possibility of persons coming in con-
tact with the span of wire over the bed, or, indeed with
cither wire leaving the transformer secondary, as the volt-
age delivered at this point would produce a dangerous
shock. To afford a safeguard in this particular, a fence
should surround the plot and a contact be arranged at the
gate in such manner that when the gate is opened a bell
will be caused -tq;-;ri':_l'g.;_md this will remind one to turn the
current off from the transformer before entering the gate.
This device is not difficult to design and in fact it may con-
sist of one of the familiar release pushes such as are used
on door jambs. =
‘The transformer used by the author delivered a poten-
tial of 10,000 volts and was rated at ¥4 kw, The construc-
tion was of the closed core variety and the instrument was
immersed in oil to assist in cooling as the runs were from
Emﬂhﬂuﬁ d&lljr Such an instrument can be piirchased
ﬁﬂfimﬂﬂﬁum from manufacturers of wireless telegraph
apparatus and the experimenter is advised to buy one out-
dg_’ﬁt, '.‘:"he necessary details are given, however, so that
the ambitious worker may try his hand at the job if his
tourage is good. '
. Lonstru, of the Apparatus—The transformer to be
described is generously proportioned in order to provide
ample insulation and radiation surface. The constructional
%;@‘5 ﬁ:rr 2 transformer to nﬁi’ir.at; on the usual 60-cycle,
10-volt supply are given herewith and in the full-page
Mﬁe worker will note that data for 25-cycle and 125-
Sl nts are given also. The windings for 70, 110
% €20 volts are appended as well, il




TRANSFORMER ‘DATA

]
i
!

PRIMARY SECONDARY

700 Turns 64,000 Turns
No. 4 D.ICC. Ko. 36 Epam.

350 Turns 32000 Turns
Ne. 12 D.C.C. No. 34 Enam.
175 Turns: 16,000 Turns
No. 12 D.C.C. No. 34 Enam.

From the working drawing, the core is seen to be built
up from pieces of sheet iron or silicon steel .014 in. thick
.md 73 in. long by 2 in. wide. This is for the 60-cycle
transformer. The same general directions apply in the case
of the other frequencies, therefore the description will be
confined to the one only. In all, 460 pieces will be re-
H_,m_d_. If silicon steel can be obtained from some trans-
former manufacturer it should by all means be used as it is
not expensive and its permeability is very much higher
than that of ordinary sheet iron. The core irons are laid




up alternately in piles until ‘nifc'h has uaumuc.l a ﬂ}m
of 2 inches, after which end pieces are ﬁtt:red in the u_paFu
left in the ends of the piles as shown in Fig. E'?. Friction
tape should be wrapped around the pieces of iran to hold
in place.
thm'?[']::_ ]I:rimar}' coil consists of 350 turns of No, 12 D.C.C.
magnet wire wound upon a fum".f which will give the open-
ing in the coil a diameter of 3 inches. The primary may

———

=T

Figs. 87, &g and B%.— Derails af the high potential transformer

be Wound to a length of 424 inches and after it has been
removed from the form it should be carefully taped.
The secondary is wound in 2 section, each containing
- turns of No. 34 enameled wire. These sections also
have an OPening 3 inches in diameter to permit their being
tlaced over gne leg of the core. The winding is in 80
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layers and has 200 turns to each layer. A strip of oiled
paper 2 inches wide separates each layer of wire from its
neighbor and as the 200 turns will occupy a space of ap-
proximately 1%4 inches, it is obyious that a space of 14
inch will be left as a margin on each side of the paper.

The starting end of the winding of cach section is sol-
dered to a strip of thin copper ribbon which extends beyond
the edge of the coil. The finishing end is likewise con-
nected to a piece of ribbon which should come out on the
opposite side to that of the starting end. The final layer
of wire is covered with several thicknesses of the oiled
paper to afford mechanical protection. The two sections
of the secondary are to be wound in such manner as to

permit the current to flow in the same direction around the
core when the two starting ends are joined together.

‘The primary and secondary are to be assembled upon
the core as shown in the drawing and the seccondary sec-
tions are insulated from each other and the core by discs of
heavy fibre. The remaining core irons may then be placed
in position and the core clamped between wooden pieces
as the drawing indicates, Pieces of flexible wire are joined
to the secondary leads and the entire transformer is then
placed in pu:éitmn in a sheet iron container made oil tight.
Wires leading from the secondary and from the primary
are hmught to suitable terminals in the top of the trans-
former case. The case is then filled with transformer oil
until the transformer is well covered. It is believed
that the ﬂ!aﬂﬁngs will make the details clear and that fur-
ther description is unnecessary.

It is, of course, understood that the line wires supply-
ing the alternating current of sixty cycles at 110 volts are
connected with the primary terminals while the Bﬂnﬂdw
terminals deliver a current at approximately 10,000 volts to




the span of wires over the plants to be cultivated; that is
n-fm*!- ‘one secondary wire lcads to the overhead wires
while the other secondary terminal is connccted with.the

on electroculture experiments was made recently by Mr. T.
'C. Martin at a convention of electrical men and from this
report it may be deduced that, of all the processes by
mezns of which plant life may be stimulated, the one em-
ploying the high frequency current as it fundamental prin-
ciple is the most successiul by far.

The experiments mentioned by Mr. Martin were car-
ried out at the Moraine Farm, a few miles south of Day-
ton, Ohio, and located in the celebrated Miami River Val-
ley. The experiments were promoted by F. M. Tait,
formerly president of the National Electric Lamp Associa-
tion, and were in the immediate charge of Dr, Herbert G,
Dorsey, whose work in this line has long been wotthy of

“In preliminary tests, according to Mr, Martin's re-
port,” says the Philadelphia Inquirer, “small plots were
marked off for exposure to different kinds of electrification.
To insure that the soil of one plat was not better than that
of another, top earth was collected, mixed and sifted and
then was laid to the uniform depth of seven inches cver
the sntire area™ To quote further:

. "In‘the soil of Plot No, 1 was buried 3 wire screes,
ﬂ"ﬂ' the plot was a network of wire, stretched ahout 15
nches from the ground. Connecting the network zbove
the Efound and the screen below were several wire an-
t"m +he =screen was connected to one terminal of a2
'Tﬁﬁ'-tq_ill and the netwark to the other. A transformer
W = 11&'"-"?!* '?ﬂli‘i‘fﬂitiﬂg current up to 5000 volts,

: '8 & condenser of tin-foil and glass plates, which dis-
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charged through a primary of the coil. Abbut 130 watts
were operated for an hour each morning and evening,

"Plot No. 2 was illuminated by a 100-watt tungsten
lamp with a ruby bulb. The light was turned on for three
‘hours daily beginning at sundown, Plot No. 3 was illum-
inated the same way, except that a mercury vapor lamp
was used. No. 4 had no artificial stimulation of any kind,
being intended as a comparison between electrically ex-
cited plant growth and that of natural conditions.

“In Plot No. 5 was buried a wire network connected
to the terminal of a 110-volt direct current. The positive
terminal was attached to a small sprinkling can with a car-
bon electrode in its center. The can being filled, the water
was subjected to electrolysis for several minutes. The plot
was then sprinkled from the can, the theory being that the
current might flow from the can, through the streams of
water to the soil.

_ “Plots Nes. 6 and 7 were sub-divided into four indi-
vidual boxes, two feet square, separated by porcelain in-
sulators and arranged with carbon electrodes at each end.
:r‘.:'- these electrodes were applied both direct and alternat-
ing currents.

“After radish and lettuce seed had been planted and
Bermination had begun, the various methods of electrifica-
tion were tried with extreme care. The result of the ex-
Periments showed that the plants in Plat No. 1 grew in
every instance far more rapidly than those in the other
beds and more than double the normal growth as shown
in the unelectrified bed”

The comparative results obtained with the various
_Processes may be noted in the table which follows, and it is

to observe that the high frequency current from
the Tesla coil takes the lead from the standpoint of weight
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of the edible portion of both radishes and lettuce grown

under its influence:
dishes (ten plants selected at ?ml-.I
Rudishes {ten | (4]
random) : \ Codl
Total nt weight, grams.......20070
E}|:|~ilau\l\\:l;III , BTAMS. .o vavsss.. 13050
Edible portion, per cent.......... 53115
Tops and leaves, grams.......... 12050
Tops and leaves, per cent........ 43.35
Roots, Brams . .....eiihecensia.. 930
Ruﬂt’i per - 1 LI LR
Lettunce (ten plants selected at
random) G700
Edible portion, grams............
Edible portion, per cent. ...
Boots, Brame s s
Roots, per cent. .




CHAPTER XVIIL
HIGH FREQUENCY PLANT CULTURE,

High Frequency Cultivation.—The successful genera-
tion of an electric current at high potential and high fre-
quency offers a problem not easy of solution, particularly
if this current is to be put to practical use for long-con-
tinued periods of time. While there are several methods
of producing the current, only one will be considered here
as the others are deemed impractical for amateur use,

The generator to be described is designed for hard
duty. The complete apparatus comprises a transformer,
condenscr, spark gap and an oscillation transformer. In
the construction of the apparatus, a fairly complete electri-
cal knowledge is essential. The high-voltage transformer
must be carefully made and properly insulated, while the
accessory apparatus requires not a little mechanical skill
for its successful completion. Once constructed, however,
the operation of the outfit is a simple matter and quite
Wwithin reach of the average fruit or vegetable grower,

~ In order to simplify the explanation, the description of
the transformer will be divided into sections, cach bearing
the appropriate heading.
In accordance with the inevitable policy of this book,
the data for transformers of various frequencies are given
n the full-page plate appenﬂed. The description is for
the ﬁﬂ-l:]rtle instrument, and, as the construction of the
others is the same, a repetition would be superfluous.

ruction of the Core.—The core is composed of

thin shee

t iron or preferably silicon steel which may be
182




is to be cut into strips according to the specifications given
in Fig. 90. The 2 by 6 inch strips are divided into two
piles of 130 pieces each and these strips are assembled al-
ternately with the ends overlapping two inches. The 134
by 6 inch strips are next divided into four piles of twenty
each and these are assembled alternately also. These
packs are then to be placed above and below the assembled
piles as shown in Fig. 92 to break the sharp corners. The
piles are then wound tightly with tape and finzlly covered
with several layers of press-board, preparatory to winding
‘the primary and secondary,
Winding the Primary and Secondary.—The primary
‘is wound on one leg of the core and the secondary on the
other. The two cores are then joined in a complete mag-
netic circuit by the end yokes as shown in Fig. 1. The
primary winding consists of 125 turns of No. 10 D.CC.
copper magnet wire wound 23 turns per layer and five lay-
ers deep. Between each two layers of wire, a turn of
press-board should be taken. The first and last turns of
wire are held in place with loops of strong tape placed un-
der the winding and drawn tight after the turns are in
‘place.. No shellac or other paint is used on the winding as
the coils mml}n immersed in oil when the transformer is
The secondary winding is in two sections, each con-
taining 4200 turns of No. 28 enameled magnet wire, making.
8400 turns in all. The wire is wound in layers about an
inch wide and separated by a double thickness of oiled
paper between each two layers of wire. The paper should
be 134 inches wide In Fig. 95 is shown the method of
clamping the core leg in the lathe for winding.
Before starting the winding, a strip of thin copper rib-
bon is cemented to the insulation as shown in Fig. 2 to
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provide the connection between the two halves of the sec-
ondary. A strip of paper is placed over the ribbon and the
winding started after the cnd of the wire has been solderel
to the ribbon. When the first section of the secondary has
been completed, the finishing end of the wire is sol-
dered to a piece of ribbon, a few turns of paper taken over
the final layer of wire, and the core leg removed from the
lathe. The fibre shield which separates the two secondary
sections is then slipped in place and the core replaced in
gether by means of the copper strip.

Figs. 50 10 98 inclosive—Detailn of the magneiie Teakage translormer

!:!:u: reverse direction ; that is, the core is turned end-for-end
in replacing it to make the blank portion of the core take
the place of the wound scetion. The second half of the
winding is then started by soldering the wire to the cop-
per 5.“?19_ as before. Assuming that the lathe is turned al-
Ways in the same direction, the act of reversing the core in-
surcs that the direction of the winding shall be continuous
in both sections, with their starting ends connected to-
Assembling and Mounting.—The secondary finished.

the two legs containing the windings may be stood on end
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and the remaining core strips inter-leaved in place to com-
the magnetic circuit.

The reader is referred to Figs. 99 and 100, for the
method of mounting the transformer, The core is gripped
between clamping strips of hard wood and bolted to a base
of the same material. The primary and secondary
leads are conducted to upright pillars of hard rubber hav-
ing a brass rod running through the centre.

73
FPlon of contoimen
Moles ermr"!a"mm o1

Jdection as

S el inclusive.—The transformer asgembled and details of its container

i TIEE transformer is placed in a container of wood, lined
with zinc as shown in Figs. 101 and 102, which give the
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proper dimensions. In the cover of the container are bored
four holes to pass the terminal rods.

1When the transformer has been placed in the case, the
latter is filled with transformer oil to within an inch of the
top and the cover fastened down with serews., The addi-
tion of substantial handles at the ends of the container
completes the work on this portion of the apparatus,

Construction of the Condenser—In the design of the
condenser for our purposes, one or two primary requisites
have constantly been borne in mind. The condenser is

N

Fig- 103, —The condenser complete showing method of eonnection

subjected to practically continuous use for several hn:urs
at a time and it is obviously cssential that ample radiation
surface be provided in order that the plates may remain
cool. Coupled with this highly important peint may be
mentioned the importance of eliminating all corona or
brush leakage around the edges of the tinfoil pla}eﬁ.
These requirements are ordinarily met with in an oil im-
mersed condenser; but the latter, to be efficient, should em-
ploy only oil as its dielectric and such a condenser presents




constructional dificulties not casily conquered by the ama-
teur workman. As the next best solution of the problem,
the design for a glass plate condenser of large heat-radiat-
ing surface and of substantial construction is offered in this
‘For its construction the condenser will require 120
plates of glass 8 by 10 inches of the kind used for photo-
graphic negatives. Old plates of the latter sort may be
purchased cheaply from nearly any photographer and they
serve the purpose admirably. The first step is to remove
the emulsion coating on cach plate by soaking it in hot
water and scraping with a putty knife. The plates are
‘then to be dried thoroughly and divided into four piles of
30 plates each. The complete condenser consists of four
units, of 30 plates each, connected in series multiple as
shown in Fig. 103, and in order to make the description
clearer the steps in the construction will be given for but
one of the four units, which are alike in every particular.
A good grade of varnish gold size is procured and
placed on the work-table with a good soft brush about an
inch in width. Tinfoil of the grade used by florists may be
brocured in pound packages containing four or five strips
ﬂf f’lﬁl Mlm:has wide and perhaps 48 inches long. The
fﬂﬂf& to be cut up into pieces 6 by 8 inches in size, neatly
Fattened and separated ready to be applied to the glass
Plates, which should be arranged in a pile on the table.
A plate is removed from the pile and given a quick, thin
coating of the varnish (which dries in twenty minutes in
tl:m open air) and a sheet of foil immediately laid upon it,
'L'i-l.’t being taken to see that the foil is accurately centered
b - The foil may be forced into smooth and close
h the glass with the aid of 2 wad of cotton

" 2 picce of soft cloth to make a sort of pounce

Starting at the center of the foil sheet and
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carrying the rubbing procgss toward the edges with a cir-
cular motion, the workman will be able to foree the foil
into what is practically absolute contact with the glass, and
at the same time cause the surplus of varnish to exude
from the edges.

The plate 15 then turned and coated on the other side
in exactly the same manner; the process is repeated with
each of the thirty plates in each of the four units until the
120 plates have been cunted-._ The lot may then be laid
aside to dry in a warm room for several days. When this
has been accomplished, each plate is to have its edges
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Fig. 104.—0One scction of condenser mounted in its case !
dipped into melted beeswax to a depth of 174 inches In
order that the edge of the tinfoil on both sides may be
thoroughly coated with the wax. This will quite prevent
the corona or brush losses so frequently noted with glass
plate condensers,

The rack in which the plates are to be mounted may
next claim our attention. Its construction may be noted
in Fig. 104, which gives a perspective view of the cnr!'tPlﬂte
unit. The reader will see that the support comprises a
baseboard and cover of wood separated by two end p:tcresv
The plates slide in grooves formed hy M-inch square Strips
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of wood nailed to the base and cover. A bar of M-inch
l':;.-r 1 inch copper runs across from one end piece to the
‘other on either side and affords a means of connecting the
many plates in multiple. This connection is accomplished
by means of the special contact leads shown in Fig. 105,
These leads are merely pieces of lamp cord tipped at one
end with a lug and at the other with a contact made from
a piece of spring brass ribbon bent into the shape shown
in the drawing. The object of the contact is to establish

Fig. 105.—Spring cannectar and cord for condenser

connection between both plates of tinfoil when the spring
is inserted,

In making the connections to the bars on either side,
the_“““f?hﬂ are alternated in order that the plates may all
be in multiple. That is, referring to Fig. 104, in starting to
nsert the contacts, on the one side the first contact spring
1% Inserted between the first and second plate; on the other
side the contact would be between the second and third;
feturning to the nearer side, the second contact is inserted
between the third and fourth plates, and =0 on until all
hlvg' been put in place. The contact with the first and last

'ES are of course made by inserting the clip between
the tinfoil and the wooden cnd piece, placing a small sheet




of glass between the spring and the wood to prevent the
‘metal coming into contact with the wood, '

When the four units have been made as described,
they are to be connected up as shown in Fig, 103, the con-
necting leads being strips of copper ribbon. The setting
up will receive due attention when the rest of the apparatus
has been described.

Construction of the Spark Gap.—Perhaps no one por-
tion of the high frequency apparatus is more likely to give
trouble and to require frequent attention than is the sparlk

Fig. 106, —Belf-caaling spark gap
Eap across which the condenser discharges. The discharge
'8 accompanied by heating effects which are in themselves
troublesome, and while: the ordinary stationary form of -
£ap may give satisfactory service for a time at least, still
1ts successful operation is hindered as the sparking surfaces
Become heated and pitted, The gap to be described has
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oved its value in actual practice and, while it may appear
mw-iié-'im rily complex in design, still the many points
of advantage are only brought out through the construc-
tion of a substantial and more or less massive affair.

 With reference to the side elevation and plan views

Fig, 107.—Details of the spark gap

arranged to rotate in opposite directions at a fairly rapid
Tate of speed. The rotation serves the double purpose of
always Presenting a fresh sparking surface, and therefore
4 cool one, to the point of discharge, and in establishing a
Strong current of air directly upward and between the
SParking surfaces, due to the surface friction of the periph-
€ty of the discs. The effect of this current of air is to as-
St In the wiping out of any arc which may form during
the discharge.

The discs are maunted upon a substantial framework




and base of dry wood which has been painted with or pref-

boiled in paraffin wax. The discs are mounted upon
shafts of M-inch steel and secured to the latter by means
of brass bosses turned up and drilled to a snug fit on the

chaft, When the final assembling has been done the bosses
are pinned to the shaft-and to the disc, thus insuring the
permanency of the construction. The final operation is
to take a finishing cut off the periphery of each disc with
the shaft held between centers in the lathe.

" The details of the bearings are given in the enlarged
drawings, Feg. 107. The reader will note that the bearing

proper is.a journal f brass tubmg reamed to fit the shaft
nicely. The bearing support is a casting with a hole cored
through it to take the journal. Slots in the feet of the
earings permit the distance between the discs to be varied.

~ When the various parts have been finished, the bear-
ings are Iocated on the framework as shown in the plan
- drawing and the journals slipped over the shafts. A piece
of cardboard is then forced over each end of each journal
aiter the latter has been propped up inside the bearing
with bits of wood. Melted lead is then poured into the
opening at the top of the bearing and when cold it will
hold the journals in perfect alignment with the shait. The
Dbearings may then be removed and a small hale drilled
down through the lead and brass to afford a passage for
oil to the shaft. The addition of an oil cup stuffed with

2 wick W'le the bearings, which may be replaced on
the frame. ay be rep !

The shaits are belted together with rubber belting
Srossed to make the discs turn in opposite directions. The
riving is accomplished by means of an electric mator
Belted -..Thﬁ a pulley on one shait.
_thecurrent is conducted to the discs through wire or
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in the plan view in F:g 106. The details of the brush
holder are to be seen in Fig. 107. ,

The discs should rotate freely and quietly when the
motor is started. If the oil cups are p;npeiﬂy fitted, the
gﬂF <hould be “P‘ﬂfh' of an _aﬂ:—day rumn .mthuut t::ouhlt
developing. The adjustment of the gap will be considered
in due time, when the instructions are given for the oper-
ation of the completed apparatus.

The Oscillation Transformer—The reader has been
told of the construction of the transformer which steps the
commercial lighting current up to a potential of several
thousand volts, the condenser which stores up this high
voltage, and the spark gap or discharger across which
leaps the stored-up current in the condenser. The dis-
charge of the condenser across the gap sets up electric
oscillations or, as it is termed, a high frequency current.
In order that this current may be rendered suitable for the
Pum_-.qf clectro-culture, however, its potential must be
raised to a very much higher degree and the object will be
to explain the construction of the special type of trans-
former or coil employed in the process of stepping up the
-already high potential, high frequency current.

The high frequency transformer differs from the type
used for the conversion of low frequency or commercial
currents in that it has no core of iron and the turns in its
primary and secondary are numbered in tens and hundreds,
respectively, instead of in hundreds and thousands, as is
’thc case with the transformer used for lighting and power
“"""‘k Fﬁ_ﬂhf:irmure, on account of the extremely high
ﬂmﬁﬂii“‘iuﬂﬁd in the oscillation transformer, the insu-
mp"'m':'“ must be treated in a somewhat radical man-
i3 Tl_ﬁ.ﬂ_ problem is not, however, so difficult of solution
A5 Mt might seem. The coil may be of generous propor-
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tions, since close coupling of the primiry and secondary
winding is not esscntial, and the permissilile air space
affords a most effective insulator. While the efficiency of
oil insulation in cases similar to the present one is not
questioned for one moment, still the air insulation, if prop-
erly carried out, offers exceptional advantages aver all
other forms wherein the windings are hidden from wview
and are inaccessible, The latter method has accordingly

been selected.

Fronl Few

Fig. 108.—The oscillation tranaformer complete

o 1;1“"' transformer consists essentially of a primary
winding of eight turns of copper strip placed at the base of
e tﬂmd“ around which is wound the secondary of 300
;:m:s- of, No. 30 DLC.C. copper maognet wire in o single
ﬂ:'::;m'rh“ starting point of the primary, as well as that of
o "d""}"_“ connected to a stud of metal which passes

u#} the base of the instrument for ground connection.

primary of the coil is connected in the circuit of the
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and spark gap in order that t-h:: us-\:il‘llti'u.:'i'l_'m'ajr
FEEE.'tﬁl‘EFEIi the copper strip and thus induce a l'u;:;h fre-
" e li::jr current of higher voltage in the 5m:qn1da..f.3r wmdm_g.
-Ilfh,: 'ﬁﬁuﬁ] appearance of the cnmj_ﬂtwd coil is shown in
the illustrations, Fig. 108, and in Fig. 1!_39. the reader will
find details of the parts from which it 1s c?nstmcttd, to-
ge'thcr' with the dimensions of the various pieces.

“The sccondary cylinder is of cardboard and made ex-
pressly for the purpose. ln designing the coil, the writer
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Fig: 108 —Details of the gscillation transformer

hﬁ purposely chosen, wherever practicable, dimensions
which correspond with the standard sizes of the parts now
ﬁhlainablg through electrical manufacturers. Accordingly,
1’“‘?;‘??“1115‘&_1‘ has been made eight inches in diameter and
13 m.ches long. The wall is ahout one-fourth inch thick.
Iw'-.'%'““d of the cardboard cylinder is fitted tightly a
.W..“‘mgﬂ up from whitewood and soaked for an hour
S mnitcﬁ paraffin. The heads are drilled for the terminal
Post and the brass stud, respectively. The details of the




w ‘are given in Fig. 100 but the stud has been
mammmmmumm; The next opera-
tion is to treat the cardboard cylinder to three coats of
shﬁb,: mkmrr certain that each coat is bone-dry before
applying the next and baking the tflmﬂi:r after each coat in
a moderately warm oven.

\With the third coat of shellac quite dry, the cylinder
may be mounted. in 'ﬂil‘r_ lathe between centers, a slender
screw driven into the Wﬂﬂﬂim hr.'ad and ﬂltd:ung a slot in
the faceplate to afford a means of dﬂ\rmg The lathe
should then.be spt:cdtd up and the surface of the cylinder
carefully gone over with the finest sandpaper to remove
the inevitable ureguianﬁes caused by particles of dust and
dirt. On no account must c¢meéry paper or cloth be used
and the Iathe bed must be sr:rupmluusly clean while the
cylinder is being handled, as the least trace of metal chip
or dust under the wmdmg would be fatal to good results.

The surface of the cylinder having been earefully
smoothed over, the lathe may be prepared for the wind-
ing. The gears are set to cut 24 threads per inch and the
winding of No. 30 D.C.C. wire is started one-fourth inch
from the end. In ﬂtartmg, the wire should be passed
through a small hole in the cylinder and the hole im-
'mﬂ‘ﬂd}‘ Pl“g—g"ﬁi with a bit of wood covered with wet
shellac. This will prevent the winding from coming loose
during subsequent handling. The lathe should be turmed
slowly and backward, and the wire fed through a guide
hield in the tool post. When the finishing turn, the 300th,
Em Fltt!. the final end of wire ‘may be passed through

¢ cylinder and secured as was the starting end.
ﬁﬂ“ the coil is still in the lathe, the winding should
with E;hﬁﬂ'ﬂ-ﬂ applied in a thick solution and with
= “ﬁ! brush, ﬂ'.lﬂ Ereatest nf care being taken to sce that
the Auid =oaks well into the turns and between them and




also that no air bubbles or particles of dirt are permitted
to remain. When the first coat has dried for an hour or

more, the cylinder may be carefully removed and placed

in the oven, wherein the temperature should not be over

150 ﬂw' F. The baking may continue for a few hours

and the second coat applied after the coil has been put

back in the lathe. The builder is strongly advised to do
all of the painting in the lathe, as the examination and
turning of the cylinder is greatly facilitated thereby, The
third coat may be the final one and it should be dried as
thoroughly as the first and second.

The _secondary finished, the wooden heads may be re-
moved and connection made with the terminal and base
studs. This is easily accomplished if the ends of the wire
are left long and passed through the holes in the heads
with the studs fitting loosely. When the heads are re-
placed, the wires may be drawn taut and the nuts of the
studs turned up to grip the bare wire. The heads may
then be secured in place by plugging with wood dipped in
shellac, the small holes drilled around both top and bot-
tom of the cylinder. '

_ Tl:u: base of the instrument is simple in construction,
as is readily seen in the drawing. The method of support-
ng the primary strip, as well as the nature of the latter,
Will, however, bear some explanation. The copper strip is
Ye-inch wide and y-inch thick and is wound edgewise into
2 helix having an internal diameter of 1034 inches. This
hﬂhm‘iﬂﬁﬂ is also to be obtained in the size given and it
€20 be purchased far more cheaply than it can be formed
Up by the amateur workman unless he has the necessary

cquipment for the bending operation. As this device is
Wmmphﬂmd, the space necessary for its description
The problem is to bend the thin

Hl not be taken here.
= mﬁpmp' ent it from buckling,
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Assuming that the builder has procored the helix
material, eight complete turns of which are required, the
attention may be directed to the posts which support the
helix on the base and at the lower end of the secondary
cylinder. j_F-mm the detailed drawing in Fig. 109 the reader
will note that four posts of black fibre rod, 214 inches high
and one inch in diameter, are given a scrmes of saw cuts to
a depth of three-eighth inch. Eight cuts will be required
in each post to take the eight turns of primary strip. The
cuts may be made with two blades of a hacksaw placed
side by side to give the required thickness or, what is by
far the better method, the cuts may be taken in a milling
machine if one is available. The posts are located on the
baseboard and secured with short machine screws tapped
into the fibre. Care shou'ldlh‘-'_ taken to see that the screws
do not pass into the posts beyond the bottom turn of the
The assembly of the parts is clearly shown in Tig. 110
and it is believed that no further comment is necessary
other than to say that the bottom turn of the primary is
connected with the ground stud, as shown in the diagram
of connections.
Installation of the Apparatus.—We have secn how the
various instruments comprising the high frequency current
- generator are built in order that we may have available a
steady supply of high potential current, oscillatiny at a frie-
quency of approximately 100,000 cycles per sccond. It is
_.ﬂ"ﬁ high potential, hizgh frequency current that we shall
employ in the electrification of our plot of ground, and the
object of the present article is to point out how the varions
instruments of the outfit are connected and combined to
.'Plfﬂ:d‘l.itﬁ".{ht :;_::_:Li!rren[_ . \
The entire outfit should be housed in a perfectly
““hf'tigh’i'_ﬁﬁm;. The construction of the building may
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L i imhﬂ? “:Wﬂei if the Pfﬂﬂuﬂm IL:E tﬂkm to care-
?-H um;'njl--mitkﬁ and crevices, nat only in the walls, but
e oor as well. In rainy weather, or even when

the humidity of the air is high, the inside of the shed should

iy I»:Ept dry and warm by means of a small oil stove.
Bampncﬂﬁ E_Fﬁsi‘_ﬁ.ﬁcl}r fatal to the successiul operation of

the apparatus if it is permitted to strike in for any length

of time.
" The shed should contain a substantial wooden table
along the rear wall facing the door, and upon this table the
apparatus is arranged in the order shown in Fig. 110.
The floor of the shed should be at least one foot
abave ground and an open air space should be left beneath
in order to frustrate dampness so far as is possible. A
simple and good construction is to build the shed around
four substantial corner posts, starting the walls a foot
above the ground. The roof should have a generous slant
to shed the rain.
~ With reference to the first drawing, the apparatus is
~arranged in the following order, left to right: Transformer,
spark pap, condenser and oscillation transformer. Upon
the wall to the left is secured the main switch, which
should incorporate a cut-out fitted with 15 ampere plug
fuses. To this switch from the outside of the shed, lead
the line wires, which are to be supplied with a 110-volt, 60-
cyele alternating current, preferably from the lacal central
station.
mﬂﬁmﬁﬂbﬂ‘l?n switch, the switch for thc spark gap
e e (e primaiystemminaly of the
S s m e ;il;?ngb:d:;:z:t;d] w:.th.;i!_lghm?m s:lteh.t:ﬁ
s e AT 1 clow, which also shows the
mﬁiﬂﬁt&:‘:ﬁe t'rmnz'i_nt!Er p.j,tf the apparatus. From the
Locany tevminals of the transformer pieces of No. 14

wﬂ'ﬂ'ﬂiﬁd wire lead ta the t&rrninal_s‘-a'i the mrhm_
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From one terminal of the spark gap a picce of stranded
cable, composcd of 100 gtmn'q;'uf al?mlt No. 24 insulated
'i':‘l-hé.'ﬂift wire, runs to one terminal uf. the condenser. From
the other terminal of the condenser, a piece of the stranded
cable leads to the movable clip on the primary of the
ascillation transformer. The second terminal of the spark

10 Vot - 60 Cpeles A.C.

f‘lg._ 111.—Diagram of connections for the apparatus

gap is connected by cable to the ground connection of the
oscillation transformer and this in turn to a series of wires
buried in the ground beneath the plot to be cultivated.
The high-potential, high-frequency terminal of the
oscillation transformer connects with a piece of light cop-
per rod, which extends upward and out of the side of the
building, through a hole cut in the center of a pane of
glass. This glass window should be at least 18 inches
square and shaded on the outside of the building with a
contrivance resembling an awning, in order that the surface
of the plass may be kept as nearly as possible in wet
‘l"-:\_t-‘lfhr:;:_'. The copper rod passing through the glass is
fipped with a connector to which the overhead wires of the
plot are sccured, ' .
Wiring the Plot—The high frequency current pro-
duced by the apparatus described is administered to the plot
Eround under cultivation through the agency of an over-
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licad network of copper wires and a grountl connection con=
sisting of strands of wire buried in the earth of the plot.
"I."]-.i_-;_.':r#'s‘fﬂrmer house is preferably located at one end of
the plot in order that the high frequency current may be
carried to the area under cultivation by the shortest pos-
cible route, This is highly desirable, as an appreciable loss
mﬁ]d be sustained in a long transmission line.

The equipment recently described is of sufficient power
to cultivate a plot of ground embracing 5,000 square feet,
and, in the case under the writer's observation, the plot
measured 50 feet in width by 100 feet in length.  The
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Fig. 3-.1'1“5!‘"1‘*"# how four units of condensers are connected
.E}"nu.“d wires, three in number, were run the entire length
o the plgt_ﬁgd.ﬁpa}ﬁ_gd ten feet apart. Crossing these wires
..a,; ttﬂ-fﬁut :ht?‘fi'als were ten brideing wires arranged as
Ziﬁ@_,]"‘_ _t§¢ lllui._;tmﬁpn and =solilered at cach joint. In
= t;?epgnt:h; Wwire was of No. 16 bare copper. At the end
s .'I‘I_{;a':l.:\(:!':t.:.ﬂle t-l'ﬂﬂsfﬂl‘ﬂ‘l&f‘ lionse, the ground wires

urht together in a rat-tail and connected with the

F“ht.lm:l lead of the apparatus.
m?—;‘:: T‘Eﬂﬂ_{.'.id .llc-'!\_\'ﬁrk presents a more difficult
'lin.gl -l ;-t " the ¢xp(:-r:mmtn]. plot ten wires spaced five
€t apart tan the entire length of the plat and were sup-
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ported at either end upon -h_ig};-;gﬁiﬁq}_inmlimm held by
mmﬁ_w of such a height th'mt-:lfher suspended the
wires seven feet above ground. At twenty-foot intervals
on either side of the plot, additional posts were located and
cross wires between cach two of these posts completed the
network and at the same time relieved the strain upon the
‘slender wires running the length of the plot. As in the
case of the ground .ngtwgf_k,-_ all joints were soldered. The
overhead connection is in the nature of a continuation of
cach of the long wires to form a rat-tail, grouping all of
the wires where they are connected with the high-tension
lead passing through the glass window of the transformer

‘The insulators on the posts may be of the conventional
glass high-tension type or they may be cobbled up hy
grouping a serics of porcclain cleats as suggested in the
appended illustration. The best of insulation is none too
good, particularly in damp weather, as the high-tension
current leaks badly in its effort to find its way to the
ground.

The actuzl time of treatment will naturally rest with
the individual investizator. From one to four hours, both
might and morning, is a fair dosage, and noteworthy results
ha qu'l obtained awith this average treatment. The
Fh?'“_\ﬁ or vegetables under cultivation should be planted in
duplicate in a neighboring bed in order that comparisons
may be made at frequent intervals, In order to put the
SXpeniments on a practical footing, the notes taken during
treatment and subSequently should include data on the
we‘ﬂht amount of foliage, percentage of edible portion,
wny I__'f the latter, time required to bring plants to
mu.“ﬂl}‘h elc. These notes will be uscful not only to the

"dividual investigator, but to the world at large.




CHAPTER XVIIL
FURTHER NOTES ON PLANT CULTURE.

Every radio telegraphic transmitter, large or small,
amateur or professional, is a potential cultivator of plant
life. Through a simple conversion of the oscillation trans-
former, the apparatus to be found in the possession of
every licensed radio amateur can be made to perform this
practical service in connection with the so-called “kitchen
gardens” springing up all over the country.

Following this line of reasoning, Mr. F. F. Pickslay,
“an ardent experimentalist of Mamaroneck, N. Y., called at
the offices of the author and made known his plans, which
were formulated largely as a natural result of the order to
dismantle all radio stations in 1917.

The entire stretch of ground planted measured 38 feet
front by 110 feet deep. This plot was divided into two
.[:gal_‘.ts], one of }vhi:c'h was electrified, and the other was with-
out current, for purposes of checking results obtained.

: The Distributing System

The system for distribution of the high-tension, high
Emﬂgmt-? current was simple. It comprised essentially a
net-work of copper wire suspended above the garden at a
distance of some 8 ft. from the ground, and a series of
copper wires placed in shallow trenches beneath the ground.

_ In the case of our garden, the placing of the ground
Wires was a simple matter. The plot was first plowed, then
“kfdf and finally the ground wires were placed in furrows

204
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produced by means of a hand plow or ecultivator of the,,
kind sold in nearly every country hardware store. The
wround wires, nine in number, were bridged at either end
3 i §
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Plan of Graund Wires.

Fig, 113—Plan of overlicsd and ground wire syscem
wnh a piece of heavy stranded copper wire. All joints
were soldered before the wires were buried. The ground
Was a picce of No, 4 stranded copper wire leading
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down a side of the house from the transformer apparatus
.a.nd'malcing' connection with the nearer bridging wire be-
neath the ground.

‘Soldering the buried wires

To Right Method of Overcoming
the Weight of our Aerial Network

e

i-c ---------- L >
Plan of Ground Wires,

14

—Tlan of ground wires and methasd o
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The aerial network was formed by stretching four
stranded copper wires between insulators secured to the
Bui;pmtmg posts in the four corners of the electrified plot.
Guy wires and turnbuckles stiffen the structure and en-
nbiﬂ.’ us to make the network taut. Smaller copper wires
were s-’tmt-::hed between the stranded conductors, fm-m;ng
the closed loop as shown in the drawing. All joints in this
netwark were carefully soldered with the aid of a blow
torch. A rat-tail, r_amposed of wires leading from each of
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Fig. 115 —Method of holling overhead wires 10 posts

the longitudinal strangs, leads directly to the switch out-
side the house which formerly served the purpose of a
Eiﬂ“mg switch when the wireless outfit was in commis-
sion.  Indeed, ‘the. 5£|Ttl'l'[[: of connection is exactly the same
2s that employcd for wircless, the switch being so arranged
that when current is not being sent through the network
_H"-\‘- EWlfi‘rh ‘connects the acrial network with the ground
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Construction Difficulties

A shelf of rock runs beneath the entire plot under cul-
iivatiﬁﬂ- The depth of the soil varics from less than a
foot to over four fect at different points.  While this forms
an ideal condition from the standpoint of vegetable raising,
in view of the fact that it maintains practically a constant
state of moisture in the earth, the rock caused no little dif-
ficulty when we undertook to erect the supporting poles for
the aerial network. As the strain on the poles is consid-
crable, we found it neccssary thoroughly to guy the poles,

Trashormmer Hais

. Check Pig#
(Not elecirifivd)
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HE, 116, ~Connections of ground wires

‘and in this connection were forced to resort to various cx-
pedients such as the use of convenient trees upon which to
fasten the guy wires. Where this was found necessary,
We protected the bark by placing strips of wood under the
of wire where it passed around the tree. In other
CASCE, We weore forced to rely upon stakes driven info the
ground. We are not certain that the latter will stand the
Stran, and we may find it necessary to use “dead-men” at
.f?!ﬁ'm’.'&-ﬂf‘thh guy wires. De it understood a “dead-man"”
in this case is an anchor-like contrivance buried in the
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We used onc 10-in. strain insulator of the high-tension
variety at each pole. Y

In erccting the network, the posts were placed about
two fmft in the ground. In this comparatively small plot
enly four posts were used. The guy wires were placed
next without any attempt being made to tighten them.
Finally the stranded wires forming the closed loop were
stretehed tightly between the insulators on the posts and
the joints soldered to insure non-loosening and good con-

Flz. 117.—Soldering ground wires with torch.

.'ﬂ“t“'hy- 'Thl!.' turnhbuckles were next brought up to
ﬂ:ﬂ:;h the Igop tightly. The longitudinal wires, five in
number, were next stretched tightly between the two end
:;:reg.. of t!‘“- loop. These points were soldered. Then the
WEE':'_:?“?‘“F_"% wires were stretched between the side
‘Wires of the loop and the joints soldered. This gave us a
Pﬂ‘fﬂﬂy taut network of ample height to permit freedom
©f movement underneath it in cultivating the garden.
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Vegetables Planted
Radishes, lettuce, peas, carrots, beets, onions, potatoes,
and celery were planted in the garden,
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Fig. 113.—Using small cultivater to prepare scil
Apparatus Required
~ Mr. Pickslay was the owner of a Clapp-Eastham Hy-
tone transmitter of 14 k.w. capacity, and this transmitter
was used to produce the necessary current.

Protestive
Cenderer

@
Flg. 119

: ng's.ﬂ.‘unﬂa!‘}' of the osecillation transformer was com-=
m of 100 turns of No. 18 annunciator wire wound in a
single layer upon a cardboard eylinder 53 in. in diameter
which slips- within the edgewise-wound copper strip form-
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ing the secondary of the oscillation transformer used for
wireless purposcs. This coil gives less than a half-
inch spark when operated without any capacity attached to
its terminal ; however, when the aerial network is attached,
the potential is so increased that a spark several inches
long may be drawn from the coil. The diagram of connec-
tions is given in Fig. 119, .




CHAPTER XIX,

A FOREWORD ON THE CONSTRUCTION OF
ELECTRICAL APPARATUS FOR THE STAGE

In this chapter, the aim will be to present comprehen-
5i¢c-.ﬂiretﬁ0“5 covering the design and construction of
the apparatus used in an elaborate electrical act suitable
for the vaudeville stage. While many so-called electrical
acts are already in the field, the effects produced are com-
paratively insignificant when one stops to consider the pos-
cibilities in this form of entertainment. No doubt most
readers have seen the offerings referred to and the “stunt”
of taking several thousand volts of clectricity through the
human body is by no means a new one at the present day.
However, it is thought that the quipment to be described
will offer many opportunities for the enlargement of the
previously attempted exhibitions of the wonders of elec-
mt‘itj* with the result that the production, from a theatri-
cal standpoint, will be sensational.

In this apparatus, the high-frequency current plays a
very important part; indeed, many of the experiments are
wholly dependent upon this form of current for their pre-
sentation. Therefore, it is thought advisable bricfly fo re-
iterate the nature of this current and its physiological ef-
fects upon the human bedy. It was discovered many years
ago that if an alternating current of electricity be caused
1o oscillate with sufficient frequently, that is, to change its

direction of flow a sufficient number of times per second, its
~muscular contractive effects upon the body would be les-
212




cencd to a considerable dogree. The commercial alternat-
ing lighting eurrent which has a frequency of 60 or perhaps
125 cycles per second, is fatal to 2 human being if applied
in sufficient quantities. Available data discloses that volt-
ages of from 200 to 500 are dangerous and in some cases

ﬁmwhemthf& frequency is of the commercial order. H,
however, the frequency is increased to 10,000 cycles and

upward per second, it has been found that several thonsand
volts may be taken through the body with comparatively
little discomfort. A further increase to 100,000 cycles and
aver renders the current practically painless. The possi-
bility of using this pgmiﬁr form of current in the produc-
tion of unusual effects will therefore be appreciated.
Points to Consider—Before starting work on any of
the apparatus, the rcader had best satisfy himsell in his
‘own mind 'ju&t ‘what feature jﬁF-‘En_'{_f_*__rté.inh:rnm_ work he de-
sires to take up. This section deals with the construction
of practically every useful form of high frequency appara-
tus designed especially for theatrical demonstration. The
assembly of the entire lot of apparatus as described would
entail 2 considerable expenditure of time and money and
there are cases where this outlay is scarcely justified. For
instance, the platform lecturer would scarcely care to bur-
den himself with the costly and cumbersome equipment
50 essential to the performer on the stage. For the benefit
"ﬂ ""‘Wﬂ"“ fﬁ{-’\#ﬁnm this elaborate ":Iqu'iiﬂﬁ'eﬁt"dnes not ap-
peal, a summary of the various types of outfits will be made
n order that the worker may make an intelligent selection
‘whether he be a modest “suit-casc” lecturer or vaudeville
performer, a parlor entertainer, or a theatrical producer of

big feature of any electrical offering is the
L] - __ - '. -j..“‘g.- %. g_ ; ._..-...-
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usands of volts" of electricity through the body and still
fiving to do it over again, is theatrical in the extreme, and
it is no wonder that so many so-called electrical kings have
separated a gullible public from their dollars for years on
the sole claim that a supernatural or other unusual power
made it possible for them to take current at this enormous
voltage through their bodies. The high frequency coil
may, therefore, be regarded as the one essential part of
the outfit, and the other instruments in the light of ac-
¢essories. . _ L.

Weight and Cost of Apparatus.—The largest apparatus
described in this section will deliver sparks several fect
in length. That this is spectacular and impressive, no one
will gainsay, but the outfit weighs hundreds of pounds and
requires for its operation several kilowatts of electrical
energy. The utter uselessness of such apparatus, in the
case of the lecturer, is at once apparent. Far better is it
for him to make or purchase a small coil eapable of giving
an eight or a ten inch spark and taking its current from the
nearest lamp socket. Furthermore, the large apparatus re-
quires for its operation an alternating current, and this is
not always obtainable. The only practical alternative is a
rotary converter or motor-generatorset, which in this
large size, is very heavy and costly.

The small coil, on the other hand, may be hailt on
ﬂlﬁ'?ﬁcﬁtﬁng coil” prineiple, deseribed in an earlier EI‘rﬂ-PtElf.
‘and in such event its operation is satisfactory on cither di-
rect or alternating current through the change af a simple

The question of the high frequency outfit therefore

resolves itsell into one of whether the performance is [0
be given in a chain of small lecture halls or good-sized
theatres, In the former case the small portable outfit

-ample dand certainly far more wscful, avhile the latier use
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wﬂ wfy ﬂ;e best aggregation of paraphernalia the
of the owner would command. The salaries of fea-
wmﬂdnﬂi: m::ﬁs are, as a rule, commensurate with the
pulling power am:l therefore the attractiveness of the act
tself. Recognizing this, it is certainly wise to put forward
every effort in an endeavor to make the true vaudeville 4ct
as big, as spm:mcu!ﬂr and, to sum it up, as impressive as
may be possible. ‘The results justify the expenditure.

" In the construction of the apparatus the average reader
is face to face with a problem. The manufacturer of stand-
ard agpm-atna ﬁ:ﬂ not even quote on this special material;
tht mndgl shop wherein inventions are developed is too
thnrmg“h and cxpensive; the average electrician knows
nﬂt'hmg Whatsaew:r ahout the apparatus in question; the
typical machinist is worse than useless where complete
assembly is concerned, as he is either too “rule of thumb”
or too literal. The reader will wonder what he is to do.

The Home Wurkshnp—Tht answer is to build a home
workshop. It is cheaper in the beginning and in the end,
and if the apparatus is worth having and building, it
is deserving of a proper birthplace. The tools required
may be purchased for perhaps a quarter of the sum de-
Tl‘mndhd by the ‘combined carpenters, machinists, electri-
‘cians and the rest of the vast army of mechanics, each one
of whom does not know just what is desired, but is certain
that hﬂ is capable of building it just the same,

 The construction is best done in a spacious room
wherein the ‘apparatus can also be set up and tested, and
the-act rehearsed. This means, of course, the installation
‘ﬂf electric service. The room should have plenty of open

“ﬂmw space rather than spacious work benches, although
':bﬁﬂ are guite as essential within reason. The tool equip-
i r-mnsm ofa fmﬂrmmphm set of md—wrking‘
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uf hrgi& capatity as regands swing, a small drill press an{f
mpmu set of metal tools; such as pliers, hacksaw n’nﬁ
files. With such an equipment the handy man—anid it is
assumed that the would-lie entertainer is a handy man or
he had better not start on the road with his nutﬁt—-may
construct the entire set of apparatus with the assistanee of
a bright boy or even girl if she be mechanically m::lmmj
And after the apparatus has bheen built by the man who
intends to use it, who can painsay the fact that he, better
than anyone clse, is prepared to take care of it and repair
it if necessary? 10 ‘some of the more intricate machine
'wm-k of which there is little, is beyond the mpab‘htms of
‘the amateur, then let him gn to the regulation shop and
‘have just that part finished up to drawings,

Wnrkmg Eraw‘ings .—The question of drawings brings
us to a point of vital importance. Before a stroke of worls
is done on the apparatus, each and every part should he
dﬁpuftd ina lasg;: drawing and all dimensions checked to
ﬂﬂmm:m their 2 accuracy. The space available in this book
has not rendered it possible to cover this detail with all

nees, but the individual worker should develop
h}l dﬁlgﬂ {mm the ‘suggestions gn"en, making his draw-
ings complete in order that he may fully undersrand the
construction of the various parts.

In no sense is the work of building the apparatus diffi-

cither does it r’l:qu:n: the services of skilled Iabor.
Iy to use tools in an intelligent manner and, what
more important, a farﬂj‘ intimate knowledge of the
tus being built, may be said to constitute the guali-
for suceess. In order that the latter qualification
nbtnmad.,ﬂ is suggested that the prospective builder
¥ consult every book pertaining to the subject that
3 hm hmhh :m. 150 :
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their cntire contents, there is still a good deal to learn on

the subject. Dut every iota of knowledge helps, particu-

larly in the theoretical end, which does not necessarily

mean the mathematical end. Probably the less mathema-
tics the practical builder tampers with, the better he will be
off, for the actual design of the apparatus has been spared
him. What he needs is a good, sound knowledge of the
characteristics of the high frequency current, and this may
be quite readily obtained from a few good books. With
knowledge and a fair equipment of tools, let him start in
with what will probably prove to be the most interesting
and fascinating work he has ever attempted.




CHAPTER XX.
THE CONSTRUCTION OF LARGE APPARATUS,

The construction of a high frequency transformer cap-
ahle of throwing a five-foot spark will be considered first
of all, for this piece of apparatus is probably the chcf
d'auzre of the assembly.

‘The transformer consists essentially of a primary coil
B, Fig. 120, of nine turns of heavy copper ribbon 2 inches
wide and wound in the form of a spiral; a secondary coil of
€00 turns of copper wire wound upon a woeoden cylinder, 5,
Fig. 120; and a suitable means for holding the primary and
secondary in their proper relation to cach other.
~ The secondary cylinder presents the greatest construc-
tional problem for the amateur workman and it is suggested
that this be made at the mill unless the workman is
equipped with a large speed lathe. The cylinder is built
up of segments of whitewood, tapered to fit around the
periphery of three wooden discs, one at each end and one
in the center. The entire cylinder must be assembled
without the aid of nails or metal of any kind and the best
course to follow is to glue the slats or segments in place
and further to secure them with wooden pins covered with
glue and driven into holes drilled into the wood. The
cylinder is 50 inches long and 20 inches in diamcter. After

ﬂ_!_t'_-asscmh]i» is completed, the surface should be turned
off in the lathe and given two coats of a black vegctable
dﬂ All paints containing lead and carbon must be
shunned in the treatment of this apparatus or clectrical

218
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"‘Ipahﬂ' will be developed. There are several good black

Fair Gl the ‘market soluble in water or alcohol and any one

ﬁfﬁ:tcﬂ'. may be used with impunity. After the surface of

-ﬂit qﬁﬁdﬂr is blackened and thoroughly dried, it may be
a2 coat of shallac, when it is ready for winding.

The winding is best done in a screw-cutting lathe as

the turns are to be ew;n'l}r apnr.eﬂ 12 to the inch. If the
lathe‘fﬂmt -awﬂah]e, an improvised Wmdmg machine may
be constructed with the aid of two bearings to support
the cylinder and a length of tod threaded 12 to the inch
amﬂgcerd to turn w;th the cylinder and to carry a guide
for the wire as :t is wound. The Wmdmg is of No. 22
D.C.C. magnet wire and the first turn is started 1 inch from
one ﬂnd of the C]I'Itl‘l.dm‘ Frmh this point it continues to
within a_ 'ﬁke distance of the opposite end. A band of
;i-mﬂt copper ribbon is then placed around the remaining
space at either end and the starting and finishing ends of
the wm'limg are soldered to the bands. The latter should
‘not completely encircle the eylinder but a gap of % inch
‘should be left where the ends meet. The winding is to be
~given four coats of shellac, each coat being permitted to
dry thnmnghly hefore applying the next,

A bfrass bushing, having in it a hole tapped 34-18, is to
be ﬁrm'l}" secured in each head of the cylinder and connec-
tion made from the copper bands to the bushings.

_ "qudgn discs, 21 inches in diameter, are to be fitted
to the ends of the secondary cylinder in order to give it 2
finished appearance. Haoles are bored through the centers
?f the discs, of course, to permit access to the h'EIETHﬂgE
Wlﬂ‘lm

_ Th“— - secondary cylinder is surmounted by a discharger
: sed of a brass ball mounted on the end of a rod
‘fﬂ:ﬁﬂl iltakﬂ contact with the brass bushing in the top of
ﬂ“ﬁ ﬂﬂﬁﬂﬂl‘- A wooden cone is turned up in ﬂmhhon of A
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Fig. 130.—Tuhe pacillation: teamsfossies coinplere
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high tension insulater and the rod carrying the ball runs
through the center _crf this cone.:

The construction of the primary coil and base will be
understood on m_‘g‘_.::':r:i&_'m':i: to Fig l'?;'l. wl_ii'i:h gives a plain
view looking down on the primary from the top and also a
side elevation of the lower portion of the complete trans-
former in cross section. It will be noted that the primary
is composed of nine turns of heavy copper ribbon two
inches wide and wound in the form of a true spiral. The
ribbon s wound into its finished form with a double thick-
ness of ¥} inch rubber belting between turns. It is taped
at three or four places to hold it in place temporarily while
the supports are being constructed.

The abject of elevating the primary coil is to provide
means of access to the under side in order that connection
may be made with any desired turn. The coil is gripped
‘between picces of fibre bar A which are held in place by

‘fibre bolts B and the whole is supported on the elevating
posts C of fibre. Ll

The base is of wood, and it should be mounted upon
four glass or porcelain insulators. The finish of the base

is preferably of the same colar as that used on the sec-
l:mﬂ.m.]' cylinder; the black vegetable dye provides a finish
that is rich and pleasing in appearance and at same time
rather wnusual. If the copper primary ribbon is highly
polished and lacquered, a pleasing contrast will result.

A square wooden box is mounted upon the base and

mfi“-*ﬂiﬁ'iﬂ.a short bolt threaded to enter the hole in the

brass bushing in the lower end of the secondary cylin-

der. A strip of copper ribbon makes connection between

the bolt and inside turn of the primary spiral.

. Connection hetween the primary and the balance of the
SIFCUIE §s established by means of special flexible cables
'mm made by 'I.-"l'ia.ﬂingl 100 strands of No. 32 S.CC.
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Hig: 12k —Bection through base of oscillation transformer and plan view of primary




nagnet wire with cotton tape. TEach of the two cables
should be about 5 fect long and tipped on each end with
a special lug or connector. The construction of the con-
nector or clip which makes contact with the primary rib-
bon is clearly shown in Fig. 122. The clip is made by cut-
ting a slit in the end of a picce of hard brass rod 34 inch in
diameter by means of a thin hacksaw. The blades are ren-
dered more springy by cutting away a portion of the metal
from the back of each, and a hole is drilled into the shank of
the clip to admit the wire of the cable. Each strand of

SRR RERRNRRR Y
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Fig. 122 —Clip whick makeés conmection with primary tufns

the latter is carefully cleaned of its insulation for a dis-
't:i_l-litq.df ¥ inch and the bare ends of the wire are then
"mt&d together after having been well coated with a good
soldering paste. The clip is held in a pair of pliers and
carefully heated over a Bunsen fame until the solder melts
within the hole, after which the cable end is carefully in-
serted and sweated in the clip. The wire, where it enters
ﬂ?;'ﬂipi"h ﬁghtly bound with thread until it is equal in
diameter to the shank of the clip. A piece of fibre tubing,
making a tight fit aver the shank, is then forced on and
‘extended over the binding of the wire. This serves as a
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protection for the eable where it is jomed to the connector
‘and provides a suitable handle as well.

In Fig. 123 is given a diagram of the connections of the
complete transformer and the reader will note that the
connection to the primary spiral is variable over quite
a wide range. In operating the transformer, it is necessary
to make various trials in order that the correct number of

£

e
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t F.‘z‘ 123 —~Diagram of connection far the oscillation transfermer
urns to produce resonance may be determined. The point

at which the secondary coil makes contact with the inside
tum of the primary should always be grounded on the
nearest water pipe. This will not only safeguard the per-
m"'—" fl":‘lm the liability of dangerous shock, but it will
Prevent high tensjon surges of current from striking back

thm“tih the remainder of the -apparatus with disastrous

gl Bl L)
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The Transformer.—The transformer required for the
operation of the coil described may be rated at approxi-
mately 4 kaw. It may appear to some engineers that the
instrument is somewhat overrated, but in view of the fact

¢ )
!

, Fig. 124~Details of the cure with dimenshons
that 't is in use for periods of less than 20 minutes at a
Bme it is believed that no difficulty will be experienced.
The core is built up of sheets of silicon steel 017 inch
thickness and cut to the sizes shown in Fig. 124. Refer-
€nce to this drawing will disclose the fact that 448 picces of
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each of the two sizes will be required. It is suggested
that this steel be purchased from some transformer manuo-
facturer already cut to size, as it is practically impossible
to buy silicon steel in such a small quantity in the open
market. Assuming that the steel has been obtained, the
legs A and E of the core may be assembled by placing the
pieces alternately first to the right and then to the left,
showing a 3-inch overlap as indicated in Fig. 125. Each pile
will have assumed a thickness of approximately 4 inches at
this time and the pack should be tightly compressed in a

’ Fig. Iii.—_ﬂh-‘nrt leg of core on which winding is placed
vise and bound with friction tape. The pieces forming the
i'-:.g--fg may then be inserted one at a time to form the con-
necting yoke. This is rather a tedious process, but it offers
the only practicable method of making a joint that is both
mechanically strong and good from a magnetic standpoint.
The core may then be set aside to await the primary and

secondary windings before having its magnetic cir¢uit com-
‘pleted with the remaining sheet iron strips 0.

A Ff}r winding the secondary, a form of sguare Cross Sec-
hﬂl} similar to that shown in Fig. 126 should be employed.
This form may be of wood and solid in construction, The
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Y b elightly rounded. The dimensions are
‘::?t“ﬁ? s;:ﬂ?ra{:inﬁghﬁﬁef the form has been mounted
geve 2 hetween a spur-chuck and 2 center, it should
i the la;hewith"a winding of a single layer of cord. Over
:}:;s::i:é'iﬁac:d a 4 inch thickness of oiled paper, then

Jayer of ¢y inch flexible mica and finally 4 or 5 additional
a lay: : :

¥ per. Each layer of this insulation should
;?ﬁ;ﬁﬁ;lii:ﬂ with thick Jrshe]lac in order to mak.e a
_solid core or base upon which to place the secondary wind-
ing. The latter is done in two sections, w?u‘nd in opposite
dl;f,;cﬁhng and having their inside ends joined together.

Fig. 126.—Details of szcondary winding Showing wooden block or form wpon
i . - which the wire iz wound

This end is attained by first winding one section and then
reversing the secondary core upon the form and starting
the remaining half of the winding by joining the wire from
the spool to the starting end of the first section.

It will be noted that the two sections of the winding
are divided by an insulating shield of mica which is cut
'0 At over the core and placed in position when the first
Section has been completed, The starting and finishing
'%5:'{-# the winding are soldered to pieces of thin copper
“H“‘“ zhout L7 inch wide. After both sections have been

completed the finishing Tayer in each should be covered
with oiled paper to a thickness of & inch.
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The secondary winding consists of 3,525 turns of No,
ﬁumdtdmwmud 75 turmpn-hytr and 41 layers
ﬁﬂﬁ‘-" in each half of the s-cmndax]r winding. Each layer
‘of wire is separated from its neighbor by two layers of
ciled paper which shﬂul:i be purchaaﬂd in the form of a
roll of paper tape two inches in width. As No. 25 wire
winds 51 turns per inch it is obvious that there will be 2
‘margin of about !4 inch along either side of the layer of

Fhe finished secondary is gwen a coat of armalac and
‘the edges of the paper layers are liberally plastered with
the mﬁ‘rpqunﬂ in order that moisture may be prevented
from entering. After the composition has dried, the sec-
‘ondary may be placed in position on one of the shorter legs
of the core.

The primary is composed of 100 turns in all of double

cotton covered wire, The first 70 turns to be wound should
e of two No. 8 wires wound in parallel and the remaining
30 turns. s‘hmﬂd be of a S:mgh'. No. 7 wire. Taps of heavy
':mnp:r*rih’born are to be brought out at 70, 80, and 90 turns
in order that four variations of power may be available.
Tﬁ#m may ‘be wound on the same form as the sec-
ondary and the insulating core on which it is wound should
be bﬂﬂt up similar to that on which the secondary was
wound, The cord is wound upon the form in erder that
ﬂﬂ: W'-?E may be removed without difficulty merely by
memg the cord. Shert lengths of No. 8 stranded
conductor mmlﬂtm!,m the pnmry taps to establish con-
niection wrth a tmlatmg switeh. The primary may then
h—"_ '-'lfl'h the remaining leg of the core and the end
m"ﬂiﬂﬁﬁvﬂ to complete the magnetic circuit.

The entire l‘ﬂmfm-mer may then be mounted in a suit-
-able case of wood as shown in Fig. 127. Wooden blocks

placed above and below the core serve to hold the trans-




CONSTRUCTION LARGE APPARATUS 229

sition and the case is supplied with
‘handles s shown in the drawing to facilitate carrying.
The primary and secondary terminals should be mounted
inside the cover in order that the working parts of the in-
<trument may be entirely enclosed and thus protected from
injury in shipment. If the case is substantially made it
will serve as a shipping crate of convenient and effective

former securcly in PO

design. z

The secondary wires are brought to suitable terminals
mounted on pillars of fibre inside the box while the pri-
mary terminals are brought to the contacts of a regulating

switch likewise mounted on the wall of the case. The

=

Fig. 127.—Case or container for the transformer

winding of the transformer is so designed that a consump-
tion of current varying from 2 to 4 k.w. may be obtained.
_ The Spark Gap.—The apparatus previously described
is designed for use with a rotary spark gap. Reference to
Fig. 128 will disclose the fact that the spark gap is of sim-
P_'ltq_tpn'stfuk;ﬁdn and that it consists essentially of a disc of
}’i'““ﬂ" aluminum, carrying 12 discharge points or studs
ﬂ nickel _“ﬂim mounted upon the shaft of a small alternat-
-ing current motor and surrounded by a housing of wood
which serves the double purpose of a muffler to deaden the
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noise of the spark discharge and a support to carry the
mﬁﬂﬂw C,]El:t'rﬂdfﬁ E in FIE. 128. The _dr‘-“"i'l:lg repre-
sents a side elevation of the complete gap shown partly in
cross section in order that the relative positions of motor,
rotary disc and stationary electrodes may be shown, Fig.
10 shows an end elevation of the gap housing and it also
sm' to indicate the position of the stationary electrodes.

Attention should first be directed to the rotor of
the gap. This should be laid out on a piece of L4-inch
sheet aluminum rather more than 10 inches square.
After finding the center, a circle with a diameter of 10
inches is inscribed upon the aluminum and then a 9-inch

_ Figs. 128 to 131 inclusive.—The rotary apark gap complete end in detail
diameter circle is laid out and finally one of 3-inch diame-
ter. The sheet of aluminum is then mounted upon a
?Bnﬁm faceplate in the lathe and a cut taken quite through
:".h'g m“f’l on the line of the smallest circle, thus leaving
an opening 3 inches in diameter when the dise of metal is
:;‘;:’:’;"‘:ﬁ A similar cut is taken on the largest circle re-
i E "}_t_hﬁ rotor dise which is now ready to be mounted
pon the insulating hub of fibre, indicated at C, in Fig, 130,
‘which El¥es an elevation and seection of the rotor disc
tomplete,
- Th".-'."ﬁ*“hfiﬂg’ hub is turned up from a piecce 3g-inch
sheet fibre to the dimension given inpthe :nl:rgrd dr;fwing.
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m 131. T’h:fe!dﬂ'w'ﬂl note that the fibre hub is

ed upon a boss ‘of brase which is threaded into the
ﬁhu ‘and riveted over on the end to prevent its working
m “The hrass. pmr.i: is drilled with a hole of a diameter
to take the motor shaft and a set screw provides a means
fnr Wﬂg the boss on the shaft. The final cut which

the fibre hub to the diameter of the hole in the alum-~

jnum disc should be made after the hub has been cut
mughij' to size and mounted upon the brass boss which is
in turn mounted upon an arbor in the lathe. This will in-
sure absolute truth in running.

The aluminum disc should next be divided with 12
radial lines running from the center and mssmg the O-inch
n{ﬂ:lc at 12 equi-distant points. At each point a clearance
hole £m- a _Hg 1__1‘}24 machine screw is drilled. Twelve cyl-
inders each 34-inch long should be cut from a piece of
nickel-steel rod 34-inch in diameter and each cylinder
drilled and tapped in one end for a No, 10-24 screw. The
eylinders may then be secured in position on the aluminum
rotor and the disc mounted upon its hub of fibre. It is se-
cured thereon with 6 rivets which may be brass escutcheon
pins inserted in snugly fitting holes drilled through alumi-
num and fibre. The heading over should be done very
carefully and on the aluminum side. The rotor, which is
now finished, may then be mounted upon the arbor in the
_lathe in order to test for accuracy in running and, if the
final cut on the fibre hub has been carefully taken and all
burrs removed from the edge of the openings, the disc can-
‘not run ather than true,

The n‘.ﬁﬁ.ﬂ"ﬂ attention is next called to the housing
which consists essentially of a box of suitable size built
up from %4-inch whitewood and lined throughout with sheet

asbestos. A hole is drilled in the rear of the box to ad-
mit the boss of the rotor. The box is assembled with
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screws throughout and the top picce, D, Fig. 128, is made
removable in order to afford access to the interior of the
case. The front of the box carries the stationary elec-
tredes of the gap and the construction of these demands
gur attention next.

The stationary electrodes consist of a pair of the 34-
inch nickel steel cylinders mounted upon threaded f-inch
brass rods supported in brass bushings which are threaded
into the wooden front of the case. A 3-inch disc of fibre
on the end of each of the threaded rods provides an adjust-
ing h;mﬂg by means of which the clearance between the
studs on the rotor and the statiomary electrodes can he
closely regulated. A strip of heavy copper ribbon estab-
lishes connection between each stationary electrode and a
binding post placed a few inches beneath it.

The gap may now be assembled according to Fig. 128
which shows the relative positions of the various parts so
clearly that further description is unnecessary. The motor
may be of the ordinary fan motor type of ¥y H.P. or even
less and its speed should be about 1800 revolutions per
minute. The method of mounting the motor is, of course,
dependent upon the nature of the base or bed plate. The
builder’s ingenuity will doubtless suggest the best form of
mounting to meet his individual requirements.

Care should be taken to see that there is practically no
end play in the motor, for if such were the case, the clear-
e between the discharge points could not be maintained
at a uniform value.
~ The Oscillation Condenser.—Before proceeding with
'ﬂlh,‘ description of the condenser, it may be well to state
'ﬁ?f»_ﬁ}ié'- particular feature of the outfit presents many diffi-
fﬂhﬁh‘i“ design in view of the fact that the condenser

s tﬂbﬂ subjected to much rough handling and moving
~about, Thl: data offered herewith is for a condenser hawv-
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e ates for its dielectric, but the author would sug-
:}Etgm i:;is material, while highly satisfactory for use in
a condenser to be usetl in but one place, is obviously sub-
.-i cct to breakage and is at a further disadvantage from point
of weight, Its use is suggested in this work merely be-
cause the stock is readily obtained and this at a low figure.
Shéét mica, while several times as costly, iz far superior in
every way and its use is strongly recommended to those

CONNECT SIX 1M
MULTIELE — TwWO
IN SERIES

Fig. 132 —Showing how eondenser is connected six units in multiple and Lo
3 in series

who feel that the extra expense is justified by the advan-
tages pained. i
For the condenser proper, 120 sheets of 8 hy 10 inch
photographic glass will he required. This glass, i_n the
form of discarded negatives, may be obtained from almost
any photographer for a small sum. In addition to the
plates above-mentioned, the builder will require some 24
plates additional to serve as cover glasses for each con-
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denser unit. A few extra plates to replace possible broken
or defective ones will not be amiss,

" The first operation will be to clean the emulsion from
the glasses and this is readily done by soaking the plates
in hot water. It is not essential that the plates be made
perfectly clean of the emulsion if the plates have all been
&t'}'ielﬂped and the silver ﬂiﬁﬁﬂl\"ﬂi. but it is desirable to
get the surface and particularly the edges for a space of an
inch or more ‘as clean as possible. The plates, when
cleaned and dried, are to be placed in a warm oven prior to
héﬁng-_-tﬁe metallic coating of tinfoil placed on each side.
This coating is of the heavy foil used by florists and may
be obtained in strips 48 inches long and 6 inches wide at
almost any florist’s shop. It comes in _paakagcs' of one
pound and averages somc five strips to the package. The
foil should be straightencd out and cut off into rectangles 6
by 8 inches in size in order that when secured to the glass
it will leave a margin of an inch all areund. (See Fig. 133.)

The condenser is made up into units of ten plates each
and each plate is to be coated on both sides with the tin-

foil. In all there will be 12 units connected up as shown in
Fig. 132, that is, two sets of six units each connected series-
multiple.

To coat the plates the builder should provide a lump
of heeswax and a “pounce” made by enclosing a wad of
cotton within a soft cloth, A warm plate is taken from the
oven and laid upon a cloth-covered table top. The lump
o h?m‘%* i5 rubbed lightly across its surface to provide
3 thin and cven coating, A sheet of tinfeil is immediately
_P—lﬂﬂﬂ' i1 the center of the glass and rubbed into close con-
tact with the pounce, starting at the center and, with a

(Circular motion, working out toward the edges. This will
““’1 2 perfect union of glass and foil at all points. The

e .
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like manner before the plate gets too cold to melt the
wax. The remainder of the plates are to be treated in a
similar manner when they are ready for the connecting
lugs, after having had their edges dipped in melted wax
far enough to cover the edges of the foil for a space of an
inch or so to prevent brush leakage.

The lugs are of thin copper ribbon, tinned at one end
and affixed electrically to the tinfoil at alternate ends on
bath sheets of foil with a deft application of the soldering
copper. A little practice on a scrap plate will soon enable
the worker to master the operation of soldering the copper
to the foil without melting the latter. The drawings in
Fig. 133 illustrate the location of the connecting lugs and

Fig. 133.—Single plate of the condenser coated on both sides with tin fail
also the way in which ten plates are piled one on tap of the
other to form a complete unit. This assembling having
been done with the entire lot of plates, the projecting lugs
may be clamped with the pliers and soldered to short
lengths of copper ribbon ready for connection with the bus-
ﬁm of the condenser. The plates of each unit should be
‘Dbound with tape to afford mechanical strength and ease of
l‘ﬂl?.ﬂ‘-iqg- A plain picce of glass is placed on either side of
each unit under the binding tape.

The twelve units are to be assembled in a strong
wooden case and cach unit should be separated from its

AEIEbOT by strips of wood covered with felt. Connections
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are made as. shown in Fig. 132, to hus-bars consisting of
several strips of copper tibbon fastened together, The

connections with the ﬂ!,ttS-l{lc of the case are by means of
heavy flexible cables made by I:rmﬂmg a number of st::rr&s
of fine insulated copper wire under one cover.

 Setting Up and ﬂpmungu——'l‘ha connections of the ap-
paratus arc slmpk as the accompanying drawing shows,
and it ‘i5 nnTy in some few particulars: that the author need
supplement with further explanation. (See Fig. 133))

A mvitnh‘hnnrd is highly desirable but not at all essen-
tial to the stmccaaful ﬂp:n‘itmh of the apparatus, One may
be made guite simply and without the expenditure of much
time or money. A pqlat Tamp,. tn enable the operator to
see the control switches in the dark; a 50 ampere double
pnle, smgie throw knife switch to control the transformer
circuit; and a small snap or knife switch for the spark gap
motor l:irsc:,uﬂ, w:ll t,:umplntc the equtpmr.nt of such a simple
hoard. Th!.f. adjnn;t to ﬂ:,e outfit may be madc quite elab-
arate, if desired, just for the theatrical effect it may have
if placed upon the stage. In this event, the board, which,
may be of wood treated with a fireproofing compound
should be finished eventually in a dead black to simulate
slate. The switch equipment may be supplemented with
fuses; imitation bus-bars and additional lights. An am-
meter and a-'la;ghmﬂnr will mnot ﬂul.jr add to the inEﬂmﬂCf-‘*

ut will also be of practical service in the operation of the
ﬂﬂﬁﬂatu&.

Tht mnsfwmtr requires a current of irom 40 to 50
amperes at full load and the leads from the stage pocket
must necessarily be of heavy cable. The stage cable used
in conneetion with motion picture arcs is admirably adapted
to this purpase and the outfit should include from 30 to
100 feet of cable,

Conneetion between the transformer secondary and the
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rotary spark gap electrodes may be made with the high
tension cable used in the ignition circuit of automobiles.
This cable is to be fitted with substantial lugs as in use it
will have to be connected and disconnected a great many
times,

The oscillation circuit comprising spark gap, condenser
and primary of oscillation or high frequency transformaer
should be connected with the cable.

Gndenser |

Transtermer

= Croumd : oy

Fig. 134 —Divagram of connection for the spparatus

Prevention of Kick Back.—The ground connection
shown in the diagram is of the utmost importance as with-
out it high voltage surge back through the transformer
wires will be almost sure to puncture the insulation of the
transformer. To further protect the latter and to safe-
guard the house wiring, a protective condenser should be
tonnected across the transformer primary at the point
where the line wires are connected. This condenser is
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made by joining two 2-mfd. telephone condensers in series
l«hri:ss the line and grounding the neutral point or wire that
connects the two.

For t]'lE sake of mmplimtj’, the spark Eip is shown a5 A
stationary one rather than a rotary. The connections are,
of course, the same for the two.

When all has been connected up, the spark gap elecs
trodes may be adjusted to the point where they just miss
the rotating member and the gap motor started. For this
first test, the primary clip of the oscillation transformer
may be placed on the center turn to permit of variation in
cither direction as required to establish resonance. The
main switch 'm'aj' next be closed and the ball discharger at
the top of the oscillation transformer should send forth
long streamers of fire with a terrific cackling noise. An
adjustment of thi:'l:li’fr on the primary {rom one turn to an-
other, and a variation in the length of the spark gap, will
soon enable the operator to obtain resonance. This point
is indicated by the longest streamers. At its maximum ef-
ficiency, the coil will send forth a spark that will dart a
dlst:mtt of more than ﬁvt: feet to a wire attached to the
grﬂunﬂ and brought near the discharge terminal. A
strange feature of this experiment is the fact that the sec-
wondary eyvlinder i but 30 inches high and, rather than dart
downwards, striking the primary of the coil, the spark will
break down a far greater distance in a horizontal plane and
still far‘thcr if the ground connection is placed overhead.
This is a peculiarity of high frequency discharges.




CHAPTER XXI.,

LARGE TESLA AND OUDIN COILS FOR THE
' STAGE.

In the present chapter, the specifications for two of
the most popular types of high frequency transformers are
given. The coils are complete in themselves and for thejr
operation, the exciting apparatus deseribed in the preceding
chapter, or else the quenched gap apparatus covered in the
former chapters, may be used. The proportions of these
coils are excellent for transformers of larger or smaller size.

~ The Tesla transformer illustrated in Fig. 135 is capable
of throwing a 50-inch spark between terminals if made in
the size shown in the detailed drawings, Fig. 136. This
spark can be produced through the use of a two kilowatt
transformer in the exciting circuit if the apparatus is tuned
properly. The resonator shown in Fig. 137 is designed for
the production of a comparatively short, but very heavy
spark and it is capable of remarkable performances in the
hands of an ingenious manipulator. The various experi-
ments such as lighting lamps with current taken through
the body and igniting cotton or paper with sparks taken
fric_ﬂ_:n the fingertip are well within its scope and this on a
h&g:.mle;_. The coil is also excellent for the generation of
; ‘gf?"hﬁh'_f_t_ﬂtq;ﬂfncy current at high voltage for the pro-
; t::t‘““ of a bluish halo or glow which seems to come fI_Dfn
ﬂuz mfmhes of the br::d_y when the performer operates in

239
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Rather than attempt a minute description of each op-
cration in the construction of these cols, the author will
chieavor to cover the constructional features in each case,
believing that the reader is sufficiently well-verscd in me-
chanics fo be able to read the drawings without diffculty.
mmmﬁm is Pﬁ_ﬁ:‘ﬁi&‘_&jﬁy{ i_;:;'l'_l:_n.tién_‘_l_ in th e two designs

~and a description of onc will suffice for the other.

The most difficult part of the work is the building of
the secondary drum indicated by 1 in the drawings. This
s a wooden nyﬁnﬂer with wooden heads. The difficulty
is found in the fact that the builder must not use metallic
nails in the assembly. This is net insurmountable, how-
ever, for the shoemaker uses a substitute that fills the bill
very nicely. His sharp wooden pegs may be driven like
nails if the precaution is taken to start the hole with an awl
or drill. If the builder has no lathe, he may order the
wooden disc, which constitute the heads and intermediate
forms for the eylinder, turned to size, from the mill. The
wall of the cylinder is composed of wooden slats placed
closely and glued and pegged to the discs. The construc-
tion will be materially assisted if holes are bored in the
‘dises prior to assembly and a long curtain pole passed
‘through to line them up. The pole is removed before the
last few slats are placed in order that the brass bushings
~shown in the cylinder heads may be inserted and secured.
ﬁfhﬂ!ﬁm,ﬂ;e final slats are placed in position, glued and
pegged. :

__The cylinder: may next be mounted upon a pair of
Norses and arranged to revolve through the agency of a
short length of iron rod screwed into cach bushing. The
o4 should be flanged in back of the threaded portion to
Prevent the strain on the bushing that would otherwise
driven’ over exch spindis. s s ween hotses and a staple
SVEr cach spindle, the builder may mﬁ to m
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‘off the surface. A planc run-along the slats will take off
gg:jﬂaéﬁmﬂﬂmdnﬁnd rubbing with ecarse sand-
wﬁ-\ﬁu bring the surface to a fairly smooth condition.
 The winding surface is prepared by covering the eyl
inder with several layers of heavy wrapping paper, each
layer being thoroughly soaked with shellag before the next
is applied. The easiest and best way to do this is to pur-
chase a roll of paper and place it in hangers beside the
cylinder. The Tesla secondary may be wound in two sec-
tions with a space between at the centre of the coil. This
space will provide for the legs that support the primary
helix as shown in the drawings. The wrapping paper need
therefore be only half the length of the cylinder in width
i order to fully serve the purpose.

When the cylinder is covered and the paper and shellac
have dried quite hard, the winding may be done. The

exact size of the wire on the Tesla secondary is of small
importance. The only requisite is that the number of turns
be kept between 600 and 800. There should be an appre-
ciable space between each turn and its neighbor, however,
and this may govern the gauge of the wire employed.

length sufficient to wind the cylinder in one piece and 2
splice is not to be desired. If, therefore, No. 22 B. & 5.
L v double cotton covered magnet wire is available, it
wﬁ“ wound 12 turns to the inch, making in the neigh-

erhood of 300 turms in each half of the winding. The
Wﬂ]falﬂﬁﬂi the winding must be in the same direction;
ﬂm} o say, the ene half is a continuation of the other.
This is easily assured by starting st the leit end of the
‘S¥linder, for instance, and winding until within 134 inches
of $he centre. Here the wire is sccured with a wooden
P& and & jump taken over 134 inches to the other side of
the centre of the cylinder. Another peg secures the start-




iﬂ!fﬂm#ﬂd the second half of the winding is completed,

turning the cylinder in the same direction. In order to

maintain the space between turns a loap or cord is passed

aver the cylinder and a weight hung from its lower point.

The turn of cord, which should be heavy and approximately
& inch thick, will guide each succeeding turn, spacing them
with fair accuracy. An experimenter who has built a sct
of apparatus recently from the author's directions, advises
that he was able to straighten up the entire winding by
running a metal comb aleng the wire as an assistant turned
the cylinder. The winding, when finished, is given half a
dozen coats of shellac, each coat being dried thoroughly
before the next is applied.

The construction of the helix forming the primary will
readily be understood from the drawings. The conductor
is a length of Ys-inch copper tubing, rubbed bright, and
coi.‘mel, into a helix of 2714 inches in diameter for the Tesla
coil and 26 inches in diameter for the resonator. A ma-
terial superior to the tubing is the edgewise-wound copper
strip that is now used in nearly all high grade wireless
transmitters. This strip can be purchased in a spiral from
ﬂhah!gt wire manufacturer, but to bend it edgewise with-
out buckling is-a mechanical problem worthy of an engi-
neer. It can be done by rigging up a drum of metal ar-
ranged with clamps to hold the strip flat as it comes from
ﬁ"‘“ﬂtbﬂt the task is scarcely one within the province
of the amateur,

The Tesla coil
casters in

s1a ¢oil is mounted upon a base equipped with
The e order that it may be moved quickly and easily.

m&&ry 15 supported hy four rods of wood which
e mounted in wooden bases in imitation of high tensio
“néulators. The secondary is removable fram the Support-
08 *ods merely by lifting it off, the rods terminating in

Plugs which fit sackets in the heads of the cytinder,
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ds themselves are removable from the base by lifting
Mﬁm_mcj:uts therein. The primary helix is supported
on the ‘secondary cylinder by the three legs as shown in
the drawings. The helix is so springy that there is no
(ﬁﬁﬂty in springing the third leg into position after the
‘helix has been placed over the cylinder.
' Thl: .-:,b;gct of h,a-rmg‘ all of the parts removable is of
course to permf; p&tlrmg to be done effectively and without
the enormous cases that would be necessary if the cail
were in one piece. The resonator is made separable in
{Ill mmc manner.

‘The ends of the Tesla winding are connected to the
discharge rods ﬂ:m;ugh the rods and balls shown in the
sectional drawing. The primary is entirely independent and
its only connection with the secondary is an inductive one.
With the resonator, however, the case is different. The
lowest turn is mﬂe& to the ﬁatt-(!rm turn in the pr;mar}'
helix and this in turn to a common ground terminal. The
ﬁﬂﬂ!ﬂl’g& rod 4 is also connected with this ground wire

Regarding the resonator, little further need be said
save for a few words about the winding. This is in ene
continuous layer of about 330 turns. As the veltage is
lower, this winding may be of No. 18 annunciator wire
wound close and maost q&r&iuﬁy coated with shellac in six
applications, The practice of winding the turns close is to
o be avoided if possible for there is extreme likelihood of
the current li;lping ‘across through the insulation. A sep-
‘aration of a single turn of thin cord will help matermlljr

 In closing it trltyht well to state that the suggestions
Eiven in this chapter are intended for the amateur worker
who is not equipped with a lathe suﬂiﬂmﬂy large to take
the cylinders. If the individual is so fortunate as to have
3ccess to such a large lathe, he may. disregard most of the
- -and proceed in the regular manncr,




CHAPTER XXIL

THE CONSTRUCTION OF A WELDING
o TRANSFORMER.

While this piece of apparatus can scarcely be placed
i the na&gﬂff_o'f' high frr_qucn'c;gr- apparatus, since the cur-
rent employed is the ordinary 25, €0, or 125 c:,rr_lul lighting
current, still the welding transformer forms a valuable ad-
dition to the high potential apparatus used in an electrical
offering on the stage. The feat of grasping a piece of iron
wire, as thick as a pencil, between two pairs of tongs held
in the hands and causing the wire to become red and even
white hot while held in that position, is a stunt which
seldom fails to call forth the applause of an audience.
When the experiment is conducted with the proper scenic
atmosphere, the effect is materially enhanced.

In this chapter the reader will find the details of the
construction of a low-voltage transformer admirably
adapted to this purpose. ‘The transformer can be built by
the average handyman who has a smattering of electrical
knowledge and who knows the value of careful work as
regards insulation. Later in the chapter, the design of 2
suitable stage setting and accessories will be described.
While this experiment ‘may readily be made one of a num-
ber grouped up into a single offering, still it is guite com=
'1-"1.&[3"— in itself and with embellishments, it may form the
basis for an act of a few minutes’ duration.

~ In order to make the description clearer, the various
parts of the transformer will be described separately, each
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under its proper heading. The transformer is designed
for operation on a 110-yolt, 60-cycle alternating current
circuit and when the load is applied, the current in the
primary is approximately 26 amperes. The secondary cur-
rent at 11 volts is in the neighborhood of 250 amperes and
this is sufficiently large to make quite a display.

The Core—The core of the transformer is of lam-
inated iron or preferably silicon steel 017 inch thick and
cut into pieces as indicated in Fig. 138, From the diagram
the reader will note that two sizes are required, i. ¢, 3 by 6
inches and 3 by B inches, respectively, and 340 pieces of
each size will be needed. The steel for the core may be
obtained cut to size and ready to assemble from certain
transformer manufacturers who buy the material in large
quantities and cut it with a gate shear.

- Fig. 140 shows how the 3 by 8 inch picces are as-
-sembled with the ends projecting alternately three inches
first on one and then on the other side. The strips are di-
ﬁd;ll:ﬂin‘l:ﬂ two piles of 170 p';e'ce.-_a each and each pile iz then
_-bhi?t Ep':«'.f:_["s_"-;hqwu‘ in Fig. 140 to make two cores, each three
inches thick. A generous wrapping of tape and three
hJ'EEBT- of press board make the cores ready for the
windings.

Primary and Secondary Winding.—The sccondary is
wound over the primary on each leg of the transiormer.
For this reason the primary winding will be considered
first. As mentioned before, the winding described is for
use on a 'ili?.—\r_c":-'it circuit ; if the builder desires to wind for
?:E?E}f_glg_;ﬁmuit,- he should substitute twice as many turns
_“_f_'f-“"_“"i_"‘?_ three sizes smaller in the primary only. The
windings here mentioned are figured at but 500 circular
'm‘h:ﬁ;.ﬂ*_ﬁ." ampere, but in view of the fact that the trans-
EWMW?Isu&tﬂ for only a few minutes at a time, the heat-
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The primary consists of 120 turns in all and so ar-
anged that 90 turns may be used if desired. The wind-
ingf is of No. 9 D.C.C. magnet wire in four layers of 20
turns per layer. Two layers are wound on each leg. With
: ce to Fig. 142, the winding is started by soldering
“the end of the wire from the spool to the end of a piece of
stout copper ribbon which is then insulated with a layer of
paper and the winding continued over it for one layer. This

Core frare J°na™ 1e0 pos
o = ST Mg prd
Ciars or sifcon sheal o thick.

-Fih-.-'ﬂﬁ to 147 Tnclusive. —hotails af the .mlding’ fransf premer
Prevents the annoyance of the first turn coming loose after
the winding is removed from the lathe.

Over the first layer of the primary is placed a layer of
-prﬁ'f?'-hﬂa'rd and then the second layer of wire is wound
unhI_ the 45th turn is reached. At this point a tap of cop-
per ribhon is taken as shown in Fig. 143. Over this the
.-WIndiflg i5 continued until the 90th turn is in place. This
turn is soldered to the tip of a third piece of ribbon pre-
viously placed so that the winding holds it. The same
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nrocedure is repeated with the other core leg and two
Javers of press board fitted ready for the secondary
‘winding. s
- The secondary consists of 10 turns in all, five to each
layer. The winding is composed of three No. 4 DCC.
wires wound in multiple as shown in Fig. 146. The wire
should be on three spools arranged conveniently in back of
the operator who should wear canvas gloves in handling
the heavy conductor. The wires will have to be tapped in
place with a small wooden mallet. The starting ends are
soldered to a piece of heavy copper strip, the winding done,
and the finishing end secured in a similar manner. A sub-
stantial covering of press board finishes the windings aiter
they have been liberally painted with armalac or a similar
 The legs with the windings on may then be set on end
and the 3 by 6 pieces of steel inter-leaved in order to com-
plete the magnetic circuit. One end of the core complete
is shown in Fig. 139. A slight tapping with a light ham-
mer will set up the irons.

 The Mounting—The mounting is clearly shown in
Fig: 148 3s is also the directions of the windings. The
builder should determine this very carefully by placing the
‘cores end to end before assembling and then noting which
tﬁfﬂuﬂﬂﬁ of the windings, when connected together, will
produce a continuous winding in one direction throughout.
_ The copper ribbon taps are soldered to No. 10 flexible
stranded conductor on the primary and to three No. 4 flex-
ible stranded cables in multiple on the secondary. The
tiﬂﬂﬁﬁ are lead to binding posts on the primary end and
massive copper bolts on the secondary. The connections
mﬂﬂlthghﬂlcs of the windings are made with strips
of copper insulated with tape.

Welding Experiments.—The current delivered by the
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transformer just deseribed is of low voltage but great vol-
ume. Such a current may be applied to the requirements
of the papular science entertainer in a number of ways and
the space a_vailahlciﬂ this treatise will permit of but a brief
outline of the many interesting experiments it is possible to

Fig. 148 —~The transformer complete showing diagram of conmettons

As a necessary adjunct to the transformer described
previously may be mentioned a pair of heavy cables to
conduct the current from the secondary of the transformer
to the appliances with which the experiments are to be per-
formed. Such cable may be purchased in an electrical sup-
ply store, but it is likely to be rather too stiff for the re-




quirements of the performer. For this reason the aithor

ts that the worker make his own cable, and the
appended illustration (Fig. 149) shows how this may be
done. A coil of No. 24 bare copper wire is cut into suffi-
cient ten-foot lengths to make up two bundles of wire each
14 inch in diameter when the wires are tightly bound to-
gether. The end of one bundle of wires is forced into a
<ubstantial Jug and very carefully soldered to insure that a
peﬂ&t electrical connection is made. This lug is then
gripped in a vise and the wires are stretched individually
and collectively along the bench with the ends held securely

Colve o pundle of N*2s Dore copper mires ro form
conduetor f wch thck

Fig. ll'ﬂq—-ﬁlhﬂ'iih:[ construction of cable to carry the heavy secondary current

when the stretching has been done. A wrapping of cotton
tape is then wound throughout the entire length of the
cable starting at the end with the lug and finishing tem-
porarily three or four inches from the other end where the
tape is bound with wire to keep it from unwinding. Again
E-tﬂ..'l‘tlﬂ-g a2t thE lug E’“d, a lﬂ}rﬁrﬂf ﬂne, h:lrd ﬁsh Iiﬂe is
T"f“““d around the cable and over the tape, finishing the
_€overing of the cable. Before cutting the tape and line at
Ehﬂ ﬁhlﬁhi:l‘lg end the wires are to e qut off squar-':]:,r and
inserted into a sccond lug which is carefully soldered as in
fhe case of the first one. The tape and line may then be




brought up to the lug and finished off. The same process
is repeated with the second bundle of wires to form a cable
similar to the first,

The only other adjuncis necessary for the simpler sx-
periments with the transformer are two pairs of tongs or
clamps to which the cables arc fastemed. In Fig. 12 the
reader will note a suggestion for a pair of tongs of suit-
able design, and if the worker is a fairly skilful pattern-

]
e -

pr | =%

Fig. 150.—These copper tangs sre useful in the conduct of many experiments
¢ alternatimg cureent

maker he can make a pattern from which a copper or
bronze casting may be made. Failing in this, he may use
a dismantled pair of iron tongs or gas pliers for the pat-
terns, making such changes as may be necessary with the
aid of a bit of hard wax. The illustration is just one-half
the size of the finished tongs used in the author’s outfit,
and it will not be safe to use a lighter weight of copper as
the tongs heat up pretty well after the current has been on




a few minutes. The lug of the cable is fitted to the handle
of the tong as shown in the illustration.

assm'rrmg that the transformer has been set up, the
worker will be anxious te try it out. The tongs may be
g;-aspnd with the bare hands as. the veltage of the secondary
is so low that pﬂttmally no s?mnk will be perceptibie;
however, if the performer’s ‘hands are tender or susceptible
to perspiration, the handles of the tongs may be dipped in
white lacquer which will be quite invisible when dry but
which, at the same time, acts as an effective insulator.
The tongs hmnhg been connected to the transformer sec-
ondary by means of the cables and the E0-cycle alternating
carrent circuit t&rﬁuﬁ‘h a 30-ampere fused switch, the per-
former m‘qy gtas;p a piece of M-inch steel tod about two
fﬁ:tt Iqﬂg in ‘I.:he jaws ¢ of the txmgs and have an :issmtant
turn on thﬁ primary current. The steel will qu:ckl}r dis-
calor and become gradually red and then white hot. At
this stage the current ﬁhuu‘fd be turned off and the per-
former should place a pair of gloves on his hands, explain-
ing to tlm audience that, as they have just seen, the cur-
rent passing through his hands has no effect whatever upon
hun* ‘but that the intense heat so near his hands is worse
ﬂ“m unpleasant. The heavy gauntlet gloves in place, the
eXperiment can he carried to the stage of white heat, at
which point the steel is almost plastic and the rod can be

easily inta alr shap: A few minutes more and the
mMzﬂy burns up in the performer’s hands, szndmg
orth a ﬁh&}wtr of sparks in all directions. In order to

Ilmtmt the fﬂﬂ a.mt ch;-thmg from the sparks. it is well to
::e_a: 2 helmet and 4 Inrgg leather apron to completely
cover the person. m dress Ims its ps]ﬂ:hﬂr‘lngmai effect
upon the audience a!su

The rl!m:sﬁ:mw may be used to weld together two
Pieces of iron rod heid ; m tongs and ‘hrnugi:t together; spot
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welding of sheet iron may Lie done if a dewvice is built to
provide sufficient pressure at the contracts ; a mass of metal
- may be brought almost to the melting point if placed in a
crucible and the terminals inserted ; and, in fact, countless
other experiments, many of which will suggest themselves
to the possessor of the transformer, may be performed.
A most cfective stage setting is one of dark purple
velvet in the form of a cavelike affair. Practically all of
the electrical experiments should he performed in semi-
darkness in order that the effect may be striking. The
fusing of copper and zinec rods held in the tongs with the
stage dark makes one of the most starting experiments the
author has ever beheld.




CHAPTER XXIIIL

HINTS FOR THE ELECTRICAL ENTERTAINER.

‘Not the least important feature of the work in hand is
the ﬁréﬁarﬂlim of a suitable explanatory lecture to accom-
pany the experiments which are to be performed with the
apparatus described. Upon the snap and vigor of the lec-
ture depend in a large measure the successiul presentation
of the offering. It is safe to assume that the day of the
etettrmal fakir is past—no longer can the smooth-tongued
performer claim some supernatural power which enables
‘him to take through his body enormous veltages which
‘would prove fatal to the average mortal. The lecturer of
this ‘t_]fﬁg: is g.é- much a thing of the past as is the old-time
magician who makes claim to some occult power rather
‘than tﬁ.s!eigh;fmf—hand or ‘mechanical ingenuity to accom-
plish his tricks. The electrical entertainer of to-day must
bear in mind that in the past five years the education of the
_general public along the lines of electricity and science has
advanced in an astonishing degree, and to offer his experi-
ments under.the guise of a wizard is not only to insult the
‘ntelligence of his audience, but to stamp himself as an
“"'ﬂ’ﬂi charlatan as well. Just as the modern prestidigi-
tator credits his quickness of hand, so should the electrical
entertainer give credit to modern science for his ability to
W[m'm the startling experiments he offers.
ﬁhm?::a:s:i hj;dicﬂm——']flhg ;L'lass ‘-;a_-t' audience catered _tﬂ
“1 5 . ‘-cargfu1 ll_::ﬂ.llﬂnld_l:ra.tlpl.‘l. The style l:lf_' ta-ll_:
avored by the inteiligent and well-read Chautaugua as-
256
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sembly would be hopelessly out of place in even a high-
¢h§s vaudevillé theatre. This is not due to the lesser
degree of intelligence to be found in'the theatre audience
so much as to the fact that such an audience demands to
be shown rather than told. The experiments must speak
for themselves and any lecture accompanying their presen-
tation must be more in the nature of an explanatory
“ehatter” rnt‘her than a discourse on the theory and scien-
tific reasons for the pﬁennmena demonstrated. With the
typical lecture aﬂdtmt:i—: on the other hand, the explanatory
remarks may be more mmpr:henswe in nature, as such an
audicnce comes to listen and be instructed, as well as to
see and be entertam«ed At the same time the performer
must not lose sizht of the fact that many of the people in
-even a scholarly audience are totally unfamiliar with even
the fundamentals of electricity except in a vague way, and
his discourse should therefore be interspersed with fre-
quent analogies in everyday life in order that the terms
and phrases nsed may be clearly comprehended.

A clever touch of comedy is of almost inestimable
Tiﬂt:ll: fﬂr the theatrg audience it should be of the “slap-
stu:k variety, while for the lecture assembly it should be
genteel or even subtle in nature. As an illustration of the
former style of comedy, the writer has seen many 2
medioere electrical act carried through to a riotous curtain
simply because a handful of boys from the audience were
knocked off their feet supposedly through contact with a
wire. The same bit of comedy presented for the approval
of a more cultured audience would have resulted in a few
disdainful smiles.

‘Short Introduction Preferable.—The performer should

beware of a lengthy introduction in either of the two cases.
For the theatre, the opening remarlks should be exceedingly

brief and “straight from the shoulder,” for an audience of
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this mature is ever impatient for something to happen and
the quicker the action throughout the better the reception,
If the lecturer is endowed with an unusually commanding
presence, which invariably combines the gift of wit or
humor, he may carry the action with his own magnetic
persanality; but for the individual who is not gifted in
this manner, the rapid-fire style is safer and less likely to
subject him to the disconcerting ridicule of an unruly gal-
I:qr crowi.

Impressive Opening Imperative.—The introductory re-

marks should be quickly followed up with an impressive
‘experiment ; this is to at once arrest the attention and whet
the appetite for better things to come. Alfter the successful
completion of this one experiment, the performer has, in
a large measure, gained the confidence of his people, and
in consequence, they will be the more ready to listen to
his further remarks. At this point may come the real in-
troduction to the entertainment to follow. The experi-
ments should be placed on the programme in logical order
and every effort made to so arrange them that there shall
be no wait whatever between the successive demonstrations.
~ The mediocre experiments should be interspersed with
the spectacular and startling ones, and invariably the climax
should consist of the one experiment that proves to be the
masterpiece. It is not always possible to determine just
,ﬁt.'i.".hf“‘“? from among the number may properly lay claim
tﬂﬂﬁﬁ title and this is where the value of “trying it on the
“dog™ comes in. As a matter of fact the final rchearsals of
th: performance should be before & real audience and a
:""'.“_tﬁ:;“l afie at that, for only in this way can the production
be whipped into shape. g

= Mﬂ:ﬂm\ of Experiments—The zelection and prepara-
tion of the experiments to be used in his program must

needs rest with ‘Lht entertainer himsell. The work must
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show the individuality of the entertainer, since he is to
ﬂm the experiments and is responsible for their recep-
tion ‘br the audience. The hints offered in this bﬂﬂk
should, therefore, be considered in the light of suggestions
only, and the most the ‘writer can hope is that they will
start the entertainer on the right track. Constant experi-
ment day after day will serve to bring out the wonderful
possibilities in the apparatus, and as the worker proceeds he
‘should make note of the effects produced and strive in fut-
‘ure attempts to make the manner of presentation more
striking and interesting. The one big thing to be borne in
mind, as outlined in the last article, is that the experiments
‘must hold the interest of the andience without the neces-
sity of discourse or explanation. In the first pla.r.e, the
high frequency discharge produces a deafening noise which
mﬂnﬂf renders speech inaudible while the coil is in opera-
tion, and, secondly, the audience as a rule daes not care
what the entertainer has to say and it must be shown.
Simplicity should be the keynote throughout, for the aver-
age theatre audience may be treated as a more or less un-
ruly erowd of children who want solely to be amused and
entertained. With these facts in mind, the entertainer may
plan his program. The number of experiments is seem-
ingly limitless when one starts to operate the apparatus,
and as the time allotted the average [eature act in vaude-
ville is from twenty to thirty minutes, it is obvious that
only the pick of the lot should be chosen. Some may be
selected for their beauty, but the majority should be picked
with a view to their sensational qualities.

Pmﬁaﬂ]r the most effective opening number is pro-
duced by the high frequency transformer in operation at
full power with a dark stage. The streamers of fire leap
M“ﬁrmﬂ ﬂ‘.‘ﬂ in all directions from the ball atop the
ii’#ﬂ!fﬁ'mmr. “The discharze makes a tremendous crackling




and crashing noise which impresses the auilience through
‘s weirdness even before the curtain rises. As the curtain
~ secemls, the center of the stage appears to be filled with a
twisting, darting mass of stender, purplish fingers of fire
which snap at the entertainer as hie enters through the
center door-and walks down stage or toward the footlights.
The current may, at this time, be shut off and the lights
turned on full for the opening remarks which were dis-
cussed in a preceding paragraph..
After the short preliminary address the performer may
briefly explain to the audience how modern science. enables
“man to make electricity his servant, and a servant whose
“services are to be respected but not feared. For instance,
“he can say that if hie were to place his hands across the
terminals of the low frequency transformer (pointing out
thcmmmmt, but not explaining its principles) he would
_receive a shock that would positively be fatal, since its
~voltage is in excess of that used in the electrie chair. Ilel
may then go on to say that through a simple process of
copversion which changes the nature of the current but:
which does not in any way materially reduce its strengihy
@dﬁ__-which,— indeed, serves to increase its voltage to near of
«quite the millon mark, he is enabled to apply that erstwhile
ﬁ*fﬁﬁw foree to the good of mankind, curing diseases,
relieving pain and in countless other ways fulfilling the
claim that clectricity is man’s greatest servant when in-
teiligently handled. The performer may then show how
tlii: Hmnmﬂm current can be taken through the body
‘without danger, even though its voltage is hundreds of
: ﬁm&muﬂdht‘purpﬂm of clectrocution. A metal rod
iiwpﬂdiﬂthﬂ_hma.mdw!ﬂle standing on an insulated
stool the performer approaches the ball discharger of the
TR her with the lights out and the coil in operation.
- A% the rod nears the ball, a beautiful halp or lumino




‘vapor gathers at the point and increases in intensity as the
_ mb,hﬁy{ﬂnﬂd Finally, when the rod is within four
‘or five feet of the ball, an cnormous sheet of purplish--
white flame crashes across the intervening space and into
the rod held in the hands. The spark leaps into the air
and breaks as the heat causes it to rise, and the moment the
discharge is broken another flame takes its place. If the
distance is shortened to within six inches or a foot of the
ball, a piece of stick or bit of paper held in the spark will
be ignited immediately. .

- The performer may then withdraw and have the cur-
rent turned off for a few words of explanation. The next
‘experiment may be made to show that the current is acty-
‘ally going into the body of the entertainer. To this end,
‘he approaches the ball with his rod held in one hand and
in the uffhz;t-ii’é-_grasps- an electrode to which is connected
2 wire leading to one terminal of an incandescent lamp.
The other terminal of the lamp is attached to a second
electrode which is held by the assistant. When the cur-
rent is turned on the spark leaps to the rod as before and
the lamp is lighted to full incandescence or even burned
out by the current passing between the bodies of the per-
former and his assistant standing nearby. |

Some of the most startling and spectacular experi-
ments of which the high frequency apparatus is capable are
produced in connection with the insulated stool and the
charged body of the performer. For most of these experi-
ments, the frequency of the éurrent should be increased by
moving the primary clip of the oscillation transformer to

@ point where fewer turns are included in the circuit. This:
will reduce the spark length of the coil, but this loss can

be tolerated in view of the fact that the current is smoother

“;'m_lth“ mml_n; contractive effeets are totally missing.
At s difficult for the performer to do justice to his experi-
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“ments il he experiences any degree of shock, which, while
not at all dangerous, is still disconcerting, '

The performer stands on the stool and touches the
~discharge ball of the coil with his metal wand. When the
current is turned on, a strong, snapping spark several inches
in length may be drawn from any portion of the body by
the assistant: This spark will ignite a piece of cotton
dipped in alcohol, light a cigarette, puncture a thin piece
of glass, and do many other equally interesting tricks. If
,thj.:'-;_,park is ta]t’:h from the bare skin !_hr.-ar.-j_r length of time,
a blister will form from the burn which results, and it is
therefore advisable to draw the spark from a heavy ring
worn on the performer’s free hand. An occasional spark
taken for a few seconds at a time will not affect the skin
and the lighting of the cotton may be accomplished by the
assistant bringing the material in close proximity with the
performer’s ear or chin, Care should be tuken to avoid sparks
mear the eyes. If the performer holds a metal spoon in his
mouth, a spark may be drawn from the handle and this
experiment seldom fails to bring applause,

1 the primary clip on the escillation transformer is
carefully adjusted after the performer has been connected
with the discharge ball, 2 point will be found where his
‘body seems literally to exude a luminescent halo of bluish
‘white fire, When the free hand is raised directly over the
‘head, little tongues of fire dart from the finger tips into
the air. When a ﬂ:ﬁn&' person approaches to within a
foot or so of the performer the space between their hodies
‘is apparently filled with a luminous vapor, and a finger
pointed at the performer instantly calls forth an intensc,
cone-shaped stream of light. A Geissler or other vac-

wum tube brought to within cven six or eight feet of the
charged body lights up with its characteristic glow, and,
when it appreaches to within a foot of the body, the glow
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is practically as bright as i‘t w_nuld be if the current were
passing into it through a wire instead of through space.

An entertaining experiment is to bring an incandescent
lamp bulb, held by its base in the assistant’s hand, close to
2 rod held in the hand of the performer. The current
slowly strikes through the glass wall, and, as the fracture
increases, the air is let into the bulb. As the vacuum
lowers the-color of the glow in the bulb changes from
bluish white to red, then to purple and finally it disappears

as the spark punctures the wall and finds its way to the
wirces mnside.

No further attempt will be made to describe “experi-
ments” for to do so is futile at this point. The worker will
find that every time he turns the current on, he finds some
new wrinkle or stunt to do with the spark. Ardent experi-
mentation with the apparatus itself is the very best teacher
and a day spent merely in “playing” with the outfit will
give the ingenious worker scores of fascinating experi-
ments, some of which are suitable for the stage and others
for the parlor or the laboratory.

Dr. Tesla prepared a series of intensely interesting lec-
tures some years ago and his work, now in book form,
offers a truly remarkable series of instructive experiments.
While Dr. Tesla advocates, in his book, the use of a high
frequency alternator or else an oil-immersed oscillation
transformer, still many, if not all, of the performances he

ititutes can be shown with the apparatus described in this
k.
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