NOTE:
In formulas: P=r

[IoucK OITUMAJIBHOTO0 KOHCTPYKTHUBA KAaTyLIKH
Tecsibl

1. TTombITaeMcs 3/1€Ch BBISICHUTD, KAK HY)KHO MOTaTh KaTYIIKY,
yT00BI coBniasii €€ LC- u “4-BOTHOBOM pE30HAHCHI.

3anecém B Tabmuiy 1mapaMeTpsl KaTyIIeK, KOTOPbIE ObLTH
HAMOTAHBI U UCIIBITAHBI.

The search for the optimum design of the Tesla
coil

1. We are going to try and find out, how to wind the coil, so that
its LC- and ¥ wave resonances match. We will enter into
Table 1 the parameters of the coils, which we have already
wound and tested.

Tab6sauua 1 Pe3yabTaThl U3MepeHUH U pacu€TOB NapaMeTPOB KaTyIlIEK.

Ne| Jlmmaa |Koauue CoOcTBeH. Yactora, MI'1
1 | HAMOTKH, | CTBO HHnykTHB émkocts, | LC-pe3o- |Ya-BomHOBOTO [Ipumeuanue
/i M BUTKOB |00 > vl n®d HaHca pe30HaHca
1 2 3 4 4 5 6
Junamerp kapkaca D =0,05 m, nuametp nposojaa d = 0,00040 m
1| 0,0820 205 1,024 2,73 3,010 1,965 -
2| 0,1248 312 1,690 3,26 2,145 1,198 -
3
Jnamerp kapkaca D =0,05 m, nuametp nposoga d = 0,00063 m
41 0,1265 204 0,700 3,49 3,218 1,964 -
5| 0,065 107 0,330 3,9 4,430 3,74 -
6

Table 1 Results of measurements and calculations of the parameters of the coils.

(Note, in Russia commas and full stops in numbers are the other way around i.e
1,2 is actually 1.2 - I have changed this for all the numbers in this document, but
you may want to bear this in mind in case I missed any)

Ne| Length | Numbe Own Frequency, MHz Notes
Inductance .
of r of capacitanc
- ; , mH
winding, | coils e pF
m LC-resonance |¥-wave
resonance

1 2 3 4 4 5 6




D =0.05 m, d =0.00040 m
1| 0.0820 205 1.024 2.73 3.010 1.965 -
2| 0.1248 312 1.690 3.26 2.145 1.198 -
3

D =0.05 m, d = 0.00063 m
4| 0.1265 204 0.700 3.49 3.218 1.964 -
5| 0.065 107 0.330 3.9 4.430 3.74 -

6

1.1. B autepaType npuBOAUTCS JOCTATOYHO TOYHas (hopMyia AJis
pacuéra UHAYKTUBHOCTH LIMJIMHAPUYECKOM KaTylku (JUIst
HaMOTKH 0€3 MPUHYAUTEIBHOTO 111ara, TO €CTh, BUTOK K BUTKY), Y
KOTOPOH JUTMHA HAMOTKH OOJIbIlIe IMaMeTpa KapKkaca:
L = 0,01*Dkar*W2/(h/Dkar+0,44),

1)
riae L — uanyktuBHocTh, MKI'H, DKaT — quamerp kaTymku, cm,
(KaK OKa3aJock, BCE e MEKAY LIEHTpaMy BUTKOB) h — uinHa
HaMOTKH, cM, W — KOJIM4eCTBO BUTKOB.
CoOcTBeHHasi EMKOCTh KaTYIIKH MPUOIMKEHHO pacCUMTHIBACTCS
o ¢opmye:
CO0=(0,5+1.0)D,

1.1 In the literature there is an accurate enough formula for the calculation of the
inductance a cylindrical coil (for the winding without the forced coil pitch, in other
words, turn to turn), which has the length of the winding greater than the diameter
of the frame:

L = 0.01*Dcoil*W2/(h/Dcoil+0.44),

1)

where L - is the inductance, uH, Dcoil — is the diameter of the coil, cm, (as it turned
out, still between the centres of the turns) h — is the length of the winding, cm, W —
is the number of turns.
The own capacitance of the coil is approximately calculated by the formula:

C0=(0.5+1,0)D,

rie CO- CoOcTBeHHAss eMKOCTh Karyiiku, nd, D - nuamerp
KaTYILIKH, CM.

CpaBHeHHE ¢ pe3yJapTaTaMH, pACCUNTAaHHBIMHU I HAIIMX
KaTyIlleK, TOKa3bIBAET, YTo (hopMyIa B o011eM, paBUiIbHasi, HO
JMarna3oH TOYHOCTH B JIBa pa3a - HE XOPOIIO.

B nurepatype 1 0AHOCIONHON HE3KPAHUPOBAHHON KATYIIKH
npuBoaAUTCS OoJiee TouHas popmya:

Co = m*D/[8,3*In(o+( 02-1))]*en, (2)
rae CQ - CoOcTBeHHAst eMKOCTh KaTymku, nd, D -muamerp kaTymku, cm,

a = t/dQ, T - paccTosiHUE MEXKTY IICHTPAMHU COCETHUX BUTKOB (IlIar HAMOTKH),
do - awmamerp mpoBoma 0Oe3 wu3oNALMH, €) = 1,2 — OSKBHUBaJCHTHAS
JIUAJIEKTPUYECKasl MPOHUIIAEMOCTh U30JsuHU MpoBoja. Ckaxy cpasy, uTo
€ro s BBIYMCIIWII U3 CPABHEHUS PACUETOB U JTAHHBIX HKCIIEPUMEHTA.

13 hopmysisl crieyeT, 4To MpU CILIONIHON HAMOTKE COOCTBEHHAs



E€MKOCTb KaTYIIKU 3aBUCUT TOJIBKO OT AUAMETpa KapkKaca U IPUMEHSIEMOTO
poBOJIA.

Tonmunaa uzossiuuu 1t iposoja 0,35 mm pasna 0,050 mm,

u s Hero al = t1/dpl = (0,35 + 2*0,050) /0,35 = 1,29,

a st ipooia 0,56 - 0,063 mwm, 11 Hero

a2 =12/dp2 = (0,56 + 2*0,063) /0,56 = 1,22.

[IpoBeprM, HACKOJIBKO COBMA/IAIOT PACUETHI 10 3TOU (popMylie ¢ peaibHO
M3MEPEHHBIMU ISl HAIIUX KaTYIIICK.

Where CO — is the coil capacitance, pF, D — is the diameter of the coil, cm.

A comparison with the results, calculated for our coils, shows that the formula is,
generally, correct, but the accuracy range which is double — is not good.

In the literature is given a more precise formula for the single layer unshielded coil:
Co = n*D/[8.3*In(o+V ((a2-1))]*en, (2)

Where CQ — is the coil capacitance, pF, D — is the diameter of the coil, cm, @ = t/do,
T — is the distance between the centres of the adjacent turns (coil pitch),

do — is the diameter of the wire without insulation, €3 = 1.2 — is the equivalent
dielectric constant of the insulation of the wire. | will say straight away, that this |
worked out by comparing the calculations and the data from the experiment.

From the formula it follows, that when pull-through winding is used the coil
capacitance is dependent only on the diameter of the frame and the wire used.

The thickness of the isulation for the wire 0.35 mm is 0.050 mm, and for it a1 = t1/dgl =
(0.35 + 2*0.050) /0.35 = 1.29, and for the wire 0.56 — 0.063 mm, for it a2 = t2/dp2 = (0.56 +

2*0.063) /0.56 = 1.22.

Let’s check, to what extent the calculations from this formula match with actual
measurements for our coils.

Ta6snua 2 CpaBHEeHMe U3MePEHUH U paCYETOB MapaMeTPOB KaTyUIEK.

Ne| Jlnmuna | Kommue- | MugyktuBHOCTh, |COOCTBEHHAs EMKOCTD,
I | HAMOTKH, | CTBO MI'H n®d [Ipumeuanue
/m M BUTKOB |u3mepeHo| Pacuér | msmepeno | Pacuér
1 2 3 4 4 5 6
Jlnamerp kapkaca D =0,05 m, nuametp nposoga d = 0,00040 m
1| 0,0820 205 1,024 1,030 2,73 3,04 OL =0,6%; 6C =11,3%
2| 0,1248 312 1,690 1,656 3,26 3,04 OL =2,0%; 0C = 6,7%
Jlnamerp kapkaca D =0,05 m, nuametp nposoaa d = 0,00062 m
3] 01265 | 204 0700 | 0,715 | 349 | 348 [ 8L=2,1%;8C=03%
Juamertp kapkaca D =0,032 M,
4 | Iuametp npoBoga d = 0,00040 m 1,95
5 | dunametp nposoga d = 0,00062 m 2,23
Jnamerp kapkaca D =0,11 m,
6 | Juamerp npoBoaa d = 0,00040 m 6,69
7 | Huametp npoBoaa d = 0,00062 m 7,66

Table 2 Comparison of measurements with calculations of the parameters of the coils.



Ne| Length | Number | [nductance, mH |Own capacitance, pF
of of coils Notes
winding, Measured | Calculate | Measured |Calculated
m d
1 2 3 4 4 5 6
D =0.05 m, d =0.00040 m
1| 0.0820 205 1.024 1.030 2.73 3.04 0L =0.6%; 0C = 11.3%
2| 0.1248 312 1.690 1.656 3.26 3.04 0L =2.0%; 0C =6.7%
D =0.05 m, d =0.00062 m
3] 01265 | 204 | 0700 | 0715 | 349 | 348 | SL=2.1%;3C=0.3%
D =0.032 ™,
4 d =0.00040 m 1.95
5 d =0.00062 m 2.23
D =0.11 m,
6 d =0.00040 m 6.69
7 d =0.00062 m 7.66

1.2. TToctpouM rpaduk 3aBUCUMOCTH UHIYKTUBHOCTH L OT muymmHbl HamoTku h. J{7st aToro B
dopmyite (1) BeIpa3uM KOJIMYECTBO BUTKOB Yepe3 JUAMETP MPOBOJIA ¢ u3ossnuei d u [unHy
HaMmoTKu N, (31eck D — nuameTp kapkaca):

W = h/d

L = 0,01*(D+d)*(h/d)2/[h/(D+d)+0,44] (3)
'padyKM 3aBUCUMOCTH UHAYKTUBHOCTH KaTYUIKH OT JIJIMHBI HAMOTKH JIJISI TPYOBI
JIuaMeTpoM 5 cM npuBeieHbl Ha pUCyHKe 1.

1.2 Let’s plot the inductance L and the length of the winding h on a graph. For this in formula
(1) we will express the number of turns through the diameter of the wire with isolation d and
the length of the winding, h (here D — is the diameter of the frame):

W =h/d

L = 0.01*(D+d)*(h/d)2/[h/(D+d)+0.44] 3)

The graph of the inductance of the coil and the length of the winding for a pipe with a5 cm
diameter are shown in figure 1.
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Puc. 1. Fpacbmm 3dBUCHUMOCTHU UHAYKTHUBHOCTH OT AJIMHbI HAMOTKHM.

CoOcTBeHHO, rpauKu MPOCTO MOKA3BIBAIOT, YTO 3aBUCUMOCTh HHIYKTUBHOCTH
OJTHOCJIOMHBIX KaTYIIIEK, TPH JIJTHHE HAMOTKHU OOJIbIIE JHAMETpa KapKaca, IPaKTUIECKU
JWHENHHAas. DTO BPOJE KaK JJIsl CIIPaBKH, MHOT 1A TI0JIE3HO 3HATh.

Fig. 1. The graph of the inductance and length of winding.

Strickly speaking, the graph just shows, that the correlation of the inductance of single-layer
coils, with the length of the winding which is greater than the diameter of the frame, is
practically linear. This is kind of for reference purposes, sometimes it’s useful to know this.

Graph legend:

d0 =0.35mm, d = 0.40 mm
d0 =0.56 mm, d =0.63 mm



1.3. Hac 6osblle HHTepecyeT MOUCK JJIMHbI HAMOTKH, IPU KOTOPOU coBnazarT LC- u
Y4-BOJIHOBOM pe30HAHCHI, €CJIM TAKOe B IPUHLMIIE BO3MOXHO. /[J11 3TOro NoCTpOUM
COBMelIlléHHble rpad KU 3aBUCUMOCTH JIJIMHBI BOJIHBI € 4acToTou LC-pe3oHaHca oT
JUIMHBI HAMOTKMU U JIJIMHBI BOJIHBI Y4-BOJIHOBOI'O pe30HaHCa B IPOBO/JE KaTYILKHU.

YacroTa LC-pe3onanca onpenensiercs o Gopmyiie:
fLc=1/ Z*n*\/(L*C), JUTMHA BOJIHBI, COOTBETCTBEHHO, Oy/IeT paBHa:
A LC =c/fLc = c*2*n*V(L*C), rme ¢ = 299792458 M/c - CKOPOCTh CBETa,

L mpencraBuM B BUjie BeIpaKeHHs (3), ¢ Y4ETOM TOTO, YTO ATO BBIpAXKEHUE AAET Pe3ybTaT B
MKI'H, a HaM HYy»XHO B [ H:

ALC =c/fLc=c*2*n*\(L*C) = C*Z*n*\/[o,01*(D+d)*(h/d)2/(h/(D+d)+O,44)]:
= 209792458*2%r*\[10”0%0,01%(D+d)*(h/d)2*C/(h/(D+d)+0,44)] =

= 299792458*2%1*10”%0, 1*(h/d)*\[(D+d)*C/(h/(D+d)+0,44)] (4)

a éMKOCTb — COTJIacHO pacuéty o gopmyse (2)

1.3 We are more interested in discovering the length of the winding, at which the LC- and ¥z-
wave resonances match, if this is in principle possible. For this we will plot the combined
graphs of the LC-resonance frequency wavelength with the length of the winding and the %-
wave resonance wavelength in the wire of the coil.

The LC-resonance frequency is worked out using the formula:
fLc = 1/ 2*n*V(L*C), the wavelength, respectively, will equal:
A LC =c/fiLc = c*2*n*\(L*C), where ¢ = 299792458 m/sec — the speed of light, we will
express L as per (3), bearing in mind, that this expression gives us a result in uH, and we
want it in henries:
A LC =c/fLc = c*2*n*\(L*C) = c*2*n*\/[0.01*(D+d)*(h/d)2/(h/(D+d)+0.44)]:
= 209792458*2**\[10°0*0.01%(D+d)*(h/d) 2*C/(h/(D+d)+0.44)] =
= 299792458*2*1:*10'3*0.1*(h/d)*\/[(D+d)*C/(h/(D+d)+0.44)] 4)
And the capacitance — according to the formula calculations (2)

1.3.1. IloxcraBuB B BeIpakeHHE (4) YUCIIEHHBIE 3HAYEHUE JUAMETpa KapKaca, 5 CM,
BHEIIHUIA JUaMeTp MpoBoja (B CM) U COOTBETCTBYIOIIYIO €My EMKOCTbh, TOTYYUM (HOPMYIIbI
JUTSL TIOCTPOEHHUs TpadUKOB 3aBUCUMOCTH JJIMHBI BOJNHBI ¢ dactoToil LC- pe3onanca ot
JUTUHBI HAMOTKHU:

- i ipoBoja do1 = 0,35 mMwm:

A LC1 = 299792458*2% %100, 1%(h/0,04)*\[5,04%3,04%10"12 | (h/5,04+0,44)] =

= 209792458%2* 110 *0,1*25*h*3,9%10" O/(h/5,04+0,44) =

= 0,299792458*2**2,5*h*3,9/N/(h/5,04+0,44) = 18,37*h/N(h/5,04+0,44) (5)
- i mpoBoja dg2 = 0,56 mMm:

A LC2 = 299792458*2% 10" >%0,1%(h/0,063)*\[5,063*3,48*10"-2/(h/5,063+0,44)] =

= 209792458%2*1*10"%0,1*16,13*h*4,17%10"O/N(h/5,063+0,44) =
=0,299792458*2*1*1,613*h*4,17/\(h/5,063+0,44)=12,67*h/\(h/5,063+0,44) (6)

Jlns mocTpoeHus: TpauKOB 3aBUCUMOCTH JUIMHBI BOJIHBI 4-BOJTHOBOTO PE30HAHCA B
MIPOBOJI€ KATYIIKH OT JUIMHBI HAMOTKH, BBIPa3uM JITMHY MPOBOJIA Yepe3 JJIMHY HAMOTKH (ITpH



ko3 dunmente 3amemnieHuss paBHOM 1), ¢ y4éToM TOro, 4TO BEIUYMHY N HEOOXO0IUMO
llpCﬂ,CTaBJlﬂTb B CM:

- i ipoBoja dg1 = 0,35 mwM:

AYyB1 = 4*r*(D+d1)*0,01*h/d1 = 4*7*0,0504*0,01*n/0,0004 = 15,83*h; (7)
- uts iposoja dg2 = 0,56 mm:
A YR2 = 4*n*(D+d2)*0,01*h/d2 = 4*7*0,05063*0,01*h/0,00063 = 10,1*h. (8)

Bun dpopmyn s mporpammer AGrapher: 18.37*x/sqrt(x/5+0.44)
15.83*x 15.83*x/0.8

12.67*x/sqrt(x/5+0.44) 10.1*x 10.1*x/0.8
["'padmku 3aBUCUMOCTH JUTHHBI BOJIHBI ¢ YacToTol LC-pe3oHanca oT ITUHEI

HAaMOTKH U JUIMHBI BOJIHBI /4-BOJIHOBOTO PE30HAHCA B IIPOBOJIE KATYIIKA, HAMOTAHHOMN
Ha KpyrJyoil Tpyoe nuamerpoM 50 MM, IpeACTaBIEHbl HA PUCYHKE 2.

1.3.1 If we substitute into expression (4) the numerical values of the diameter of the frame, 5
cm, the external diameter of the wire (in cm) and its capacitance, we will get the formulas for
plotting the graphs of the LC- resonance frequency wavelength and the length of the winding:

- for wire dg1 = 0.35 mm:

A LC1 = 209792458%2% 10" 3%0. 1%(h/0.04)*\[5.04%3.04*10"2 / (h/5.04+0.44)] =

= 209792458*2%1*10™%0.1*25*h*3.9%10™O/\(1/5.04+0.44) =

= 0.299792458*2% %2 5*h*3.9/\(h/5.04+0.44) = 18.37*h/(h/5.04+0.44) ©)
- for wire dp2 = 0.56 mm:

A LC2 = 299792458%2%r*10" %0, 1%(h/0.063)*\[5.063*3.48%10"12/(h/5.063+0.44)] =

= 209792458*2%1*10"%0.1*16.13**4.17*10"O/\(n/5.063+0.44) =
=0.299792458*2%1*1.613*h*4.17/N(h/5.063+0.44)=12.67*h/(h/5.063+0.44) ©)

For charting the Ys-wave resonance wavelength in the wire of the coil and the winding length,
we will express the length of the wire through the length of the winding (with a decelaration
rate equal to 1), bearing in mind that it is necessary to represent the value of h in cm:

- for wire dg1 = 0.35 mm:

A WF1 = 4*1*(D+d1)*0.01*h/d1 = 4*7*0.0504*0.01*h/0.0004 = 15.83*h; @)
- for wire dg2 = 0.56 mm:
A WE2 = 4*1*(D+d2)*0.01*h/d2 = 4*7*0.05063*0.01*h/0.00063 = 10.1*h. (8)

(Note: I am guessing that the letters in the above formula stood for wave frequency, hence
WF — this goes for all the following formulas too, where you see the notation WF)

This is what the formulas look like for the programme AGrapher:
18.37*x/sqrt(x/5+0.44) 15.83*x 15.83*x/0.8

12.67*x/sqrt(x/5+0.44) 10.1*x 10.1*x/0.8

The charts of the LC-resonance frequency wavelength from the winding length and the %-
wave resonance wavelength in the wire of the coil, wound on a round 50 mm diameter pipe,
are shown in Figure 2.
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————— To se. 1/4-BonHOBOW pe3oHaHc, K =1
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Puc. 2. 'paduKu 3aBUCMMOCTH JJIMHBI BOJHBI € YacToTou LC-pe3oHaHca U %4-BOJIHOBOTO

pe3oHaHca OT AJIMHbI HAMOTKH JJ1s1 TPyObl 50 MM.

Figure 2. The graph of the LC-resonance frequency wavelength and “4-wave resonance
from the winding length for a 50 mm pipe.

— d01 =0.35 mm, D =5 cm, LC-resonance
..... The same. Y4-wave resonance. K=1
............ The same. Y4-wave resonance. K=0.8

d01 =0.56 mm, D =5 cm, LC-resonance
The same. ¥4-wave resonance, K=1
The same. ¥-wave resonance, K=0.8

W3 rpadukoB ciefyeT, 4TO AJ1 KaXKJ0ro U3 IByX IPOBO/ZOB CYILLleCTBYeT JAJIMHA
HaMOTKH, NTp1 KOTopoi LC- u 4-BOIHOBOM pe30HaHCHI COBMAJAIOT. DTa JAJIMHA 3aBUCUT OT



KO3 puIMEeHTa 3aMeIJIEHHS] BOJIHBI U HAXOJUTCS MEX]ly TOUKaMH I1€pECEUEHUs
MYHKTUPHBIX JIMHUN CO CIUIONIHOM JIMHUEH TOro ke 1BeTa. OCTanoch MPOBEPUTH ATO HA
IPAKTHKE, OTMATbIBasi BUTKH C YK€ UMEIOLINXCSA KaTyIlEK.

3aMeTuM, uTo JIsl 00OUX MPOBOJIOB COBIAICHUE PE30HAHCOB BO3ZMOXKHO MIPU JUIUHE
HaMOTKH, OJIM3KOM K tuameTpy TpyOsl. [Ipu aTom ncnonb3oBanHast Hamu popmyiia (3)
UMEET MOHMKEHHYIO TOYHOCTb.

1.3.2. IaTEepecHO MOCTPOUTH aHAIOTUYHbIE IPpadUKHU IS IPYTOTo TUaMeTpa Tpyosl,
Harpumep, 32 mm. /[ aToro Heo6xoaumo o popmyiie (2) paccuuTath COOCTBEHHYIO
€MKOCTb KaTyllek Ha TpyOe nuaMerpoM 32 MM 1171 000MX IIPOBOJIOB.

[TpuBoaUTH 311E€CH pacuéThl EMKOCTEN He OyeM. PaccunTanHbie 3HAYCHUS 3aHECCHBI B
tabmuiy 1.

A pacuéThl JJIMHBI BOJHBI TOBTOPUM. UTOOBI MOYKHO OBLIO IIOTOM MPOBEPHUTH.

- nuist mposoza do1 = 0,35 mm:

A LC1 = 209792458*2%1*10™*0,1%(h/0,04)*\[3,24%1,95%10 12 / (h/3,24+0,44)] =

= 0,299792458*2*n*2 5*h*2,5/N(h/3,24+0,44) = 11,77*h /N(h/3,24+0,44) (9)
- uis ipoBoja dg2 = 0,56 Mm:

A LC2 = 299792458*2%1*10™*0,1*(h/0,063)*\[3,263*2,23*10 %/(h/3,263+0,44)] =

= 0,299792458*2**1,613*h*2,67/\(h/3,263+0,44)=8,11*h//(h/3,263+0,44) @10

W nns Y4-BoMHOBOTO pe30HaHca:
- uig ipooja dg1 = 0,35 mMm:

AyB1 = 4*n*(D+d1)*0,01*h/d1 = 4*1*0,0324*0,01*h/0,0004 = 10,06*h; (11)
- uis ipoBoja dg2 = 0,56 Mm:
A yB2 = 4*n*(D+d2)*0,01*h/d2 = 4*1*0,03263*0,01*h/0,00063 = 6,49*h. (12)

From the graphs it can be seen, that for each of the two wires, there is a winding length, at
which LC- and ¥-wave resonances match. This length depends on the deceleration rate of the
wave and can be found between the points where the dotted lines meet the solid lines of the
same colour. It remains to check this in practice, by unwinding turns from already existing
coils.

We will point out, that for both wires the matching of the resonances is possible with a
winding length which is close to the pipe diameter. In so doing, the formula which we used
(3) has a lowered accuracy.

1.3.2 It is interesting to plot similar charts for a different pipe diameter, for example, 32 mm.
For this it is necessary to calculate the coils capacitance on the 32 mm diameter pipe using
formula (2) for both wires.

We are not going to calculate the capacitances here. The calculated values can be found in
Table 1.

But we will repeat the calculations for the wavelength. So that we can check it later.

- for wire dg1 = 0.35 mm:

A LC1 = 209792458%2% 107 5%0. 1%(h/0.04)*\[3.24%1.95%10 2 / (h/3.24+0.44)] =

= 0.299792458*2**2.5*h*2.5//(h/3.24+0.44) = 11.77*h /N(h/3.24+0.44) (9)
- for wire dp2 = 0.56 mm:

ALC2 = 299792458*2*n*10'3*0.1*(h/0.063)*\/[3.263*2.23*10'12/(h/3.263+0.44)] =



= 0.299792458*2**1.613*h*2.67/+/(h/3.263+0.44)=8.11*h/N(h/3.263+0.44) @10

And for the Y2-wave resonance:
- for wire dg1 = 0.35 mm:

A WF1 = 4*n*(D+d1)*0.01*h/d1 = 4*1*0.0324*0.01*h/0.0004 = 10.06*h; (11)
- for wire dp2 = 0.56 mm:
A WF2 = 4*1*(D+d2)*0.01*h/d2 = 4*7*0.03263*0.01*h/0.00063 = 6.49*h. (12)

'padrKky 3aBUCUMOCTHU AJIUHBI BOJIHBI C YacTOTOM LC-pe3oHaHca OT AJIMHbBI HAMOTKHU U
JJIMHBI BOJIHbI %4-BOJIHOBOT'O pe30HaHCa B IPOBO/e KaTYIIKHA, HAMOTAHHOU Ha KPYyrJon
TpyOe AruaMeTpoM 32 MM, Ipe/iCTaBJIeHbl HA PUCYHKe 3.

The graphs of the LC-resonance frequency wavelength from the winding length and the %-
wave resonance wavelength in the wire of the coil, wound on a round 32 mm diameter pipe,
are shown in Figure 3.
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d01 =035 MM, D = 3.2 cm, LE-pesoHaHe
————— To we, 1/4-B0NHOBOW pesoHaHe, K =1
------- To we. 1/4-BONHOBOW pesoHaHe. K= 0.8
d01 =056 MM, D = 3.2 cm, LTpesoHaHe
————— To we. 1/4-BoNHOBON peaoHaHe, K =1
------- To we. 1/4-BoNHOBOK pe3oHaHe, K= 0.8

Puc. 3. 'padpuku 3aBUCUMOCTHU AJIMHBI BOJIHBI € YacToTou LC-pe3oHaHca U %-BOJIHOBOTO
pe30HaHca OT JAJIMHbl HAMOTKHU JJ1s1 TPYObI 32 MM.

Fig. 3. The graph of the LC-resonance frequency wavelength and “-wave resonance
from the winding length for a 32 mm pipe.

d01 =0.35 mm, D = 3.2 cm. LC-resonance
..... The same. Y%-wave resonance. K=1
............ The same. %4-wave resonance. K=0.8
e d01 =0.56 mm, D = 3.2 cm. LC-resonance
..... The same. Y%-wave resonance. K=1
............ The same. %4-wave resonance. K=0.8



1.3.3. 1 mocMoTpuM enié, 4To MO>KHO MOJIy4uTh Ha TpyOe nuamerpom 110 mm.
PaccuntanHbie 3HAaUCHHUSI COOCTBEHHON EMKOCTH TaK)Ke 3aHECEHBI B Ta0IHILy 1.

- uis ipoBoja dg1 = 0,35 mMm:

A |_C12299792458*2*71*10_3*0,1*(h/0,04)*\/[11,04*6,69*10_12 / (h/11,04+0,44)] =
= O,299792458*2*75*2,5*h*8,58/\/(h/11,04+0,44) = 40,40*h/\/(h/ll,04+0,44) 13

- nuist poBoza dg2 = 0,56 mwm:

A |_(32:299792458*2*7r*10_3*0,1*(h/0,063)*\/[11,063*7,66*10_12/(h/11,063+O,44)] =
=0,299792458*27t*1,613*h*9,18/\/(h/11,063+O,44):27,89*h/\/(h/ll,063+0,44)(11)
W nns /4-BOHOBOTO pe30HaHca:

- nuist mposoza do1 = 0,35 mm:

AyB1 = 4*n*(D+d1)*0,01*h/d1 = 4*1*0,1104*0,01*h/0,0004 = 34,68*h; (15)

- uig ipoBoja dg2 = 0,56 MM:

A 4yR2 = 4*n*(D+d2)*0,01*h/d2 = 4*1*0,11063*0,01*h/0,00063 = 22,07*h. (16)

Bun dopmyn mist mporpammbl AGrapher: 40.40*x/sqrt(x/11+0.44)
34.68*x 34.68*x/0.8

27.89*x/sqrt(x/11+0.44) 22.07*x 22.07*x/0.8

I'paduku st Tpy6s! quamerpom 110 MM, mpeacTaBiieHbl Ha pUCYHKE 4.

1.3.3 And let’s see also, what we can get from a 110 mm diameter pipe. The calculated values
of its own capacitance are also found in Table 1.

- for wire dg1 = 0.35 mm:

A LC1=299792458*2*1*10 *0.1*(h/0.04)*\/[11.04*6.69*10'12 / (h/11.04+0.44)] =

= 0.299792458*2**2.5%h*8.58/\(h/11.04+0.44) = 40.40*h/\(h/11.04+0.44) (13)

- for wire dg2 = 0.56 mm:

A ch=299792458*2*n*10'3*0.1*(h/0.063)*\/[11.063*7.66*10'12/(h/11.063+0.44)] =
=0.299792458*27*1.613*h*9.18/+/(h/11.063+0.44)=27.89*h/N(h/11.063+0.44)(11)

And for the Y2-wave resonance:
- for wire dg1 = 0.35 mm:

A WF1 = 4*n*(D+d1)*0.01*h/d1 = 4*7*0.1104*0.01*h/0.0004 = 34.68*h; (15)
- for wire dp2 = 0.56 mm:
A WF2 = 4*n*(D+d2)*0.01*h/d2 = 4*7*0.11063*0.01*h/0.00063 = 22.07*h. (16)

3

The formulas for the programme AGrapher: 40.40*x/sqrt(x/11+0.44)
34.68*x 34.68*x/0.8

27.89*x/sqrt(x/11+0.44) 22.07*x 22.07*x/0.8
The graphs for the 110 mm diameter pipe, are shown in Figure 4.
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d01 =035 mm, D =11 cm, LC-pesoHaHe
————— To e, 1/4-BONHOBOW pezoHaHe, K =1
------- To e, 1/4-BoNHOBOW peaoHaHe, K =08
d01 =056 mm, D =11 cm, LC-pesoHaHe
————— To e, 1/4-BONHOBOW pezoHaHe, K =1
------- To e, 1/4-BoNHOBOW peaoHaHe, K =08

Puc. 4. 'paduKu 3aBUCMMOCTH JJIMHBI BOJHBI ¢ YacToTou LC-pe3oHaHca U %4-BOJIHOBOTO
pe3oHaHca OT JJIMHbI HAMOTKH /11 TpyObl 110 MM.

Figure 4. The graph of the LC-resonance frequency wavelength and “4-wave resonance
from the winding length for a 110 mm pipe.

d01 =0.35mm. D =11 cm. LC-resonance
The same. Y%-wave resonance. K=1

The same. Y-wave resonance. K=0.8
d01 =0.56 mm. D =11 cm. LC-resonance
The same. Y%4-wave resonance. K=1

The same. %4-wave resonance. K=0.8

2. IIpoBepuM, HACKOJIBKO IPaprKU COOTBETCTBYIOT ACHCTBUTENBHOCTHU. J{J1st 3TOTO Oymem
OpaTb paHee HaMOTaHHBIC KaTYIIIKM M, OTMAThIBasi C HUX MPOBOJIA, IOCTAPAEMCsi COBMECTHUTD
LC- u 4-BOTHOBOT'O PE30HAHCHI.

Kauep wucnonb3oBath He OyneM. byneM mcnonb30BaTh AJis ATOM 1eNIK OJIOK PO3KUTA JUIS
ra3oBBIX KOJIOHOK, Kak 3To fenan Kamanaase B Bujieo yctanoBky Ha 200 Bt (cM. pucyHok 5).



A BOT 1I0CJIE COBMEILIEHUsI PE30HAHCOB IIOCTABUM KAaTYILIKY B Kauep, U IOCMOTPUM,
HACKOJIbKO MIPUT0JIEH Kadep AJisi BO30YKACHUsI KaTylKu Tecbl.

2. Let’s check, how much the graphs correspond to reality. For this we are going to take the
coils we had previously wound and, unwinding wires from them, we will try to match the LC-
and Ya-wave resonances.

We are not going to use a kacher (I think this refers to a Brovin/Kacher generator [a single
transistor oscillator]. Since | have not found a translation for it, I will continue to refer to it
as a kacher). We are going to use for the above goal an ignition unit for water heaters, like
Kapanadze did in the video installation for 200 W (see Figure 5). And after we have matched
the resonances we will place the coil into the kacher, and we will see, how useful the kacher is
for the excitation of the Tesla coil.
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Puc. 5. biok po3zxwura /i ra3oBbIX KOJIOHOK,
a) — BHEIIHUHN BUJI 0€3 KPBIIIKHU, 0) — MPUHIMITHAILHAS CXEMA.

Fig. 5. The ignition unit for water heaters, a) — outward appearance without the lid, b) —

schematic diagram

Translation of words in diagram:

Gas Thrust | Yellow
supply | sensor
valve
Seal-in | Blue
coil
Starting | Blue
winding
Water | Blue
sensor
Mass Purple
Battery | Black
Output | White
Brown
Red
Red
Black
Black
Red
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BJ10K HeMHOTrO0 nepeiesiaH 1o pe3yJibTaTaM UcCae0BaHUA. B HEM y/jasieHa BbIXOAHasA
KaTylka. BMecTo Heé BK/II04aeTca UHAYKTOP KaTylIKU Tecsibl. A EMKOCTb
koHAeHcaTopa C10 yMeHbllIeHa AJisl TOTO, YTOObI TOK B TUPUCTOpe S1 He nmpeBbIlal
npejieJibHO JonycTuMoro. CxeMa skCriepuMeHTa N0Ka3aHa Ha pUCYHKe 6.

The ignition unit was slightly changed as a result of the research. The output coil was taken
out. Instead of it the [inductor / induction coil] of the Tesla coil was inserted. And the
capacitance of the capacitor C10 was decreased, so that the current in the thyristor S1 did not
exceed the maximum permissible. The circuit diagram is shown in Figure 6.

Ocuunnoezpa
? SA1 pas
+8U / Ycmpodcmbo S
poO3xU2a HU?
%J HU1 Y
19 0]
[ 150G !

=

Puc. 6. Cxema akcriepuMeHTaA.
Figure 6. The diagram circuit of the experiment.

Translation of words in diagram:
First box: Ignition device
Second box: Oscilloscope

CrnenuasibHO TPOBeZIEHHOE paccye/JoBaHUE MTOKA3aJI0, UYTO ChEM CUTHAJIA Ha
ocuusiorpad Jiydiile Bcero NpoM3BOJUTh C OJJHOI0 BUTKA MPOBO/Ia, HAMOTAHHOTO MO/
epBbIM BUTKOM 3a3eMJIEHHOI'0 KOHIIA KaTYIIKW. BepxXHUU KOHeI| UHYKTOPA J0/KEH
OBITh PACIOJIOKEH He OJIMXKe, YeM B 1 cM OT Havasa KaTywku. [Ipu Takom
pacnosioKeHUU CbEMHOT0 BUTKA, €ro BJHsHHE Ha COOCTBEHHYI0 EMKOCTb KaTyIIKH
MHUHHMAaJIbHO, U CBSI3b C UHAYKTOPOM JIOCTAaTOYHO cjabas /iJisl TOro, YToObl OH He
OKa3bIBaJl 3aMEeTHOI0 BJIUSHUS HA BUJ, OCIIUJIJIOTPAMMBI.

Kpome Toro, 3arotoBiieH Kycok (hOIbTHPOBAHHOTO CTEKJIOTEKCTOIUTA pazmepoM 100 mMm x 75
MM C 3a3eMJIEHHOH (PoIbroif, KOTOPBIN B Mpoliecce IKCIIEPUMEHTA UCTIONIb30BaJICSA B KAUeCTBE
MOJICTPOEYHOI0 KOHJEHCATOpa, AJIsl TOr0, YTOObI HE «IIPOCKOYUTH) COBIIAJICHUE PE30HAHCOB.
[lepuonnyecku nmogHoOCs GOIBTY K KaTyIIKE, MBI IIOHMKaeM e€ pe3oHaHcHYIo yacTtoTy (LC) u
[0 OCIMJIJIOTPAMME MOKEM ITPOTHO3UPOBATh, UTO OyJET NP yJAICHUU CIIETYIOIIEro BUTKA.
Bosee Toro, BooO11e He ciaeayeT OTMaThIBaTh BUTKU J0 TMOJHOTO COBIMAICHHS PE30HAHCOB,
MIOTOMY, YTO BEPHYTh OTPE3aHHBIN KYCOK MPOBO/Ia MBI HE CMOXKEM, & COBMECTUTH PE30HAHCHI
C MOMOILIBIO TaKOW IUIACTUHBI CMOKEM BCET/IA.

2.1. IlepBoii ncnbIThIBaTACh KaTymIka ¢ mpoBooM 0,56 MM, KOTOPOi COOTBETCTBYIOT
KpacHble rpaduky Ha pucyHKe 2. JITnHa HAMOTKH Ha Haydajo SKcrepuMeHTa coctasisia 118
MM. Buj ocipmiiorpamm nokasas Ha pucyHkax 7 - 11.



A specially conducted experiment showed, that the pickup of the signal on to the oscilloscope
is best done from one turn of the wire, wound under the first turn of the coil of the earthed end
of the coil. The top end of the [inductor / induction coil] must be located not any closer than 1
cm from the beginning of the coil. From this position of the [removable turn / turn which has
been removed], its effect on the coil capacitance is minimal, and the connection with the
[inductor / induction coil] is weak enough so as not to cause a noticeable impact on the
appearance of the oscillogram.

Besides that, a piece of foil-coated [glass fibre / glass fibre laminate] the size of 100 mm x 75
mm with an earthed foil, which in the process of the experiment was used as a [trimming
capacitor / tuning capacitor] in order not to “overshoot” the point where the resonances match.
Periodically bringing the foil to the coil, we lower its resonance frequency (LC) and using the
oscillogram can predict, what will happen when we remove the next turn of the coil.
Moreover, do not start to remove the turns of the coil until the resonances match, because it is
not possible to return the piece of wire which has been cut off, whilst we will always be able
to match the resonances with the help of such a plate.

2.1 We first tested the coil with the 0.56 mm wire, which correlates to the red lines on Figure
2. The winding length at the start of the experiment was 118 mm. The oscillograms can be
seen in Figures 7-11.

Puc. 7. OcummnorpaMmMa npu JAJIMHE HAMOTKH 118 MM.
YceranoBku: X =2 mkc/nei,Y = 0,2 B/nen.

Kak BUAWM, B CUTHAJIC IPUCYTCTBYCT HECKOJIBKO 3aTyXaromuXx IMpoucCCoOB.
Fig. 7. Oscillogram when the length of the winding is 118 mm
Settings: X =2 microseconds/division, Y = 0.2 volt/division.

As we can see, there are several damping processes in the signal.



Puc. 8. OcuuinorpamMmma npu JUIMHE HAaMOTKHU 93 MM.
Vcranosku: X =2 mrc/aen,Y = 0,2 B/nen.

[To mepe mpuOIMKEeHNsI K COBIIAJCHUIO PE30HAHCOB aMIUIMTY/A CUTHAJIa BO3POCia, CUTHAJIB
cTanu 6osee ynopsA04eHHbIMU. A IIPU OTMOTKE €111€ OJJHOTO BUTKA OWEHUs BAPYT
MPEKPATUIINCH. DTO YTO, COBNAJACHUE PE30OHAHCOB?

Fig. 8. Oscillogram when the length of the winding is 93 mm
Settings: X =2 microseconds/division, Y = 0.2 volt/division.

As the resonances moved towards matching, the amplitude of the signal increased, and the
signals became more ordered. And when one more turn of the coil was unwound the beats
suddenly stopped. What’s that, the matching of the resonances?

' ;[,l ot
Wt .w‘

Puc. 9. OcuuninorpamMmma npu JJIMHE HAMOTKH 92 MM.
Vcranosku: X =2 mrc/nen,Y = 0,2 B/men.



[TonpoOyem Teneps HACTPOUTH HHAYKTOP B PE30HAHC € KaTyIIKOH. B ToM e macitade
pe3yNbTaT BBIMJISAUT TaK:

Fig. 9. Oscillogram when the length of the winding is 92 mm
Settings: X =2 microseconds/division, Y = 0.2 volt/division.

Now we are going to try to tune the [inductor / induction coil] into resonance with the coil. In
the same scale the result looks like this:

\\

Puc. 10. Ocumuiorpamma npu JiuHe HAMOTKHA 92 MM. MHIYKTOp B pe30HaHCE.
YcranoBku: X 2 Mkc/genY = 0,2 B/peu.

Ta e ocyusiorpaMmma 60Jiee NoApoOOHO:

Fig. 10. Oscillogram when the length of the winding is 92 mm. The [inductor / induction coil]
is in resonance.

Settings: X =2 microseconds/division, Y = 0.2 volt/division.

The same oscillogram in more detail:



Puc. 10. OcrmorpamMma npu JyimHe HaMOTKH 92 MmMm. THAYKTOp B pe3oHaHce.
Vceranosku: X = 0,5 mxc/aen,Y = 1,0 B/gexn.

Fig. 10. Oscillogram when the length of the winding is 92 mm. The inductor is in resonance.
Settings: X = 0.5 microseconds/division, Y = 1.0 volt/division.

OueBuaHO, aMIUIUTY/AA KOJIEOAHUN CYIIECTBEHHO BO3POCIA,HO 3aTO KOJIEOaHUs CTalu
3aTyXxath ObICTpee. EMKOCTh KOHIEHCATOpa, BKIIOUEHHOTO MapajulebHO HHAYKTOPY HPHU €ro
pe30oHaHce, okazanack paBHOM 2525 n®d, HO HaM HEM3BECTHA EMKOCTh, KOTOPYIO BHOCUT
CXeMa HaKayKH.

YcTaHOBUM Tenephb KaTyIIKy ¢ COBMEIIEHHBIMU Pe30HaHcaMu B kauep. Kadep 3amycTuiics Ha
gactore 3,901 MI'n. Pacuérnas BenmnumHa '4- BOJTHOBOIO pE30HAHCA, JAXKe IIPU
Kod(pduienTe 3ameJIeHrs BOJIHBI pABHOM €MHUIIE, TPU 3TOM noayuuiack 3,21 mI'm. To
€CTb, 3TO HE COBIIa/IEHUE PE30HAHCOB, HO KAPTUHKHU 5 IPUBOXKY, YTOOBI OBLIO C UeM
CPaBHUTD, KOT'/1a Mbl COBMECTUM PE30HAHCHI.

2.2. BepHéM KaTylKy Ha MECTO, YOepéM KOHAECHCATOP ¢ MHIYKTOPa U MPOJOHKUM TOMBITKY
COBMEUIEHUS PE30HAHCOB.

CHayvasia, Ipu OTMOTKE ¥ OTpE3aHus IPOBO/IA C KaTYIIKH, OCLHUJIOTpaMMBbl UMEIOT BUJ,
aHAJIOTUYHBIA PUCYHKY &, C pa3au4HbIMH BapuanusMu. [Ipu nmoaxo/e K coBnaieHUIo
PE30HAHCOB aMIUINTY/1a CTaJla IUIABHO BO3PACTaTh U MOSBUINCH OMEHNs, KaK [TI0KAa3aHO Ha
pucynke 11.

Evidently, the oscillation amplitude increased substantially, but the oscillations began to damp
quicker. The capacitor capacitance, switched on in parallel to the [inductor / induction coil] at
its resonance, was equal to 2525 pF, but we do not know the capacitance which is brought by
the pump circuit.

Now we will place the coil with the combined resonance into the kacher. The kacher has
started at the frequency of 3.901 MHz. The calculated value of the %-wave resonance, even
with the deceleration rate of the wave equal to one, still comes out at 3.21 MHz. i.e. this is not
the matching of the resonances, but I am including the pictures, so that we have them as a
comparison for when we do match the resonances.



2.2 Let’s put the coil back in its place, take the capacitor off the [inductor / induction coil] and
continue with the attempt to match resonances.

First, at the stage of unwinding and cutting the wire from the coil, the oscillograms look
similar to Figure 8, with different variations. As the resonances got close to matching, the
amplitude began to smoothly increase and the beats appeared, as shown in Figure 11.

Puc. 11. OcuumiorpaMMa rnpu JJIMHE HAMOTKH 45 MM.
Vceranosku: X =2 mrc/aen,Y = 0,5 B/nen.

Emé€ uepe3 HeckoIbKO BUTKOB OMEHUSs TTporaiu. ToT e Bompoc: - TO 4TO, COBMA/ICHHE
pe3onaHcoB? OcrusuiorpaMMa npejicTaBjieHa Ha pucyHke 12.

Fig. 11. Oscillogram when the length of the winding is 45 mm.
Settings: X =2 microseconds/division, Y = 0.5 volt/division.

In just a few more turns of the coil the beats disappeared. The same question: - What is this,
the matching of the resonances? The oscillogram is shown in Figure 12.

Puc. 12. Ocuminorpamma npu anuHe HaMOTKu 40 MM.
Yeranosku: X =2 mkc/nen,Y = 0,5 B/nen.



[TonmpoOyem omnsTh HACTPOUTH UHIYKTOP B PE30HAHC C KaTylikoil. [Ipu HacTpoiike BOZHUKAIOT
CWJIbHBIE OMEHUs, KOTOPbIE MPOCTO MOI00POM KOHJEHCATOPa YCTPAHUTh HE yaaéTcsl.
Hacrpowi Ha Makcumym amrumtyzsl. Ocuuiiorpamma - Ha pucyHke 13.

Fig. 12. Oscillogram when the length of the winding is 40 mm.
Settings: X =2 microseconds/division, Y = 0.5 volt/division.

Let’s try to once again tune the [inductor / induction coil] into resonance with the coil. During
the tuning strong beats appear, which we are not able to get rid of with just the capacitor
selection. Tuned to the maximum amplitude. The oscillogram is shown in Figure 13.

Puc.13. Ocuunnorpamma npu aymmHe HaMoTku 40 MMm. MTHIyKTOp B pe3oHaHCe.
Veranosku: X =2 Mxc/nei,Y = 2,0 B/gen.

PaccnenoBanne mokasaso, 4YTO HEIOCTATOYHO OTMOTaHO BUTKOB. OOpe3aHue enié HeCKOIbKUX
BUTKOB IPUBEJIO K YCTPAHEHUIO OMEHUH, - MOKa3aHO Ha pUCyHKe 14.

Fig. 13. Oscillogram when the length of the winding is 40 mm. The [inductor / induction coil]
IS in resonance.
Settings: X =2 microseconds/division, Y = 2.0 volt/division.

The experiment showed, that not enough turns had been unwound. The cutting off of a few
more turns caused the beats to disappear, - as shown in Figure 14.



Puc.14. Ocuminorpamma npu ainuHe HaMOoTKU 38 MM. IHIyKTOp B pe30HaHCe.
YcranoBku: X =2 mkc/nen,Y = 1,0 B/nen.

Oka3zajioch, 4TO TOYHOW HACTPOMKH MOYKHO JJOOMTHCS, HE OTpe3asi KOHEL MPOBOJAA, a MPOCTO
CKJIaJIbIBasi €ro BJOJIb CAaMOTO MPOBOJIa B 0OpaTHOM HaIpaBJICHUU.

W, nakoner, Ha pucyHke 15 Ta xe ocruorpaMma 6osee moapooHo.
Fig. 14. Oscillogram when the length of the winding is 38 mm. The [inductor / induction coil]
is in resonance.

Settings: X =2 microseconds/division, Y = 1.0 volt/division.

It turned out that the exact tuning can be achieved without cutting the end of the wire, but by
just folding it back along the wire itself.

And, finally, Figure 15 shows the same oscillogram in more detail.




Puc. 15. OcumnnorpamMma npu JuinHe HaMOTKH 38 MM. HAYKTOp B pe3oHaHce.
Veranosku: X = 0,5 mxc/nen,Y = 1,0 B/men.

O4eBHIHO, YTO MIPU CPABHEHUH €€ C OCLUIIOTPaMMOi, TPeICTaBICHHOM Ha pucyHke 10 B
TOM ke MaciTa0e, Korja HHIYKTop ObUT B pe3oHaHce ¢ LC-KOHTYpoM, SHEpruH 31eCh
ropaszio 0oJbIle: — M HayallbHas aMIUIMTY/Aa OOJIbIIe, U 3aTyXaHue He TaKoe ObICTpoe.
N3mepenue yacToThl U pacuéThl TOKA3aJIU, YTO 3TO JEHCTBUTENILHO COBIAJICHHUE
pe3onancoB. KoaddumuenT 3ameieHus okasaics paBHbM 0,848 — oueHb O1M3KO K
3Ha4yeHuto 0,85, MoIy4eHHOMY B IIEPBBIX OIBITAX.

Fig. 15. Oscillogram when the length of the winding is 38 mm. The [inductor / induction coil]
IS in resonance.
Settings: X = 0.5 microseconds/division, Y = 1.0 volt/division.

It is apparent that when compared to the oscillogram presented in Figure 10 using the same
scale, when the [inductor / induction coil] was in resonance with the LC-circuit, there was
much more energy here: - both the beginning amplitude was higher, and the damping was not
as quick. The measurements of the frequency and the calculations showed, that this was
indeed the matching of the resonances. The decelaration rate was equal to 0.848 — very close
to the figure of 0.85, which was obtained in initial tests.

3. Em¢€ oauH sTam paboThl MOXKHO CUUTATh 3aKOHYCHHBIM.

Hamo orMetuts, uTo npoBeAEHHBIE paOOTHI U BBIBOJIBI KACAIOTCS TOJBKO KaTYIIEK CO
CIUIONIHOW HAMOTKOW MPOBOJOM B 3MAIIEBOM U30JSAMU. /(11 MpOBOJOB B MIaCTMAaCcCOBOM
M30JISIIUNA KapTUHA COBEPIICHHO JIpyras. Y HUX ropas3ao 0osibiine coOCTBEHHAs! EMKOCTh
KaTYIIKH.

[TpoBepka mokasayia MpaBUILHOCTH TPa(UKOB, TTO3BOJISIONINX OLIEHUTD, ITPU KaKOM JITTMHE
HaMOTKH BO3MOKHO COBMEILIEHHE PE30HAHCOB. J{JI Ka)K/10ro KOHKPETHOTO Cilydas Tenepb
y’K€ HETPY/IHO TTOCTPOUTH CBOU TpapuKu 1 OIIEHUTH, CKOJIBKO MPOBOIa HA/I0 MOTAaTh HA
TpyOy.

U crano HEMOHATHO, KaK HEKOTOPBIE TECIOCTPOUTENHN YTBEPKAAIOT, UYTO Y HUX YTO- TO TaM
MOJIYYHJIOCh, KOT/Ia UX JUIMHHAS KATYyIIKa C TOHKUM IIPOBOJOM B MIPUHIIUIIE HE MOKET
BBITIOJTHUTH YCJIOBUS, CHOpMYyIUpOBaHHbIe Teciou.

N emé. MoxHO NOHSTH, MOYEMY HE y Bcex noToputeneit Jlona Cmurta ectb
MOJIO)KUTEIBHBIE PE3YIbTATHI. Y OJHUX KaTyIIKa Monajia B TPU pe30HaHca, a IPyTrue
HEMHOTO MPOMaXHYIUCh. MOKHO, KOHEUHO, TOCUUTATh U TOXKE HAPUCOBATh IpadUKH, HO
MYCTh 3TO JAENaloT Te, KTo cTpout JloHa Cmura.

U B 3akiroueHue mpuiiararo Tabnuiy u3 Excel, B koTopoii napaiiensHO MpOBOIUINCH
poBepoUHbIe pacuy€Trl. U3 HE€, HanpuMep, BUHO, HACKOJIBKO HAYMHAIOT BPAaTh HEKOTOPHIE
(hOpMyIIBI IPU COKPAIICHHUH UTMHBI HAMOTKH. M BoOOIIIe, /17151 OOIIETo pa3BUTHS — a BAPYT
KOMY IPUTOIUTCS. A eclii KTO OyJIeT MoJIb30BaTh TAKOW METOJI, HE B3JyMalTe CUNTATh Ha
KaIbKYJISITOpE. 3aMydaeTech UCIPaBiIATh omuoku. [lepenecute Gpopmymsl B TAOIUUKY B
Excel — on Bcé Bam mocuuraer.

Bcem ynauun! =Multik uz Mynsrukona.=

3. We can consider one more stage of the operation finished.
It is necessary to point out, that the conducted experiments and results apply only to coils with
a pull-through winding wire in enamel insulation. For wires in plastic insulation the picture is



completely different. In that case the coil capacitance is much greater.

The test showed the correctness of the graphs, which allowed to estimate, at which winding
length the matching of the resonances is possible. It is now not difficult to plot the graphs for
each individual case and estimate, how much wire to wind round the pipe.

And it became incomprehensible, how some tesla-builders claim that they have achieved
something, when their long coil with a thin wire basically cannot meet the conditions,
formulated by Tesla.

And also. It can be understood, why not all of the copyers of Don Smith have positive results.
With some, the coil has ended up with three resonances, while the others have missed it. Of
course, it is possible to calculate and also plot the graphs, but let those do that, that want to
build a Don Smith.

And finally | am attaching an Excel table, which was used in parallel to make the checking
calculations. From it, for example, can be seen, how some formulas start to lie as the length of
the winding decreases. And generally — for everyone’s overall development — in case this is
useful to anyone. And if anyone wants to use this method, do not even think about using a
calculator. You will get fed up of correcting mistakes. Copy the formulas into an Excel table —
Excel will calculate it all for you. Good luck everyone! =Multik from Multikon =

Tabnuia 3 Pe3ynbraTel H3MepeHUI 1 pacu€TOB apaMeTPOB KaTYIIIEK.

Ne | Jnuna Komu- NHaykTuB HOCTh, MKI H CobGcTBen- YactoTa, MI'y JliiHa BOJIHBL , M
1 MO, | e N3mepen- Paccunran- Hast LC-pe3sonanca Ys-omuosoro | LC- Y/4-BOITHOBOTO
1 cM BHUTKOB Has Hast &MKOCTb, pe3oHaHC
nd a
Nzme Paccunr | IIpu | Ipu [Ipn [Ipn
peH aH Has K3’ K3'= K3'= K3'=
Hasl =1 0,85 1 0,85
1 2 3 4 5 6 7 8 9 10
Jnamerp kapkaca D =0,05 m, quamerp nposoza d = 0,00040 m
2 12.48 312 1705 1682 3,095 2,19 1 2,226 1,51 1,28 | 136,829 197,60 | 232,
1 7 9 4 475
10 250 1298 1299 3,054 2,52 2,533 1,89 1,60 | 118,589 158,33 | 186,
8 3 9 6 278
8,2 205 1024 1024 2,727 3,01 2,853 2,30 1,96 | 99,533 129,83 | 152,
2 9 3 6 748
3 0 0 #J1EJ1/0! #JIEJI/0! | #1E | O#J | O#ZEJI/ 0 0
Jijo! | EJ/ 0!
0!
Juametp kapkaca D =0,05 m, quametp poBoza d = 0,00062 m
4 12,64 200 700 694 3,494 3,21 3,239 2,35 | 2,00 | 93,161 127,24 | 149,
8 6 3 7 702
5 93 147 480 484 3,468 3,90 | 3,878 3,20 | 2,72 | 76,85 93,527 | 110,
1 5 4 032
6 6,76 107 330 328 391 A4S 4,711 4,40 | 3,74 | 67,658 68,077 | 80,0
1 4 3 91
7 6,3 100 302 300 3,624 481 4,926 4,71 | 4,00 | 62,314 63,624 | 74,8

1 2 5 52




252 3,737 5374 541 | 4,60 | 57,114 55,352 | 65,1
6 4 2
223 3,836 5,713 596 | 506 | 53,717 50,263 | 59,1
4 9 33
194 3,809 6,125 6,63 | 564 | 49,866 45,173 | 53,1
7 1 45
154 3,975 6,875 7,85 | 6,67 | 45,068 38,174 | 44,9
3 5 11

Table 3 Results of measurements and calculations of the parameters of the coils

Number Inductance, uH Own Frequency, MHz Length of wave, m
of coils Calculated capacitance [ |_C-resonance Y-wave Y-wave
' PF resonance resonance
Calculat | Whe | Whe | LC- When | Whe
ed n n resonance K3'= n
K3’ K3'= 1 K3'=
=1 0.85 0.85
5 7 8 9 10
Diameter of the frame D =0.05 m, diameter of the wire d = 0.00040 m
1682 3.095 2.226 1.51 | 1.28 | 136.829 197.60 | 232.
7 9 4 475
1299 3.054 2.533 1.89 1.60 118.589 158.33 | 186.
3 9 6 278
1024 2.727 2.853 230 | 1.96 | 99.533 129.83 | 152.
9 3 6 748
0 ! 0 0
Diameter of the frame D =0.05 m, diameter of the wire d = 0.00062 m
694 3.494 3.239 2.35 2.00 93.161 127.24 | 1409.
6 3 7 702
484 3.468 3.878 3.20 | 2.72 | 76.85 93.527 | 110.
5 4 032
328 3.91 4.711 4.40 3.74 67.658 68.077 | 80.0
4 3 91
300 3.624 4926 4.71 4.00 62.314 63.624 | 74.8
2 5 52
252 3.737 5.374 5.41 4.60 57.114 55.352 | 65.1
6 4 2
223 3.836 5.713 5.96 5.06 53.717 50.263 | 59.1
4 9 33
194 3.809 6.125 6.63 5.64 49.866 45.173 | 53.1
7 1 45
154 3.975 6.875 7.85 6.67 45.068 38.174 | 44.9
3 5 11

IIpoBepka NpaBUJILHOCTH H/IE€H YCHJINBAIOIIET0 NMepeIaTYnKa, H3/10:KeHHOi B maTeHTe
H.Tecanr Ne 787,412,

B pesynbrare mpoBenéHHOM pabOTHI, CMBICT KOTOpO oTpaxkéH B mokymeHTe «llomck
ONTUMAJIIBHOTO KOHCTPYKTHBA KaTyIIKH TecibD», COCTOAIIEM M3 IBYX 4acTEd, Mbl MMEEM
MPEJCTABICHUE O TOM, KaK HYXHO MOTaTh KaTyIIKy Tecibl, YTOOBI BBIOJHHUTH YCIIOBHS,
U3JI0’KEHHBIE B NaTeHTe. He MONMHOCTBIO MOHATHBIMHM OCTAIOTCS IIOKA BOIPOCHI, CBS3AHHBIC €
KOHCTPYKIIUEN U IIPAaBUJIbHBIM IIOJIOKEHUEM UHIYKTOPA, X BOIIPOC O TOM, YTO CUUTATh



TOYKOM 3a3eMJICHUS, OCOOEHHO €CIIM YCTAHOBKA pa3MellleHa B KPYITHOMAHETbHOM JI0MeE, A
emé ¥ He Ha epBOM dTaxke. Hazerock, 4To B mporecce JalnbHEHIINX SKCIIEPUMEHTOB 3TH
BOMPOCHI OYIyT

CHJATHI.

The examination of the correctness of the idea of the amplifying transmitter, described in N.
Tesla’s patent Number 787,412.

As a result of the work carried out, the meaning of which is reflected in the document “The Search
for the optimum design of the Tesla coil,” containing two parts, we have an idea of how we have to
wind the Tesla coil in order to meet the requirements outlined in the patent. We have not yet fully
understood the questions to do with the design and the correct position of the [inductor / induction
coil], and the question about what to consider as the grounding point, especially if the installation is
located in a high-rise block of flats, and also not even on the ground floor. | hope, that in the process
of further experiments we will solve all of these problems.

1. ITocranoBka 3axa4u.
Jiis Toro, 4ToObl «MMETh BCE MO PYKOI», MPUBOXKY 3/1€Ch KIIOYEBYIO IUTATY U3 MaTEHTA
Ne 787412 B mepeBoae LlapeBa B.A., ¢ HEOONBIINMH YTOYHEHUSMHU.

1. The formulation of the task.
In order to have “everything to hand”, I am including here the key quote from patent
number 787412 as translated by Tsareva V.A., with some small elaborations. (Note: |
have copied & pasted the text from the actual patent, with the small elaborations added
into the text).

Ha Fig.1, A ompenenser NMEpBUYHYIO KaTYIIKY, SBJISIOIIYIOCS YacThio TpaHchopmaTopa U
COCTOSIIIYIO  8000We U3 HEeCKOMbKUX  BUMKO8  MOJICMOo20 Kabensi ¢  MU3EPHbIM
CONPOMUBIEHUEM, KOHYbL KOMOPO2O NOOKMIOUYEHbl K 6bl800AM UCMOYHUKA CUTbHBIX
INEKMPUYECKUX KOAeOanull, cxemamudecku npeocmasiennoeo kak B. Ooviuno s>mom
UCTMOYHUK - KOHOEHCAMOP, 3aPANCEHHLIN 00 BblCOKO20 NOMEHYUALd U 8 ObiICmpom memne
PAspANCArOWULICS  Yepe3 Nepeuyky, KaxK 6 MAloU38ecmHOM mune mpancgopmamopa,
U300pemeHH020 MHOU, HO K020d 3A0YMAHO NOAVHUMb CMOAYUE BOJHbL OOILUUX OJIUH,



MOdHCem UCNONBb30BAMBCS OUHAMO-MAWUHA NEPEMEHHO20 MOKA NOOX00Auel KOHCMPYKYUlU,
ona uaxauku nepsuuxu A. C - nHamomannas no cnupanu 6mopuunas Kamywka 6Hympu
nepeuuKu, uel Oaudcatuull K nepeuuxe 6vi600 nooxmoyer k 3emiae E' u opyeum evieooom
K noonamomy mepmunany E. Koncmpyxyusa u eabapumvr kamywxu C, onpedensarowue ee
nepuoo c80000HbIX KONeOAHUL, 8bIOPAHLL U HACMPOEHbL MAK, umo emopuunas cucmema E'
C E naxooumcs 6 camom 6auzkom pe3oHamce ¢ KoaeOAHUAMU, NPOU3BOOUMBIMIU NEPEUYKOL
A.

Kpome mozo, ona 0onoanumenvhozo yeeauueHus no0véma 0a61eHus U 603PAcmanu
1eKmpuueckozo ogudrcenusn o emopuunoii cucmeme (E' C E), kpaiine éascro, umoowt
ee conpomueiieHue Ovll0 HACMOIbKO MAIEHbKUM, HACKOIbKO IMO 00CHUICUMO, A ee
CAMOUHOYKYUA OblNA KAK MOMCHO 001bwie, nNpu 3A0AHHBLIX YCA06UAX. 3a3zemieHue
00J1)ICHO 0blMb GBLINOJIHEHO ¢ 0CO00l MWAMEAbHOCMbIO, C Ye/abl0 YMeHbUWeHUs
e20 conpomuesieHus. Bmecmo moz2o umo6bl HenocpedcmeeHHO 3a3emasimb (Kak
Ha pucyHke), Kamywky C MOX}#CHO NOOK/AI4YUMb N0C/1€008aMe/AbHO UAU UHA4e K
nepeuuke A, u yce nepeuyKy COeJUHUTb C IIacTuHOM E'; HO B s1060M ciy4ae,
NOJK/II0Yasl NMepPBUYKY LEeJUKOM (BCe BUTKHU HAKa4KHM), WIH 4YaCTh ee WJIH
COBCEeM He MOAKJWYasA K Katymke C, mojHas AJIMHA NPOBOAHHWKA OT MJIACTHUHBI
3a3emsieHus E ' 1o nmogHATOro repmuHasia E go/mkKHa ObITh PaBHOW WU
HEYEeTHOKPATHO pPaBHOW OJHOW 4YeTBePTH AJIMHbI BOJIHbI 3JIEKTPOBO3MYLIEHUS
B cucteme E' C E. [Ipy co6/10J€HUM YKAa3aHHOTO COOTHOLIEHMS, MOJIOKeHHe
TepMHHaJ1a E coBnager ¢ TOYKaMM MaKCHMMaJ/IbHOIO MOTEHLUasia BO
BropuyHoi nenu (E' CE), u B Hel GyAeT AOCTUTHYTAa HAUGO/IbIIAA AMIUIMTYAA
3JIEKTPOKOJIe6GaHUM.

UYmoobwl ysenuuums snekmpuueckoe "Osudicenue" 60 6mMOpuuHOlU yYenu 6 MAKCUMAIbHO
B03MOJICHOU CIeNnetU, 04eHb BANCHO, YModbl ee UHOYKMUBHASL C853b C nepsuukol A He Ovlia
OUYeHb CUNbHOU, KAK 6 OOblYHbIX mpaHcopmamopax, a cradbou, 4modvl paspeuunms
cobcmeerHble C80000HbBIE KONeOAHUsi - MO ecmb, UX G3AUMHASL UHOYKYUSL OOJNCHA Oblmb
ManeHbKO.

CnupasavHas gopma obmomku C obecneyusaem HyxcHbull 3pPekm, kKozda MoabKo
6auxcatiwiue k nepsuuke A sumku kamywku Cnodeepzaromcsi CUAbHOMY
UHOYKMUBHOMY delicmeur U 8blpabambvl8arkm B8blCOKYH HAYA/AbHYH
asekmpodsuxcywyto cuay. Ilpu muwamenbHOM 8bINOAHEHUU 3MUX HACMPOEK U
COOMHOWEHULl U CMmpo20M cob6at00eHuU dpy2ux KOHCMPYKMUBHbIX 0CO6eHHOoCmell,
a/slekmpuyveckue Ko/ebaHusl 80 8MOPUYHOU cucmeme, NOJy4eHHble om UHAYKMUBHOU
HAKa4yKu nepsuykol A, upe3svl4aliHO ycuasamcs, U 3mo yeeqauveHue Npsamo
nponopyuoHaIbHO UHAYKMUBHOCMU U yacmome U 06pamHO NponopyuoHa/lbHO
conpomusg/ieHu0 8MOpU4HOll cucmemvl. f Hawes, 4mMo 3Mum CNOCO6GOM PeaabHO
no/sy4ums 3/JeKkmpuveckue Ko/ebaHusi 8 mulcavu pa3 6oabwiue, 4em y HAYAJAbHbIX —
mo ecmbv, Ko/eb6aHull HAKAYKu 8 nepsuvke A- u s makum obpa3om docmuz
nokazamesell uau yposHell nomoka 3sekmposHepauu 8 cucmeme E'CE,

Cou3MepuMoll. MHO2UMU 0eCIMKAMU MbICSAY JA0WAOUHbBIX CUL

In Fig. 1, A designates a primary coil forming part of a transformer and consisting generally
of a few turns of a stout cable of inappreciable resistance, the ends of which are connected to
the terminals of a source of powerful electrical oscillations, diagrammatically represented by
B. This source is usually a condenser charged to a high potential and discharged in rapid
succession through the primary, as in a type of transformer invented by me and now well
known; but when it is desired to produce stationary waves of great lengths an alternating



dynamo of suitable construction may be used to energize the primary A. C is a spirally-wound
secondary coil within the primary having the end nearer to the latter connected to the ground
E' and the other end to an elevated terminal E. The physical constants of coil C, determining
its period of vibration, are so chosen and adjusted that the secondary system E' C E is in the
closest possible resonance with the oscillations impressed upon it by the primary A.

It is, moreover, of the greatest importance in order to still further enhance the rise of
pressure and to increase the electrical movement in the secondary system (E' C E), that
its resistance be as small as practicable and its self-induction as large as possible under
the conditions imposed. The ground should be made with great care, with the object of
reducing its resistance. Instead of being directly grounded, as indicated, the coil C may
be joined in series or otherwise to the primary A, in which case the latter will be
connected to the plate E'; but be it that none or a part or all of the primary or exciting
turns (all the turns of the excitation) are included in the coil C the total length of the
conductor from the ground-plate E" to the elevated terminal E should be equal to one-
quarter of the wave length of the electrical disturbance in the system E' C E or else
equal to that length multiplied by an odd number. This relation being observed, the
terminal E will be made to coincide with the points of maximum pressure in the
secondary or excited circuit (E' C E), and the greatest flow of electricity will take place
in the same.

In order to magnify the electrical movement in the secondary as much as possible, it is
essential that its inductive connection with the primary A should not be very intimate, as in
ordinary transformers, but loose, so as to permit free oscillation—that is to say, their mutual
induction should be small. The spiral form of coil C secures this advantage, while the turns
near the primary A are subjected to a strong inductive action and develop a high initial
electromotive force. These adjustments and relations being carefully completed and other
constructive features indicated rigorously observed, the electrical movement produced in the
secondary system by the inductive action of the primary A will be enormously magnified, the
increase being directly proportionate to the inductance and frequency and inversely to the
resistance of the secondary system. | have found it practicable to produce in this manner an
electrical movement thousands of times greater than the initial—that is, the one impressed
upon the secondary by the primary A—and | have thus reached activities or rates of flow of
electrical energy in the system E' C E measured by many tens of thousands of horsepower.

ChopmynupyeM H3JI0KEHHYIO MBICIL KpPaTKO:

- Heo0XoauMo, 4YTOOBI COOCTBEHHBIC KOJEOAHHUsS KATYIIKM HAXOJIWJINCh B PE30HAHCE C
KOJICOAHUSIMU B HMHIYKTOpPE, W YTOOBI B II€TH, OOpa30BaHHOW BCEMH MPOBOJAMHU OT
TOYKH 3a3€MJICHHSI M JI0 BBIXOJHOTO TepMHUHaNa ( aHTEHHBI) TOMENIATIOCh HEYETHOE
KOJIMYECTBO YETBEPTEH IMHBI BOJHBI, COOTBETCTBYIOIIEH YacToTe KojeOaHui B
KaTYIIKE;

- YCWJIEHHE€ MOUIIHOCTHU MPSIMO MPONOPLHUOHATBHO HWHJYKTUBHOCTH W 4YaCTOTE, U
0o0paTHO MPOMOPIMOHATHHO COMPOTHUBICHUIO BTOPUYHON CHUCTEMBI;

- yIapHbIE HUMITYJIbCHI, TOJydyaeMble TPU pa3pslie KOHJEHCATOpa, HE SBISIOTCS
00s13aTEIPHBIM YCIIOBHEM, «MOJKET HCIIOJIH30BaThCS TWHAMO- MAlllMHA MEPEMEHHOTO
TOKa TMOAXOMSIIeH KOHCTPYKIMHU, s Hakauku nepBuuku Ay. Jlo6aBuM K cemy —
«WJIM TEHEePaTOp CHHYCOMJAIBHBIX KOJeOaHWi», KOMX BO BpeMeHa Tecibl MpocTo He
Obut0. [lpyruMu ciioBaMHu, MPOCTO Kauepa JOKHO OBITH JOCTATOYHO;

- cnupanbHas ¢GopMa KaTyIIKH «0OecreuynBaeT HYXHBIA A(P(EKT», HO HE SBISACTCS
obsizarenbHbIM ycnoBueM. Cam Tecma B Komopamo- Cpunrce pabdoran c
MWIMHAPUYECKUMH KaTymkamMu. J[Is KaTymKu «O0YeHb Ba)KHO, YTOOBI €€ WHIYKTHBHAs
CBsI3b C MepBUYKOW A He OblIa OYEHb CHJIBHOW». OTO M €CTh «HYXXHBIH d(PdexTy;



- OYEHb IMOJIE3HO Mpu padoTe MOMHUTH (Pppazy: «llpu THIATEIHLHOM BBIMOIHEHUU 3THUX
HAaCTPOCK M COOTHOIICHUH M CTPOrOM COOJIIOJE€HUM APYTrHX KOHCTPYKTHBHBIX
0CcO0eHHOCTeH, », - TO €CTh, HYXHO OBITh T'OTOBBIM, HIPH HEOOXOIUMOCTH, 3THU
«Ipyru€ KOHCTPYKTHUBHBIE OCOOCHHOCTH)» JOJIyMaThb CaMOMY.

I will briefly summarise the above thought:

- It is necessary that the oscillations of the coil itself are in resonance with the
oscillations in the [inductor / induction coil], and that there is an odd number of the
quarter lengths of the wave, matching the oscillation frequency in the coil in the chain,
formed by all the wires from the the ground point and to the output terminal (antenna);

- The power amplification is directly proportional to the inductance and frequency, and
inversely proportional to the resistance of the secondary system;

- The shock pulses, obtained when the capacitor discharges, are not a prerequisite, “an
alternating dynamo of suitable construction may be used to energize the primary A”. 1
will add — “or a [sine-wave generator / sine-wave oscillator], which simply didn’t exist
in Tesla’s day. In other words, the kacher itself should be enough;

- The spiral form of the coil “secures this advantage”, but is not a required condition.
Tesla himself worked with cylindrical coils in Colorado-Springs. For the coil “it is
essential that its inductive connection with the primary A should not be very intimate”.
This is the [“advantage” / desired effect];

- Itis very useful, when working, to remember the phrase: “these adjustments and
relations being carefully completed and other constructive features indicated
rigorously observed,”, - that is, you have to be ready, if necessary, to figure out these
“other constructive features” yourself.

2. O0beKT uccIeI0BaHUA — KAaTylKa 1 ¢ 3MaJUPOBAHHBIM NMPOBOIOM.

Bo BTOpO#i YacTH BBIIIEYMOMSIHYTOH paOOThI MOCTPOEHBI rpaduKH, TIO3BOJISIONINE, MJIs
HEKOTOPBIX TMPOBOJIOB M JIMAMETPOB KapKaca, OMNPEAEIUTh KOHPUTYpAIMIO KaTYyIIKH, Y
KOTOpOW B TPOBOJIE YMEIIAeTcsl Y4 WM % NIWHBI BOJHBI KoJieOaHWW KOHTypa. MHe
BBIOMpATh HE MPUILIOCH. M3 MPOBOJOB y MEHS B JOCTATOYHOM KOJIMYECTBE TOJIBKO
[IT-155 pumamerpom mo meau 0,56 MM, a U3 KapKacoB — KaHaJIU3allMOHHas
Tpyoa nuamerpom 50 MM.

[loBTOopuM 31ech Ha pucyHke | rpaduk s dMaTMpPOBAHHBIX IMPOBOJOB M KapKaca
aaMmeTpoM 50 Mwm.

2. The object of the research — coil 1 with an enamel-covered wire.

In the second part of the document mentioned above we plotted some graphs, which enabled
us, for certain wires and diameters of the frame, to determine the configuration of the coil, in
the wire of which are fitted in either ¥ or % wavelengths of the circuit oscillations. | did not
have a choice. I only have enough wires of model IT9T- 1 5 5 with a 0.56 mm copper
diameter, and in regards to frames —a 50 mm diameter drain pipe.

Let’s repeat here in Figure 1 the graph for enamel-covered wires and a 50 mm diameter
frame.
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do1 = 0,35 mm. D = b om, LCpe3oHaHe
------- To we. 1/4-8onHOBOM pezoHaHe. [ = 0,85
— — To we. 3/4-s0nHOBOA peaoHaHe, K =085
dol =058 MM, D =6 om. LCpesoHaH:
------- To we. 1/4-BonHOBOK peaoHaHe, [ = (.85
— — To e, 3/4-s0NHOBOK pe3oHaHe, K =085

d01 =0.35 mm, D =5 cm. LC-resonance
..... The same. %-wave resonance. K=0.85
The same. 34-wave resonance. K=0.85
I d01 =0.56 mm, D =5 cm. LC-resonance
....... The same. %-wave resonance. K=0.85
The same. 34-wave resonance. K=0.85

Puc. 1. I'paduxu 3aBrcuMocCTH AJIMHBI BOJIHBI ¢ yacToToil LC-pe3onanca, “4-BOITHOBOTO U Va-
BOJIHOBOTO PE30HAHCOB OT JJUHBI HAaMOTKH, AJii TPOBOJOB B 3SMaJeBON H30JALMU, C
nuamerpamu o menu 0,35 mm u 0,56 MM, HAMOTaHHBIX Ha TpyOe quamerpom 50 mm.

[IpoBony nuamerpom 0,56 MM COOTBETCTBYIOT I'pa)iki KOPUIHEBOTO IBETA.

Karymiky ¢ coBMeniéHHbIM 4-BOJTHOBBIM PE30HAHCOM MBI yxe nonpodoBanu. Kauep Ha Heil
HE 3alycKaercs u3-3a OOJBIION YacTOThl pe3oHaHca. OcTaloch MOmpoOoBaTh KATYIIKY, Y
KOTOpPOM COBMEUIEH ¥4-BOJTHOBOM pe30HAHC, TeM 00Jiee, YTO TaKasi KaTylIka UMEET OOJIbIIYIO
WHYKTUBHOCTH W JIYYIII€ OTBEUAET MPEIBSIBISIEMBbIM K HEH TpeOOBaHUSIM.

N3 rpaduka crmemyer, 4TO JUIMHA KAaTYIIKH JObkHA ObITh 49 cMm. Ho, m3-3a HEBBICOKOM



TOYHOCTU TPa(UKOB, CIEAYET MEePecTpaxoBaThbCsi U HAMOTaTh KaTyHIKy emié jjiuHHee. Bo-
MEPBBIX, YKOpPAayMBaTh MPOIIE, YE€M MepeMaTbiBaTh, BO-BTOPBIX, MPEANOUYTUTEIbHEE
MOACTPOUTh KATYIIKY BHECEHHEM JOMOJHUTEIBHON EMKOCTH, HAIPUMEDP, MPH MOMOIIH
3a3eMJIEHHOW TUIACTMHBI W3 MEIHOW (OJbr¥, MOTOMY, YTO TOTJAa MBI CMOYKEM
CKOMIIEHCHUPOBATh EMKOCTh OKPYKAIOIIUX MMPEIAMETOB IIPU U3MEHEHUH MOJIOKEHHUS

KaTYyIIIKH TIPOCTHIM TepeMeIeHueM (PoJbru.

Fig. 1. The graph of the LC-resonance frequency wavelength, ¥-wave and %-wave
resonances from the winding length, for wires in enamel insulation, with copper diameters
0.35 mm and 0.56 mm, wound on a 50 mm diameter pipe.

The brown line corresponds to the 0.56 mm diameter wire.

We have already tried the coil with a combined Y4-wave resonance. We did not activate the
kacher on it because of the high resonance frequency. What’s left is to try the coil with a
combined %-wave resonance, especially as such a coil has a large inductance, and better
meets the demands placed upon it.

From the graph we can see, that the lengh of the coil should be 49 cm. But, because of the low
accuracy of the charts, it is better to wind an even longer coil. Firstly, it is easier to shorten it,
than to re-wind and secondly, it is preferable to tune the coil by introducing extra capacitance,
for example, with the help of a grounded copper foil plate, because in this case we will be
able to offset the capacitance of surrounding objects when the position of the coil changes,
with a simple movement of the foil.

2.1. Tlocne moakaeUBaHUs K CTaHAAPTHOMY OTpe3Ky TpyOnl B 50 cM HEOOJBIIOr0 Kycka
Takol e TpyObl M HAMOTKH Ha BCIO

NOJIYYEHHYIO JUIMHY, ITOJy4YMiIach KaTylIKa ¢ JUINHOM HaMOTKH 63,6 cM. Pe3ynbTaTs!
M3MEPEHU TapaMeTPOB TOM KAaTYIIKK 3aHECEHBI B Tadnuiy 1.

2.1.  After glueing to the standard 50 cm length of the pipe another piece of the same type
of pipe and the winding over the whole end length, we got a coil with the length of the
winding 63.6 cm. The results of the measurements of the parameters for this coil are
found in Table 1.

Tabnuia 1. Pe3ynpTaThl n3MepeHuil 1 pacu€ToB MapamMeTpoB KaTyIIKH 1.

Ne Hanmenosanue 0O06o03Ha- Bennunna PasmepHoCTh Dopmyia [Tpumeuanne

/1 napamerpa YeHHUE napamerpa

1 2 3 4 5 6 7

Karymka 1 — 1006 ButkoB rpososiom 0,56 MM Ha kapkace D =5 cm

1 Jlnamerp xapkaca D 0,050 M U3MEPEHO

2 JlnHa HaMOTKH h 0,634 M H3MEPEHO

3 Jlnamerp Kuiibl dx 0,00056 M MacropT

4 Jluamerp npoBoja d 0,00063 M H3MEPEHO

5 KonnyecTBo BUTKOB [ N 1006 - n=h/d

6 Jlnuua mpoBoja | 160 M | =9*(D + d)*n

7 JUtMHa pes. BOJIHBI A np 640 M 4*| Y4-BOJH. pe3.

8 JlMHa pes. BOJIHBI A 3mp 213,35 M 4/3*1 Y4-BOJIH. pe3.

9 CKOpOCTb CBETA c 299792458 M/ C HOCTOsHHAs -

10 YacroTa Y- BOJIH. fupacul 0,468 MTI'y ¢ / Anp*ks k3 =1
pes.

11 YacroTa %- BOJIH. f3 ypacul 1,405 MTI'1 3 *fypacul k3 =1
pes.

12 Koad. 3amemsienns | kal 0,85 - M3MepEeHO B MPOILJIOM OIbITE




13 YacroTa Y-BOJIH. fupacu 0,398 MTI'y ¢ /Anp *k3l ks =0,85
pes.

14 YacTtoTa %-BOJIH. fupacu 1,19 MTI'y c/A3mp *ksl ks =0,85
pes.

15 WHAYKTUBHOCTh L 3,9 MlH M3MepeHo -

16 ConpoTHUBJIEHUE R 11,6 Om W3MepPEeHo -

[TapaMeTpel KaTyIIKH 1, paccunTaHHBIC IO Pe3yIbTaTaM U3MEpPEeHHH B paboTe.

13 YacroTa LC-pe3oH. fLC 0,96 MTI'ny M3MepPeHo MakKCc. Bepx

13 Yacrora f1 2,4 MTI'ny W3MEepPEeHo MHH. 16 cM Bp
pe3oHaHca

15 YacroTa 4/4-BosH. | F4uusm 34 MTI'n HU3MepPEeHo MMUH. cepef,.
pes.

16 Yacrora 2/4-BosiH. | F24yusm 1,9 MTI'h M3MepeHo Makc. cepef.
pes.

17 YacToTa Y4-BOJIH. Fuusm 0,95 MT'1, Fuusm = F24yusm -
pes. /2

18 Koad. samepnenus | ks 0,83 - k3 = fuusm / U3MEHUJICS

fupacyl

19 EmxocTb npu Cyusm 14,3 n® Cyusm =1/ (4*2* fuusm2* L)
fausm

20 Jlo6aBouHasi Cmo6 10,2 nd Cno6 =Cuuzm-C | -
EMKOCTb

Table 1. The results of measurements and calculations of parameters of coil 1.

Ne Parameter name Denotation Parameter size Unit of Formula Notes
measurement

1 2 3 4 5 6 7

Coil 1 — 1006 turns with a 0.56 mm wire on frame D =5 cm

1 Frame diameter D 0.050 m Measured -

2 Length of winding h 0.634 m Measured -

3 Core diameter dc 0.00056 m Passport -

4 Wire diameter d 0.00063 m Measured -

5 Number of turns n 1006 - n=h/d -

6 Length of wire | 160 m I =9*(D + d)*n -

7 Wave resonance A wr 640 m 4*| Ya-wave
length resonance

8 Wave resonance A 3wr 213.35 m 4/3* Ys-wave
length resonance

9 Speed of light c 299792458 m/sec Constant -

10 Frequency %-wave | fcalculatedl | 0.468 MHz c / Awr*ks ks =1
resonance

11 Frequency 3%- f3 1.405 MHz 3 * fcalculated1 ks =1
wave resonance calculated1

12 Decelaration rate k31 0.85 - Measured in the last experiment

13 Frequency Y-wave | fcalculatedu 0.398 MHz c/Awr *ksl ks = 0.85
resonance

14 Frequency 3%- fcalculated 1.19 MHz c /A 3wr *k3l k3 =0.85
wave resonance

15 Inductance L 3.9 mH Measured -

16 Resistance R 11.6 Ohm Measured -

Parameters of coil 1, calculated from experiment measurements

13 Frequency LC- fLC 0.96 MHz Measured Upper
resonance maximum

13 Resonance f1 2.4 MHz Measured Min. 16 cm
frequency upper* see

note

15 Frequency 4/4- F4measured | 3.4 MHz Measured Minimum
wave resonance average

16 Frequency 2/4- F2measured | 1.9 MHz Measured Maximum
wave resonance average

17 Frequency %-wave | Fumeasured 0.95 MHz Fmeasured = -
resonance F2fmeasured /2

18 Decelaration rate k3 0.83 - k3 = fmeasured / | changed

fcalculated1

19 Capacitance at Cumeasured | 14.3 pF Cfmeasured = 1 / (4*2*
fmeasured fmeasured2* L)

20 Additional Cadditional 10.2 pF Cadditional = | -




capacitance

Cfmeasured - C

*  (Note:I think the original abbreviation may stand for upper here).

2.2. IloBTOpUM 3]1€CH MPOIIECC U3MEPEHUS ITAPAMETPOB KaTYIIIEK.
OcHoBHasl cxemMa U3MEPEeHUs PE30HAHCOB KAaTYIIKK U300pakeHa Ha pUCYHKeE 2.
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Puc. 2. OcHOBHas cxemMa 3KCIIeEpUMeHTaA.

2.2 Let’s repeat here the process of measuring the parameters of the coils.
The main diagram of measuring the resonances of the coil can be seen in Figure 2.

Figure 2. The main diagram of the experiment.

Ignition [Inductor / Coil Oscilloscope
device induction coil]

Ignition Measuring

device coil




Jnst BO30Y>KIeHUs KOJIeOaHUH B KaTYIIKE UCTIONIB30BAJICS OJIOK pO3KHUTra ra30BhIX
BOJIOHArpeBaTeliel, B KOTOPOM yJlajeHa BBIXOJHAs KaTylmKa. BMecTo He€ ucnomab3yercs TOT
K€ UHAYKTOP, 4TO U B IIEPBOM 4acTu cTaTbu. MIHAYKTOp pacmnoioKeH 1oJ KaTyIIKOW, Ha 5 cM
HIDKE IIEPBOT0 BUTKA KaTyKH. [lapamienbHo KpallHUM BbIBOJAM MHIYKTOpA BKIIOYEH
BO3yLIHBIA KoHJeHcaTop Cl nepeMeHHO# EMKOCTH OT CTAPUHHOTO PaJUONPUEMHHIKA
(«Kazaxcran»). Takum 00pazom, HHAYKTOpP NPEBPAIAETCs B FTEHEPATOp C U3MEHIEMOM
9aCcTOTOM KOJIeOaHHIA.

W3MepuTenbHbI BUTOK HAMOTAH IO IEPBBIM BUTKOM KATYILKH.

For the oscillation excitation in the coil, an ignition unit of a gas water heater has been used,
with its output coil removed. Instead of it the same [inductor / induction coil] is used that we
used in the first part of the experiment. The [inductor / induction coil] is located under the
coil, 5 cm below the first turn of the coil. An air condenser C1 with a variable capacitance,
taken from an ancient radio (“Kazakhstan™), is switched on in parallel to the outermost
outputs of the [inductor / induction coil].

In this way, the [inductor / induction coil] becomes a [generator / alternator / dynamo] with a
variable oscillation frequency.

The measurement coil is wound underneath the first turn of the coil.

2.2.1. JIns onipeieNieHus 4acTOT, KPaTHBIX Y4-BOJTHOBOMY PE30HAHCY B IIPOBOJIE, OMPEACITUM
9acTOTY MOJIYBOJTHOBOTO PE30HAHCA, a YaCTOTHI, KpaTHBIC Y4-BOJIHOBOMY PE30HAHCY, TTPOCTO
BBIUMCIINM. Y cTaHaBnuBaeM KoHaeHcatop Cl B monokeHne MUHUMAIBHON EMKOCTH,
3aMbIkaeM K049 SA2, TO €CTh, CBOOOTHBIN BBIBOJI KATYIIIKH COSAHHSIIEM C 3eMIIEH.
[Toaxmouaem ocuusuiorpad K U3MEPUTENLHOMY BUTKY - Kitou SA3 B nonoxenuu 1, u
BKJIfoUaeM nuranue (SAL).

B 3aMKHYTOM ¢ IByX CTOPOH IPOBOJIE MOTYT BO3HUKATH CTOSYME BOJIHEI TOJIBKO Ha

YaCcTOTax, KPaTHBIX MTOJOBUHE JUTHHBI BOJIHEI, TO €CTh, PE30HAHCHI Y2 = ~/4-BOJIHOBOM, /2 =
/4-BONHOBOI, ¥ aHAJIOTHYHEIE.

Hab6moas curnan Ha skpase ociuuiorpada, BpamniaeM pydky kougencaropa Cl u Haxoqum

pe3oHaHchl. X okazamocs MHOTO. Hac mHTEpecyroT caMble JUTMHHOBOJIHOBBIE PE30HAHCHI,

mociie KOTOPBIX Pe30HAHCOB OOJIBIIIE HET.

[Tocnennumii pe3onanc okazaics Ha yactote 1,9 MI'u. Hanpsia€HHOCTB MOJIst BJIOJIb
KaTyIIKA UMEET MUHUMYMBI 10 KpasiM U MakCUMyM B cepenune. [Ipeanocnennuii pe3oHaHc
obHapyxwuics Ha yactore 3,4 MI'l. MUHUMYMBI HANPsSKEHHOCTHU TOJISI PACIIONOKEHBI 10
KpasiM | B IICHTPE KaTymku. Bpoje BCc€ TOBOPUT O TOM, UTO MBI HaOJII0Ia€M TTOJTYBOJTHOBOM
Y BOJHOBOM pe30HaHCHI. TO, 4TO 4aCTOThI 3TUX PE3OHAHCOB HE TOYHO KPATHBI 2, MOYXKHO
OOBACHHUTH T€M, YTO KOI(PPHUIIMEHT 3aMeIJICHUS BOJTHBI 3aBUCUT OT YaCTOTHI curHana. He
BSDKETCSI TOJIBKO Pacu€THas 4acTOTa 4-BOJIHOBOT'O PE30HAHCA, KOTOPAsl MOJTYYaeTCsl paBHOMN
0,95 MI'u, B TO BpeMsi Kak O>KMJaeMas 4acToTa JI0JHKHA HaxoauThes B paitone 0,4 MIm.
Cursan B mpoBO/JIe HE MOXKET PaCIPOCTPAHATHCS CO CKOPOCTHIO, IIPEBBIIIAOIIEH CKOPOCTh
cBera. HacTopakuBaeT v CuiibHasi 4YyBCTBUTEIBHOCTh PE30HAHCHOM YaCTOTHI K MOJIHECEHUIO
K KaTylIKe pa3jIuyHbIX peaMeToB. [Ipu pe3oHance B IpOBOAE MOKET YMEHBIIATHCS
aMIUTUTY/la CUTHAJIA, HO YacTOTa pe30HAHCa H3MEHSIETCS C1ado.

OOBSICHUTB ATOT ()EHOMEH 51 CMOT TOJBKO TEM, YTO COMPOTUBICHUE KATYIIKU CIUITKOM
BEJIMKO JJIsl pe30HAHCa B POBOJIE. A TO, UTO MbI HA0JI0/1aeM, MOYKHO MTOTYYUTh, €CIIH
pa3enuTh KaTyIIKy MOMojaM U HapuCcOoBaTh JiBa K0JieOATEIbHBIX KOHTYpPA, COCAMHEHHBIE
MeXy coboit conpotuBiierreM 11,6 Om. To ecTh, KaTyIlka cama JIeJTUTCS Ha 1B
MIOJIOBUHBI, KaX1ast U3 KOTOPBIX PE30OHHUPYET Ha YaCTOTE, B ABA pa3a OOJBIICH YaCTOTHI



nosinoro LC-kontypa. XKenaromue MOryT moc4uTaTh, 4To Tak oHO U Oyner. Ha uacrore, B
JIBa pasza 0oJIbIIeH, KaTyIlIKa IeIUTCs Ha JBE Mapbl KOHTYPOB.

3a0eras Briepén, CKaxy, 4TO MOATBEPIKICHUEM 3TOTO CIIY>KUT U3MEPEHHASI pE30HAHCHAS
4acToTa, KOTOpas paBHA MOJIOBUHE YACTOTHI ITOCIICTHETO0 PE30HAaHCA.

Wrak, ¢ u3mMepeHnemM 4acToThl /4-BOJIHOBOTO PE30HAHCA MTOTEPIENIN HEyAauy.

2.2.1 To determine the frequencies which are multiples of the ¥-wave resonance in the wire,
let’s determine the frequency of the half-wave resonance, and the frequencies, which are
multiples of the Y2-wave resonance, can simply be calculated. Place the capacitor C1 into the
minimum capacitance position, [lock / short circuit] key SA2, that is, connect the loose output
with the ground. Connect the oscilloscope to the measurement coil — key SA3 in position 1,
and connect the power supply (SA1).

Standing waves can only appear at frequencies, which are multiples of half a wavelength, that
is, resonances %2 = 2/4-wave, 2/2 = 4/4-wave, and similar, in a wire which [has been closed at
both ends / is a closed-loop].

Looking at the signal on the screen of the oscilloscope, turn the handle of the capacitor C1
and find the resonances. There turned out to be many. We are interested in the most longwave
resonances, after which there are no more resonances.

The last resonance showed up at the 1.9 MHz frequency. The field strength along the coil has
lows along the edges and the peak in the middle. The penultimate resonance showed up at the
3.4 MHz frequency. The lows of the field strength are located along the edges and in the
centre of the coil. It looks like we are looking at halfwave and wave resonances. The fact that
the frequencies of these resonances are not exact multiples of 2, can be explained by the fact
that the decelaration rate is dependent on the frequency of the signal. The only thing which
does not fit is the calculated frequency of the ¥a-wave resonance, which comes out equal to
0.95 MHz, whilst the expected frequency should be around 0.4 MHz.

The [signal / wave] in the wire cannot spread any faster than the speed of light. What is also
alarming is the strong sensitivity of the resonance frequency to different objects being brought
towards the coil. With resonance in the wire the signal amplitude can decrease, but the
frequency of the resonance changes little.

I can only explain this phenomenon by the resistance of the coil being too high for the
resonance in the wire. What we are observing can be obtained, if we split the coil in half and
draw two oscillatory circuits, connected between themselves by a resistance of 11.6 ohm.
That is to say, the coil itself gets divided into two halves, each of which resonates at a
frequency, twice the frequency of the full LC-circuit. Those interested can calculate, that this
will indeed be the case. At a frequency, twice the size, the coil gets divided into two pairs of
circuits.

Looking ahead, | will say, that the proof of this is the measured resonance frequency, which
is equal to half of the frequency of the last resonance.

So, we have encountered a failure with regard to measuring the frequency of the Ys-wave
resonance.

2.2.2. N3mepum tenepb yactoty LC-pe3onanca. Pasmbikaem ko SA2 — ocBoOOXK1aeM
CBOOO/THBIN KOHEIl KaTYIIKH.

Habmronas curnan Ha skpaHe ocruuiorpada, BpamaeM pyuky konaeHcatopa Cl 1 onsth
HAXOJIMM CaMbIii HU3KOYAaCTOTHBIN pe3oHaHc Ha yacTore 0,96 MI'm. O1o u ectb LC-pe3onanc
KoHTypa. [ToaTBepkIeHHEeM CITYyKHT TOT (GakT, uyTo rnpu HaomoaeHuu LC- pe3oHanca ¢



BBIX0/Ia OJIHOT'O BUTKA, aMIUIMTY/]a CUTHAJIa OY€Hb MaJICHbKas. 3aTO YUCTHIM U OOJIBIIION
CUTHAJI HaOJII0IAeTCs B TTOJIOKEHUH 2 mepekirovaresis SA3, 94To Ha MPAKTUKE JTOCTUTACTCS
MOJHECEHHEM IIIyIa oclmuiorpada K BEpXHEMY KOHIY KaTYIIKH, HAa paCCTOSIHUE HE OJrke 5
CM.

Ha Gosiee BBICOKHX 4acTOTaxX TOXKE HAOIIOAAIOTCS PE30HAHCHI, MPUYEM, CY/Is IO OOIBIION
aMIUTATYJI€ CUTHAJIa C OJJHOTO BUTKA, 3TO PE30HAHCHI B MPOBOJIE, a CYIs 10
YYBCTBUTEIBHOCTH K BHEIIHUM IIPEAMETAM, 3TO PE3OHAHCHI B KOHTYpPE. bivkanimi
pe3oHaHc — Ha yactore 2,4 MI'u. UHuTepecHo, 4TO HANPs>KEHHOCTH MOJIS BJOJIb KaTYIIKH
UMEET MUHUMYM — MOJHBIN HOJIb, HA PACCTOSIHUM POBHO 74 JJIMHBI KaTYIIKKA OT CBOOOAHOTO
KOHIIA, @ YaCTOTa B JIBa pa3a BbIlIE PACYETHON YaCTOTHI ¥4-BOJHOBOTO pe3oHaHca. Ho 3To He
YUCTBIMA PE30HAHC B NPoBoAE. HacTpoilkoil TOJBKO HHAYKTOPA HE YIAETCS OITYYUTh
pe3oHaHc Oe3 OueHui. bueHust MOYKHO YCTPaHUTh, TIOJTHOCS K KaTYyIIKe KYCOK 3a3eMJIEHHOU
¢doJIbru, TO €CTh, BBEACHUEM JIOMOJIHUTENbHON EMKOcTU. [loxoske, KaTymika omnsTh cama
JIETATCS Ha YaCTH TaKKUM 00pa3oM, 4ToObI BOWTH B pe3oHaHc. Ho BCE 3T0 HE TO, YTO MBI
UILEM.

2.2.3. OToOpa3uM MoJIy4e€HHbIE PE3yJIbTaThl HA TpadUKaXx.

Ha pucynke 3 npeacraBieHsl Te ke rpaduku, 0 KOTOPBIM OINPeAeNsiiach JUIMHA HAMOTKH
KaTYyILIKH, HO C TIOMETKAaMH OXUJAAEMbIX JUIMH BOJIHBI U COOTBETCTBYIOIIMX UM YaCTOT ISl
HAaMOTAaHHOW KaTYIIKH.

2.2.2 Now let’s measure the LC-resonance frequency. Open the key SA2 — releasing the loose
end of the coil.

Looking at the signal on the screen of the oscilloscope, turn the handle of the capacitor C1
and again find the most low frequency resonance at a frequency of 0.96 MHz. This is the
circuit’s LC-resonance. Confirming this is the fact that that when we watch the LC-resonance
from the output of one turn, the amplitude of the signal is very small. But on the other hand a
clear and big [signal / wave] can be seen in position 2 on the switch SA3, which in practice is
achieved by bringing the oscilloscope probe to the upper end of the coil, at a distance not
closer than 5 cm.

At higher frequencies resonances can also be observed, and besides, judging by the big signal
amplitude from one turn, these are resonances from the wire, but judging from the sensitivity
to external objects, these are resonances in the circuit. The closest resonance — at a frequency
of 2.4 MHz. It is interesting, that the field strength along the coil is at a minimum — complete
zero, at a distance exactly ¥ of the length of the coil from the loose end, and the frequency is
twice as high as the calculated frequency of the ¥-wave resonance. But this is not the pure
resonance in the wire. By tuning only the [inductor / induction coil], we fail to get a resonance
without the beats. The beats can be eliminated, by bringing a piece of grounded foil to the
coil, that is, by introducing extra capacitance. It appears, that the coil is again dividing itself
into parts in such a way, as to enter into resonance. But all of this is not what we are looking
for.

2.2.3 Let’s chart the obtained results on some graphs.

In Figure 3 are shown the same graphs, which were used to determine the winding length of
the coil, but with marks of expected wavelengths and their corresponding frequencies for the
wound coil.
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d01 = 0,66 mm, D =B om, LC-pe3oHaHe

To e, 3/4-B0NHOBOW pa3oHaHe, K= 085

h = 63 cM -0eWCTBMTENbHAA NMHE HAMOTKN

| =260 M - owmOaeMas AnMHa BONHB 3/4-BoNHOBOMG pesoHaHca, f=1,2 MU
| =221 M- owmnnasmas AnMHAa BonHbl LC-pesoHanca. =136 My
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| =312 M- nony4eHHaa OnNMHa BoNHbl LC-pesoHadca, T=0.96 My

h =41 M - NckoMasa ONMHAE YEOPOYeHHOA KaTYLLKA.

TpacouKk AN YKOPOYEHHOW KaTyLWKK

d01 =0.56 mm, D =5 cm. LC-resonance

The same, 34-wave resonance. K = 0.85

h = 63 cm - the actual length of the winding

1 =250 m - the expected wavelength of 34-wave resonance. f = 1.2 MHz
1 =221 m - the expected wavelength of LC-resonance. f = 1.36 MHz

h =49 cm - the calculated length of the winding for matching resonances
1 =194 m - the calculated wavelength for matching resonances. f = 1.55 MHz
The corrected line

1 =312 m - the obtained wavelength of LC-resonance. f = 0.96 MHz

h =41 cm - the sought length of the shortened coil

Line for the shortened coil

Puc. 3. I'pacduku 3aBucUMOCTH JJIMHBI BOJHBI ¢ YacToToi LC-pe3oHanca, 1 ¥4-BOJIHOBOTO



PE30HAHCOB OT JJIMHBI HAMOTKH, JIJIsI TPOBO/Ia B AMAJICBOM U30JISIUH, C IUAMETPAMU 10 MEIH
0,56 MM, HaMOTaHHOTO Ha TpyOe Auamerpom 50 Mm.

Fig. 3. The graphs of the LC-resonance frequency wavelength, and %-wave resonance from
the winding length, for an enamel insulated wire, with a 0.56 mm copper diameter, wound on
a 50 mm diameter pipe.

PesynpraThl H3MepeHuii coepxkar MHoro 3arajok. Ho eciu Mbl B HUX He paz0epémcs,
00JIBbIION TPYJI OKAXKETCS HEHYKHBIM.

IlepBas HENPUATHOCTH — CONIPOTUBJICHHUE KaTyIIKH 11,6 OM Henb3sl CUUTATh MU3EPHBIM.
Bropas — usmepennas yacrora LC-pe3zonanca 0,96 MI't1 oka3anace ropaso HIxe
oxuaemMoi yactotsl 1,36 MI'n. Paccuntannas cooctBenHas éMkocth 7,0 nd oka3anack B
nBa pasa 6osbuie éMkocTu 3,49 n®, ucnosnb3o0BaHHOM B GopMyJie JIsl HOCTPOEHUs rpaduka.
Ecnu npoananu3upoBath NpeablIyIUe ONbITh, MOXKHO 3aMETUTh, YTO COOCTBEHHAsI EMKOCTh
HaIIUX OOJIBIIMX KaTyIIEK Ha CAMOM JIeJI€ HE SIBJISETCS] BEIMYMHON OCTOSTHHON 1151
3aJJaHHBIX AMaMeTpa KapKaca 1 IpoBo/ia (3TO BIIOJHE MOXKET ObITh CIIPABEAJIUBO IS
MaJIEHbKHUX KaTYILIEK), a BO3PACTAET C YBEJIUUYEHUEM JUITMHBI KaTyIIKU. JIOrMuHO
HPEANONI0XKUTh, YTO K MEKBUTKOBON EMKOCTH J100aBIIAETCS EMKOCTh OTHOCUTEIBHO
OKpY’KaIOIIKX NpeaMeTOoB U 3eMiau. OHa J0KHA ObITh IPONOPLUOHATIbHA IJIOAAN
MOBEPXHOCTH KaTYIIKH U 3aBUCUMOCTb JJ0OaBIIIeMON EMKOCTH OT JUTMHBI HAMOTKHU JOJKHA
OBbITh JINHEHHOU. 3Hast UIMHY HAMOTKH, IPU KOTOPOU Obli1a MOJTyYeHa UCXO0IHAsl EMKOCTb
C1=3,49 n® —npu h1 =0,1265 ™,

JUINHY HAMOTKHU M3TOTOBJIEHHON KaTyIIKU U € EMKOCTb

C2=7,0n® —npu h2 =0,634 m,

OTIpeIeNIUM JIJIsl Halllel KaTyIIKU TOTOHHYIO 100aBIsieMyto EMKOCTh
Ch=(C2-C1)/(h2-h1)=(7,0-3,49) /(0,634 —0,1265) = 6,916 [nd/™m] =

=0,06916 nd/cm.

ITockonbky panee BbrunciaeHHas EMkocTh CO cama coJlepUT B ceOe MOrOHHYIO EMKOCTB,
OTIpeIEIUM MEKBUTKOBYIO EMKOCTh KaTyIIKH.

CW =C1-Ch*hl=3,49-6,916%0,1265 = 2,62 [nD].

Teneps MbI MOKEM CKOPPEKTUPOBATH (POPMYITY, IO KOTOPOM CTpOUJICS rpaduK 3aBUCUMOCTH
JnHBI BoNHBI LC-pe3oHaHca OT JUIMHBI HAMOTKH KaTYIIKH, IOJCTaBUB BMecTO C BBIpaKeHHE
C=CW + Ch*h,

A LC = ¢/fLC = c*2*[1*\(L*C) =

= 299792458*2* [1#[10-6*0,01*(D+d)*(h/d)2*(CW+Ch*h)/(h/(D+d)+0,44)] =

= 0,299792458*0,2* [1*(h/0,063)*\[5,063*(2,62+0,06916*h)/(h/5,063+0,44)] =

= 6,728*h*\[(2,62+0,06916*h)/(h/5,063+0,44)] 1)

3nech C = 299792458 m/c - ckopocTh cBeTa, d - quaMeTp MpoBoJia ¢ U30JISIUCH,
cMm, h - nmuHa HamoTKH, cM, D — tuameTp kapkaca, cM.

Bun dpopmyier mis mporpammer AGrapher:
6.728*x*sqrt((2.62+0.06916*x)/(x/5.063+0.44))

The results of the measurements contain many riddles. But unless we figure them out, a big
job will turn out to have been unnecessary.

The first unpleasantness — the 11.6 ohm resistance of the coil cannot be considered
inappreciable. The second — the measured frequency of LC-resonance, 0.96 MHz, turned out
to be much lower than the expected frequency of 1.36 MHz. The calculated own capacitance
7.0 pF turned out to be twice the size of the capacitance of 3.49 pF, used in the formula for



plotting the graph.

If we analyse the previous experiments, we can notice, the the own capacitance of our big
coils is actually not a constant value for the given diameters of the frame and the wire (this
may well be the case for small coils), but increases with the increase in coil length. It is
logical to assume, that to the winding capacitance is added the capacitance relative to the
surrounding objects and the earth. It must be proportional to the coil surface area and the
correlation between the added capacitance and the length of the winding must be linear.
Knowing the length of the winding, from which was obtained the initial capacitance

C1 =3.49 pF —when h1 =0.1265 m,

The length of the winding of the made coil and its capacitance

C2=7.0 pF —when h2 =0.634 m,

we’ll define for our coil the unit-length [additional / make-up] capacitance
Ch=(C2-C1)/(h2-h1)=(7.0-3.49)/(0.634 — 0.1265) = 6.916 [pF/m] =

=0.06916 pF/cm.

Since the earlier calculated capacitance CO itself contains the unit-length capacitance, let’s
determine the winding capacitance of the coil.

CW =C1l-Ch*hl=23.49-6.916*0.1265 = 2.62 [pF].

Now we can correct the formula, which was used to plot the graph of the correlation between
the LC-resonance wavelength and the winding length of the coil, substituting instead of C the
expression

C =CW + Ch*h.

A LC = ¢/fLC = c*2**V(L*C) =

= 299792458*2**[10-6*0.01*(D+d)*(h/d)2*(CW+Ch*h)/(h/(D+d)+0.44)] =

= 0.299792458*0.2**(h/0.063)*\[5.063*(2.62+0.06916*h)/(h/5.063+0.44)] =

= 6.728*h*\[(2.62+0.06916*h)/(h/5.063+0.44)] (1)

(Note The formula in the above part had squares instead of 7 in the original, so | have
inserted the 7z symbol back in — you may want to check that the zis in all the right places.)

Here ¢ = 299792458 m/sec — speed of light, d — diameter of the insulated wire, cm, h —
winding length, cm, D — frame diameter, cm.

Here is what the formula looks like for the programme AGrapher:
6.728*x*sqrt((2.62+0.06916*x)/(x/5.063+0.44))

CxoppeKTUpOBaHHBIN TpauK HAPUCOBAH Ha PUCYHKE 2 3€JIEHBIM 1IBETOM. BuaHO, 4TO OH
HUKOT/Ia HE TepeceKaeTcs ¢ MyHKTHPHBIM Tpadukom. To ecTs, coBnazeHue ¥4-BOTHOBOTO
pe3onanca ¢ LC-pe3oHaHCOM B Hallleli KOHKPETHOM KaTyIIKe HEBO3MOXKHO. PaHee s muca,
YTO rpauKH HE OTIIMYAIOTCSI TOUHOCTBIO, HO YTOOBI HACTOJIBKO — HE TIpeAnoaarai. MosxHO
OBLJI0, KOHEUHO, M paHbIlIe HAMOTAaTh HECKOIBKO KaTYIIEK, U3BMEPUTh UX UHAYKTUBHOCTb U
MOCTPOUTH OoJiee TOUHBIN Tpaduk, gaxe mo ToukaMm. Ho 60rock, uTo Toraa sta padora He
ObL1a OBl 3aKOHYEHA HUKOTJIA. A TaK MbI BCE K€ MPOABUTAEMCS BIIEPET, KOPPEKTHPYS
Ipoliece M0 pe3yibTaTaM SKCIEPUMEHTOB.

Hanerock, amst 60s1ee TOJICThIX TPOBOAOB ATO HE TaK (aTalbHO.

The corrected line of the graph is shown in Figure 2 in green. It is clear, that it never crosses
the dotted line. That is to say, the matching of the %2-wave resonance with the LC-resonance
in our particular coil is impossible. Earlier | wrote, that the graphs are not particularly

accurate — but I never imagined it would be to such an extent. Of course, | could have wound
a few coils earlier and measured their inductance in order to plot a more accurate chart, even



from point to point. But I’m afraid, that in that case the task would never have been complete.
And this way we are still moving forwards, correcting the process according to the results of
the experiments. | hope, that for thicker wires this is not as fatal.

3. HeMHOI0 0 «KKOHCTPYKTHBHBIX 0CO0CHHOCTHAX).

Kaxxercs, camoe Bpemsi cooOpa3uTh HEKOTOPbIE «KOHCTPYKTUBHbBIE OCOOEHHOCTHY, YTOOBI C
YECTHIO BBIUTH M3 CIIOKUBIIEHCS CUTYAIMH: - 3aTPAY€HO MHOTO TPYAQ, YK€ MOYTH y IENH, U
BAPYT 00JIOM.

3.1. Hama 3agaua — He ykopauuBasi JUTMHBI IPOBOJIA, YKOPOTUTH KATYIIKY TaK, YTOOBI
yacroTa €€ LC-pe3oHanca Bo3pociia 10 4aCTOThI ¥4-BOJIHOBOI'O PE30HAHCA.

3.1.1. Camplii mpocToii crnocod — cMaThIBaTh € KaTYIIKH HUYKHIOIO YacTh IPOBO/JA,
COEAMHEHHOIO C TOUKOH 3a3eMJIeHHs 10 TeX Hop, roka yactota LC-pe3onanca He BO3pacTeT
JI0 4aCTOTBI 74-BOJHOBOT0O pe3oHaHca. O4EeBUIHO, C SMAIMPOBAHHBIM IIPOBOJIOM TAKOH HOMEDP
HE MPOUIET, €ro CIUIIKOM MHOTO, TO3TOMY OTJIOKUM 3TOT BapUaHT J0 PAOOTHI C TOJICTHIM
IIPOBOZIOM.

3.1.2. Ha BTOpO# crioco6 HamekaeT caM TecJia, Korja MUIIET, YTO M0CJe0BaTENbHO C
KaTyLIKOW MOKET OBbITh BKJIOYEH UHAYKTOP, UJIK YaCTh €TO.

3. A bit about “constructive features”.
It seems, now is the right time to consider some of the “constructive features”, in order to
get out of this situation with honour: - we have carried out a lot of work, so nearly at the
target, and suddenly a failure.

3.1  Our task — to shorten the coil in such a way, without shortening the length of the wire,
so that its LC-resonance frequency increases up to the ¥%:-wave resonance frequency.

3.1.1 The easiest method — to [reel off / wind off] the bottom part of the wire from the coil,
connected to the grounding point, until the LC-resonance frequency goes up to the %-wave
resonance frequency. Evidently, this will not work with an enamel-covered wire, there is too
much of it, and so we will leave this option until we start working with a thick wire.

3.1.2 Tesla himself hints at the second method when he writes, that [successively / in series]
with the coil the [inductor / induction coil] can be switched on, or part thereof.



Yacrory LC-pe3onanca MOXHO YBEIHUYUTb, €CIIM CMOTATh C KATYIIKHA YaCTh BUTKOB U
HaMOTaTh UX HA BEPXHIOKO YaCTh KaTyIIKH BCTpeuHO. [loyunrcs ykopoueHHas KaTyIka, K
BEpLIMHE KOTOPOM COECIMHEHA elE OJIHA KaTylIKa, He UMEIOIasi UHAYKTUBHOCTH, HO
BHOCSIIIAsl JOMOJIHUTENbHYIO EMKOCTh B KOJIEOATEIbHBIM KOHTYP.

1o 3enénomy rpaguky JI€rko ONnpeneanTb, YTO JJIMHA TaKOW KaTylku Oyner okoio 48 cM. C
yu€ToM 100aBOUHOM EMKOCTH, BHOCUMOW BEpXHEN KaTYIIKOM, IJIMHA JIOJKHA ObITh
HecKoJIbKo MeHble. Ho nyunie He rajate, a nonpodoBaTh NOCTPOUTH €lI€ OAUH Irpaduk u
OTIpEeACNUTh ITY IJIUHY 00JIee TOUHO.

[Toctpoum rpadux 3aBUCUMOCTH YacTOThI K0JI€0ATEIbHOIO KOHTYPA KaTYIIKH, Y KOTOPOH
JUTMHA TIPOBO/Ia PUKCHUPOBaHA, KaTyIIKa HAMOTaHa Ha JUIMHY N, a ocTanbHON MPoBOJ
VCITOJIB30BaH JJIs1 HAMOTKH JIOIIOJIHUTEJIbHON KATYILKH.

DKCIEpUMEHTAILHO YCTAHOBJICHO, YTO EMKOCTh TAaKOW KaTYIIKU TaKas K€, KaK Yy UCXOIHOM
KaTyILIKH.

IToxcraBus B hopmyiy (1) 0,06916*hg Bmecto 0,06916*h, mony4urm BeIpakeHHE

JUIs TocTpoeHust rpaduka: A | C = 6,728*h*V[(2,62+0,06916*hq)/(h/5,063+0,44)]

= 6,728*h*\[(2,62+0,06916*63,4)/(n/5,063+0,44)] (2)

Bun dhopmyiel st mporpammsr AGrapher:
6.728*x*sqrt((2.62+0.06916*63.4)/(x/5.063+0.44))

Ha pucynke 3 rpaduk s yKOpOUSHHOM KaTyIIKH H300pakE€H CHHUM 1IBeTOM. [Ipoekius
TOUYKH I€PECEUEHHs 3TOr0 TrpaduKa ¢ TOPU30HTAIBHON JIMHUEN, COOTBETCTBYIOIIEH 4acTOTE
¥-BOJIHOBOTO pe30HaHCa B MPOBOJIE, HA OCh X TTOKA3bIBAET, 10 KaKOW JITMHBI HEOOXO0IUMO
YKOPOTHUTD KaTylIKy, 4To0bl €€ LC-pe3oHaHc coBmai ¢ %4-BOJIHOBBIM PE30HAHCOM.

[Tocne ykopauuBanus KaTymku 10 39 cM, €€ MHAYKTUBHOCTh YMEHbIMIAch ¢ 3,9 MI'H 110
2,38 mI'H, yactora LC-pe3onanca neliCTBUTEIBHO MOBBICHIIACH U cTaja paBHou 1,2 MTI'1, -
NPaKTUYECKH TaKOM ke, KaK y ¥4-BOJHOBOTO pe3oHaHca 1,19 MI'u. Tem He meHee,
BBIPKEHHOT'O Pe30HaHCca B IIPOBOJIE OOHAPYKUTH He yaanoch. Habmonaercs Hekuil HaMEk Ha
PE30HAHC B BUJIE TOTO, YTO HEMHOT'O YBEJIMUMIIACh aMILJIUTY/1a CUTHAIA C OJHOTO BUTKA U MPU
MOJIHECEHUH K KaTYIIKEe 3a3€MJIEHHOTO JIUCTa (QOJIbI'Y HAaOII01al0TCsA OUeHb ciiadble OMeHus,
KOTOpPBIE HE YCTPAHSAIOTCSA HACTPOUKOM MHIYKTOpA. TO €CTh, TOX0XKE, BCE-TAKU yIAIIOCh
COBMECTUTD 3TH PE30HAHCHI, HO JOOPOTHOCTH SIBHO He 1o Tece.

The LC-resonance frequency can be increased, if some of the turns are unwound from the
coil, and counter-wound on to the top part of the coil. You will get a shortened coil, to the top
of which is attached another coil, which does not have any inductance, but brings an extra
capacitance to the oscillatory circuit.

By the green line on the graph it is easy to determine, that the length of such a coil will be
around 48 cm. Accounting for the extra capacitance, introduced by the upper coil, the length
must be somewhat shorter. But it’s better not to guess, but to plot another graph and to
determine this length more precicely.

Let’s plot the graph of the correlation between the coil’s oscillatory circuit frequency, which
has a fixed wire length; the coil is wound on to length h, and the rest of the wire is used in the
winding of the additional coil.

By experimenting we established, that the capacitance of such a coil is the same as the
original coil.



Substitute into formula (1) 0.06916*hg instead of 0.06916*h, we get the expression
for plotting the graph: A LC = 6.728*h*V[(2.62+0.06916*h()/(h/5.063+0.44)] =

= 6.728*h*V[(2.62+0.06916*63.4)/(1/5.063+0.44)] ()

This is what the formula looks like for the programme AGrapher:
6.728*x*sqrt((2.62+0.06916*63.4)/(x/5.063+0.44))

In Figure 3 the line for the shortened coil is shown in blue. The projection of the crossover
point of this graph with the horizontal line, equivalent to the ¥-wave resonance frequency in
the wire, shows on the x-axis, to what length is necessary to shorten the coil, in order for its
LC-resonance to match the %-wave resonance.

After shortening the coil to 39 cm, its inductance decreased from 3.9 mH to 2.38 mH, the LC-
resonance frequency really did get higher and became equal to 1.2 MHz, - nearly the same as
the %-wave resonance frequency, 1.19 MHz. Nevertheless, we did not manage to locate the
expressed resonance in the wire. There was a hint of resonance in the form of a slightly
increased signal amplitude from one turn, and when the grounded foil sheet was brought to
the coil, some very faint beats could be observed, which did not go away by tuning the
[inductor / induction coil]. That is, it looks like, that we still managed to match these
resonances, but the quality factor is clearly not in the Tesla.

3.1.3. MOXHO MO/IBECTH UTOTH I10 pe3yibTaTaM IKCIIEPUMEHTA.

1. B ouepenHol pa3 BBIICHWIOCH, YTO TOHKHWM MPOBOJ JJIsl HACTOALLIEH KaTylIKu Tecibl
HEIIPUTOJICH.

2. Oka3anock, 4TO paHee MOoJIyYeHHbIE rpauKu HYKIAI0TCS B KOPPEKTHUPOBKE.

3. YTounena opmyna Juisi IOCTPOSHUS TpapKOB 3aBUCUMOCTH UHYKTUBHOCTH KOHTYpa OT
JUTMHBI HAMOTKH.

4. IlpennosxxeHo Ba U orpoOOBaH OAMH CIIOCOO COBMEIIEHUS PE30HAHCOB B CIyyae, Korjaa
4acTOTa KOHTYPHOI'O PE30HAHCA HUXKE YaCTOThl PE30HAHCA B IIPOBOJIE.

4. O0beKT uccjieI0BaHusA — KaTymka 2 ¢ npoojaom B [I1BX - uzoasiumnu.
WTtak, MBI OIIATH YOSIMIIMCh, YTO KaTyIIKa Tecybl TOJDKHA OBITh «CephE3HON». PaccmoTpum
BHUMAaTeJbHEE KaTyIIKy, HAMOTaHHYIO MPOBOJIOM ceueHuem 2,5 Mm2 B [1XB uzomnsimun.

3.1.3 It is possible to summarise the results of the experiment.

1. Once again it was found, that a thin wire is not suitable for a real Tesla coil.

2. It was found, that the graphs which were previously charted require to be corrected.

3. The formula for plotting the graphs of the circuit inductance and the winding length was
clarified.

4. Two methods were put forward, and one tried, for matching the resonances in the case
when the ciruit resonance frequency is lower than the wire resonance frequency.

4. The object of the experiment — coil 2 with a PVC-insulated wire.
So, we again confirmed, that the Tesla coil must be “serious”. Let’s look more closely at the
coil, wound with a wire, cross-section 2.5 mm? in pvc insulation.

4.1. Panee ObuTH MCCIIEAOBAHBI JBE TAKUX KATYIIKH pa3Hou aiuHbL. [lomydeHHoN
uH(}OpMAIUU JOCTaTOYHO, YTOOBI

CKOppeKkTupoBath rpaduk 3aBucumocts LC-pe3oHaHca OT JJIMHBI HAMOTKHU.

[Tpy nnvHE HAMOTKH, paBHOU



h1=19,4 cM, cobcTBeHHas éMKOCTh Karyiiku paBHa C1 = 4,19 nd,

a I[Ipyu JJIMHC HAMOTKHU

h2 =29,2 cm— C2 = 4,53 n®.

Otcrona noronHas go6asiseMas EMKOCTh
Ch=(C2-C1)/(h2-h1)=(4,53-4,19)/(29,2-19,4) =0,0347 [n®/cmM].

[Tockonbky éMkocTb C1 cama coep>KUT B cebe MOTOHHY0 EMKOCTb, ONIpe/eIuM
MEXBUTKOBYIO éMKOCTb KaTYLIKH.

Cw =C1l-Cnp*h1=4,19-0,0347%19,4 = 3,52 [nD].

Tenepb Mbl MOXeM cKOppeKTUPOBaTh Gpopmysy (17) Bo BTOpoit 4acTH
BBIIIEYIIOMAHYTOW CTAaThH, 10 KOTOPOM CTPOUJICA rpadp UK 3aBUCUMOCTH JJIMHbBI BOJIHBI
LC-pe3oHaHca OT AJIMHBI HAMOTKM KaTYLIKH, NOACTaBUB BMecTO C BbIpaXKeHUe:
C=CW + Ch*h = 3,52 + 0,0347*h.

ALC =c¢/fLC = c*2*E*E(L*C) =
=299792458*2*A*A[10-6*0,01*(D+d)*(h/d)2*(CW+Ch*h)/(h/(D+d)+0,44)] =
=0,299792458*0,2*@*(h/0,34)*A[5,34*(3,52+0,0347*h) /(h/5,34+0,44)] =
=1,28*h*A[(3,52+0,0347*h)/(h/5,34+0,44)] (3)

3aecb ¢ =299792458 M/c - CKOpOCTb CBETQ, d - AMaMeTp NpPoBO/ia C U30JsLMeH, cM, h -
JUIMHA HAMOTKH, cM, D — niuameTp Kapkaca, CM.

4.1 Earlier were tested two such coils of different lengths. There is enough retrieved
information, in order to correct the graph of the correlation of the LC-resonance and the
length of the winding.

When the length of the winding is equal

h1=19.4 cm, the coil capacitance is equal to C1 = 4.19 pF,

and with the length of the winding

h2 =29.2 cm — C2 = 4.53 pF.

From this the unit-length [additional / make-up] capacitance

Ch=(C2-C1)/(h2 —hl) = (4.53 — 4.19)/(29.2 — 19.4) = 0.0347 [pF/cm].

Since the capacitance C1 itself contains the unit-length capacitance, the winding capacitance
of the coil can be determined.

Cw=Cl-Ch*h1=4.19-0.0347*19.4 = 3.52 [pF].

Now we can correct formula (17) in the second part of the above-mentioned paper, which was
used to chart the graph of the correlation of the LC-resonance wavelength and the winding
length of the coil, substitute instead of C the expression:

C =CW + Ch*h = 3.52 + 0.0347*h.

A LC = ¢/fLC = c*2*n*V (L*C) =

= 209792458*2**+ [10-6*0.01*(D+d)*(h/d)2*(CW+Ch*h)/(h/(D+d)+0.44)] =

= 0.299792458*0.2*n*(h/0.34)*  [5.34*(3.52+0.0347*h)/(h/5.34+0.44)] =

= 1.28*h*V [(3.52+0.0347*h)/(h/5.34+0.44)] (3)

Here ¢ = 299792458 m/sec — speed of light, d — insulated wire diameter, cm, h — winding
length, cm, D — frame diameter, cm.

(Note: both the 7 and the  are missing in the original document, you may want to check that
| have inserted them in the right place in the above formula)

Bua popmysnbl auis nporpammbl AGrapher:
1.28*x*sqrt((3.52+0.0347*x)/(x/5.34+0.44))



Ha pucynke 4 cKOppeKTUPOBaHHBIH rpa)K HAPUCOBAH 3€JIEHBIM I[BETOM.

Buano, uto ckoppekrupoBanubiii rpaduk LC-pesonanca nepecekaercs ¢ rpadukom Va-
BOJIHOBOTI'O pe3oHaHca. Ho JuIHa KaTyIIKy Npu 3TOM HOJy4YaeTcsl OKoJIo MeTpa. Bpsa nu
JUIMHHAsI KaTyLIKa sBIETCSA XOPOLIMM BapuaHToM. HaBepHoe, CylecTByeT HEKOTOpoe
ONITUMAJIFHOE OTHOILICHHE JJTMHBI HAMOTKH K THAMETPY, KOTOPOTO MBI IIOKa HE 3HAEM.

This is what the formula looks like for the programme AGrapher:
1.28*x*sqrt((3.52+0.0347*x)/(x/5.34+0.44))

In Figure 4 the corrected line of the graph is shown in green.

It can be seen, that the corrected line of LC-resonance crosses with the %-wave resonance
line. But the length of the coil is herewith about a metre. It is unlikely that a long coil is a
good option. There probably is some optimum relationship between the winding length to the
diameter, which we do not yet know.
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Puc. 4. I'paduku 3aBUCUMOCTH AITUHBI BOJHBI € 4acToTO# LC- 1 ¥-BOTHOBOTO pe30HaHCOB
OT JJIMHBI HAMOTKH KaTyIlIeK, HAMOTaHHBIX Ha TpyOe nuamerpoM 50 MM, ISl TPOBO/IA B

2
n3osisiuu [IBX, ceuenuem 2,5 Mm~ nuamerpom 3,4 MM.

Fig. 4. The graph of the LC- frequency wavelength and ¥-wave resonances from the coils’
winding length, wound on a 50 mm diameter pipe, for a pvc-insulated wire, cross-section 2.5
mm? with a 3.4 mm diameter.

4.2. IlpuMeHuM K HaMaTbIBaEMOM KaTyIIKe «KOHCTPYKTUBHYIO OCOOCHHOCTBY,
chopmynupoBaHHyto B 1. 3.1.1., To ecTb, HAMOTaeM Ha KaTYIIKy HE BECh ITPOBO/I, @ TOIBKO
qacTh ero. OcraiabHOU MPOBOA OyIeT pacnoyiararbcsi CBOOOHO, OT TOUKH 3a3€MIICHUS JI0
HayaJia KaTyIIKH.

[TormpoOyem mo rpaduky Ha puCYHKE 4 XOTs Obl MPUOIU3UTEILHO OIICHUTh, CKOJIBKO IMPOBOIA
OCTaBUTH CBOOOTHBIM.

VYV Hac B Hanu4uuu UMeeTcs 26 M IpoBOIa CEUEHUEM 2,5 MM2, B IIBX m3omsinmn, ¢
JIMaMETPOM KWJIbI 1,8 MM U JUaMeTpOM B U3OJISALUH 3,4 MM.

JInst Hadana BBIYMCIUM 0KMAAEMYIO YaCTOTY Y4-BOJIHOBOT'O pe30HaHca. To ecTh, HAUHEM

paboTy C MOCTPOEHUS OYEPETHOM TAOIUIIBI.
Pe3ynbTaThl n3MEpeHu MapaMmeTpoB 3TOM KaTYIIKH 3aHECEHBI B TAOIHUILY 2.

4.2 Let’s apply to the coil being wound the “constructive feature”, formulated in point 3.1.1.,
i.e., we will wind only a part of the wire on to the coil, and not the whole thing. The
remaining wire will be loose, from the grounding point up to the beginning of the coil.

Let’s try, judging by the graph in Figure 4 to at least approximately estimate, how much wire
to leave loose.

We have 26 m wires with a 2.5 mm? cross-section, pvc-isolated, with the core diameter of 1.8
mm and the insulated diameter of 3.4 mm.

To start with we will calculate the expected %-wave resonance frequency. i.e., we will start by
constructing another table.

The results of the changes of the parameters of this coil are found in Table 2.

Tabsinna 2. PesysbTaThl M3MepeHUN U Paci€TOB NIapaMeTPOB KaTYIIKH 2.

Ne| HaumenoBanue |OOo3Ha-| Bennuuna
Pa3zmepHocTh dopmyina [Ipumeuanue

n/n napamMmeTpa YyeHHe | rmapamerpa

1 2 3 4 5 6 7

KaTymika 2 — BUTKOB MPOBOJIOM 2,5 MM° Ha kapkace D = 5 cm

1 JluameTp kKapkaca D 0,050 M W3mepeno -

2 [[lnaMeTp Kbl dx 0,0018 M W3mepeno -

4 lnameTp mpoBoJa d 0,0034 M 3mepeno -

5 |liiHa mpoBoaa - 26 M N3mepeHo -




6 Koad. 3amennenus K, 0,83 - M3MEPEHO B MPOIILJIOM OIIBITE

7 [lnuna pe3. BOMHEL Y4 | A inp 125,3 M M = 4%/ K, | Ya-BONH. pes.

8 |Mnunua pe3. BonHbI ¥4 | A 3mp 41,77 M A3np=A1np/ 3 ¥4-BOJTH. pes.

9 |CkopocTh cBeTa c 299792458 M/C [TocTrositHHas -

10 Macrora Y4-BonH. pe3.| Fupacu 2,883 MTI'g Foacal = C / (4% ,) k,=1

11 Macrora Y4-BonH. pe3.| Fiupacu 2,393 MI'i Fipaca=C/ X 1mp k,= 0,83

12 Hacrora ¥-BOJH. peEs. FSllpucq 7,178 MI 11 F3pactl = 3*Flpzlcl[ kg = 0,83

13 JlmmHa HaMOTKH h 0,424 M n3 rpaduka -

14 KonnuecTBO BUTKOB n 125 - n=h/d -

15 [lnuna nposona B kat.|  liar 21 M lear = 1%(D + d)*n -

16 /lnuna 3a3emMicHHS e 5 M lsers = lup — lar -

17 MH1yKTUBHOCTD L 87 MKI H 3mepeno -
[TapameTpsl KaTymIKu 2, paCCUUTAHHBIC 110 PE3yJIbTaTaM U3MEPCHHIA B paboTe.

18 HacTtora LC-pe3oH. fic 6,7 MI'g N3mepeno -

19 Co6¢TBen. EMKOCTB C 6,5 n® C=1/ (4*ﬂ2* fLco* L)

20 Hacrora */4-BouH. pe3| Faumw 10,2 MI 1 N3mepeno -

21 Hacrora Y4-BoaH. pe3.| Fumw 2,55 MI'n Funon = Faanou /4 -

22 Hacrora Y4-BonH. pe3.| F3uusu 7,65 MTI'n Funan = Fouuan™3 Oxunnaema

23 Macrora ¥4-BonH. pe3. | F3ucosn 6,7 MI'n 13MepeHo -

24 YacTora Y4-BonH. pe3.| Fucosn 2,23 M1t Fucosn = F3ucosn /3 -

25 KO3(1). 3ameuieHus K, 0,77 - k»j = Fqcorm/ quacq N3menuiics

Table 2. The results of the measurements and the calculations of the parameters for coil

2.
M| Parameter [Disposit| Parameter | yypyqof Formula Notes
measurment
1 2 3 4 5 6 7
Coil 2 — wire turns 2.5 mm?on frame D =5 cm
1 Frame diameter D 0.050 M Measured -
2 (Core diameter dc 0.0018 M Measured -
4 \Wire diameter d 0.0034 M Measured -
5 Wire length lwr 26 M Measured -
6 Decelaration rate K, 0.83 - Measured in previous experiment
7 |Length of res. wave ¥4 A 1wr 125.3 M A 1wr = 4%l / K, Ys-wave res.
8 |Length of res. wave % A swr 41.77 M Aaw=MA1w/3 ¥,-wave res.
9 Speed of light c 299792458 m / sec Constant -
10 f/a-wave res. freq. Feaic 2.883 MHz Feaic1 = ¢/ (4%ly) k,=1
11 Ws-wave res. freq. Ficalc 2.393 MHz Ficac=C/ A 1w k,=0.83
12 pia-wave res. freq. Facalc 7.178 MHz Facaic = 3*F1calc k,=0.83
13 {Length of winding H 0.424 M From graph -
14 Number of turns N 125 - n=h/d -
15 Wire length in coil lcoi 21 M loit = 1%(D + d)*n -
16 |Length of grounding lgra 5 M lgra = lwr — leoil -
17 |{Inductance L 87 uH Measured -




Parameters of coil 2, calculated by the results of the measurements during the tests

18 |LC-resonance freq. fic 6.7 MHz Measured | -
19 |Own capacitance C 6.5 pF C=1/(A** fic™* L)
20 ['/,-wave res. freq. Famsrd 10.2 MHz Measured -
21 [Ya-wave res. freq. Frmsrd 2.55 MHz Fmsrd = Famsra /4 -
22 Bh4-wave res. freq. Famsrd 7.65 MHz Frmsrd = Famsrd™3 Expected
23 Ba-wave res. freq. Famatch 6.7 MHz Measured -
24 Ya-wave res. freq. Frmatch 2.23 MHz Frmatch = Famatch /3 -
25 [Decelaration rate K, 0.77 - Ks = Frmatch/ Fealc Changed

Pacuérnas yacTora %4-BOJIHOBOI'O pe€30HAaHCa B IIPOBOJIE MONy4YmiIacsk papHou 7,178 MI'n, uto

COOTBETCTBYET JUIMHE BOJIHBI A3pip =
41,77 m. IlpoBoauM Ha rpaduke TOpU30HTAIBHYIO JUHHUIO, COOTBETCTBYIOLIYIO JUIMHE

BOJIHBI 41,77 m. Uepes TOUKY MepecedyeHust 3TOM JUHUU CO CKOPPEKTUPOBAHHBIM
rpadpukom LC-pe3oHaHCca TPOBOJAMM BEPTUKAIBHYIO JIMHHIO W Ha TOPU30HTAIBHON OCH
CMOTPHUM, KaKOH JUIMHBI JO/DKHA OBITh Karyiika. Oka3anoch, mopsaka 42,4 cm.

PaccunTeiBaeM miMHy poBojJa, KOTopas yUAET Ha HAMOTKY KaTYIIKH, U BUJIUM, YTO
IIPOBO/Ia XBaTaET, CBOOOAHBIM OCTAETCS KYCOK JUTMHOU 5 M.
HamaTtbiBaeM katymiky JuiMHOHM 43 cM, CBOOOAHBIN KOHEI] CKJIaJbIBAEM BJIBOE U CMaThIBaEM

B OyXTY, UTOObI HE BHOCHJI UCKAKEHUHN B U3MEPEHMUS.

The calculated Y-wave resonance frequency in the wire came out equal to 7.178 MHz,
which corresponds to the wavelength A3wr = 41.77 m. Let’s draw a horizontal line on the
graph at the point of the wavelength 41.77 m. At the point where this line crosses with the
corrected LC-resonance line we draw a vertical line and look on the x-axis for the length

which the coil should be. It turns out, around 42.4 cm. Calculate the wire length, which will

be used to wind the coil and we can see, that there is enough wire, there will be a loose piece
5m long.
Wind the coil, length 43 cm, fold the loose end in half and wind it into a coil, so that it does
not distort the measurements.

4.3. 3akopaunBaeM BBIBOJIbI KATYIIKU M COSAMHSIIEM UX C 3a3€MJICHUEM.
N3mepsiem 4acToTy NOJTHOBOJIHOBOI'O PE30HAHCA U PACCUMUTHIBAEM 03KM/IA€MbI€ YACTOTHI 4-
1 %4-BOJTHOBOTO PE30HAHCOB. Bce pe3ynbTaThl m3MepeHuii 3aHeCeHbI B TAOIHUITY 2.

4.4, Pa3mbikaem BbIBOJIbI KATYHIKH HIIHHHHBIﬁ BbIBOA MOJKIIFOYAaEeM HCIIOCPECACTBCHHO K
TOYKEC 3a3CMIJICHHA. BapI/IaHTbI MOJAKITFOYCHUA K 3a3CMIIAIOIICMY ITPOBOAY TOJICTOT'O

CEUeHUs, WIH K 3a3€MJIIEHHOMY JIUCTY aJIIOMUHUS HE TIPOXOST.
[TonydeHHast U3 CKOPPEKTUPOBAHHOTO TpaduKa JUIMHA HAMOTKH OKa3allach HACTOJIbKO
TOYHOM, YTO TOJIBLKO HEOOJIbIIINE OMEHUsI B XBOCTE TOBOPUIIM O TOM, UTO 00a pe3oHaHca

UMEIOT OJHY 4acToTy. [ToniMOTKa TpEX BUTKOB B KaTYIIKE MPUBOAUT K CUJIbHBIM OUEHMSIM,

KOTOPBIE HE YCTPAHSIOTCS MOACTPOMKONU HHAYKTOpa. [IoIHOrO coBnageHus yaanoch

AOCTUTHYTh, OTMOTAaB BCCTO TPHU BUTKA.

Panyer, uTo Takoil cnoco® oueHb MPOCTO MO3BOJISAET MPOU3BECTH MOACTPOMKY. [IpocTo

Bpalas KaTyliKy, MOXXHO H3MEHSATh B HEM KOJIMYECTBO BUTKOB M HAOJI01aTh U3MEHEHNE
CUTHaJja Ha ocumiuiorpade.




YactoTa coBnajeHus pe30HaAHCOB OKa3zajlach paBHOM 6,7 MI'11.

YacToTa %4-BOJHOBOTO pe30HAHCA OKA3aJlaCh HUKE, YeM U3MEPEHHas 10 KoJIeOaHUsM B
3aMKHYTOM IPOBOJIC & PE3YIbTUPYIOMNN KOI(DPHUIIMEHT 3aMeIJICHUS B POBOJIC OKA3AJICSI
paBHbIM 0,77.

4.5. HakoHell, y1anoch NOCTPOUTH KATYIIKY, YAOBJIETBOPSIONIYIO BCEM TPeOOBaAHUAM
Hukonsl Tecnbl, 1 COBMECTUTH B Hel ¥4-BoJIHOBOM LC- pe30oHaHCHI.
Tenepr Hano pa3o06paTbes ¢ KOHCTPYKTUBHBIMU OCOOEHHOCTSMHU UHIAYKTOPA.

4.3. Short-circuit the coil [terminals / leads] and connect them with the grounding. Measure
the full-wave resonance frequency and calculate the expected Ys-wave and ¥-wave resonance
frequencies. The results of all the measurements are found in Table 2.

4.4. Disconnect the coil terminals and connect the [long terminal / long lead] directly to the
grounding point. The options of connecting a thick section to the ground wire, or to a
grounded aluminium sheet, are not suitable.

The winding length we got from the corrected line on the graph turned out to be so exact, that
only small beats in the [tail / tail-end] gave away that both resonances had the same
frequency. Underwinding three turns in the coil led to strong beats, which were not possible to
get rid of by tuning the [inductor / induction coil]. We managed to achieve [complete
concurrence / an exact match] by unwinding just three turns. It pleases me, that such a method
allows to make adjustments with great ease. By simply rotating the colil, it is possible to
change the number of turns in it and observe the chaning oscilloscope signal.

The matching resonances frequency turned out to be equal to 6.7 MHz.

¥:-wave resonance frequency turned out to be lower, than the one measured by the oscillations
in the shorted wire and the resulting deceleration rate in the wire turned out to be equal to
0.77.

4.5. Finally, we managed to build a coil, which met all of Nicola Tesla’s requirements, and to
match the %:-wave and LC-resonances in it.
Now we have to figure out the constructive features of the [inductor / induction coil].

5. Uupykrop.

K coxxanenuto, npo MHIYKTOpP U3BECTHO OUYEHb MAJIO — TOJIBKO TO, YTO OH JOJDKEH UMETh
OYEHb MaJIOe CONPOTUBJICHHUE, MATYI0 UHAYKTUBHYIO CBS3b C KaTYIIKOW, U ObITh B pe30HAHCE
¢ kaTymkoi. [loaToMy 151 SKCIEpUMEHTOB NMPUAETCSA N3TOTABINBATE PA3IIUYHBIE HHAYKTOPbI
1 HaXOJIUTh WX ONTHUMAJIBHOE PACTION0KEHHE OTHOCUTEIBHO KaTYIIKH.

5.1. PaccMoTpuM, Kak BIUsET HalpaBieHHEe HAMOTKM BUTKOB U HAIIpaBJICHUE TOKA B
UHJYKTOpPE, OTHOCUTEIBLHO BUTKOB B KaTYIIKE, HA BBIXOJAHON CUTHAII.

NHIyKTOp U3rOTOBIEH B (hOpME MIIOCKOM CIHpaiy U3 TPEX BUTKOB, MEAHOM MKHOM 5x1,8
MM. PacmosniokeH B 5 CM HUMKE MEPBOT0 BUTKA KAaTyIIKU. IMITYJIbCHBIN CUTHAJ MTOJAETCsl HA
BBIBOJI OT CEPEANHBI HHIYKTOPA OTHOCUTEIBHO OAHOTO U3 €r0 KOHIIOB. Pe30HaHCHBIN
KOHJICHCATOP MOAKIIOYEH MEXAY KOHIIAMY UHAYKTOpA.

Korna nuHayKTOp B pe30HaHCe ¢ KaTyIIKOM, IEPEBOPOT MHAYKTOPA HE OKa3bIBAET BIUSHHUS HA
aMIUITYy U (pOopMy CUTHAJIA.



Ecnu yOpatb KOHJIeHCATOP, MOAKIIOUYEHHBIN K MHIYKTOPY U1 00€CIIeYeHUs pe30HaHca, TO OT
yIapHOTO UMITYJIbCa B KAaTYIIIKEe BOZHUKAIOT KOJIeOaH!s Ha €€ pe30HAaHCHOM YacToTe.
[TonoxeHne MHAYKTOpa BMECTE C HAIIPaBICHUEM UMITYJIbCA TOKA CUIIBHO BIUSET HAa (hopMy
CUTHAJIA.

Jlig onpeiesieHns: HalpaBJIeHUs! HAMOTKH, 32 Ha4aJl0 OOMOTKH ITPUMEM HUKHUI KOHELL
KaTyLIKHW, COEIUHEHHBIN C 36MJIEH, TOTJ1Aa PE3YIbTAT PA3JIMYHbIX MAHUITYJISLIAN C
II0JIOKEHUEM MHIYKTOPA U NOAKIIOYEHUEM K HEMY UCTOYHUKA UMITYJIbCOB, MOKHO OIIUCATh
CIIeTYIOIM 00pa3oM:

- Ecnn Ha KOHC MHAYKTOpPA I110J1aBaTb OTpl/ILlaTC.J'leHﬁ UMITYJIbC OTHOCHUTCIIbHO €TI0 HavaJla,
TO Ha KaTyIlIKe HaOJ01aeTCsl CUTHAJ Ha €€ pPe30HaHCHOW YacTOTE U UMEET BHJI 3aTyXarolen
CUHYCOH bl C MUHUMAJIbHBIMU UCKAKCHUSMMU.

- Eciin Ha KOHEIl HHAYKTOpA MM0J1aBaTh MOJ0KUTEIbHBIA UMITYJIbC OTHOCUTENIBHO €r0 Havasia,
TO Ha KaTyIIKe HaOJII01aeTCs CUTHAI Ha €€ pe30HaHCHOW 4acTOTE U MMEET BHJI 3aTyXarolleH
CUHYCOU/IbI C OMEHUSIMH, UCKAXKEHHBIN TrapMOHUKAMHU BBICIITUX MOPsaAKoB. HavanbHas
aMIUIUTYJIa CUTHAJIa HECKOJIBKO BBIIIE, YEM B MPEABIYIIEM Cydae.

Oob1iiee ouryieHNe Takoe, 4TO B IIEPBOM cllydae y HacC B CHCTEME UMEETCs HeKas
OTpHUIlIaTeNbHAs 00paTHAs CBSI3b, @ BO BTOPOM CJydae — MOJIOKUTEIIbHAS.

JIpyrumu ciioBaMHu MOKHO C(hOpPMYJIUPOBaTh, UTO B TIEPBOM Cllydae cUCTeMa BeAET ceOs Tak,
KaK OYJTO TOK UJET «IIPOTUB MOTOKA», BO BTOPOM CITy4ae — «B MOTOKEY.

B nmro6om cirydae, 3To HaOJII0ICHHE ITOATBEPKIa€T MBICIIb, YTO B MOMEHT YIapPHOTO
MUMITYJIbCA K 3€MJI€ JIOJDKEH OBITh TMIPHIIOKEH «MHUHYCY», @ K AaHTEHHE — «ILTIOCH.

5. The Inductor (Note: since the word inductor repeats a lot in this section, 1 will refer to it
as inductor rather than as [inductor / induction coil])

Unfortunately, there is very little known about the inductor — only that it should have very

little resistance, low inductive coupling with the coil, and be in resonance with the coil. For

this reason we will have to make different inductors for our experiments and find their

optimal positions in regard to the coil.

5.1 We will consider, what effect the winding direction of the turns and the direction of the
current in the inductor, relative to the turns in the coil, has on the output signal.

The inductor is made in the shape of a flat spiral of three turns, a copper busbar 5 x 1.8 mm.
The location is 5 cm below the first turn of the coil. The pulse signal is fed to the [output /
terminal] from the middle of the inductor in relation to one of its ends. The resonant capacitor
is connected between the ends of the inductor. When the inductor is in resonance with the
coil, the [revolutions / turning] of the inductor will not affect the amplitude and the shape of
the signal.

If the capacitor, connected to the inductor for the purpose of ensuring resonance, is removed,
then oscillations arise at the coil’s resonance frequency from the shock pulse in the coil.

The position of the inductor along with the direction of the current pulse, strongly influence
the shape of the signal.

In order to determine the direction of the winding, take as the beginning of the winding the
lower end of the coil, connected with the ground; in that case the result of the various
manipulations with the inductor and the connecting the source of the pulses to it, can be
described in the following way:



- If anegative pulse is fed to the end of the inductor, relative to its beginning, then a
signal can be observed on the coil (note: it seems incorrect to say ‘on’ the coil,
however, this is what it says in the original so | hope this makes sense to you. This
goes for all the remaining uses of ‘on’ in a similar sense in the rest of the document) at
its resonant frequency and looks like a damped sinusoid with minimal distortions.

- If a positive pulse is fed to the end of the inductor, relative to its beginning, then a
signal can be observed on the coil at its resonant frequency and looks like a damped
sinusoid with beats, distorted by harmonics of the highest orders. The beginning signal
amplitude is slightly higher, than in the preceeding case.

The general feeling is that in the first case there is some negative feedback in our system, and
in the second case — positive.

In other words it can be said that in the first case the system behaves as if the current is going
“against the current”, and in the second — “with the flow”.

In any case, this observation confirms the idea, that at the moment of the shock pulse, “[minus
/ negative]” should be attached to the earth, and the “[plus / positive]” to the antenna.

5.2. Onpenenum ontuMaibHble, POPMY U KOJIMUYECTBO BUTKOB B UHIYKTOPE.

[To popme cpaBHMBaIKCH CIHUPANbHBIA U HMUIUHAPUYECKUN WHAYKTOpPHI. [loka Gombiioro
pasnuuus B UX QYHKIIMOHUPOBAHUU HE

0OHapYXHJIOCh, HO HUIUHApHYEcKas (popma Ooyiee KOMIIAKTHA, TOITOMY Jajiee IoKa
Oyaem paboTaTh C LMJIMHIAPUYECKUM MHIYKTOPOM.

OT Ko/IMYecTBa BUTKOB 3aBUCHUT CKOPOCTh HApacCTaHUs TOKAa B MHIAYKTOPE B HaYaJIbHBIN
MOMEHT, KOIJla Ha HEro paspsbkKaercss KOHAEHCATop, U JOOPOTHOCTh CaMOr0 MHIYKTOpa.
JKenarenbHO HAaUTH KOMIIPOMMUCC.

Eciau cnumkoM Mano BUTKOB, - JOOPOTHOCTH CaMOT0 WMHAYKTOpA MajaeT Hu3-3a OOJBIION
pe3oHaHCcHOM €MkocTU. Ilpu yBennyeHMHM KOJMYECTBAa BUTKOB JOOPOTHOCTh KOHTYpaA H,
COOTBETCTBEHHO, aMILTUTYyJa KoJeOaHWil HampsOKEHUS Ha MHAYKTOpE CHadajga BO3pacTaeT
OBICTPO, B pa3bl, IOTOM HE3HAUUTEIHHO. S| OCTAaHOBUIICS, 11O CYyOBEKTUBHBIM OIIYIIEHUSAM, HA
rpaHule ObICTPOTO M MEMJIEHHOI'O BO3pacTaHusi JOOPOTHOCTU OT KOJIMYECTBA BUTKOB. B
pe3ynbTaTe MOJY4YMIICS UUIUHAPUYECKUH MHAYKTOp auameTpoM 10 cM, copepxamuii 6
BUTKOB, HAMOTAHHBIX MEeIHOU IIMHOK 5x 1,8 MM, ¢ rirarom 10Mm.

5.2 Let’s determine the optimum shape and number of turns in the inductor.

As for the shape, we compared a spiral and a cylindrical inductor. So far we have not found
there to be a great difference in their functioning, but the cylindrical shape was more
compact, and so we will continue working with the cylindrical inductor.

The speed of the current buildup in the inductor at the starting moment depends on the
number of turns, when the capacitor discharges on to it, and the Q factor of the inductor itself.
It is desirable to find a compromise.

If there are too few turns, - the Q factor of the inductor itself falls because of the high
resonance capacitance. When the number of turns is increased the tuned-circuit Q factor and,
respectively, the voltage oscillations amplitude on the inductor at first will increase quickly,
by a number of times, and then insignificantly. | stopped, due to subjective feelings, on the
border of fast and slow increase of the Q factor due to the number of turns. As a result I got a
cylindrical inductor with a 10 cm diameter, containing 6 turns, wound in a coppar busbar 5 x
1.8mm, with a 10 mm pitch.



5.3. OGHapyKUJIOCh CYIIECTBEHHOE BIUSIHUE Ha MPOIIECC MOJI0KEHUS UHIYKTOpa

OTHOCHUTEJIBHO KaTYILKH.
Koraa BepxHUil BUTOK MHAYKTOpA HAXOJAUTCS HA pAacCTOSHUU OoJiee 5 cM (auamerp Kapkaca
KaTYIIKH) HIKE, YeM HIDKHUN BUTOK KaTYIIKH, paHee HaCTPOCHHbIH pe3oHanc LC-koHTypa
Y BOJIHBI B IIPOBOJIE COXPAHSETCA, aMIUIUTY/1a CUTHAJIA HA KaTYyIIKEe U3MEHSIETCS TOJIBKO MpHU
yJlaJeHU1 HHIYKTOpa Ha paccrosiHue Oosee 10 cm.

Ecnu aBurate MHIYKTOp K KaTYIIKE, TO IIPU PaCCTOSIHUHU, MEHBIIEM, YEM 5 CM, BOZHUKAIOT
OMeHMUsI, KOTOpbIE HE YCTPaHAIOTCS HAacTpoiikoi nuaykropa. Yacrora LC- koHTypa HaunHaeT
noHmwxkarbcs. [Ipuuém, amrumaTyga KoneOaHWi B KaTyIIKe CHadaja HEeMHOTO BO3pacTaer,
IIOTOM OCTA€TCSI HEM3MEHHOM, BO3MOKHO, U3-3a BOZHUKAIOIIETO PACXOKICHUSA PE30HAHCOB.
BepHyTb coBnasieHne pe30HAaHCOB MOYKHO, OTMAThIBasi BUTKU B KaTYILKE.

Ha pucynxkax 5 - 7 npuBoAsITCsSl OCHMIIIIOTPAMMBI, TI0Ka3bIBAIOIINE 3aBUCUMOCTD aMILIUTYIbI

1 (GOpPMBI CUTHAJIA OT PACCTOSTHUS MEXKy KaTYIIKOW U HHAYKTOPOM.

5.3 A significant influence was found in regard to the process of the location of the inductor
in relation to the coil.

When the top turn of the inductor is located at a distance more than 5 cm (the diameter of the
coil frame) lower, than the lowest turn of the coil, previously tuned LC-circuit and the wave
in the wire resonance remains, the amplitude of the signal on the coil changes only when the
inductor is moved to a distance further than 10 cm.

If we move the inductor towards the coil, then at a distance, smaller than 5 cm, beats appear,
which do not go away by tuning the inductor. The LC- circuit frequency begins to lower.
Besides, the oscillation amplitude in the coil at first slightly increases, then remains constant,
possibly, because of the occurring resonances divergence. It is possible to match the
resonances again by unwinding turns from the coil.

In Figures 5 — 7 are oscillograms, showing the correlation between the amplitude and the
shape of the signal, and the distance between the coil and the inductor.



Puc. 5. OcuuisiorpamMma curHasia Ha KaTyIlIKe PY PacCTOSTHUU OT HHAYKTOpa J10
kaTymku 10 cMm. YcraHoBku: X = 1 Mmkc/aen, Y = 0,2 B/ neJ.

Fig. 5. Oscillogram of the signal on the coil at the distance of 10 cm from the
inductor to the coil.

Settings: X = 1 microseconds/division, Y = 0.2 volt/division.

Puc. 6. OcrmutorpaMma curHalla Ha KaTyIIKe IPH PACCTOSTHUHU OT UHIYKTOpA J10
karymku 5 cMm. Yceranoku: X = 1 mxc/men, Y = 0,2 B/nen.



Fig. 6. Oscillogram of the signal on the coil at the distance of 5 cm from the
inductor to the coil.

Settings: X =1 microseconds/division, Y = 0.2 volt/division.

Puc. 7. OcuuiorpaMma CUrHaIa Ha KaTyIKe Py PacCTOSHUK OT HHAYKTOpa 10
karymku 2 cMm. YcranoBku: X = 1 mxc/nmen, Y = 0,2 B/men.

Fig. 7. Oscillogram of the signal on the coil at the distance of 2 cm from the
inductor to the coil.

Settings: X =1 microseconds/division, Y = 0.2 volt/division.

Ha pucynke 8 mokazaHo pacnofio>keHue IIyra ociuuiorpada npu u3MepeHusx.

Figure 8 shows the location of the oscilloscope probe when taking
measurements.



1111

Puc. 8. [losioxkeHue myna ocuusiorpada npy CHATUU OCLUJIJIOTPAMM.

Figure 8. The location of the oscilloscope probe when taking oscillsgrams.

5.3.1. OueBUIHO, HAC MHTEPECYIOT JBA Cllydas: - KOI'/la KaTylllKa He IOMaJacT
BHYTPb MHAYKTOPA, U KOTJja HUKHSASA 4aCTh KaTyIIKU

IOJIHOCTHIO HAaXOJUTCS BHYTpU UHAYKTOpaA. [l0CKOJIbKY Ha TaHHBII MOMEHT
PE30HAHCHI COBMEULIEHBI AJIs1 IEPBOTO CIIy4asi, ¢ HETrO U HAYHEM.

Paccunraem sHepreTrueckuii 6ananc. Mcxonnble faHHbIE 1)1 Pacy€TOB U
pe3ysbTaThl CBE/IEHBI B Ta0IMILYy 3.

5.3.1 It is apparent, that we are interested in two cases: - when the coil does not fall
within the inductor, and when the lower part of the coil is fully located within the
inductor. Because at the moment the resonances match in the first case, we will start
with it.

Let’s calculate the energy balance. The initial data for the calculations and the results
are shown in Table 3.

Tabsnna 3. IHepreTuyeckni 6aaHC KaTYLIKHU 2.

Ne| HaumenoBanue |O003Ha-| Bennunna
PasmepHoOCTB dopmyna [Tpumeuanue
/11 napamerpa YeHHE | mapamerpa
1 2 3 4 5 6 7
WHaykTop Ha 5 cM HMKE KaTYIIKU, PE30HAHC ¥4 BOJIHBI.
1 |Paspsanas éMKOCTb Cp 100 nd U3MEPEHO -
2 |AMIIMTYy1a HAPSIK. U, 400 B U3MEPEHO -
3 PHeprus pazpsna E, 8*10" Jhx CpmU /2 -
4 [EMKOCTb HHIYKTOpA Cyu 130 n® U3MEPEHO -
5 |AMIUIMTY/Ia HAIPSIK. U, 100 B H3MEPEHO -
6 [Pueprus B unaykrope| E, 0,65*10° Jx C,*U,°I2 -
7 [Emxocts kaTymku Cy 6,5 n® 13 Tabi. 2 -
8 |AMIUIMTY/Ia HATIPSIK. Uy 200 B U3MEPEHO -




9 |3ncprm{ B KaTYIIIKE | = | 0,13*10° | Tk | C,*U,°/2 | -
NHaykTop Ha/l HA4aIoM KaTYIIKH, PE30HAHC Y4 BOJIHBIL.

10 MHIyKTHBHOCTH L 137 MK['H HU3MEPECHO -
11 Hacrora LC-pe3oH. fLc 2,2 MI'g HU3MEPECHO -
12 CobcTBEH. EMKOCTD C 38,2 nd C=1/@**fic™ L)
13 |JAMIITUTY 12 HATIPSIK. Uy 200 B HU3MEPECHO -
14 DHeprus B KaTyIIKe = 0,76*10° Tk C,*U,°/2 -
15

16

Table 3. The energy balance of coil 2.

Ne|  Parameter D.isposit Pa.ramete Unit of Formula Notes
/11 name ion r size
measuremen
1 2 3 4 5 6 7
The inductor [induction coil] is 5 cm lower than the coil, ¥-wave resonance
1 Discharge capacitance] C, 100 pF Measured -
2 Moltage amplitude U, 400 \Y Measured -
3 |Discharge energy E, 8*10° J CrUT2 -
4 |Inductor capacitance Ci 130 pF Measured -
5 Moltage amplitude Ui 100 \Y Measured -
6 [Energy in inductor E, | 0.65*10° J C*U°/2 -
7 Coil capacitance C. 6.5 pF From -
Table 2
8 Moltage amplitude U, 200 \Y Measured -
9 [Energy in coil E. | 0.13*10° J C*U°/2 -
The [inductor / induction coil] above the start of the coil, ¥--wave resonance
10 Inductance L 137 uH Measured -
11 LC-resonance freq. fLc 2.2 MHz Measured -
12 0Own capacitance C 38.2 pF C =1/ (A fic™ L)
13 Voltage amplitude U 200 V Measured -
14 [Energy in coil E. | 0.76*10° J Ci*U?2 -
15
16

Crnenyer OTMETUTD, UTO TIPH PACTIONOKEHUN WHIYKTOpA HUKE KaTYIIIKH,
U3MEHEeHHE EMKOCTH pa3psiaHoro koujaeHcaropa (C10 Ha

pucyHke 2) B gecsth pa3 (o1 50 n® o 500 nd), npuBOIUT K USMEHEHHIO

aMIUIATY/IbI KOoJIeOaHMI B KaTyIllKe He OoJjiee, YeM B JIBa pasa.
To ectb, 11 BO30Y>KIeHUs KoJieOaHul BaxeH (DPOHT, a HE JUIUTEIbHOCTh UMITYJIbCA.

5.3.2. Pa3mecTiM Teneps HHIYKTOP HaJl HAYaJIOM KaTYIIKH U HACTPOUM PE30HAHC.
Pazmectunu. Yacrora LC-koHTypa NMOHM3WIIACh, M CKOJBKO IMPOBOJA HE
OTMaThIBail, coBMecTUTh pe3oHaHc LC-kontypa ¢ ¥a-

BOJIHOBBIM PE30HAHCOM B MPOBOJIE He yaaércs. [lepenenany HUIMHIPUYICCKUIT



VHJYKTOP B CIIMPAJIbHYIO KaTylIKy. Pe3ynbrar TOT k€. 3agady nIpuUILIOCh
ckoppekTupoBath. Pa3 yacrora LC-KOHTYypa NOHMKAETCSI, MOMBITAEMCS TIOHU3UTD €&
e1é OoJIbIIIe — 10 COBIIAJEHUS C //4-BOJIHOBBIM PE30HAHCOM B IpoBoje. [iist aToro
[IpUIIJIOCH C obounx KOHIOB KaTyYHIKH CMOTAaThb 110 20 BUTKOB M HAMOTATh UX B Ty K€
CTOPOHY, HO MIOBEPX YK€ HAMOTAHHBIX BUTKOB. BHEIIHUIT BU/I [TOJIy4€HHOM KaTYIIKU
MOXHO YBUACTDH HaA

pucyHke 9.

It should be noted, that when the inductor is located lower than the coil, the change in
capacitance of the energy discharge capacitor (C10 in Figure 2), is tenfold (from 50
pF to 500 pF), and leads to changes in the oscillation amplitude in the coil not greater,
than twofold.

That is to say, it is the [front / forefront] that is important for the oscillation excitation,
and not the pulse duration.

5.3.2 Now let’s place the inductor above the beginning of the coil and tune the
resonance. We’ve placed it there. The LC-circuit resonance has lowered, and
regardless of how much wire was unwound, it was not possible to match the LC-
circuit resonance with the %-wave resonance in the wire. We changed the cylindrical
inductor into a spiral coil. The same result. We had to re-formulate the task. Since the
LC-circuit frequency decreases, we tried to lower it even further — until it matches the
Ya-wave resonance in the wire. To do this it was necessary to unwind 20 turns from
both ends of the coil and to wind them in the same direction, but above the other
turns. The resulting appearance of the coil can be seen in Figure 9.

Puc. 9. BHeltHUM BUJ, KaTyLIKHU.

Figure 9. The appearance of the coil.



WHAyKTUBHOCTD M COOCTBEHHASI EMKOCTh KATYILIKH IPU TAKOW HAMOTKE BO3POCIIH, U
yacToTa noHusuiaack. OKkoH4aTenpHas 10Bojka yacToTbl LC-KkoHTYypa 10 coBnaieHus
C /4-BOJIHOBBIM PE30HAHCOM B IIPOBO/IE IPOU3BOANIIACH IIEPEMEIICHUEM 3a3EMIIEHHOM
AIIOMUHHEBON TPYOKU C pa3pe3oM BHYTPH KapKaca ¢ HIPKHEW CTOPOHBI KaTYIIKH.
YacroTa /4-BOJIHOBOIO pe30HaHca OKa3anach paBHOU 2,2 MI'i, To ecTh, B TpH paza
HUKE YaCTOThI Y4-BOJIHOBOI'O PE30HAHCA.

Karymka B TakoM BuJie cTaja CUJIbHO HallOMUHAaTh KaTyliky Kamananse us
rpunbokca. Tenepb cTaHOBUTCA MOHATHO, MoyeMy y Kamananse karyiika numeer
TaKyr KOH(pUrypauuoo. Tak Mbl IOTUXOHBKY cBasiuBaeMcs oT Tecinbl k Kanananse.
Jlyis GompIiero moHUMaHMUs MexaHu3Ma padoThl KaTyiku Kamananase, monbiTka
[I0JaBaTh UMITYJIbCBI HA PA30OMKHYTBIM MHIYKTOP OTHOCUTEIBHO 3a3€MJIEHHON
TpyOKM BHYTPH KapKaca yBeHuanach ycrnexoMm. [loTeHmanpHbIM nepenagom
Kosie0aHus BO30YXK/1at0TCsl [IOYTH TaK ’Ke, KaK TOKOM B UHAYKTOPE.

JUig cpaBHEHMSI € ITOJIO)KEHUEM MHAYKTOPA BHE KaTYyILIKH, PACCUUTAEM
SHEPreTUUECKU OaslaHC IpU TOM ke pa3psAIHON EMKOCTH, YTO U B IPEIbIIYLIEM
ciyyae. Pe3ynbraTsl 3aHeceHbl B Ta0inuily. BUugHO, 4TO SHEpruu B KaTyUIKy
nepesaioch Oosble.

The inductance and coil capacitance increased with such a winding, and the frequency
decreased. The final LC-circuit frequency tweaking until it matched the ¥s-wave
resonance in the wire was done by moving the grounded aluminium tube with an
incision inside the frame on the lower side of the coil. The Y4-wave resonance
frequency turned out to be equal to 2.2 MHz, i.e., three times lower than the ¥-wave
resonance.

The coil in this configuration began to closely resemble Kapanadze’s Green Box coil.
Now it becomes apparent, why Kapanadze’s coil has this configuration. So we are
slowly moving away from Tesla towards Kapanadze. For a greater understanding of
the operating principle of Kapandze’s coil, an attempt to give [signals / pulses /
momentum] to the disconnected inductor relative to the grounded tube inside the
frame was successful. The potential [drop / difference] excites oscillations in almost
the same way, as the current in the inductor.

For comparison with the position of the inductor outside of the coil, let’s calculate the
energy balance using the same discharge capacitance, as in the previous case. The
results can be found in the Table. It can be seen, that more energy has been
transferred to the coil.

5.3.3. PacnionoxkeHue MHIYKTOpa Ha/l KATYIIKOW B KOPHE OTJIMYAETCs OT
pacronokeHus Moj KaTymkoil. OTMETUM 371€Ch BBISBICHHBIE OTINYHS.
Bo-nepBbIX, (hopMa curHasa Ha BBIXOJE KaTYIIKU MPUHAJIA BUJ 3aTyXaroleH 1o
DKCIIOHEHTE CUHYCOHU/IbI, HO UMITYJIbCBI OJIHOM ITOJIIPHOCTH CBOPAYMBAIOTCS, KaK
rokaszaHo Ha pucyHke 10. [Ipy n3aMeHeHnH NOaSIPHOCTH 3aJAF0IIUX UMITYJIbCOB,
CBOPAYMBAKOTCS UMITYJIBCHI IPOTUBOMOJIOKHON MOJIIPHOCTH.

Bo-BTOpBIX, aMIUIMTY/]a UMITYJIBCOB HA BBIXOJI€ KaTYIIKH ITOYTH IPOIOPLMOHAIIBHA
€MKOCTH pa3psAHOro KoHjeHcaTopa. To ecTb, 3aBUCUT HE TOJIBKO OT HAJINYUS
(bpoHTa, HO M OT AJTUTENLHOCTH BO30YKIAIOIIETO UMITYJIbCA.

[lepememas cnvpanbHbIi HHAYKTOP BIUIYOb KaTYLIKH, MOYKHO HaliTH ONTUMAaJIbHOE
MTOJIOKEHNE, TPU KOTOPOM AMILIATYZA BBIXOAHOTO CUTHAJIA MaKCUMAaJIbHA, HO 3TO
IIOJIOXKEHUE HEJAJIIEKO OT Ha4alla KaTyLIKH.



5.3.3. The position of the inductor above the coil is fundamentally different from the
position under the coil. We will note here the identified differences. Firstly, the signal
waveform at the coil output became an exponential damping sinusoid, but the pulses
of the same polarity contracted, as shown in Figure 10. When the polarities of the
pilot pulses were changed, the pulses of the opposite polarity contracted.

Secondly, the pulse height at the output of the coil was nearly proportional to the
capacitance of the energy discharge capacitor. i.e., it depends not only on the presence
of the [front / forefront], but also on the duration of the exciting pulse.

By moving the spiral inductor deep into the coil, it was possible to find the optimum
position, at which the amplitude of the output signal was at its maximum, but this
position was not far from the beginning of the coil.

Puc. 10. OcumuiorpaMmma CHTHaIA HA KaTyIIKe MTPU PACTIONIOKEHUH MHIYKTOPa HaJT
HayaJIoM KaTymku. YcraHoBku: X = 1 mkc/nen, Y = 0,2 B/men.

Fig. 10. Oscillogram of the signal on the coil when the inductor is positioned
above the beginning of the coil.
Settings: X = 1 microseconds/division, Y = 0.2 volt/division.

WU, nns obmiero cBegeHus, Ha pucyHke 11 npuBeaeHa ocuuyiorpaMma, morydeHHas
MPY BO30YXKJIEHUH KAaTYIIKH NOTEHIUATBHBIM UMITYJILCOM.

And, for general information, Figure 11 shows the oscillogram which was obtained
when the coil was excited by the potential [pulse / surge / signal].




Puc. 11. OcunsiorpaMmma cursana Ha KaTylKe [IPU pacioI0KEHUU UHAYKTOpa Hajl
HavyaJIoM KaTtymku. YcranoBku: X = 1 mxc/nen, Y = 0,1 B/genn.

Kak BUIHO U3 pUCYHKa, €r0 aMIUIMTY/1a BCErO B Ba pa3a MEHBIIIE aMILTUTY/IbI
UMITyJIbCa, BO30YK1a€MOr0 UMITYJIbCOM TOKa B UHIYKTOpE. O6€ OCHUIIOrpaMMBbl
CHSATHI pH EMKOCTH 3ajatomiero konaencaropa 100 nd.

Fig. 11. Oscillogram of the signal on the coil when the inductor is positioned
above the beginning of the coil.
Settings: X = 1 microseconds/division, Y = 0.1 volt/division.

As can be seen from the above figure, its amplitude is only twice the size of the
amplitude of the pulse, excited by the current pulse in the inductor. Both oscillograms
were taken when the capacitance of the master capacitor was 100 pF.

5.4. Utak, Tenepb Mbl 3Ha€M, YTO €CTh JIBa MPUHIUITUATIHLHO PA3TMYHBIX
PaCIIOJIOKEHHUSI UHIYKTOPAa OTHOCUTEIIBHO KaTYIIKH.

[lepBoe — Korga MHAYKTOpP BBIHECEH 3@ Mpelebl KaTyIIKHM Ha PacCTOSHUE,
OoJbllee AMaMeTpa kapkaca. B aTom ciydae sHeprus,
nepenaBaemMasi B KaTylIKY, 3aBUCUT OOJIbIIIE OT YACTOThI, YEM OT JIJIUTEIBHOCTH
UMIYyJIbCOB Hakauku. UHaykTOp cnabo Biusier Ha LC- pe3oHaHC KaTyLIKH.
Bo3MOoHBI KaK 4-BOJTHOBOM, TaK U Y4-BOJIHOBOW PE30HAHCHI.

Bropoe — korga yacTh KaTylIKM pacHojio’keHa BHYTPU HHAYKTOpA. DHEprus,
nepenaBaemMasi B KaTyIIKy, 3aBUCHUT OT YacTOThl U OT JJIUTEIbHOCTH HUMIYJIbCOB
Hakauku. Karymka umeet 60bInyto coOCcTBEeHHYIO0 éMKOCTh, LC-pe3oHaHc KOHTYypa
KaTylIKUH HOpU 3TOM mHoHmxkaercd. Cucrema, HacCTpOEHHass B pPE3OHAHC, Ooiee
yCTOMYMBA K BHECEHHON BHEIIHUMU MpeaMeTaMu EMKOCTH. Bo3moxeH Y-
BOJIHOBOM pe30HaHC, ¥4-BOJIHOBOI pe30HAHC MOIYYUTh HE yIAI0Ch.

5.4 So, now we know, that there are two fundamentally different positions of the
inductor in relation to the coil.

The first — when the inductor is taken outside of the coil to a distance greater than the
diameter of the frame. In this case, the energy transmitted to the coil, depends more
on the frequency, than on the pump pulse duration. The inductor has little effect on
the LC-resonance of the coil. Both ¥-wave and ¥-wave resonances are possible.
The second — when a part of the coil is positioned inside the inductor. The energy,
transmitted to the coil, depends on the frequency and on the pump pulse duration.
The coil has a greater capacitance, wherein the LC-resonance of the coil’s circuit
decreases. The system, tuned to resonance, is more stable to capacitance which is
brought in by external objects. ¥s-wave resonance is possible, it was not possible to
get a ¥2-wave resonance.

6. Touka 3a3eMyIeHHS M LeJbHOCTH MPOBO/A.

B onbITax co BTOpOM KaTyIIKON WCIOJBb30BaH LENbHBIN KYCOK IIPOBOJA OT TOYKH
3a3€MJIEHHUS U J0 KOHIIAa HAMOTKHU. JTO
HEey00HO0. XO0TeNoCh Obl MPOBEPUTH, MOYKHO JI 3TOT MPOBOJ] OOPHIBATH B KOHIIE
KaTyILIKH, 1 HapalluBaTh TAKUM K€ WIN APYTUM IPOBOAOM 0O€3 yiiepoa Jis



COBMCIICHHUA PE30HAHCOB.

61 OprlBaCM IPOBOJ OT TOYKH 3a3CMJICHUA U IIPUCOCANHACM €T0 K 3a3CMJIIOIICMY
MIPOBOAY JJIMHOW 6 M U ceuyeHUEM 12 KB.MM.

OTkIII04aeM KOHJICHCATOP OT MHIYKTOpA, apaJljieIbHO KaTYyIIKE YCTaHABIUBACM
KOHJICHCATOP MEePEMEHHON EMKOCTH, IPU YBEITMYECHUU EMKOCTH OOHApPYKHBaeM
6l/lClll/Iﬂ 1 IMOACTPpanBACM KOHACHCATOP A0 UX IIPOIIaJlaHUA.

Yacrora, py KOTOpO# COBNAJIM PE30HAHCHI, OKa3zanachk paBHou 1,8 MI'.
[Iposepsiem. Ipu nuHe npoBoaa 26 M yacToTa Y4-BOJHOBOTO pe3oHaHca Obuta 2,2
MTI'n. ITpu nnune npoBoga 26 + 6 = 32 M, yactoTa /4-BOJHOBOTO PE30HAHCA JIOJHKHA
CHHU3UTCS 10 BeIUYUHBI 2,2*26/32 = 1,79 MI'L, uro B mpeaenax TOYHOCTH
M3MEPEHUS YaCTOTHI OCIIIIIIOTPad)OM COOTBETCTBYET IMOTYYEHHOMN 4acTOTE
COBIIAJICHUSI PE30HAHCOB.

6.2. Ipyrux KCepuMEHTOB MOKHO HE CTaBUTb.

MBI BBISICHWIIH, YTO MPOBOJI KATYIIKK MOKHO HapaliuBaTh JJIsi MOHUKEHUS YaCTOTHI
Y4-BOJIHOBOT'O PE30HAHCA, U TAKUM 00pa3om

HacTpauBaTh ero Ha yactotry LC-pe3oHanca B KOHTYypE.

Kpome Toro, okazanock, 4T0 MOKHO HapaliuBaTh MPOBOJIOM OOJIBIIETO CEUCHUSI.

6. The ground point and the wholeness of the wire.

In experiments with a second coil a whole piece of wire was used from the ground
point and to the end of the winding. This is inconvenient. It would be good to check,
whether it would be possible to cut this wire short at the end of the coil, and lengthen
using the same or a different wire without harming the matching of the resonances.

6.1 Tear away the wire from the ground point and connect it to the ground wire with
a length of 6 m and cross-section of 12 mm?,

Switch off the capacitor from the inductor, set up a variable capacitor in parallel to
the coil, detect the beats which have been caused by an increase in capacitance, and
tune the capacitor until they disappear.

The frequency, at which the resonances matched, turned out to be equal to 1.8 MHz.
Check it. When the length of the wire was 26 m the ¥s-wave resonance frequency was
2.2 MHz. When the length of the wire was 26 + 6 = 32 m, the Y4-wave resonance
frequency should have decreased to the value of 2.2*26/32 = 1.79 MHz, which
corresponds to the obtained frequency of matching resonances, within the accuracy of
the measurement of the frequency by the oscilloscope.

6.2 We don’t have to do any more experiments.

We found out, that it is possible to lengthen the coil wire in order to decrease the ¥-
wave resonance frequencies, and thus tune it to the LC-resonance frequency in the
circuit.

Besides that, it turned out, that it is possible to lengthen using a wire with a big cross-
section.

7. lloucku CB0OOAHOI JHEPrUn.

Kaxkercs, Mbl JOCTaTOYHO XOPOILIO HAYYMUIIUCH OOpamiarhes ¢ karymkoi Tecnbl. Ho
«JIMIIHEN» SHEPruy NOKa He 3aMeTuiii. Bo3moxkHo, He Tam nckanu. Hano yrounuTh
3ajady.



VY Tecbl 3a7a4a cocTosia B TOM, YTOOBI KAK MOYKHO OOJIbIIE SHEPTUU OTIIPABUTH B
OKpY’Karolllee MPOCTPAHCTBO. A CKOJIBKO €€ YXOJUT B 3TO CaMO€ IPOCTPAHCTBO, MBI
KaK pa3 U HE U3MEPSLIN.
Hama 3agaua, - Ha000pOT, KaK MOKHO MEHBIIE SHEPTUU OTIIPABUTH B
OKPY>KAIOILYIO CPENY, U KaK MOXHO OOJIbIIIE CHATH JJIsl JIMYHOTO I10JIb30BAHMUSI
30ECh U ceryac. Tak 4yTO, Ha JaHHOM 3Talle€ IICO6XO}_ll/lMO CJCJIaTh ITOBOPOT B
JIPYTYIO CTOPOHY.

Kak-To camo co00ii moiay4yminocs, yTo Karymka Teciabl HOTUXOHbKY MPHUHSIIA BUA
karymky Kananazase, KOTOpBIM yCIIEIIHO peluni Halry 3agady. OueBuIHO, BCE
[IPpUXOOUT K TOMY, YTO JaJICC HAJIO 3aHNUMATbCs Ka'l*yl_UKOl\/’l Kauauamc.

7.1. IlepemoTaem Hairy KaTymkKy Oojiee KOMIakTHO, Kak y Kananazasze B rpuHOOKce,
(ororpaduu KOTOpOi IpUBEIeHBI HAa pucyHKax 12 u 13.
B karymike npocmarpuBaeTcs emé ogHa 0OMOTKa, HAMOTaHHAasl MO/ KaTyIIKOW
Tecnsl. HamoTaem u 3Ty karymky Toxe. I[loka
POCTO OJUH CJIOW MPOBOJA.

7. The search for Free Energy.

It seems, that we have learned to use the Tesla coil relatively well. But we have not
yet observed any “excess” energy. It is possible, that we have not looked in the right
place. It is necessary to re-formulate the task.

Tesla’s task was to send as much energy as possible into the surrounding space. And
how much energy goes out into this very space, is exactly what we didn’t measure.
Our task, - on the contrary, was to send as little energy as possible into the
surrounding space, in order to get as much as possible for our personal use in the here
and now. So, at this stage, it is necessary to turn in another direction.

It somehow happened, that the Tesla coil gradually took on the appearance of the
Kapanadze coil, which successfully solved our task. Evidently, all points to the fact
that in the future we should work with the Kapanadze coil.

7.1 Let’s re-wind our coil in a more compact way, how Kapanadze does it in the
Green Box, photos of which are shown in Figures 12 and 13.

One more winding can be seen in the coil, wound under the Tesla coil. We will wind
this coil also. For now just one layer of wire.
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Puc. 12. Katymka Kananaz3se.

Figure 12. Kapanadze Coil.

Puc. 13. Ta xe karyiika B [puHOOKCE.



B pe3ynprate noiay4ywin KaTyuiky, NOKa3aHHYIO Ha pucyHke 14.

Figure 13. The same coil in a green box.

As a result we got the coil, shown in Figure 14.
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Puc. 14. DxcniepuMeHTanbHas KaTymika.

OT 0OMOTKM HUYKHETO CJIOSI OTXOJUT CJIEBa royiy0oi IpoBOJ, a cripaBa Y€PHBIN,
IIOTOMY, 4TO MPULUIOCH HAPACTUTH NPOBO/JI, KaK IOKa3aHO HA PUCYHKeE 15.

Figure 14. The experimental coil.
There is a blue wire coming out from the bottom layer of the winding on the left,

and a black one on the right, because we had to lengthen the wire, as shown in
Figure 15.
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Puc. 15. HwxHuil c10¥ KaTylmku ¢ Hapal€HHbIM TPOBOOM.

Bxitouenne BHOBb HAMOTAHHOM KATYIIKU, KaK KaTyIIKK Tecibl, IpU CBOOOHBIX
KOHIIaX HWKHEH 0OMOTKH, TOKa3ajo0, 4TO MOCPEICTBOM BJIBUTAHUS B TPYOy
3a3eMJIEHHOM JTIopaieBoil TpyOKH yIaéTcsi COBMECTHTh PE30HAHCHL. T0 €CcTh, KaTyIka
«paboTtaery.

Figure 15. The bottom layer of the coil with the lengthened wire.



Switching on the newly wound coil, with loose ends of the bottom winding, like
the Tesla coil, showed that by pushing a grounded dural tube into the pipe it is
possible to match the resonances. In other words, the coil “works.”

7.1.1. TlonpiTaeMcs Tenepb OCMBICINUTD KaTyliky Kamananse u nomneitaemcs 4To-
HUOYIb U3BJICYb U3 HAIICH KATYILIKH.

Ho cnauana npousBenéM sxkcriepuMeHT. B Mecte coequHeHnss HUKHEro BBIBOJA
KaTymky Tecisl ¢ 3a3eMIISIOLUMM IPOBOJIOM BCTABIIIEM PE3UCTOP COIIPOTUBIECHUEM
15 Om, u cmoTpuMm ocumsuiorpammy. Ha pesucrope Habo1aeM HanpsKeHUeE ¢
amruTynoi 1,5 B. D10 3HauuT, 4TO B 3a3€MJISIIOILIEM MTPOBOJIEC MPOTEKAET TOK C
ammuiutyzoit 0,1 A. 3aMblKkaHU€ pe3UCTOpa HUKAK HE CKa3bIBACTCS Ha
OCLIMJUIOrpaMMe HalpsKEHHs Ha KaTylike. To ecTh, CTosyasi BOJHA B IPOBOJIE HUKAK
HE pearupyer Ha CONPOTUBIIEHHE, BO3MOKHO, IOTOMY, UTO OHO Ha MOPSAJIOK MEHBbIIIE
BOJIHOBOT'O COIIPOTUBJIEHUS ITpoBoJa. U emé MokHO O0BSICHUTH TaKOE IIOBEICHUE
TEM, YTO MPoLiecC BO30YX ACHUS BOIHBI (KaK ObLIO MOKa3aHO B paHHHUX
9KCIIEPUMEHTAX, HANIPSHKEHUEM Ha CBOOOJIHOM KOHIIE BOJIHOBO/A), U IIPOLIECC
IPOXO0KJICHUSI BOJIHOM CONPOTUBJICHUSI HATPY3KH Pa3HECEHbI BO BPEMEHH, U SIBHO HE
CBSI3aHBI.

Emé onun skcnepument. BkitounM katyuiky, kak y Kanananze B rpunOoxce.
CoenuHUM IPOBOA, KOTOPBIE UAYT B )KECTAHYIO OaHKY, U IOJaJAUM Ha HUX
nepenaapl HanpspkeHus 200 B yepes3 konaencatop 500 nd. (Konaencarop MemaiieHHO
3apsKaeTcs U pa3psKaeTcs Ha KaTyHIKY yepes3 TUPUCTOp). B Harpysky ToT xe
pesuctop 15 Om.

[To xaxxoMy UMIYJIbCY B Harpy3ke HaO/Ir01aeM rapMOHHYECKHE 3aTyXatollne
KoJie0aHUs TOKA C HadaIbHOM aMIuuTyaoi 1 A.

7.2. UccnenoBanue kaTyuiku Kamanaase uMeeT CMBICT BBIJICIUTH B OTAEIBHYIO
CTaTbhlo, a MMOKa MOJABEAEM UTOTH PabOTHI.

1. B peanpubix KaTymkax Tecnsl Bo3MoxkHO coBmetienue LC-pe3onanca ¢ Ya- u %4-
BOJIHOBBIM PE30HAHCOM.

2. Ha noBenenue kaTymku Tecnbl CHIIBHO CKAa3bIBAETCS PACION0KEHHE UHIYKTOPA.
EcTbh Kak MUHUMYM /1B B KOPHE OTJIMYHBIX [TOJIO)KEHUS — KOTJIa MHAYKTOP HAXOAUTCS
Ha pPacCTOSIHUHU, OOJbIIIEM AUAMETPa HAMOTKHU OT KAaTYIIKH U KOT/Ia HHIYKTOP
PacrojoKeH MOJHOCTHIO HaJl KaTyIIKOM.

3. JleficTBUTENBHO, JUIMHY IPOBOJA, IPU pacdyéTe pe3oHaHca, HEOOXOMMO
OTCUYHUTHIBATH OT TOUKH 3a3€MJICHUS.

4. B 3a3eMiisitonieM POBOJE TEUET TOK, KOTOPBIN CLIOCOOEH BBIAEIUTD B HArpy3Ke
HEKOTOPYIO MOIIHOCTh, HE OKa3bIBasl BIMSHUS Ha PE30HAHCHBIE MPOIIECCHI B KaTYIIIKE.
Iloka 5TO eAMHCTBEHHOE, 32 YTO MOKHO 3aienuThbes B mouckax CE.

Bcewm ymaun! =Multik uz MynbTrkoHa.=

23.02.2012.

7.1.1 Now let’s try to comprehend the Kapanadze coil and attempt to extract
something from our coil.

But first we will do an experiment. Insert a resistor with a 15 ohm resistance at the
place where the lower [terminal / output] of the Tesla coil meets the ground wire, and
look at the oscillogram. We can observe on the resistor the voltage witha 1.5V
amplitude. This means, that a current with an amplitude of 0.1 A flows in the ground
wire. Short circuiting the resistor does not affect the oscillogram of the voltage in the
coil. l.e., the standing wave in the wire does not respond to the resistance, perhaps



because it is [by one order less / much less] than the wave resistance of the wire. And
this behaviour can also be explained by the fact that the process of wave excitation (as
was shown in previous experiments, with the voltage at the loose end of the
waveguide), and the process of the wave passing the load resistance are separated in
time, and are obviously not connected.

One more experiment. Let’s turn on the coil, as in Kapanadze’s Green Box. Connect
the wires, which are going into a tin can, and feed the changes in voltage 200 V to
them through the capacitor 500 pF. (The capacitor slowly charges and discharges on
to the coil through a thyristor). The same 15 ohm resistor to the load.

We can observe damped harmonic current oscillations with an initial amplitude of 1 A
with each pulse in the load.

7.2 It makes sense to write a separate article about the Kapanadze coil investigation,
and for now we will summarise the results of our work.

1. It is possible to match the LC-resonance with the ¥2- and %- wave resonace in a real
Tesla coil.

2. The position of the inductor greatly affects the behaviour of the Tesla coil.

There are at least two disparate positions — when the inductor is positioned at a
distance, greater than the diameter of the winding away from the coil, and when the
inductor is positioned fully above the coil.

3. It is indeed necessary to measure the length of the wire from the ground point,
when calculating the resonance.

4. A current flows in the ground wire, which is able to extract some power in the load,
without affecting the resonance processes in the coil. So far this is the only thing, that
we can catch hold of, in the search for FE.

Good luck to everyone! =Multik from Multikon.=

23.02.2012



