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Ihe End of Electric Charge
and ELECTRIC CURRENT

as We Know Them

Ivor Catt, an engineer and a scientist, presents a two-part article on the
matters of electrical charge and current. This is the first part, with the second
part to follow in the next issue of Electronics World

FOR 43 YEARS it has ot been noticed, even by the author, that
oscilloscope pictures (reproduced harel in a refereed jourmal undermine
the concepts of electric change and slactric curment, &nd with them &
large part of 208h cantury scantific theory, W see twor electric currents
travelling in opposite divections down a single conductor, Comentional
eleciric current i nat fit for parposs.

(V= - '_’.t

Lingar Faraday’s Law dt ., which forbids superposition and |
vat whose mathematics parmits it, we end up with two elactric currents
travelling in cpposite directions down the same conductor.

I Flgure 1, | ngect & very narroy yoltage spike betwesn the lelt hand
surface conducior and the ground plane. The bottom race i the eit-
hardd Figure 3 shows the introduced voltage spike, and the bottom trace |
m the nght-hand Figure 3 shows the smaller spike immediately resulting |
in the right hand conductor, The latar second and first traces show how
the sgnal develops further along the pair of conductons. |t separates out
mitn, first, an Odd Mode signal with egual and opposite voltage spikes on
the pairof e, folloseed by @ dower Bven Made ggnal of egual pogitive |
spkEs, |
in Figure 2, the case of buried conductors, the two modes travel at the
same velocity and do not separate out, as thown in Figures 5 and 6,

Mow et us look at the case of surface conductors when the front end of
thie nghl hand pasde conductar 18 sharmed to graund 5o that thers can
be no woltage there

In Figures 7 @nd B we sep that in the sarfiest, bottom traces the initial
2er0 voltage in the right Band condulor must have Been b equal @nd
opposite valtages superposed, Af the same timsa, there must have been
equal and opposie charges on the surface of the right hand conductor,
and equal and opposite electne curnents flowing inard out of this
qonductor, &5 we soe in Figure 3 in the Yeld patterns, in tha Even Mode
the right hand conducior & positive and 5o elsetric curment flis inls the
praper, generating the fald pattern shown, Meamwhile, i the Odd Mode,
the right hand conductor &5 negative so electns current fows out of the
papar.

Leskong laack, this rmast b baen happenng in sl traces in Figures 5
ardf & gnd in the bottom traces in Fgure 3
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Farst, assumeng a TEM Wave, | mathemaltcally prove that only one
voltagaiourrent ratio and one velodity can travel down beteeen 3
conductar and around plans

Properties of a Transmission Line

I've called this sechion Properties of 3 transmession ne' o ‘Proot that
only one type of wawa-front patiarn can be propagated down 4 wo-win
Eysten’.

¥ arder to discower how we characterize a transmission e we shall
consider an abserver watching @ step passng hin slong a two-wira line
|see Flgure 100

The observer knows: [a} Faraday's Law of Induction and db) that electn
charge is comsered .

Y- E )

Use Faraday's law dt around the loop A&'B°R. Define fas th
Inductance per unit kength-af the wire palr, then:

r=%
I

In a teme St the step will advance a distance 8% such that
e
= 2
e 2}
and the change of fluk will be ifrom Equation 1):
b =l8si (3)

Substiuion into (a) Faraday's Law gives the input soitage W across &8

L R —
needed to equal and overcome the back em [, back

From Equations 2 and 3.
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OM Wave
The OM, or Odd Mode, wave (Figure 18} 5 Be a TEM step travelling
deswn belwesan twa wires mado up ol A shartad 1o 0 and # shorted to B
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Our Initial assumption in our mathematics wirs that a stable waveform
passed ihe obsereer; thal m, o TEM wawe which was i eguilbrium or, a5

Emastapary gl in, “al rest”. [See “hinsiewr's Ermor” o The el ssue of
Electronics Wi

Forllonwsnay thal assusmphon, wo wird Faraday's Law and ooncluded from

dur caleu: s thal o other wwavelorrmn may peass the alsedtssr ol

than the Evan Mode and the Ood Mods. However, superposed
al Ebd and CM are permissible, a5 are seen in Figures 5 and

Figure 9: it pattirms for Even Moue and Cod Modke for
f. They are permibsdle in the 1eal woeld, but not permissibiln scoosding 1o mmhmmwm v

Faradiy™s Linw, which = thenefore not about the neal wininidl 45

phetographed hers Even Mode
This mathemataes wies, “conlirmed” by 1he upper bao raoes in figures

1, 7.and B. However, for 43 yoars | Faled 0 notice that the Dotiom traces

n these lquris, and all the traces in Figures 5 and 6 gree-an illegal

amymmetricad, third mode, which s & combinateon of #n Ewen Mode and

i Odid Mode, On theair cwn, Feen Mode and Odd Mode s symmestrical
with respect 10 the lour ¢onductons. i (l
At Odds

Clearly, |_.!"'-,||' 5| ragiily was gdeproving 3 I.I1I'II_|II‘.|IIII dherved

matl

atically from Farasday’s L, That only the Even Mode and the

Cirdd Mode woere permissible. The mathematics is indiffersit as o

whisther superposition is pormnsible, I does not cover afl the. features of

fhit gty

Faraday's Law (but not it maths) outiaws the superposition ol tes
permessible modes, whech become a third, Begal mode. One reason wiby
il m illegpal s that the electnc currents i the right-hond ¢onducior fe n

Odd Mode

opposite directions for the two modes, and Classal heony says there

canmot o two ehectric currends in opposite direchions alang 4 wngle

ronductot. Howser, Two eleciromagnetic waes (D light rays) can be o - E‘_-.
the same point in space, for ance wihen we shine a tonch at another

lighied torch pomiong i the opposite direction, or when we sénd 1w
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“ T T piilses fiewri left and right through each ather down a coaxal cable
o " o A The fapuris show 1hat the Bven and Odd Made TEM Waves can cossi
h \‘x ?\__ W but not their assocated electnc charges and curments. To nesche the
N, K"& ! H‘::\l-. d\\_ prabierm, we stwdy the mathematics of it ne manth.
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The second-part of vor Catt's arbicle eontinues m the neat sse of
| Electrongs Wankd magasne
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