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Under Faraday’s Law,   , which forbids superposition but 

whose mathematics permits it, we end up with two electric currents 

travelling in opposite directions down the same conductor. 

I inject a very narrow voltage spike between the left hand conductor 

and the ground plane in a surface conductor 1 (microstrip). 
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  Surface conductor (Microstrip).         Buried conductor (Stripline). 
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The bottom trace in the left hand Figure 3 shows the introduced 

voltage spike, and the bottom trace in the right hand Figure 4 shows 



the smaller spike immediately resulting in the right hand conductor. 

The later second and first traces show how the signal develops further 

down the pair of conductors. It separates out into, first, an Odd Mode 

signal with equal and opposite voltage spikes on the pair of lines, 

followed by a slower Even Mode signal of equal positive spikes. 

In the case of buried conductors 2 (stripline), the two modes travel at 

the same velocity and do not separate out, as shown in Figures 5 and 

6. 
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Now let us look at the case of surface conductors 1 when the front end 

of the right hand passive conductor is shorted to ground so that there 

can be no voltage there. 

7 8 
In Figures 7 and 8 we see that in the earliest, bottom traces the initial 

zero voltage in the right hand conductor must have been two equal 

and opposite voltages superposed. There must have been equal and 

opposite charges on the surface of the right hand conductor, and equal 

and opposite electric currents flowing in and out of this conductor. As 

we see below in the field patterns, in the Even Mode, the right hand 

conductor is positive and so electric current flows into the paper, 

generating the field pattern shown. Meanwhile, in the Odd Mode, the 



right hand conductor is negative so electric current flows out of the 

paper. 

Looking back, this must have been happening in all traces in Figures 

5 and 6 and in the bottom traces in Figures 3 and 4. 

 

     

It is simpler to think of four conductors rather than two conductors and a ground plane. 

 

 

 

 

First, assuming a TEM Wave, I mathematically prove that only one 

voltage/current ratio and one velocity can travel down between a 

conductor and ground plane. 

 

 

Diagram of a two wire transmission line. (Figure 51.) 



 

                                                                 

 

 



Then, again assuming a TEM Wave as shown in Figures 3 to 8, I 

prove that only two signals, the Even Mode and the Odd Mode, can 

travel down between two parallel conductors and a ground plane. 

 

Diagram of two parallel conductors above a ground plane, and their images. (Figure 52.) 

 



 

This was “proved” by the upper two traces in Figures 3, 4, 7 and 8. 

However, for 43 years I failed to notice that the bottom traces in these 

Figures, and all the traces in Figures 5 and 6, give an illegal 

asymmetrical, third mode, which is a combination of an Even Mode 

and an Odd Mode. On their own, Even Mode and Odd Mode are 

symmetrical with respect to the four conductors. 

Clearly, physical reality was disproving a conclusion derived 

mathematically from Faraday’s Law, that only the Even Mode and the 

Odd Mode were permissible. Faraday’s Law does not permit the 

superposition of two permissible modes, which become a third, illegal 

mode. One reason why it is illegal is that the electric currents in the 

right hand conductor are in opposite directions for the two modes, and 

classical theory says there cannot be two electric currents in opposite 

directions along a single conductor. However, two electromagnetic 

waves (or light rays) can be in the same point in space, for instance 



when we shine a torch at another lighted torch pointing in the 

opposite direction, or when we send two pulses from left and right 

through each other down a coaxial cable. Similarly, the Even and Odd 

Mode TEM Waves in  our Figures can coexist, but not their 

associated electric charges and currents. 

 

A clue to the resolution of this problem is in the article; 

 

Cause and Effect in Mathematics 

 
Electromagnetic theory grew out of the perusal of such things as magnets, 

electrically charged bodies and the rest. This led to such concepts as electric 

charge and electric current, static electric field and static magnetic field. Faraday 

discovered that a slowly changing magnetic field generated electric current. Much 

later, dubious mathematics was applied to such steady state things by Maxwell, 

expanding to slowly changing "electric currents" and thence to displacement 

current, the latter deriving from theoretical problems with slowly changing electric 

current and the capacitor. Maxwell’s invention of Displacement current led to the 

idea that sunlight was electromagnetic.  

During this development of electromagnetic theory, there were no rapidly 

changing fields, and no electromagnetism travelling very fast, for instance at the 

speed of light. Later, in around 1880, Oliver Heaviside first addressed fast 

travelling electromagnetism in a sophisticated way. 

Now supposing, instead of with static fields and devices such as stationary 

magnets, we had started with sunlight, which we have always known about. Had 

we had the appropriate instruments, we would have found out, if it was not already 

obvious, that sunlight was two dimensional energy density, and travelled in the 

third dimension at the speed of - light.  

In the early case of Maxwell, the Transverse Electromagnetic (TEM) Wave, or 

light, is the result of much mathematical manipulation, starting with magnets, 

electrically charged bodies and the like.  

Now all this mathematical manipulation from electricity and fields to light is 

reversible, since mathematics ignores causality, or even direction in its equations. 

Since we know about sunlight, it is equally legitimate to start with sunlight, or the 

TEM Wave, and work backwards using the same mathematics towards electric 

field, magnetic field, electric charge and electric current. Only a historical accident 

caused us to progress in the traditional direction.  

In this case, particularly if we accept Occam's Razor, each of the items we derive 

mathematically have to justify their existence as physically real, rather than merely 

the results of mathematical manipulation of things which really are physically real. 

It turns out that, in electromagnetic theory, electric charge and electric current 

remain merely mathematical manipulations of what went before from our starting 

point with light, or the TEM Wave. In the case of a battery connected by two wires 

to a resistor or lamp, they have no function. This is proved by “The Catt Question” 

because of the dubious, contradictory "answers" by leading experts. We see that 



electricity is not quick enough to do the job in hand. This can only be done by the 

original sunlight, or TEM Wave, which has the necessary speed to get the energy 

from battery to lamp. This energy travels at the speed of light.  

Now we come to the difficult bit. It is pretty clear that the concept of electricity as 

perceived today started its life in the above role, of helping a battery to heat a 

resistor or light a lamp. Rubbing a glass rod with cat's fur played a subsidiary role 

in the origins of "electricity". What are the other, surviving roles for "electricity" 

in today's science? I can think of the Bohr atom and the cathode ray tube.  

The Bohr atom. Part of its role is to supply the "electrons" which expedite the flow 

of "electricity" from battery to lamp. But this role is discredited by “The Catt 

Question”. However, surely other roles remain today for the "electrons" in the 

Bohr atom.  

The Cathode Ray Tube (CRT). First, a digression. My co-author the late Dr. 

Arnold Lynch told me he was giving the keynote speech in the IEE to celebrate the 

centenary of J J Thomson's discovery of the electron. When I asked him why he 

was chosen, he replied, "Because he told me about it." Now in Heaviside's 

“Energy Current” approach to electromagnetic theory, the energy current, or TEM 

Wave delivered by the HT power supply approaches the CRT sideways between 

anode and cathode, or in the case of the signal input, between grid and cathode. 

The movement is at right angles to the alleged movement of the "electron". Now 

the interaction between the TEM Wave arriving as "HT" and the TEM Wave 

arriving as "signal" is complex. However, since they collide at 180 degrees, their 

collision should be handled to some degree by the discussion in my book. 

However, the detail still has to be worked out. When we address the electron, 

apparently travelling in the wrong direction at the wrong speed, it is useful to 

consider a wave in the sea approaching us. White foam on top of the wave appears 

to travel at a lower speed at right angles to the approaching wave.  

Tradition 

In case it should be feared that the transition described above moves us from a 

secure foundation to uncertainty, an analysis of the slovenly way in which the 

journey from "electricity" and fields to light was made, is called for. This is to be 

found at “Maxwell’s Equations Revisited” and “The Hidden Message in 

Maxwell’s Equations.”. My article “The Heaviside Signal” discusses how 

academia cleave to two mutually contradictory versions of the TEM Wave (or 

light), mostly keeping to the false "Rolling Wave". The flaw in "The Rolling 

Wave" is concealed by general ignorance about the relative phases of the E field 

and the H field. When we keep to the truth, that they are in phase, "The Rolling 

Wave" collapses. 

 

If we begin with light and the TEM Wave and work our theory and 

mathematics backwards, we can retain everything up to and excluding 

electric charge and electric current. For other reasons I excluded them 

in 1976, relegating them to merely being mathematical manipulations 

of the electric field and magnetic field (or more accurately, of the 

electromagnetic field). There is a difference. For instance, the 



gradient in electric field density (which equals electric charge) does 

not have mass, whereas electric charge does have. 

Now a TEM Wave has four features; i, q, E and H. The Figures only 

showed us E, and we deduced the rest.  

 

 

We were right to deduce H, (or B), but wrong to give physical reality 

to i and q. These conventional concepts broke down in the case of the 

right hand passive conductor when Even and Odd Mode spikes were 

superposed, because opposite electric currents flowed through each 

other and there were both positive and negative charges together on 

the surface of the conductors, each terminating their own independent 

electric flux. (The idea that electrons hop from atom to atom in one 

direction while another set of electrons hop along in the opposite 

direction is absurd.) At the least, electric charge and electric current 

have to be redefined. Preferably they need to be removed from 

electromagnetic theory. As Maxwell’s Equations show, they are the 

result of mathematical manipulation of electric and magnetic field. 

The link between electric charge and electric field is the more easy to 

see. If electric field comes to an abrupt stop, the edge at the end is 

called “electric charge”. The ExH in the last diagram above penetrates 

into the conductors as well as advancing to the right. However, the 

dielectric constant of a conductor approaches infinity, which means 

that the velocity of penetration approaches zero, leading to a sharp 

edge in the electric field, which we traditionally call “electric charge”. 



Why can a TEM Wave (Energy Current) only travel in a balanced 

mode, Even or Odd, when guided by four conductors? The answer 

lies buried in the concept of “Curvilinear Squares” 

 

When energy travels at the speed of light guided by two conductors, 

the same amount of energy travels through the red square and the blue 

square. The impedance of each square is 377 ohms if the dielectric is 

vacuum, or air. 



 

It is best to think of the two conductors in the diagram above as flat. 

Now as a wafer of energy current travels along, it sees ahead of it not 

only the space shown ahead, but also the new segment of conductors 

on its sides. A 377 ohm rectangle (very long and thin because of the 

copper’s greater permittivity) will receive the same amount of energy 

as a square ahead, this energy moving sideways into the conductors 

very slowly. However, since a square (of copper) has a different 

permittivity and therefore lower Zo than 377, each “377 ohm 

rectangle” must be elongated into a very long rectangle. Now because 

the velocity of the energy current is slower in the copper, the distance 

advanced to the right is far greater than the distance advanced up and 

down into the copper. So above and below, we have very elongated 

377 ohm rectangles, while straight ahead we have 377 ohm squares. 

Now the formulae for Zo and velocity c show us that above and below 

are extremely elongated rectangles of 377 ohms while straight ahead 

are 377 ohm squares. 

The angle of the sloping lines reduces towards horizontal as the 

permittivity is reduced and therefore as the velocity into the copper 

reduces. As we approach the infinite permittivity of copper, the 

sloping lines become horizontal and we have a right angle between 

the forwards travelling energy current and the surface of the 

conductor. This explains why a stable TEM Wave travelling guided 

by four conductors must have its curvilinear squares, (or its electric 

field) at right angles to the surface of the conductor, limiting the 

permissible wave fronts guided by our four conductors to Even Mode 

and Odd Mode.  

 

 

 



This article develops from Ivor Catt; “Crosstalk (Noise) in Digital 

Systems”, pub. IEEE Trans. Comput., vol. EC-16, no. 16, December 

1967, now at http://www.ivorcatt.co.uk/x0710.htm and 

http://www.ivorcatt.org/x0710.htm 

The TEM Wave and Relativity 

"The special theory of relativity owes its origin to Maxwell's 

equations of the electromagnetic field." - Einstein. From ed. P A 

Schilpp; "Albert Einstein, Philosopher-Scientist", pub. Library of 

Living Philosophers, 1949, p62 

The observed and photographed phenomenon, Figures 5 and 6 

contradicts the starting point of Einstein's theory of relativity.  

In Figures 5 and 6 the spike continues unchanged. When discussin the 

origins of Relativity, Einstein dismissed such a possibility as absurd, 

(ibid, p53); ".... If I pursue a beam of light with the velocity c 

(velocity of light in a vacuum), I should observe such a beam of light 

as a spatially oscillatory electromagnetic field at rest. However, there 

seems to be no such thing, either on the basis of experience or 

according to Maxwell's equations." Now in Figures 5 and 6 the spike 

could be a brief flash of monochromatic, sinusoidal light travelling 

between the two conductors, unchanged, just like the spike. In trace 3, 

then 2, then 1, the spike appears as a “spatially oscillatory 

electromagnetic field at rest (unchanging)”, which Einstein dismisses 

as absurd. Notice that in addition to my observing and photographing 

such a "spatially oscillatory electromagnetic field at rest", my 

calculations towards the same conclusion are based only on Maxwell's 

equations. Of course, Einstein never used a high speed sampling 

oscilloscope. It is less clear why he avoided the imperatives of 

Maxwell's equations.  

Einstein teaches 'The Rolling Wave'; the idea that in a TEM Wave E 

causes H causes E, which breaks down for the spike in Figures 5 and 

6. – see Albert Einstein and Leopold Infeld, 'The Evolution of 

Physics', pub. CUP 1938, p154; ' .... What kind of changes are now 

spreading in the case of an electromagnetic wave? Just the changes of 

http://www.ivorcatt.co.uk/x0710.htm
http://www.ivorcatt.org/x0710.htm


an electromagnetic field! Every change of an electric field produces a 

magnetic field; every change of this magnetic field produces an 

electric field; every change of ...., and so on. As field represents 

energy, all these changes spreading out in space, with a definite 

velocity, produce a wave. The electric and magnetic lines of force 

always lie, as deduced from the theory, on planes perpendicular to the 

direction of propagation. The wave produced is, therefore, 

transverse.'" 

 

In contrast, on page 6, art. 453 of volume 3 of his “Electromagnetic 

Theory”, Heaviside stands firmly for the Heaviside signal. For 

instance (ibid, art. 451, page 4), he says, “It carries all its properties 

with it unchanged,” which is a clear statement of the Heaviside signal. 

He mentions the slab elsewhere in his writings. One does not 

conceive of slabs rolling, or generating shear forces or stresses. 

Almost by definition, a slab, like a slab of heavy granite, moves 

forward unchanged at constant velocity, like Figures 5 and 6. 

 

 

 

 


