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CAVENDISH LABORATORY
MADINGLEY ROAD
CAMBRIDGE CB3 0HE

From: Professor M. Pepper, FRS
‘ June 21, 1993

Ivor Catt, Esq
121 Westfields
St Albans

AL3 43R

Dear Mr Catt,

As a Trinity physicist the Master suggested that I might provide some comments on the
questions you raised in your recent letter to him on aspects of electromagnetic theory.

If T understand the position correctly, your question concerns the source of the charge at a
metal surface which by responding to the presence of the EM wave ensures that the reflectivity
of the metal 1s virtually unity, hence providing waveguide action and related applications.

If T may restate the basis of your question, what is the maximum frequency of radiation which
is reflected? It is this parameter rather than light velocity which is important. The solution lies

in the maximum frequency of response of the electron gas, which is the plasmon frequency

and is calculated in a straightforward way. If light frequency is greater than @p then the
electron gas in the metal can no longer respond and the reflectivity tends to zero. The problem
you are posing is that if the wave is guided by the metal then this implies that the charge resides
on the metal surface. As the wave travels at light velocity, then charge supplied from outside
the system would have to travel at light velocity as well, which is clearly impossible.

The answer is found by considering the nature of conduction in metals. Here we have a lattice
of positively charged atoms surrounded by a sea of free electrons which can move in TESpPONSE
to an electric field. This response can be very rapid and results in a polarisation of charge at the

surface and through the metal. At frequencies greater than oy the electron gas cannot respond
which is the reason for the transparency of metals to ultra-violet radiation. However for

frequencies used in communications the electron gas can easily respond to the radiation and
reflectivity is unity.

If a poor conductor is used instead of a metal, i.e. there are no freely conducting electrons, then
there is no polarisation, and as you point out charge cannot enter the system, and there can be

no surface field. Consequently reflection of the radiation will not occur at these low
frequencies and there is no waveguide action.

T'hope that these comments provide a satisfactory explanation.

Yours sincerely,

cc: Sir Michael Atiyah - Trinity College
Mr A Weir - Trinity College

Telephone: 0223 337330 Secretary: 0223 337482 Switchboard: 0223 337733 Fax: 0223 337271 Telex: 81292



UNIVERSITY OF CAMBRIDGE

DEPARTMENT OF PHY SICS

CAVENDISH LABORATORY
MADINGLEY ROAD
CAMBRIDGE CB3 OHE

From: Professor M. Pepper, FRS

August 23, 1993

Raeto C West

58 Littleton Road
Ashford
Middlesex

TW15 1UQ

Dear Raeto West,

I write with reference to your letter of August 19. Your description of the process is correct; as
a TEM wave advances so charge within the conductor is polarised and the disturbance
propagates at right angles to the direction of propagation of the wave.

~ When the frequency of the wave is sufficiently high that the charge cannot respond then the
solid behaves as an insulator and is essentially transparent to the wave. There is no anomaly
concerning this behaviour, which is covered in the standard texts on solid state physics.

Yours sincerely,



i~

UNIVERSITY OF CAMBRIDGE

DEPARTMENT OF PHYSICS
CAVENDISH LABORATORY

Telephone : 0223-66477 MADINGLEY ROAD
CAMBRIDGE CB3 0HE

Telex 81292
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ELECTROMAGNETISM 1 by Ivor Catt

From the introduction the following quotes provide some indication of the style and
content of what is to follow:

(1) 'The TEM wave has virtually disappeared from today's electromagnetic
theory.

(i1) "Text book writers of the last fifty vears seem to have fed on each other.’

(1i1) ‘Generally a growing welter of dubious and irrelevant mathematics has
submerged the subject.’

(1v) ‘Thetr (the writers) divorce from practical experience of driven waves (as

opposed to the standing waves of wireless and radar) makes the present
challenge, to bring the art back to the Heaviside mainstream, difficult but
rewarding for the author and for the reader.’

(v) ‘Bizarre extremes adopred as quick-fixes in ‘modern physics’ further confuse
the subject, which should be reasonably straightforward.’

Item (i) is a false statement. Every book which deals with the loss-free transmission
line is dealing with TEM waves, although the term may not be used in all cases. Item (ii) is fair
comment. Item (iii) suggests that much of the mathematics is quite unnecessary and that the
author 1s about to present a new and simple way of solving electromagnetic problems. This,
alas, never happens. Item (iv) introduces the ‘driven wave’ which is not defined or even
mentioned again anywhere in the book. It is contrasted with the ‘standing waves of wireless and
radar’, suggesting that the author's experience (if any) of such systems must have been with
very infertor apparatus. Item (v) is the first of several indications within the book that the author
dislikes modern physics. Indeed he prefers the philosophers of science to its practitioners (a red
rag to this reviewer).

The main body of the book is devoted to transmission lines, for the author's passion is
digital electronic design. The implication seems to be that, since transmission line theory is all
that he requires for his purposes, it should also suffice for all other purposes. Hence the reader
will find no reference to other important topics and no reference to radiation processes (except
for a very peculiar discussion of "The car headlight ). One suspects that, for the author, a TEM
wave must be either a step or a pulse. Sine waves are rarely mentioned and in a footnote
reference to one writer's description of the TEM wave as a 'degenerate form' the author bristles:

"This passage then deteriorates from degenerate into typically irrelevant
mathematical clutter whose flagship is w.'

The frequency domain seems to be an anathema to Ivor Catt, and he certainly cannot be accused
of generating mathematical clutter. The precision of mathematical statement is not for him.

The author's hero 1s Heaviside who suggested that energy flow is in the
electromagnetic field, not in conductors which act to contain and guide the energy flow. There
can be no objection to this point of view. Maxwell's equations are open to physical
interpretation and Heaviside's interpretation is, in many ways, more attractive (and more
productive) than others. But Catt is wrong to think that /e has rescued Heaviside from oblivion.
Many workers have taken this point of view for many years. Those working on radiation from
antennae and on wave guidance in metal tubes and dielectric fibres are virtually forced to think
along these lines. Maxwell himself provided an alternative point of view in his 'vector potential’
which allows delayed action at a distance to be used to compute the fields when all charge and



current distributions are known, and this has practical computational advantages when good
approximations to these charge and current distributions can be guessed. But it must be said
that, once the fields are known, the charge and current distributions are of little further interest.
Problems of interpretation of Maxwell's equations arise mainly because our education system
concentrates on circuit theory to the virtual exclusion of the electromagnetic principles from
which it stems. This has clearly been a problem for the author. His reading seems to have given
him flashes of insight which have then been badly developed, and that is the problem with this
book.

There are numerous examples of sloppy argument in the text. For example, the usual
representation of a transmission line as a sequence of cascaded L-C networks is dismissed on
the grounds that such networks have a high frequency cut-off and that capacitors are themselves
transmission lines so that the transmission line is modelled in terms of itself. The flaws in these
arguments are easy to see. Since, in the conventional approach, the cascaded networks are made
infinitely short and infinite in number, the cut-off frequency is infinite so that no high frequency
cut-off is implied . An infinitely short capacitor has an infinitely smail propagation delay and
need not be regarded as a transmission line. One suspects that limiting processes such as those
used in the conventional treatment are not properly understood by the author and his
collaborators. The conventional approach models the line in terms of inductance and
capacitance, not in terms of inductors and capacitors, but the distinction may be too subtle for
the author,

The author sees an anomaly in the conventional view of the transmission tne. This he
calls the 'Catt anomaly’ and it is the starting point of his proposals for an improved theory.

THE 'CATT ANOMALY"

When a TEM wave travels along a transmission line, there must, according to
conventional theory, be charge distributions on the surfaces of the conductors behind
the wavefront. For a vacuum diclectric the speed of the wavefront is the speed of light
so that, according to Catt, the charges on the conductors must travel at the speed of
light which is impossible. This is the ‘Catt anomaly’. Since the wavefront does travel
at the speed of light, so do the charges which then have infinite mass. It follows that
there cannot be charges on the conductor surfaces and conventional theory must be
wrong.

The flaw here is the assumption that the charges move with the wave, whereas in
reality they simply come to the surface as the wave passes, and when it has gone they recede
into the conductor. No individual charge moves with the the velocity of the wave. The charges
come to the surface to help the wave go by and then pass the task to other charges further along
the line which are already there and waiting. This is the mechanism of guidance and
containment. There 1s no anomaly.

But Catt goes on; having removed charges from the surfaces of his conductors, Gauss'
law can no longer be applied and the displacement current in the wave has to go somewhere.
Gatt's solution is typically ingenious; the current must continue as displacement current in the
conductors, which are actually dielectrics with a very high permittivity; there is no conduction
current in conductors - ever !. Catt's Ockham's Razor has been wielded to remove conduction
current as well as electric charge from electromagnetic theory. There is of course the smail
problem of a value for the permittivity of copper. Catt is equal to the challenge; since, for a
capacttor with a copper dielectric, the reciprocal of the capacitance must be almost zero, the



permittivity of copper must be extremely large. The conductors of his transmission line are
regarded as other transmission lines in series with the main line, but having, due to the very
high permittivity of the copper dielectric, very smail values of characteristic impedance and
propagation velocity.

For a loss-free line the permittivity is infinite and the characteristic impedance and
propagation velocity of the conductors are both zero. Zero energy is extracted from the main
line at zero speed. But when the line is not loss-free some energy is extracted, so what is its
final destination ?. We are not told, although the author insists that there is still no conduction
current , So that I°R Iosses are not involved. We conclude that copper must be a rather lossy
dielectric.

Throughout the book use is made of well-known concepts and formulae from
conventional theory. Indeed several conventional texts are referred to and such texts are all
based on the existence of charge and current which the author now rejects. If he is determined to
continue to promote Theory C, he must now show that all of those results of conventional
theory which he does accept are also derivable from his theory withour the use of the concepis
of electric current and charge. He will also have to show that the new theory explains certain
observed effects which are unexplained by conventional theory. This he claims to have done
with the pulse amplitude and duration when discharging a capacitor into a transmission line but
he can be assured that conventional theory does give the same result without using the concept
of superposed oppositely travelling waves in a statically charged capacitor. Thus far he has
failed to propose any new concept which is testable. It is significant that, having introduced his
new theory and abolished charge and current (Page 14), he then proceeds to use these concepts
quite unashamedly in the rest of the book.

Einstein proposed that the speed of light is the same for all observers. This is the basis

- of his speciat theory of relativity. Thus travelling at the speed of light parallel to a beam of light
one will not see a spacially oscillatory field at rest. But [vor Catt insists that he has actually
‘observed and photographed such a stationary wave’ using 'a high speed sampling oscilloscope’.
The reviewer was not aware of the availability of sampling oscilloscopes which could travel at
that speed, but the photographic proof was, according to Catt, published in IEEE Trans. Elect.
Comp. Dec 1967.

Here are a few more items which give cause for concern:

« When stating Amperes law, § H.dl = i, a footnote informs us that this is Faraday's
discovery of electromagnetic induction.

» Page 9: It is regrettable that the intrusion of the particle, or photon, into an
otherwise straightforward system with rich development potential should obstruct
forward progress. The political compromise nearly a century ago which caused
‘modern physics’ to exploit the pedigrees of both wave theory and particle theory has
inevitably led to a sterile century with no development, and it blocks development
today.’

» Page 9: 'Keeping within the wave theoretical system, it is possible to explain why so-
called ‘particles’ should appear to have equal size, although a totally wave theory
appears to be scalable and therefore incompatible with the apparently recurrent
electron and hydrogen particles with consistent size. One method would be to disciss
the collision of two such particles. and the resulting energy/matter exchange. There
are three possibilities. Either the larger steals from the smaller, or there is no



transfer, or the smaller steals from the larger. The fact that there is more than one
particle’ in today's galaxy indicates that if a galaxy is very old the first possibility
must be wrong. The second possibility is unlikely. The third possibility would fully
explain the gradual equalising out of particles over time. (This approach only
explains why all hydrogen particles are equal, and needs extension to explain the
existence of more than one type of particle.)’

* Page 12" ... tubes of flux do not exist on their own. there only exists the TEM wafer
composed of a two dimensional surface travelling forward at the speed of light for the
medium. One lateral direction is called electric field and the other is called magnetic
field. The surface is closed. It is a Gaussian surface. It is like a balloon surface where
every point of the surface travels outwards at the local speed of light. At the rear the
surface speeds backwards towards the battery, the source of the energy. Many of
these surfaces coexist in space, and periodically divide as changes in impedance are
reached. At such points some of the surface retreats and the rest continues forward.

It seems unnecessary to continue. The author will not be pleased with this review and
from his combative style a vigorous response from him is anticipated if this is published. Catt's
belief in his own work is clearly sincere, but this reviewer, after lengthy and careful
consideration, can find virtually nothing of value in this book.

The book has 36 pages and is priced at £20.
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Available from the author at 121 Westfields, St. Albans,
Herts. AL3 4]JR. Besides this A4 size version the book is
available in A5 under the title ‘Electromagnetics 1.

The main bedy of the book is devoted to transmission lines, for
the author's passion is digital electronic design. The
implication seems to be that, since transmission line theory is
all that he requires for his purposes, it should also suffice for
all other purposes. Hence the reacder will find no reference to
other important topics and no reference to radiation processes
(except for a very peculiar discussion of “The car headlight’).
One suspects that, for the author, a TEM wave must be either
a step or a pulse.

The author's hero is Heaviside, who suggested that energy
flow is in the electromagnetic field, not in conductors which
act to contain and guide the energy flow. There can be no
obiection to this point of view. Maxwell's equations are open to
physical interpretation and Heaviside's interpretation is, in
many ways, more atiractive (and more productive) than
others, Many workers have taken this point of view for many
vears, Those working on radiation from antennas and on wave
guidance in metal tubes and dielectric fibres are virtually
forced to think along these lines. Maxwell himself provided an
alternative point of view in his ‘vector potential’, which allows
delayed action at a distance to be used to compute the fields
when all charge and current distributions are known, and this
has practical computational advanlages when  good
approximations to these charge and current distributions can
be guessed. But it must be said that, once the fields are known,
the charge and current distributions are of little further
interest. Problems of interpretation of Maxwell's equations
arise mainly because our education system concenirates on
circuit theory to the virtual exclusion of the electromagnetic
principles from which it stems.

There are numerous examples of sloppy argument in the

text. For example, the usual representation of a transmission |

line as a sequence of cascaded L-C networks is dismissed on
the grounds that such networks have a high-frequency cut-off
and that capacitors are themselves transmission lines so that
the transmission line is modelled in terms of itself. The flaws in
these arguments are easy to see. Since, in the conventional
approach, the cascaded networks are made infinitely short
and infinite in number, the cut-off frequency is infinite so that
no high-frequency cut-off is implied. An infinitely short
capacitor has an infinitely small propagation delay and need
not be regarded as a transmission line. The conventional
approach models the line in terms of inductance and
capacitance, not in terms of inductors and capacitors.

The author sees an anomaly in the conventional view of the

218

transmission line. This he calls the ‘Catt anomaly” and it is the
starting point of his proposals for an improved theory.

The ‘Catt anomaly” When a TEM wave travels along a
transmission line, there must, according to conventional
theory, be charge distributions on the surfaces of the
conductors behind the wavefront. For a vacuum dielectric
the speed of the wavefront is the speed of light so that,
according to Catt, the charges on the conductors must
travel at the speed of light, which is impossible. This is the
‘Catt anomaly’. Since the wavefront does travel at the speed
of light, s0 do the charges, which then have infinite mass. It
follows that there cannot be charges on the conductor
surfaces and conventional theory must he wrong.

The flaw here is the assumption that the charges move with
the wave, whereasin reality they simply come to the surface as
the wave passes, and when it has gone they recede into the
conductor. No individual charge moves with the velocity of the
wave, The charges come to the surface to help the wave go by
and then pass the task to other charges furlher along the line
which are already there and waiting. This is the mechanism of
guidance and containment. There is no anomaly.

But Catt goes on. Having removed charges from the
surfaces of his conductors, he can no longer apply Gauss’ law
and the displacement current in the wave has to go
somewhere. Catl's solution is typically ingenious: the current
must continue as displacement current in the conductors,
which are actually dielectrics with a very high permittivity;
there is no conduction current in conductors — ever! Catt's
Ockham's Razor has been wielded to remove conduction
current as well as electric charge from eleclromagnetic
theory. There is of course the small problem of a value for the
permittivity of copper. Catt is equal to the challenge; since, for
a capacitor with a copper dielectric, the reciprocal of the
capacitance must be almost zero, the permitivity of copper
must be extremely large. The conducters of his transmission
line are regarded as other transmission lines in series with the
main line, but having, due to the very high permittivity of the
copper diclectric, very small values of characteristic
impedance and propagation velocity.

For a lossfree line the permiltivily is infinite and the
characteristic impedance and propagation velocity of the
conductors are both zero. Zero energy is extracted from the
main line at zero speed. But when the line is not loss-free some
energy is extracted, so what is its final destination? We are not
told, although the author insists that there is still no
conduction current, so that PR losses are not involved. We
conclude that copper must be a rather lossy dielectric.

Throughout the book use is made of well-known concepts
and formulae from conventional theory. Indesd several
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conventional texts are referred io and such texts are all based
on the existence of charge and current, which the author now
rejects. If he is determined to continue to promote his theory,
he must now show that all of those results of conventional
theory which he dees accept are also derivable from his theory
without the use of the concepis of electric current and charge. He
will also have to show that the new theory explains certain
observed effects which are unexplained by conventional
theory. This he claims to have done with the pulse amplitude
and duration when discharging a capacitor into a transmission
line but he can be assured that conventional theory does give
the same result without using the concept of superposed
oppositely travelling waves in a statically charged capacitor,
Thus far he has failed to propose any new concept which is
testable. It is significant that, having introduced his new
theory and abolished charge and current (page 14), he then
proceeds 1o use these concepts quite unashamedly in the rest
of the book.

Einstein proposed that the speed of light is the same for all
observers. This is the basis of his special theory of relativity.
Thus, travelling at the speed of light paralle! to a beam of light
one will not see a spatially oscillatory field at rest. But Ivor Catt
insists that he has actually ‘observed and photographed such
a stationary wave’ using ‘a high speed sampling oscilloscope’.
‘This reviewer was not aware of the availability of sampling
oscilloscopes which could travel at that speed, but the
photographic proof was, according to Cats, published in [EEE
Trans. Elect. Comp. in December 1967,

There are many other items in this book which give cause
for concern, for example the false statement that “The TEM
wave has virtually disappeared from today’s electromagnetic
theory’.

Catt’s belief in his own work is clearly sincere, but this
reviewer, after lengthy and careful consideration, can find
virtually nothing of value in this book.

B.LAGO




01784 452906 20 Penton Road,
Staines,
Middlesex TW18 2JY

16 October 1995

Professor Philip E Secker,

Deputy Secretary,

The Institution of Electrical Engineers,
Savoy Place,

London WC2R 0OBL

Dear Professor Secker,

I gather that you have been in correspondence with Mr Ivor Catt and
others in connexion with a putative anomaly in electromagnetic theory.
Ivor Catt has given me copies of some of the letters and other documents.

As a former editor of the journal Wireless World in which much of the
discussion on this subject took place, I write to make a suggestion
to the IEE and also to request some information from you personally.
(Incidentally, I was an IEE member for some years before retirement.)

The letter raising the original query was published in the August 1981
issue of Wireless World, but the name Catt Anomaly was not applied to
this query until some time after I had left the journal. So, although
I did not promote the idea of an anomaly, I feel partly responsible,
having published Catt's original letter, for starting off the ensuing
lengthy discussions involving several eminent academics.

The suggestion to the IEE arises from the fact that the discussions,
regardless of the validity of the proposed anomaly, have revealed
apparent disagreements between academics responsible for teaching our
future electronics and telecommunications engineers. If "disagreements"
is too strong a word then perhaps they are differences of conceptual
approach to e-m theory. I enclose copies of two letters by senior
academics as illustrations. (Please note that Dr McEwan says the
proposed anomaly is "very instructive educationally" and also "fruitful".)

If such differences are prevalent in the understanding and teaching of
basic theory it seems a poor intellectual heritage for engineering
students now receiving their education in the country which once
produced Faraday, Clerk Maxwell and J J Thomson, among other great
scientists. This is sad, considering that electrical conduction and
e-m theory are so central to all.electronics and telecommunications
engineering.  So:

Suggestion. The IEE, in words you quote, "has a responsibility to
promote the general advancement of electrical science and engineering
and their applications and to facilitate the exchange of information
and ideas on these subjects to the members of the Institution.'".

I would therefore suggest that the IEE should be able to clarify the
intellectual situation, through discussions, consultations, public



meetings etc., and so arrive at a recommended line of teaching on
both electrical conduction and e-m theory. This of course would not
be a rigid 'party line' but an attempt to achieve a clear, internally
consistent exposition of the fundamental physical processes. 0One
result could be an authoritative IEE publication which could be of
great value to teachers.

Request for information. In your letter of 19th September to Mr

K Metzer you mention that the 'experts' have never accepted as a
starting point "the physical model that Ivor Catt has postulated.”
From reading the published material, I myself do not understand what
this model is. It does not seem to tie up with the free-electron
theory of conduction in metals which I studied some decades ago. But
as the 'experts' you mention obviously must have something definite in
mind, in order to reject it, could you let me know what they consider
Catt's postulated physical model to be? At least, perhaps you could

put me in touch with one or other of the persons concerned who would be
able to answer this enquiry.

Yours Sincerely,

)¢ S,
el P

Thomas Ivall



