
The deeper hidden message
in Maxwell's equations

by Ivor Catt

Why have Maxwell's Equations survived
for so long?

would contrive to interpret
every piece of mechanism as a
musical instrument; the habit of
~hinlcing of all intervals as
musical intervals may be so in­
grained in him that if he feU
downstairs and bumped on
stairs numbered 1. 5, 8 and 13
he would see music in his fall. In
the sanle' way, a cubist painter
can see nothing but cubes in the
indescribable richness of nature
- and the unreality of his pic­
tures shcws how far he is from
understanding nature; his cubist
spectacles are mere blinkers
which prevent his seeing more
than a minute fraction of the
great world around him. So, it
may be suggested, the
nlathetnatician only sees nature
through the mathematical
blinkers he has fashioned for
himself. We may be reminded
that Kant, discussing the
various modes of perception by
which the human mind ap­
prehends nature, concluded that
it is specially prone to see nature
through mathematical spec­
tacles. Just as a man wearing
blue spectacles would see only a
blue world. so I{ant thought
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well's Equations fOF such a long
time.

Jeans then goes on helpfully
to point out the flaw in his
argument:

"This [last] statement can hard­
ly hope to escape challenge on
the ground that we are merely
moulding nature to our pre­
conceived ideas. The musician,
it will be said, may )le so
engrossed in nlusic that he

attitude of the Platonic mathe­
matician discussed in the last
paragraph.

"By 'pure mathematics' is
meant those departments of
nlathematics which are Crea­
tions of pure thought, of reason
operating solely within her own
sphere, as contrasted with &ap­
plied mathematics' which
reasons about the external
world, after first aking some
supposed property of the exter­
nal world as its raw material"

On the next page, Jeans goes
on to write,

..... the universe appears to
have been designed by a pure
mathenlatician...

The itnportant thing is not to
ponder over the possible con­
tradiction between these two
statenients, but to grasp the
nientality underlying them.
This mentality, usually in a bet­
ter camou..flaged and less
grotesque form, is what nlade
possible the survival of m·athe..
matical absurdities like Max-

" ... I was struck by the lack of any
significant link between the Higher TEe
syllabuses that I taught and the real subject,
electronic design... 11 .

mathematician's attitude to our
world.

A good example of an
academic with the mathemati­
cian's attitude is Sir James
Jeans. He was highly regarded
in the 1930s both as a Cam­
bridge academic and as a
populist, much like Sir Fred
Hoyle in the 1950s. In his book
"The Mysterious Universe",:I

Jeans gives a clear view of the

ism in transformers, motors
and generators. The deeper
hidden nlessage in Maxwell's
Equations is that, do what they
will, the local yokels will not
replace mathema,tical acadenlia
as the fount of knowledge and
progress.

In a previous article1 I posed
two questions:

Do Maxwell's Equations
contain any information
about the nature of electro­
Inagnetism?

Why do academics and
practitioners generally think
that Maxwell's Equations
are· useful?

I anl sure you will have found
my answers unsatisfactory.
'fhe reason is that they were
based on certain assumptions,
a nd failed to dig deeply enough
into the underlying motivation,
psychoses and myopia within
contemporary science.

The underlying battle for the
soul of science is between the
practical engineer on the one
hand and the Platonic pure
nlathematician on the other.2

For his part, the mathematician
sees this battle as more inlpor­
tant than search after truth or
technology-fuelled search after
new sources of wealth. For him,
the ilnportant thing is Form;
the purity and beauty of his
world, and his ability to control
and manipulate it intellectually.
(The profane aspect of this idea
is the desire to impose a struc­
ture onto any ·discipline' such
that it is easy to teach and,
more importantly I easy to set
exanl questions on). One FRS

to And if malhmllatics is tho highest
flowering or science. th(!n Maxwcll's told me that physical reality
Equations become the ICrcalcst achic\'c- was composed of sine waves,
ment in nit science, and this encapsulates the
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In Novenlber's article I I in­
vestigated Maxwell's Equa­
tions~ generally regarded as the
greatest nlathematical achieve­
ment in science. 4C

In the 1830s, I4'arac1ay
discovered electromagnetic in­
duction, thus closing the loop
between electricity and
magnetism. This discovery
paved the way toward the rapid
growth of electricity-based in­
dustrialization and the high
technology which shapes to­
day's world.

By making the key discover­
ies of their era, uneducated
technicians like Michael Fara­
day and Janles Watt threatened
the scholastic myth, that all
progress, including scientific
progress, needs nlust use the
rigour and discipline controlled
and celebrated by academics in
places like Canlbridge Univer­
sity. The ultimate in scientific
rigour (1igor morlis.:J) was helel
to be mathematics. Biography
and l-Iistot·y of Science writings
spawned in academia present
the thesis that, lacking
mathematics, Faraday could
not and did not really effect hie
discovery of electronlagnetic
induction. Rather, he stunlbled
into it, but it could only be pro­
perly exploited decades later,
after Professor Maxwell had
placed a mathematical struc..
ture upon I~araday's funlbling,
unscholarly ideas. Thus, accor­
ding to the Platonic interpreta­
tion of history. Professor Max­
well, not Faraday the techni­
cian, paved the way for nlassive
exploitation of elcctromagnet-



MAXWELL'S EQUATIONS

IIOne FRS told me that physical reality was
composed of sine wavesl and this encapsulates
the mathematician's attitude to Dur wDrld. 11

We have reached the follow·
ing point in the argument.
Under cover of claiming to
maintain standards of scholar..
ship, or to maintain 1;gour,
knowledge brokers (1) block
the ingress of new knowledge,
particuarly revolutionary
knowledge in the Kuhnian
sense11 , and also (2) they make
a last-ditch, bitter defence of
old, discredited knowledge, like
Maxwell's Equations.

"Unfortunately, however. when
the body of knowledge is bigger
and the rate of inflow of new
knowledge is smaller, more and
more of the activity within the
knowledge [base] becomes
6celebration'. nlore and nlore
ceremonial rather than exercise
in depth. As a result, a different
calibre of person is attracted to
that large knowledge. lacking
the ability to understand and de­
fend a body of knowledge with
nlany levels of meaning. They
are 'maintenance men' rather
than 'builders'. The central
body of knowledge ossifies,
becomes brittle and then disin..
tegrates.UR

that, with our nlental bias, we
tend to see only a mathenlatical
world. Does our argument mere­
ly exemplify this old pitfall, if
such it is?

uA moment's reflection \vill
shew that this can hardly be the
whole story. The new
nlathematical interpretation of
nature cannot all be in our spec­
tacles - in our subjective way of
regarding the extenlal world ­
since if it were we should have
seen it long ago InlY italics]. The
human mind was the same in
quality and Inode of action a cen­
tury ago as now; the recent
great change in scientific
outloolt has resulted from a vast
advance in scientific knowledge
and ot from any change in the
human mind; we have found
something new and hitherto
unknown in the objective
universe outside ourselves. Our
remote ancestors tried to intel'­
pret nature in terms of an­
thropomorphic concepts of their
own creation and failed. 'rhe ef­
forts of our nearer ancestors to
interpret nature on engineering
lines proved equally inadequate.
Nature refused to accommodate
herself to either of these man­
made moulds. On the other
hand, our efforts to interpret
nature in terms of the concepts
of pure mathematics have, so
far, proved brilliantly suc­
cessful. It would now seenl
beyond dispute that in some
way nature is more closely allied
to the concepts of pure
mathematics than to those of
biology or of engineering, and
even if the mathematical inter­
pretation is only a third man­
made nlould, it at least fits ob­
jective nature incolnparably bet­
ter than the two previously
tried."

Professor Einstein argued
similarly in 1949iL :

u ••• the approach to a more
profound knowledge of the basic
principles of physics is tied up
with the most intricate of
mathematical methods."·

1 have put the weak point in
Jeans' argument above in
italics. The mathematicization
of science developed with a
vengeance as a result of the
professionalization of educa..
tion. Dr Ivor Grattan-Guinness
once pointed out to nle that the
decline, or ossification, of
science into 'maturity' was a
necessary result of the in-

·In· passing, it is worth noting frotn page
62 of the same boole, where Einstein
writes: u'rhe special theory of relativity
owes its origin to Maxwelrs equations of
the electromagnetic field. 1t III the
literature we repeatedly COttle across
assertions that Maxwelrs Equations play
a pivotal role in science.
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troduction of universal educa­
tion in the mid-19th century,
because it caused the growth of
a powerful group with a vested
interest in knowledge, the pro­
fessional teachers.

Basil BernsteinS says that a
body of knowledge is property,
with its own market value and
trading arrangements, to be
protected by the social group
which administers that body of
knowledge.

If only those who lived off a
body of knowledge could nlake
that knowledge more secure,
their careers and pensions
would be protected. Two
strategems were open to
them6•7•8:

- to freeze the knowledge
base so that it would not be a
prey to the ebbs and flows of
the real world, and
- to develop the thesis that
any change in, or extension
of, the knowledge base could
only be properly effected by
the professional cknowledge
magicians', 'knowledge doc­
tors' or 'knowledge
brokers', with their special,
skilled, occult ways of
pushing forward the boun­
daries of knowledge.'

It would of course be less ef­
fective for the professional
group of knowledge brokers
merely to bless or condemn in­
fluxes of new knowledge. (Ad­
mittedly they do do that. All my
attempts to publish work on
electromagnetic theory and on
computer architecture (US
patents 3913072 and 4333161)
were blocked for more than ten
years by learned journal
referees, who are by definition
knowledge brokers). The
knowledge brokers 7 power
would be greater if they re­
quired that new knowledge
arise in their own prescribed
style, preferably devised by one
of their members, a knowledge
professional. An early example
of this in my own publications is
that under threat of firing by
my boss, who was also a Fellow
of the IEEE, I was t:ompelled9

to include a ghastly, recondite,
mathematical last section, writ­
ten by someone else, in my
1967 IEEE paper10•

unstable. If at any nloment the
professors administering a
discipline happen to be weak in
one branch of it, they will tend
not to examine their students in
it, and so will tend to select
those up and coming students
who have that sub-discipline as
their strength. Positive feed­
back down the generations of
students will further the retreat
from that particular sub­
discipline. (Sir James Jeans and
Einstein could be said to be tell­
ing us very wordily that
academia have selected out
budding scientists who showed
a grasp of the physics, rather
than the maths, of their sub­
ject.) Sinlilarly, the whole of
academia will nlove· deeper and
deeper into any misconception
or aberration, and there is no
corrective force. In my view,
'The Lateral Arabesque' makes
it possible for an academic sub­
ject's content to end up with no
overlap at all onto the real sub­
ject from whence that branch of
acadenlia sprang. I have just
completed four years as Prin-

We need to realise that the cipal Lecturer in a College of
cardinals who suppressed Further Education, where I was
Galileo did not need to be com- struck by the lack of any signifi­
petent theologians or scientists; cant link between the Higher

TEC syllabuses that I taught
and the real subject, electronic
design, in which 1 had been ear­
ning my living in industry for
the previous 20 years. As a
minor example, academia
evolved the myth that
dissatisfaction among logic

they only needed a much nar- designers with the indeter­
rower competence, the ability minate state of an R-S bistable
to distinguish between the or- if dr"iven on both its inputs at
thodox and the heretical, in the same time led to the
both content and in style12• As development of the J·K
to style. it is worth pointing out bistable; then that the instabili­
that possibily the ability to loy of the J-K led to the develop­
publish radically new, revolu- ment of the Master-Slave J-K,
tionaryll knowledge in the old regarded in academia as the
accepted style would prove that Rolls-Royce of bistables. A nice
after all the new knowledge idea, but with no historical
was not truly revolutionary. So foundation.
arguments about style. which A larger exanlple would be
are regularly lodged against my academia's fixation on Quine­
writing, including my last arti- McCluskey, something not
cle,t create a beautiful Catch 22 even heard of, let alone used,
situation where no new by engineers in the real world
knowledge can be published. of logic design. Although I was

In this penultimate paragraph in the best position possible to
I mention in passing The introduce or alter syllabuses,
Lateral Arabesque. 'Arabes- being on the County Commit­
que' having the meaning ascrib· tee, during my four years as a
ed to it by Dr Peter13 rather P.L. I failed to change one word
than its dictionary meaning. In of one syllabus. I struggled
the engineering sense, the sup- very hard to do so.
posed situation where academia To sum up. Professionaliza­
controlling a discipline - elec- tion of knowledge leads to a
tromagnetic theory for exalnple vested interest in knowledge,
- maps onto the real subject, is (:()1tlilllt(~tl on page 75.
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Broadcasting
While guaranteeing equitable
access to the g.s.o. for all coun­
tries was the chief task of this
Conference, its other activities,
all related to satellite broad­
casting, are also interesting.
The frequency assignment plan
for satellite broadcasting at
12GHz in North and South
America was given formal ap­
proval. parameters for the links
which will be used to feed pro­
gramme material to satellites
broadcasting in other partsof
the world were discussed and
agreed; a plan for these feeder
links is to be drawn up at the
1988 conference. Proposals for
sound broadcasting by satellite,
suitable for reception on por­
table or car receivers, were con­
sidered; there is a major pro­
blem here in that it has not been
possible yet to find a suitable
frequency band that could be
allocated for this purpose but
the search continues and the
1988 conference will return to
the matter.

Finally, WARC-SS discussed
ways of providing for high
definition television broad­
casting by satellite. In two of
the three Regions into which
the ITU divides the world there
is a frequency band for satellite
broadcasting at 22GHz, but this
does not include Eurpe. Now
that the 12GHz direct broad­
cast band is planned world-wide
for 625 and 525-line tv, there is
a lot of interest, particularly in
Japan and USA, in using the
22GHz band for high definition
systems needing much more
channel bandwidth. This en­
thusiasm is spreading to
Europe and the feasibility of
allocating a band at 22GHz
world-wide will be discussed
again in 1988 after further
study of the problems posed by
existing services already
operating in the band.

David Withers is reporting
WARC-8S in greater detail at
OnI~ine~ Satellite Communica­
tion 85 Conference, at the Tara
HtJtel, IAndon, Dee 3/4. Pro­
ceedings are available from
OnIJine at 01·8684466.

continued from page 66

Equitable access to satellite
clII1munlcations

therefore carried out tests to
check the compatability of the
program with Basic1, and it
turns out that it needs to have
the word OPENIN inserted
near the start of line 810. After
that, it will run on both Basic
versions. (The disc programs
would also need the addition of
the word OPENIN in line 810 to
work with Basic1, of course.)

UBTINCJ oF ..F ....C~

10 REI'I. T..n5 ~M]DRI\" DEttON9TRATEB Hew DATA FOR TESTING TH"
20 MM, "FFTCOI1P" PROIiRM CAN BE. lJENIiRATED. ~V CQH"t!NIE.N I
30 REM, ttATl€l1ATlCAL EJCPRESSION FOR A PERIODIC FUNCTION COULD
31 REM, BE USED, pnEFEPABLV _I rH AN INTE8EJc ~B£R OF PERIODS
32 REJtc FOR TH8 BA"PLINB INTERVA", no AYOI D "WINDOW" EFFECTS! J
33 Reta THIi EXAMPLE euaB£8T&D WILL DIVE 5 PERIODS OP lA :s Hz
40 REI1' B1NE-WAVE WITH SUITABLE AptpLl TUDE" ABBUI1ING TtiAr THE
41 FcEM, TOTAL ElAt1PLIND TU1£ REPRESENTB 1 Bl:::CeND.

: nE", ANBlltERIN8 -"S*8IHU5*U.tS.SINC '5.x~+9.81NC2SttX)· IN .T5AD.
70 REHI WHEN ASKED FOR A FUNCTION, WOULD BIVE. " CQP1PO&lTl. 1IlIIWE.
80 RIIiJ4. TRAIN, RUULTIN& IN FREQlENCY LUES AT 5Hz. 15H., :iSH_
90 REM. w1TH A"PLITUDE.B IN THIi RATI09 CQ~REBPONDING TO THE THREE
91 RE"' FIR'" FOUAIEA TERtIS OF A !I ... SQUARE 111"'11.. ETC"ETI::.

~~ RE", EIAI1PL.EB OF SUITABLE, PIECE-WISE CCHTlMJOUB FUNCTIONS
120 .-EI'I' CLIKE PERFECT SQUARE WAvE. SAW-TOOTH, ETC•• CAN BE
130 ROt. BENERATED FACI" BHALL 8AIIIC PrcOBR"tlB. TAILDR&:D FOR THIE
140 REM' pURPOSE. BV ilUBDIVIDINJ THE ABSCiSSA VALUE. I"TO BMJUPB
190 REn, THAT CDAnE9POND TO THE CONTINUOUS PORT IONS - WHERE TI«i:
1610 RElta VI'lLURS OF' THE. FUNCT&ON CAN B. COMPUTED 8'1 SlHPLIi. f1ATHE­
170 REH' HATICM. EXP"E891CN9 -- •
ISO

~: ~~~T~AIU'O.lO.·GIYE'lOUR FILE A NA".,PLEABEI .....
210 X-O
220 Din v CZS5t

~:: ~:~~~=~:~IO."WRITE THE FUiIICTlDN HERE (•••-.sal., ...So-SIN'S.)l)·· ... -1\.
2~0 "eVE 0.400
260 FeR J. 0 lD 255
270 YU) -EYAL t~)
280 DRAW x-200 ,YCU.400
2.0 .x-X+PIi'128
300 NEXT
;UO A-DPENQUT ••
320 PRINT MR, 2S6
330 FOR 1-0 TD 255
340 PRINl .R. YCJ)
350 .-=,n
~ CUJ_.R
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cedures would be applied in the
frequency bands where most
FSS networks operate now.
namely a bandwidth of
500MHz at 6 and 4GHz and
another 500MHz bandwidth at
14 and 11GHz. There was
discussion at WARC-ORB as to
what changes should be made
to the methods used in these
bands. No decisions were
taken, but the improvements
are likely to be selected from
among the following:

(a) The present procedure. bas-
ed on advance publication of
an outline of the technical
details of a planned syste'm.
followed by multiple
bilateral coordination nego­
tiations, is becoming cum­
bersome to operate. It may
be replaced by multi..lateral
negotiations which could
take the form of a confer­
ence every couple of years
attended by representatives
of every country with an
FSS satellite in orbit or with
plans for launching within

TII8:~_8".'blll,,~:mllsaa. (b)?!::~:£i:it~f ::~t~~
from" page 34,; ,.."~ . ' ", developed for reducing the

which I~~d!lto the dislrttc~.·~ltivlw~n~hers:1949; p.17. ~i~f~~~~ti~~~~~kSbe~;~~:
tion of ,com'petence among· the ,o" ..,~m8t~J,n, D.• Class, Codes and sat e 11 i t e s w hi ch are
kno\vle~ge : Pfofessionills ,:,e.~:'~ntrOl). vo1.~, 1.R.~.P~.1971. , neighbours in orbit.
well a8"-th~f:"pre\~en'tion"(')f'''tlte,~:'~"~~~",·,,:,I.~,,,The ·nse and fan of (c) The technical principles of
. " .. '. ',. ·f", . ""'k ,.., , .. , .. et " ",bOdiea"pf,knpwledge. TIu! Infornw·· d · t· b
tngYesB ~'o ,', ,ne\v '. nQ~ e,\l~·'.~~,,:$CUmIist. vol. 12. no. 4. Dec. coor Ina Ion may e
~om~thl~ l"i1<e'thls ,S~rn~r~trl~'Jftl8;>:'j):~la..,.':". ..,' , simplified in order to make
IS needed:, ~o ',: 'Iexplail}',:" ,th~,'::;~;':'ti~,J.~'~'-The scientific reception the process of harmonization
s u rv i va I " '0 f'1\.lax,\\',:.e'll ~"8':':.y'~toii1'89\'gervomechani8m.Jour... more amenable to computa-
Equations for' so long." ,'7Id1."'bj ('ifo~tih1f. Sd.tmet vol. 2. tion in a multi-lateral

MOVi~6-~graP1JiC$,heIPOt<l"'!~i~~~tR~~.·M.H.· and B.R., (d)ln::[~~~:n:;ight be given to
l~trau ",I~e, 's~(bttetits . ot,"~':ai\,"£~:s,cl~ntlJic ,"re<;eption system. cooperation between coun-
tro,nagneflc l/JflOfJ/., Far:"iri!onna",§/ilt;'''latlo"s. in Sciencs a"d tries sharing an arc by the
t;~n",",Oll:.':,;"'.t"'_::~~, ,~~~ik!91'.it~.,'Olt~W~1Jn()lqgy, <:. vol.· 3. no. 5. ' 1980. formulation of principles of
uide()IiJ~:· t/i4(,:C"'ff/CJt'O',;,,:!f.WY~~i;~Y~~~'" ";::'( 'I~ . ... , '.. burden-sharing.
eatt· .15~"gf;;t'1/df!i:i:'tJ<z,(e;;$I~e.t.f,;l;; ~mputer WQnltllp, PIt·. (e) A more systematic approach

~~~::l~•• :~~\.:··\~,:.· .•••·'I,·.',~·.~il~~~;Jk~~kJ~ ;e~rOd~:l ~:~g~aJi~g t~~
1. Cart'. t~:;Thff:'hldden'me' ...ge'";ln'Jjw~f::,~~i!ettm. voJ. EC·16 1967. technical standards.
~laxweU·_',Equation9."Er,ctronic' & ':~t743'~:""'·' ,",
IYiroleS$ n'o"ld~,Np\."." 1~8~t,p,;35~ .,(·ll, K",b~# :,T,'S.• ,The ,Structure of The allotment plan is to be
2. Catt~' L.;'Th~·'~t1\~"bureaU'~cy~':,~seie~!Hlc' Revotultone. 'University prepared and the new coordina-
U'in.'kss lVor/d.Dec:,:1982/p.41. .ofCnlC&go"PTeu. 1962. tion procedures are to be
3. Jean9~' l.," Tlle'"",'MY8terious: 12'r r~f.9i 'footnote, p.14., , agreed at the second session of
Universe,. GVP 1931.. p.113." .13~Peterf L,] .. and Hull R.. The h & • 1988 E t
4. ed.,Schilp·p~ P.A.'t,AltJtrf Eins- Peter Principle. Souvenir. 1969. t e conLerence, In · x en-
tein. Phttoeopl\er..Sct~nt'At .."J..jhrary' :"., 8a. ' sive preparatory work will be... necessary meanwhile.

necessary before running the
program. As memory really is
at a premium, this program is
very skimpy on the text side,
but it should be fairly self..
explanatory.

While I have been exclusively
working with Basic 2 for a long
time. it struck me that some
readers might still have Basic1
in their machines. I have


