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"Gentlemen,... we are facing a crises such as t he world has never seen before [WWIJ, and until the
Stuation dears, the best thing Wecan do isto devise someschene for overcoming the submarines,
and thet is what | am doing now. (Applause)”

Vhies of the 7* ATEE Edison Medal
Presentation to Nikola Teda May 18, 1917

ABSTRACT

In this paper we followtle thread leading from Tedds spinning " Egg of Columbus'
demongtration, through hi's proposd of a largeredangular helix disposed about the hull of aship for
U-boat detection, to Arnold Sommerfeld's discusson of megneticaly biased ferrites creating
dectromagnetic sted th for VWAL L subnari nes. By caculation, the required magnetic field to reducea
ship's rader reflection to lessthan 1%, a L-Band (15) GHz, isin excessof 15,000 A/m. Fddsthis
order of magnitude would appeer to fulfill the requirements of a "Philaddphia Experiment". Such
intense fieldswould creste green et and cavitiesi n sat water, ad magnetophosphenes and Purkinje
patterns in humans, particularly if driven a frequencies inthe range of 10 - 125 Hz, as was available
from the synchronous generators on \WWV-11 electric driveships.  We conclude that with the knowledge
avalable,the DIRB (under Vannevar Bush) would have been derdict not to have mnducted such an

iment.

Fndly, we present speculationon tempord bifurcations. Assuming Hehl's hypothess thet
locdlized Cartan Torgon tensors are generated by ferromagnetic oin, we propose t W0 physicd
experiments which di sti ngui sh temporal anisotropy arising from anholonomity (the Sagnac effect) from
that arising inthe torson of the 1929 verson of the unifi ed field (Eddington's "crinkled manifold").

Disdamer

This paper $ands unique among our publicationshot h on Tedaand ont he conventiond
aspect s of dectromagnetismand relativity. Inths regard it is partly speculdive. (And, only partially
a thet, Snce we report on some of our experimental findings that can be verified by independent
|aboratory examination). Before wading too deep into a controversial Subject like that before us it is
commonfor respectable folk to acknowl edge their limitations. We nead to meke sone kind of
professond "disclaimer”. Let usexpress itthis way: weoffer thislittle sudy inthe spirit of an
engineer and SONe physicists having some fum [in the sense of Arthur Eddington, ™ Joseph
Slepian,®" Jearl Walker,®®" Edwin Abbot,® George Gamow,® or even Arthur C. Clark], looking &
published statements, attempting to stay withinthe bounds of engineering technica propriety, ad
saying "What if ...?" Snoe the theoretica analyses make pecific physicd predictions, it followst hat
our assartionscan be experimentally examined by disnterested (but technically qudified) third parties,
and that we havenit strayed too far from the scientificmethod in our amusngpastime.  Taken in that
Spirit, our passng entertainment should &S provide recregtiond diverson for skeptics, grad students,
the lunatic fringe, engi neer s, axd men of honor.

*Slepian Wrote a delightful series of "Electricd Essays' for engineers. Start withthe one cited and
read either forward @ backward severd years

**\Wakemvrote about physicsprablems "l am nat so interested in how many you can answer as |
am in getting you to worry over them"



PART | - RADAR ANDROTATING FIELDS
Introduction

During the 1992 Internationd Teda Symposium, the authors took the opportunity to once
againvistthe ste of Tedds Colorado Sorings laboratory and nearby Progoect Lake, where many of
Tedds experiments Were conducted in 1899. While walking around the Monument in War Memorid
Park our conversation turned to the book by William Moore and Charles Berlitz on the Philaddphia
Experiment. A colleague a Battelle hed introduced Us to the sory infdl of 1989. Onedf the
presentations at the last ITS Symposum concerned the topic, and as we wal ked v began to ponder
out loud how we might rationaly explain such an experiment. The followingist he result of our
reveries

The world of magnetics today is extrendy complex During the 1940's and 50's high fidd
megnetics becane "big physcs', and it would be impossblefor the authorsin this smal space to even
attempt a modemn andysis of thistopic. | nstead, we bdieve thet there is Some merit to employing the
Sort of physical arguments, both classical and relativistic, that \Woul d have been available by stientists
of the decade preceding the PhiladdphiaExperiment. This is nat adiscussion of anything even
remotdy like the Nawy's new "Sea Shadow".

It has been asserted thet the initid PhiladephiaExperiment took place "sometime between
July 20 and August 20, 1943."® Simply put: in the experiment(s) a bigcoi | of wire was wrapped
around a large ship, the ship becameinvisblein afoggy green migt, ad alot of people on boad
were hurt. (Some thought they went through arip inthe fabric of the space-time continuum, were
teleported from the Philaddphiashipyardsto Norfalk, Virginia ad sawdien humanoids). The
respected names identified with with the experiment indude Albert Einstein (1879-1955),” Rudolph
Ladenburg (1882-1952), John VVon Neumann (1903-1957) [and his Gottingen dissertation advisor,
David Hilbert (1862-1943)], Nikola Teda (1856-January 7, 1943), Oswald Veblin (1830-1960),
Burtrand Russd| (1872-1970), Galrid Kron (1901-1968), Vannevar Bush (1890-1974) and a hogt of
other recogni zed men of renown whose common interest seens to indude, among other things, an
higorica associaion with things of interest to the Navy, and submarine detectionin particular. The
Department of the Navy has officialy identified t he experiment as mythical, having its genesisina
1955 book on UFO's,® nat Nava science.™® Parhgpsthe story redlly was mythologicd. Howeve, if

“Einstein served as a consultant for the R&D Division of the US Navy Bureau of Ordnance from
May 31,1943-June 30,1946. Interestingly, according tot he FBI Ereteénfile [QC 16 ESUS5; OCLC
#13720407; Title #3892869], Einsteinwas in Philaddphiaduringthe time of the dleged Ph|IaJIeIph|a
Expenment (On the evening of Augugt 10, 1943 he spoke before the Philadd phiasection of the

"Fiendsof Sovigt Russd'.)



that's the case, then our hat's are off tothe brilliant scientiststhat goun this gossamer web of fantasy -
for no ordinary laymen could have doreit.

Why Tesla?

It is Now common knowledge that Tedahad atempted to market his radio contralled craft (the
“telautomaton"; Patent* 613,809) tothe US Navy."X®2 Tedawas thefirg to advocatethe dectric
drivefor nava vessels™® He wast hefird to suggest that ectric drive war ships could be used in
peacetime to SUpply shore power during emergencies.™ (They were, of corse See the comments
bdow). And, as is evident from Tedds quote a the top of this article, hewas again deding with the
Navy during World War . 1t wasduringthi s time that he met in Washington with Assistant Scretary
o the Navy Franklin Ddano Roosevelt. Roosevelt's mentor, Josephus Danidls, was Secretary of the
Navy.*** (It wasa so duringths time that university professor and fiture Director of OSRD (Office of
Scientific Ressarch and Devdopment), Vannevar Bush, was) Ust starting research on submarine
detectionfor the Navy)) From Tedds files, we know that afew yearslater, duringt he 1920's, the
Navy in Philadelphia (pecifically John B. Howers, Electrical Engineer), was examining Tesla's wark
Anderson has nated that, "Tedawas engaged .. a the EG. Budd Mfg, Co. in Philaddphiafrom 1925-
1926."09 And, we dso knowthet when Tedadied in 1943, Nava Intelligence officers accompanied
MIT EE Professor John G. Trump (a Bush colleague dso in the employ of OSRD) as he secretly
examined Tesla's papers.

Wethrk that not only canthe Philadelphia Experiment be tracked to satementswhich Teda
published during World War 1, ad were gragoed by men like Bsh, it thet the physicsof the
experiment can actualy betraosd back to Tedds invention of the rotating magnetic field
Furthermore, t0 us to there gopears be a legitimatelink between Tedds rotating fields and the Torson
tensor which appear s in Eingein's 1927-29 Unified FHeld Theory publications. This connectionwes
first identified and published by Gabridl Kron a GE (Schenectady) during the 1930's. Return with us

"For which Teda has been identified as the Father of roboatics

"In 1916 Tedasad, "l vainly atempted to persuade themto acoept. | perfected the machine in
1898, and tried everything in my power to haveit adyted .. After the patent expired afew months
ago Congress appropriated [$750,000] and | have nowt he plessure of simply looking on while others
are usng my inventions, which | could not peruade peopleto adopt.  Thisis usudly so." [Anderson,
1992, pg. 191 "lItried to persuadethe Navy.. it was absolutely impossibletofird listeners..."
[Anderson, 1992, pg. 158.]

*"'Bath Danids and FDR advocated absolute legd control of the eectromagnetic spectrum by the
Navy.



now to 1887 and Teddsfirg rotatingfield petent (#381,968; Applied for October 12,1887; Issued
May 1,1889).

Polyphase Currents and Rotating Fields
The cregtion of the rotating magnetic field wes "purely the work of scientific imagination”. It
has been identified as the grestest creationof the hunan nind sincethe invention of the whedl.
Tedds discovery of polyphase currents and "an invisiblewhed made of nothing it a magnetic fidd"
(the phraseis due to Regindd Kapp)'® was the turning point from the pest intothe 20th cent ury.
Tedastands at the focal pairt of the inportart eectrica discoveriesaf the 20% century. At the
conferral of the ATEE's highest award of honor, B.A. Behvend remarked,

Were we to sai ze and to diminate from our industrial worldthe results of Mr. Tedas work,
the wheel s of indugtry would cease toturn, our eectric carsand trars would $0p, our towns
would be dark, our rmls would be deed and idle."®?

When Tedadied in 1943, Yde University EE professor Charles F. Scott obsarved,

"The evolution of dectric power from t he discovery of Faraday in 1831 to theinitid grest
ingtallationof t he Teda polyphase sysem in 18% Is 'undoubtedly the most tremendous event

in al engineering history'."®

And, the connectionto the relaivity of rotation (an i ssue till not put to rest today) was not
overlooked: Yde physicist Leigh Page oncesai d,

"The rotating armatures of every generator and every motor in this age of dectricity are

steadily prodamingthe truth of the rdativity theory to al who have ears to hear."(?
Let usfollowths centra threed that runs through Tedds professond career back toitsaign

While Tedahad constructed t he first rotating field apparatusinthe summer of 1883 (one yer
before bath hg and the Satue of Liberty, arrived from France), it was not util 1887 that a company
was formed to exploit t he phenomenon. However, Tedawas unebletoraise capital to commercially
introduce hisinvertion. (The enterprise Was ‘undercapitalized'.) He finaly found a skeptical Wall
Stredt lawyer that Was somewhat interested, andthi s isthe conversstionas Tedaretdlsit.

Teda "Do you know the story of the Egg of Columbus?....Well, whet if | could meke
an egg stand onthe pointed end Wthot crackingthe shel?* "I you could do this

*As Columbus had done when getting Queen Isabella to pawn her jewdsfor three shipsto sall in.



we would admit that you hed gone Columbus one better.” "And would you be willing
to go out of your way as much as Isabella?" "\We have no cr own jewesto pawn, "
sadthe lavyer, whowas awit, "but thereare afew ducat s in our buckskins and we
might help you to an extent."@®

Tedaarranged for a demondrationthe next day. He placed a copper-plated egg on a wooden plate
above his rotating magpetic field (there is a photograph of the gpparausin the Secor atide). As soon
as the windings were energized t he egg began to spin [Tesla's spinning egg is, in fact, a macroscopic
andog of the Einstein-de Haas effect investigated almost thirty years later. The materidsin Eingein's
WWI experiments Spin because of molecular ‘amperian currents' (dthough later Eingtein did suggest
using high frequency 'rotating magnetic fields' to Barnett). |In Tedds experiments they spin because of
| nouced eddy currents. Seepart V bdow]

"... to ther astonishment, it stood on end, but whenthey foundthe it was rapidlly
spinning their stupefaction was completet.. No sooner hed they regained ther
composure than Tedawas ddighted with thar question: 'Doyou want any money?...
Thet darted the bdl rolling. T@B of millions of horsepower of Tesla induction not ors
are now inuse all over the world and their production isrising likeaflad .. Rotating
fidds of 15,000 horsepower are now being turned out... and ship propulsion by Tesla's
dectric drive which, accordingto Secretary of the Navy DanidS statement, has proved
aged success.""")

The dectricd circuit which Tedaemployed for the egg of Caumbususedt wo phase AC energizing
the coils in quadratureand the source frequency was varied from 25 to 300 cydes, "the best results
being obtained with cuerents from 35 t0 40 cycles.™ Thesay wesd so mentioned in Fleming's
eulogy of Tesla.®

In 1893, 6 years after demonstrating t he egg of Caumbusto the attorneys and business
investors in New York, a large egg demonstration Was constructed for Tedaby Albert Schmid and
CharlesH Scott, atthe ti ne bath of Westinghouse. (S0it, subsequently an EE professor a Yde
sarved as Presdent of baththe AIEE and, later, the |[HE) The egg occupied part of the Westinghouse
exhibit in the Electricity Building & the great Chicago Warlds Fair. The 1893 Fair cderated the
500* anniversary of Columbus discovery of the newworld and, ogtensibly, it was intended to launch

"The language Used to describe the striking effect his 1892 lecture-demonstration had onthe Royd
Inditutionin London, was, "The scientigs simply did not know where they were when they saw it.”
(Anderson, 1992, pg. 95)

**Notethat Teda bas recognized that he can characterize different spinning eggs With certain
gyromagnetic resonance frequencies!! This wasin 1887.



odity intot he 20% catury.  There is a photogrgph of Tedds exhibit in the Martin book.® This was
only a few months before Lord Kevin ves to choose the Teda polyphese sys enfor Niagara Fdls,
and 3 years beforethefird Niagara Fals plant was turned on

While Tesla hed been active in RF generation in the early 1890's, the close of the decade saw
him making grest stridss in the relm of high voltage RF power processing. These experiments
auminated in aduster of patent goplications and the construction of the Wardenclyffe laboratory.
Mention should also be made of his turbine development and i rtense enginearing consullting practi ce
just prior to WWI. Fromt he commentsaboveit isdear that he was actively promoting his patented
idess

Tesla's Reflections on Radar and Ships Wiapped in Coilsof Wire

Just after receivingt he AIEE's Edison medd (May 18, 1917), Nikola Tesla granted an
interviewto HW. Secor of the Electricd Experimenter magazine. (Secor’s article was published in
Augudt of 1917)) Thetopic of discussion turned tot he detection of Gar nan U-boagUboat =
Unterseeboot = submarine), whichhad ¢ a d so much distress tothe dlies The US had entered the
war in Al of 1917. Tedds concerns centered around the detection of submarines, in particular the
possibility of non-ferrous hull detection Ligten as filtered by t he pen of ajournalist, Tedanarates
the dectrical preparation of the ship:

"Now, supposethat we erect on avessd, a large rectangular helix or an inductance

coil of insulated wire. AtUE experiments in my laboratory & Houston Street (New

York City), have proven thet the presence of a local iron mass, such astheéqlps hull,

would not interferewitht he actionsof this device. Tothiscoil of wire, measuring

per haps 400 feet in length by 70 feet inwd h (the length and breedth of the ship*)we

connect a Source of extremey high frequency and very powerful oscillating current."®®
Wethink that Vannevar Bush was aware of this suggestion, and it is our thess thet these words are
the seed that |ater blossomed asthe "Philadelphia Experiment”. The article then goes on to describe
an RF technique which subsequently became quite popular (though nat on such a grand scae) for
metd detectorsand for tuning thereactance of RF coilsintrastites and recaivers. Upon firther
prodding by Secor, Teda discussed a high peek power microwave radar for operation & wavdengths
"... of but afew millimeters". (X-Band radar & 10 GHz has a wavdength of 30 mm.)

Tedadesired that the ship be able to provide sufficient dectrica power, and he gatesthisin

“According t0 Jane's Fighting Ships (1967-68, pg. 408), the Eldridge (DE-173) was 306 feet long
b};{aﬁ feet a the beam, and hed a draft of 14 feet. Its main engines were GM diesds, eectric drive, 2
s 45 Mw.



the interview:;

“The averageship has available from say 10,000 to 15,000 HP. ... The electric ener gy

would bet aken from the ship's plant far a fraction of a minute only, being absorbed &

atremendous rate by suitable condensers and other apparatus, from which it could be

liberated at any rate desred"
Clearly, Tedawas contemplating the use of pul sed currents*in the coils around t he ship. Remarkably,
vesses wrappedin coils were absarved during WW-II (perhaps for mine sweeping or even degaussng
studies). [According to Moore, FrancisBitter of MIT, recalled witnessing "a rdaively large ship
carying... abar nagnet going from the bow ... way aft. This bar magnet had coils wound around it
which passed current produced by big motor generators."®] By the way, the Eldridge's generator was
raedd 4,600 kVA and could ddiver 6,000 HP. Two gengraors, as described in the book, could
ddliver morethan 12,000 HP (almost 9 Mw).

It is not dear that M. Secor even fathomed what [D. Tedawas speaking about.  How noch
of what was published int he article were Tedds ideasand what was added(or deleted) by Secor is
not transparent. (We have the same problem with O'Neill's colorful biogrgphy.) After Tedds brief
discussion of sonar, Secor mixes togetherthe RF magnetic detection process and the "dectricray”
radar technique. While Secor’s verson of Tedds disclosures might sound, today, like overamplified
impractical popularizations, Secor Was quick to condude his 1917 aticle withthe disdlaimer, ...
svad impatat dectricd war schemes will shortly be laid beforet he War and Navy Departments by
Dr. Tesla, the details of which we naturdly cannot now publish."® Margaret Cheney has observed
that, a the time, Thomas Edison

"... had been named t 0 dret the new Nava ConsuitingBoard in Washington, with the
primary j0b of finding away of spatting U-boats. Tedds ides, if even brought to Edison's
atention, would amost certainly have been discounted."?

“T will tell you the sacret of all these wonderful displays ... Condder alarge gun which hurlsa
projectileof aton adistance of 18 or 20 miles If you figurethe horsgpower at whichthe gun
ddivers energy, you will find thet it anount s to from 6 to 12 or 15 million horsgpower. ... With the
methods which | have devised, with my trandformer, it isnat at dl difficult to get rates of energy
meny times that. ... intheplant onLong Idand, if | wanted to operate, | could have just reached arae
of 1 billion horsepower. ... That wonderful thing can be accomplished through a condenser. The
condenser ist he most wonderful electrical instrument ... You store lessenergy inthe condenser than in
the gun, It whereas a gun will discharge ... in 1/50 of a second, a condenser can dischargethe ener gy
in 1 millionth of ths time ... d| these effects which dlicited great wonderment of the profession, were
always produced by danped waves, because withthe undamped waves it would not have been

possibleto attain any such activities” [Tesla on His Work With Altemating Currents, by L.I.
Anderson, 1992, pp. 112-113.]




It should also be noted that Vannevar Bush was involved int he same endeavor:

" During 1917-18 [Bush| was engaged in research on submarine detection in connection
with the United States Navy pecia board on submarine devices."@®

In 1917, Bush, fresh out of graduate school,* was a newly appointed assistant professor of dectricd
engineering a TftS Collegein Medford, Massachusetts and consulting for the American Radio ad
Research Corporaion [AMRAD was a JP. Morgan venture, built ont he Tfts canpus, which
manufactured "thousands of trangmittersard receivers' during WWL®] Bush was one of the guiding
lights for a spin-off company which, in 1925, was renamed Raytheon.™ (In 1941 Raytheon became
the prime sourcefor t he new Navy Search Radar.®®) Bush joined the MIT BE Department faculty
(his specidity, initidly, was dectrica power ad subsequently operaiond cal cul us and andog
computers (the famous network analyzer)) and became Dean, and then Vice-President of MIT in
1931.™" Heaccepted t he position of President of the Carnegie Indtitution of Washingtonin 1938 (and
hdd the positionutil 1955). He was Sdience Advisor to the President and was appointed by
Roosevelt as chairman of the Nationd Defense Research Committee (July, 1940),™" as director of
OSRD - the Office of Scientific Research and Devdopment (1941), and as Chairman of the Joint
Committee on New Weapons and Equipment of the Joint United Sates Chiefs of Staff (1942).¢0

"Bush received a BS and an MS from ftS College (1913), Doctor of Engineering jointly from
MIT and Harvard (1916), and eventually 10 honorary doct orat es from various colleges ad
universities. During hi s remarkablecareer, he was sdence advisor to sverd Presdents. He was
Vice-Presdent and Dean of Engineering at MIT in 1931, the year that he wrate to Tesla.

"Raytheon, infact, (with 25% of the EE department involved) came to be known by the grad
studerts a M%T inthe late 1920s as "an extensonof t he Electrical Engineering Department." (See
Reference 29,

"Ever the entrepreneur, when Bush heard A.F. Joffe of the Polytechnic Indtitute of Leningrad
presant his idess on a new super-didectricfor HY insulation, he rdlied his investor friends and went
to Leningrad and Maosoow. (As described in his autobiography, Pieces of the Action (Morrow, 1970),
theenterprise resulted in failure)

"*'Recall that John G. Trump, accompanied by three Naval personnd, examined Tesla's persond
paper s when he died inJanuary of 1943. Trump was Secretary of the Microwave Committee of the
Nationd [Bfese Ressarch it t ee from 1942 util 1944 when, as a member of Gengd C.A.
Spaetz's Advisory Specid Group on Radar, he went to Europe asthe Director of the British Branch of
the (MIT) Rediation Laboratory. (See Electrica Engineering, Vol. 80, No. 5, May, 1961, pp. 364-
365) [Generd Spaatz, by the way, was Air Force Chief of Staff and headed the "very secret”
committeeon UG, Aaoording to Irving Langmuir, (Physics Today, October, 1989, pg. 48) Spaaz
had confided, Y ou know it's very serious. It redlly looksas t hough there is somethingthere”  (Also
see Physcs Today, March 1990, pg. 13 and April, 1990, pg. 131



Vannevar Bush guided much of the Nation's weapons research during WWIIL. - According to Frank B.
Jevett " (Presdent of the Nationd Academy of Sdences), as heed of OSRD Bush

".. directed the mobilization of the entire civilian scientific and technical power of the nation
and welded it together into the military establishment inthe greatest industrid research and
development man has ever known."®?

Recal | tht Vannevar Bish, while Vice President of MIT, hed sent Teda birthday greetings in 1931:

"Dear Dr. Teda... | wishtojointo my own tribute of admiration for your unique
career the congratulationsof the Massachusetts Institute of Technology, wherethe
contribution which your original geni us has mede for the benefit of nanki nd is fully

appreciated.">
In 1943, Bsh, like Tedain 1917, received the AIEE's highest honor (at that timethe Edison A d ) .
Bush hdd about 50 US patents for variousinventions. Let us move ahead from Tedds suggestion, to
place coils of wire on aship, to radar and radar counter-measures (stealth).

Radar

It ssETBto be broadly recognized that, although Heinrich Hertz hed observed RF standing
waves reaulting from metdlic reflections, it was Nikola Teda, in 1900, who was thefird to propose
the concept of radar.®® Acocordingto NRL radar pioner RM. Page, it was Tedawho first ..
suggested the use of electromagnetic Waves to determine the relative position, pesd, and course of a
moving object."®® The earliest patent issing for radar appears to have been the Bitish patent granted
to German enginesr Qi sti an Hulsmeyer.®® Certainly, Tedds interview with HW. Secor appears as
an added nate inthe radar lore.®” The acronym rada was an officid code word adopted by the US
Navy in November of 1940, t he same month that the MIT Radiation Laboratory was organized for the
exploitation of the microwaveregion for radar.

Sommmerfeld on Flectromagnetic Stealth During WW-II
In his authoritativetvd volumeradar cross section handbook, George Ruck has painted out the
desrable features of radar absorbers.

"The search for suitableradar absorbing retgids (RAM) wasinitieted in the early 1940 bath
in the United gatesand Gamarny. Idedlly, the opinumRAM would be a paint-like materid
effectiveat all polarizations over a broed range of frequencies and angles of inddence

"Edison Meddist in 1928. (Eleven years dfter Tesla.)



it

Unfortunately, Such a materid does nat exist andthe probability of its being devdoped is

rether remote"®®

Arnold Sommerfeld (1863-1951) prests a urprisgng discussion of German war research on
stedth and radar absorbing materidsinthe optics volume of hisfamous Lect res on Theoretical
Physics.®® He rdaestha the case wherethe magnetic permeabilities between two media (air and
targel) are unequd (i, # 1) is "of some hidoricd interes”.

"During the war the problem arvse to find, S a counter measure qgainst allied radar, a

largely nonreflecting ("black™) surface layer of small thickness. This layer wasto be

particularly non-reflecting for perpendicular or &l n0St perpendicular incidence of the

radar wave Inthis case the angle of incdidence and the angle of transmission are both

amost equal to zero. The problem is solved by meking the ratio of the two wave
impedances equal t0 unity:

m = EIIHI
12 EzIHz
Thecriterionis, thus notthe i ndex of refraction but the ratio of wave impedances."

=1 @

Sommerfeld's suggestion issimilar tothe idea of mekingt he radar target surface a " conjugate match"
to diminateradar reflections  If one could make the impedance of t he second medium be the sameas
free-space, thetarget would becone rader invishle. He continues:

"In order to 'camouflage’ an object against radar waves, one M cover it with a layer
for which thisratio of wave resistances hasthe value 1 in the region of centimeter
waves. According tdthe law of refraction ad the houndary conditions] this meens
thet if we call the congants of the desired materid € and p andthose of air g, ad u,,
then

= =4 V)]
) B,
Henog the problem concerns nat only the didectric congant but dsothe rdaionship
between the didectric constant and the permeebility. A 2> must be formed
whoee rdlative permesbility p, = wp, is of the same magnitude as its relative didectric
constant €/g,.

This caseis discussed by Ridenour in Vaume 1 of the famous MIT Rad Lab series,®? and in a well
known analytical reference by Weston.“? Sommerfeld continues,

Bt theproblemis not yet solved. For & its back surface t he layer borders on
the object (metal) which isto be camouflaged, andth's second surface still reflects
srongly. Hence, t he further conditionmust be imposed that the layer should absorb
sufficiently strongly. This requiresacomplex rather than areal didectric condant ad
because of the requirement (Eq. 2) a corresponding complex permesability. The
material nust, therefore, De ferromagnetic and must POSESS a strong hyseressor a



1L

structural relaxation that acts correspondingly. Thus adifficult technological problem
was posed which, though not unsolvable, required extensive preparatory Work.
Because of the urgent war situation, the solution which s« to be usad resuited

from the following consderations...”
Sommerfeld then changesthe cour se of hisidess He procesds to describe the reduction in radar
reflection by arather conventiona means that does not build upon the requirement of Equation (2).
Ingead, what he discusses next is coveringthe surface with layers of lossy dielectric material, each
strata bel g lesst han ¥ wavelength thick, negl ecti ng entirdly any effects attributable to p. ("Inthis
manner the reflected intensity could be reduced to 1% of the vaue given by Fresnel's formula..."“?)
After the war, a number of papea's were published by Sommerfeld's colleeguesd  Gottingen ad
Mumich, in Zeitschrift fur Angewandte Physik, on the topic of radar absorption (Just  scan the
megazineésamud index for 1956:1959.) Presumably, after t he war the Ger nan workers were less
constrained in publishingther research on the topic of RAM than Allied sdetigs’ Even at this late
date most significant western RAM publications are classfied, particularly those rlated to the dedlth
bomber technology.

In his 1947 MIT Rad Lab Vaume, Ridenour commentsthat,

" Absorbent materials have been produced in Garmany for the radar camouflage of U-
boets. Thetype of absorber that was actudly put into service was of the interfacekind  The
didlectric constant ad permeshility were produced by a high concentration of soheroidd metal
particles (carbonyl iron). The concentration of metal was 8% by weight, and vaues of
didectricconstant and pernegi ity weree =7, and p =35

An absorber of the second kind was dso developedin Germany. It condsted of a
series of layerswhose conductivity regularly increased with dgath. The layers were separated
by foam-type plastic whose didectric condant wes doseto 1 The absorption was excdlent
from 4 to 13 cm [2.3-7.5 GHz]. However, t he complete absorber was arigid structure2 5
I nches thick, and it was never actually used."®?

Isthere any connection between t he remarks of Sommerfeld and the supposed Gemean version
of the "Philadd phiaExperiment", which has been rumored to have occurred & the Kiel Shipyardsin
Gamany during World war II?  Surprisingly, after hinting a ferromagnetic materids, Sommerfeld did
nat tell us how to praduce magnetic radar camouflage. \We will try our hand at supplying the missng
detailsbdow. Bi first, we review conventiond linear RAM.

Ferromagnetic Radar Absorbing Material
The more-or-less conventiond gpproach to radar gedth is to ether employ "shgping” of the

*The Amgrican scientist of Germen origin, quoted by Dr. Rinehart in the Moore-Berlitz book (pp.
202-203) was clearly mstaken in his assessment of Garmian military spirit.



