;e3evt6Ti | h *@00002* HYBRI D MODE STI RRED AND MODE TUNED CHAMBER 5
BACKGRCUND OF THE I NVENTI ON The invention rel ates generally to

el ectromagnetic field testing. More particul arly, Wmmmwmm provi des

i mproved node stirred el ectronagnetic field test ch ssoci at ed
met hods for electromagnetic field testing in such chanbepge 10 Mode stirred
chanbers are used for testing el ectromagnetic conpatibility of electronic
devi ces and the susceptibility of electronic devices ghetic
radi ati on found in the devices' operating environnenImmmmmmmMmEMEestlng, it
is necessary to isolate the equipnent being tested fromelec

fields that woul d otherwi se be present 15 in the test eni®®nent, so that
el ectromagnetic fields can be applied to the equi pnment under test (EUT) in

The known ol cot PBREII MOHERIARiTp' ARp MOBH 1 lEp ExIERRG , Chanber <

have been used to shield EUT fromexternal 20 el ectromagnetic fields. Such
chanbers include electrically conductive encl osures that shield EUT inside
t heSencl osure from el ect r BARYRERQUNRIOAt Thile pNEERTRIONIt si de t he encl osure.
This all ov~~s known el ectromagnetic fields radiated inside the chanber to

be applied to The indefkidni FemteONgeRLIAN, WY diéctreflinedit ficld wekmapn and
vari abl e el ectromagnetic fields present outside the test environnment. Known

I mb l: |1
| sol at | on\EIRTOBRSIEAEICCh I PBSol] {kdvid oA Yvel ARG ac g | Y

r ot at abl e net al I nSi

electromagnetic field test chambers and associated methods for
electromagnetic field testing in such chambers.

10 Mode stirred chambers are used for testing electromagnetic
combatibility of electronic devices and the susceptibility of electronic
devices to electromagnetic radiation found in the devices’ operating
environments. In such testing, it is necessary to isolate the equipment
being tested from electromagnetic fields that would otherwise be present

15 in the test environment, so that electromagnetic fields can be applied to
the equipment under test (EUT) in a controlled way. The performance of
the EUT can then be assessed based on the known electromagnetic fields
that are applied to it.

Isolation chambers have been used to shield EUT from external

20 electromagnetic fields. Such chambers include electrically conducti;n_e
enclosures that shield EUT inside the enclosure from electromagnetic
radiation present outside the enclosure. This allows known

electromagnetic fields radiated inside the chamber to be applied to the



5 As el ectromagnetic fields are generated and radi ated inside the chanber,
the paddl e wheel is rotated, which alters the boundary conditions and
transm ssion characteristics inside the chanber. The paddl e wheel is thus
said to "stir" the electromagnetic fields inside the test chanber, and such
chanbers are frequently referred to as "node stirred" test chanbers. 10
Such nmechanically node stirred test chanbers have found w de use, both in
testing electronic equi pment for susceptibility to outside interference,
and in measuring el ectromagnetic radiation radi ated by the devices
t hensel ves. Known chanbers are | ess than ideal, homever, particularly for
testing feaiuel get Ko ti0 atl u

aLfle frth '&%1@%1‘1&% é@f i nlS at'i flofg! Yard i@ wa Oa;:ﬁﬂ PASLER

Conventi on node stirr rs nee ave di mensi ons he sane

order as t wavel en f the e]ec netic ener lied during the
Cest. in Ehuraneeseteidh reseihe %@@% Sf s Badi prent  at T ow
frequencies at which the wave-length is on the order of several 20 hundred
yards, or noreKnawnsisshatiens pbaﬁ%t)er@emvy Ibeene gsiuipped owhth | regulasty
chanber of anything near this size. 3 A need exists, therefore, for

el ect r omaghaped, medithrieally cbsatadile methl dpaddiamdiedi ssinside nhehdaanberwhi ch
controlled and uniform el ectromagnetic fields can be applied to EUT, and

par &i cul aWSYCI%txfo%%ﬁﬂlé’t“i‘é Yicl @Y/ dre 'té‘é -any QQdPi'té‘Hbi%rs§d§ hRY! éiqaﬁﬁb@f

reasonabl e si ze shoul d 5 not De unduly conplex, either in their

Cost des 1 M8 TAAAR bR 1%%%%%%&w@?ﬁ“‘é‘%ﬁ%&%ﬁﬁﬁﬁﬁﬁ Borisag,, "
el ectromagnetic, shield that defines an interior 10 volunme for_the
conduct i oRF3¥STRISSER o F‘E!SFF%IW%@‘%)o@I?r@ hanabergi Bhe opaddls Mg@elAw

el ectrically conductive rod is provided inside the interior
thus said to “stir” the electromagnetic fields inside the test chamber, and

such chambers are frequently referred to as “mode stirred” test chambers.
10 Such mechanically mode stirred test chambers have found wide

use, both in testing electronic equipment for susceptibility to outside

interference, and in measuring electromagnetic radiation radiated by the

devices themselves. Known chambers are less than ideal, however,

particularly for testing for electromagnetic radiation at relatively low
15 frequencies.

Conventional mode stirred chambers need to have dimensions of the
same order as the wavelengths of the electromagnetic energy applied
during the test. In some cases, though, it was desirable to test equipment
at low frequencies at which the wave-length is on the order of several

20 hundred yards, or more. It is obviously not generally feasible to build a

test chamber of anything near this size.



vol une. The rod can be energi zed to generate el ectromagnetic radiation
inside the interior volune, and noved through the interior volunme to change
the characteristics of the electronmagnetic field over a working 15 vol une
inside the el ectromagnetic shield. In preferred enbodi nents, the energy
applied to the rod is controlled in a manner that enhances uniformty of
the el ectronmagnetic energy within the working volune as the rod noves

through the interior volunme. Some enbodinments will include a , __ paddle
stirrer inside the interior volunme of tf® chanber, to further stir 20 and
nodi fy the electromagnetic field inside the chanber. 4 Preferred

embodi ments W |4 nieBQl dig86ts2 thBAABFe P 1EE GBI arfAnNdueld Ya&st Qchinhekd e dde
chanber, and apparatus operable to energize that rod as well as the first

one. In a_particularl referr nbodi ment .. the first d second rods are
nount ed ir"i?lsacélat%ﬁ CFIé:I a{neﬁﬁaﬁ aHbI eg}}?%ltlongog&r rll{ﬁ%tqera}n heufl?ﬁagn rod
is novabl e through the interior volunme in a first direction that is

per pendi cglegtremagnsticobiefdsGan bgrmprlied dadddd, pod partwiviaplyeat relatiyslt he
chanber in a second direction that is perpendicular both to its own |ong
axi s and towtfheqhiensiesr ddiich dhasebernshéuhbbemt. reasohhble sideodineshoulde
apparatus that energizes the rods controls the energy 10 supplied to the

two g ods sRtase hadeN BeESpleREeltRe §h Thekr &dndthacBbacs RiTBsEederhtishd
applied to a working vol une 1 nside the chanber as the two rods nove through

the chanber. The first and second rods nmay be energized by apparatus that
i ncl udes a signal generator, and the rods may be noved through the 15

crbodi ment. the Tirst and SSOMMHARASEALESVIBIEION "reohan cally coupl ed

at both ends to the walls of the chanber. BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention resides in a novel electromagnetic test chamber. The
chamber includes an electromagnetic shield that defines an interior
10 volume for the conduction of electromagnetic field exposure and radiation
testing. An electrically conductive rod is provided inside the interior
volume. The rod can be energized to generate electromagnetic radiation
inside the interior volume, and moved through the interior volume to
change the characteristics of the electromagnetic field over a working
15 volume inside the electromagnetic shield. In preferred embodiments, the
energy applied to the rod is controlled in a manner that enhances
uniformity of the electromagnetic energy within the working volume as the
rod moves through the interior volume. Some embodiments will include a

paddle stirrer inside the interior volume of the chamber, to furiher stir

20 and modify the electromagnetic field inside the chamber.



20 Figure 1 is a schematic drawing illustrating an el ectromagnetic test
chanber . 5 Figure 2 is a schematic illustration of the working el enents
of the test chanber of Fig. 1. Figure 3 illustrates sinul ated neasurenents
of the maxi mum el ectromagnetic field under test conditions at various

| ocations inside the 5 test chanber of Figs. 1 and 2. Figure 4 illustrates
si mul ated neasurenents of the average el ectromagnetic field under test
conditions at various |locations inside the test chanber of Figs. 1 and 2.
10 DESCRI PTI ON OF THE PREFERRED EMBODI MBNTS Figure 1 is a schematic draw ng
illustrating an el ectromagnetic test chanber 5 according to the present

| nventi on. The gl pl GAIBELAIAGLUIES ORI 854 BnG MUARATI LIRS ARl | S

10 situated to enclose an interior volune. 1 e e test chanber
are forned of. al(grritgum or anot her, nat eri@ i
St

| that t t he j,nt i
Vol une fr GAALRSILS B SHamRery SRS APPALRLS, SPor ARICo Y (oL TR koD S

el ectromagneti c reverberation chanber suitable for testing electronic

devi ces f avelbasdhptiinstiane I acrewicidlarly pralewiesgeetiodimeditathe dirsbaal a
chanber may al so be used to neasure 20 the extent to which an electronic
devi ce | eaksonnd eddd sarel endunombneiside riddi ahagnbentat trighterriglesnnentone 6 A

tw sted Z-shaped paddle stirrer 12 is |ocated inside the test chanber 5,
neag one g other CHAMIRSt SrotPid €hevadiRe tiRRAMIe il [HiRFiorOv@hffe in a first
direction that is perpendicular to its long axis, and the second rod is
movable through the chamber in a second direction that is perpendicular
both to its own long axis and to the first rod’s direction of motion. In that
embodiment, the apparatus that energizes the rods controls the energy
10 supplied to the two rods so as to enhance the uniformity of the
electromagnetic field applied to a working volume inside the chamber as
the two rods move through the chamber.
The first and second rods may be energized by apparatus that
includes a signal generator, and the rods may be moved through the
15 chamber by apparatus that includes a control motor. In the preferred

embodiment, the first and second rods are movable but mechanically

coupled at both ends to the walls of the chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a schematic drawing illustrating an electromagnetic test

chamber.



to change boundary conditions and thereby to "stir" electromagnetic fields
present inside the test chanber. For high frequency el ectromagnetic 5

radi ation, the stirrer provides node shifts and boundary condition changes
sufficient to effectively random ze conditions inside the chanber, which is
necessary for effective tests and accurate neasurenents. For | ower
frequency el ectronagneti sm though, the stirrer is not capabl e of
effectively stirring the fields, and so other structures are desirable to
10 inprove the effectiveness of the chamber for | ow frequency tests. The

enbodi ment illustrated in Fig. 1 includes a first electrically conductive
rod 15 inside @he, L8t iLh matic! MudtSiSTIHHEVorkihe diémehts O RS a
| ong axis that | orizontal, and the rod itself 1s novable horizontally,

in a direction perpendi.cular to the rod's long axis, down the 15 | ength of
t he charrbg‘?s.t %g‘?@%ﬁ&’c}eﬁggt?ri cally conductive rod 18 has a | ong axis that

is vertical, with this rod novable horizontally across the chanber in a
direction perp&igiiceul Ar ilgstrptes i sisnuladed s mEaREEReNiSt Hotthen. MEKENKM st
rod is novable along the X-axis indicated in this figure, with the second

rod novabkkdtromhgn¥tiaxficdld AAdET destec@nditians ebhemmidus 1ddaisinsainsidedthet he
wor ki ng el enments of the test chanber 5 of Fig. 1. In this preferred

enbgdi mentesttdifarmper @NFigs. 1@y pol I ed by an appropriately programred
conputer 20, which may be, for exanple, a personal conputer or another

general purposgichol 13 (ARATREL. MShERA RIRIALBIeAd MOVlesBol sl

sour ce signal Se frequency, anpli phase can be contro
response tp 5 com’rands\;lilramt e co:[hguter. A switch controller 25 .gri es a
switch ar FFtoamagnghgficld yRdesitgiafonrdiinntat Jagioys AHINFIgeLne,di o
frequency power anplifier array 30. The anplified signal is sent fromthe
RF power tentl¢hambenrof&ligs0l tamdaZ2power splitter 33, which splits the
anplified signal. Part of the anplified
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 is a schematic drawing illustrating an electromagnetic test
chamber 5 according to the present invention. The test chamber includes
an enclosure 7, which includes walls 10 situated to enclose an interior
volume.
15 The walls of the test chamber are formed of aluminum or another
material that isolates the interior volume from the exterior environment,
so that the enclosure serves as an electromagnetic reverberation chamber
suitable for testing electronic devices for susceptibility to external
electromagnetic radiation. Such a chamber may also be used to measure

20 the extent to which an electronic device leaks or emits electromagnetic

radiation into the environment.



10 signal is sent to a first power conbiner 35 and a first directional
coupler 38. These are electrically connected to the first rod 15 inside the
encl osure 7 of the test chanber 5. Another part of the anplified signal
goes to a second power conbiner 40 and a second directional coupler 42,
which are electrically connected to the second rod 18. The first and 15
second rods are thus energi zed at the source signal frequency by the
anplified signals supplied through the first and second directional
couplers. Each of the rods is termnateg by its own characteristic

i npedance, and the signals are fed into the rods by coaxial |ines. Mtion

O aihe 1no rods Aiand 2<ond Lhadiel Lanel 152l G8kaRhAThRiao 4 Wl

change the rod characteristic inpe es. To counter

connect a -controlled var af%or nd E r.esi stor i seriga W t.h each 8 rod
to achi ev&E%’% & Ot 858 AR AT KBS SRARBEE B SOTBFT S ot aBRA O RUFTAMALES and
structural conplexity. As an alternative, one nay adj ust the input power to
conpensat &0 gh@ngst benadasy icepdidonsward threrekhyi ta Z8tir” claetramagneatiq fiplds
power, the 5 forward power can be adjusted to conpensate for the differing

refl ect ed pposveit linskle the egfr chansber.f oFvar Higho iedquaricyb eleetrofitgirdid or
each rod position by reading the net input power for each position during

cal isprat i Qpqpftide thRadfirer ﬁgﬁﬁ?ﬁk@' HBEE" shARd r%hherbﬁﬁj&%?fo%ﬂd}ltilo%d by

the conputer 20 to 10 drive nical elenents of the syst e control
notor controller caontrols, a first .control notor . _The fir cqntrol notor
o connect BangRr SERCiee e R Yol i o lRg) Gindifiond fisidt ther B The
first contraol nptor and the first nmechanical_ coupler function as a first
drive mecRaHFBnis segessavt R effestive dests eyl @seuratfypeatutepaenrite| d&ire 7.
A 15 second control notor 53, again controlled by the control notor

control | elower frequency electromagnetism, though, the stirrer is not capable of

effectively stirring the fields, and so other structures are desirable to
10 improve the effectiveness of the chamber for low frequency tests.

The embodiment illustrated in Fig. 1 includes a first electrically
conductive rod 15 inside the test chamber 5. In this embodiment, the first
rod has a long axis that is horizontal, and the rod itself is movable
horizontally, in a direction perpendicular to the rod’s long axis, down the

15 length of the chamber. A second electrically conductive rod 18 has a long
axis that is vertical, with this rod movable horizontally across the chamber
in a direction perpendicular to the first rod’s direction of motion. The first
rod is movable along the X-axis indicated in this figure, with the second
rod movable in the Y-axis.

20 Figure 2 is a schematic illustration of the working elements of the

test chamber 5 of Fig. 1. In this preferred embodiment, the system is



45, is connected to the second rod 18 through a second nechani cal coupler
55. The second control notor and second nechani cal coupler thus operate as
a second drive nechanismto drive the second rod across the width of the
chanmber. The control notor controller 45 also controls a 20 third control
notor, which acts through a third nmechanical coupler 60 to drive rotation
of the paddle stirrer 12. 9 The nechani cal couplers 50 and 55 shoul d be
designed so that there is no electrical contact between the rods 15 and 18
and the control notors 48 and 53, the mgptors' bearing systens, or other
parts external to the test chanber 5. This is to prevent radio frequency

15 shoul dPEis s PoHL dbrbPEAtEhE b o tinhlld RERlpfRE g wnitfahelepd” ™

chanber 5. Because the rods myve along the walls 10 of the enclosure 7,

rel ativel yo s¥§eRls, e3 REESAIHUFPEPYISTT BEIRBPHIN EePgTEhPunese digitaloss
cabl e should be used to mnimze |losses in these |ong 10 cabl es. These

cabl es shoohtpurerwelA -signal gederawre@3eprovidekeaptadtes@atiee signalnwhaieat i ng
em ssions as long wire antennas, which could affect field conditions inside

the phanbﬁreq[u‘érfc@gehﬁimﬁumt, eand Ghase | egat @ idwritdsilédeirenesisots® 7ot O
recei ve el ectronagnetic signals frominside the test chanber 5. The

recgi ving c&ﬁnﬁ%rﬁ@“g-obg th2"86 ek %u%mi&l%gdr%rgﬁ&e% (ar}ﬁ!escgu%b&%ﬁg5

and an attenua 6 a spectrum anal yzer ghal s receive

receiving anteﬂg@ are sanpl ed by.the sf ectrum anal yzer and supplied t.0 the
Comput er ~ 3HTEYTIHES ot RFVALE e 19k dBvRy TP SHEEoBEHFERLONG { AuLAdIo
avail able for further study. 20 To performa test, the electronic device or
ot her pi efeasfensypprenamplifiiraamayoi’-a test stand 73 inside the encl osure
7. The interior volunme is

The amplified signal is sent from the RF power amplifier array 30 to

a power splitter 33, which splits the amplified signal. Part of the amplified
10 signal is sent to a first power combiner 35 and a first directional coupler
38. These are electrically connected to the first rod 15 inside the
enclosure 7 of the test chamber 5. Another part of the amplified signal
goes to a second power combiner 40 and a second directional coupler 42,
which are electrically connected to the second rod 18. The first and
15 second rods are thus energized at the source signal frequency by the
amplified signals supplied through the first and second directional
couplers. Each of the rods is terminated by its own characteristic
impedance, and the signals are fed into the rods by coaxial lines.
Motion of the two rods 15 and 18 along the walls of the test chamber 5
20 will change the rods’ characteristic impedances. To counter this, one

might connect a DC-controlled varactor and a resistor in series with each



10 by signals applied to the first and second rods 15 and 18. This

energi zes not only the normal cavity nodes of the chanber, but also a
transverse el ectromagnetic node (TEM for each of the rods. This node is
transverse to the long axis of each rod. This TEM node can be propagated

wi thout 5 any cut-off frequency, and can therefore exist inside the

encl osure at very |low frequency. Since the TEM node field is transverse to
the long axis of its rod, though, it is not possible to excite a random
isotropic field with only one rod. A se&nd rod is used, therefore, to
excite the field in a direction parallel to the long axis of the first rod.

10 I'n therpa ebeidiisye pbogemRida rr?étcﬁfr%l_bl? HEE @9sBBO YA aHHitisPa M driter e

are sufficient transverse el ectrical E) and transverse magnetic (TM

nodes i nsi t; C .5 so that the field can be stirred adequately
by rotati 8ﬁ’%oétl}}elﬁ§§atlicro?§$g t,y'acti ng alone. In this node of operation, the

chanber is operated as a conventional mpde-stirred 15 chanmber. The first
and second rodés18napleHALYG G dNAY IR HiyiRBYt HaWskde qampengate

conventional node, a double-ridged horn (not shown) is used to excite the
chanber. RgairtssthegeBectedwpowkr eqlienmiagstainheohstasit ned ispubmbwarsthk5 and
18 are energi zed by separate signals and driven nechanically in a series of

20 steps ahwird p@wer &gl e ajaSted @6 Pasthpefikiite #br the dEfdrirehashested (see
Fig. 1). Mwvenent of the excited rods serves to stir the electric field

Fig. 1). Novem e excited ro _ ect i
changi ng PR peShor Thsy " PREBISI (4Gl EPoRler 68 I TRCORMEN hr by o1

the two r%j Sgsi {cl)?%/ b@m{'gaéﬂ{go%ﬁré E’llg i%q:)% %ro'wer for each position during

calibration of the chamber.
A control motor controller 45 is controlled by the computer 20 to
10 drive mechanical elements of the system. The control motor controller
controls a first control motor 48. The first control motor is connected
through a first mechanical coupler 50 to the first rod 15. The first control
motor and the first mechanical_ coupler function as a first drive
mechanism to drive the first roci along the length of the enclosure 7. A
15 second control motor 53, again controlled by the control motor controller
45, is connected to the second rod 18 through a second mechanical
coupler 55. The second control motor and second mechanical coupler
— thus operate as a second drive mechanism to drive the second rod across
the width of the chamber. The control motor controller 45 also controls a
20 third control motor, which acts through a third mechanical coupler 60 to

drive rotation of the paddle stirrer 12.



The field may be stirred electronically in this way by changing the 5 phase
of the signals applied to the rods between sequential step novenents of the
rods across the chanbers. For exanple, for each rod, the phase of the
applied signal mght be changed by a value equal to a, where a -

360/ (LUF/f), in which LUF is the conventional |owest frequency of the
chanber, and f is the frequency of the input signal. 10 Such schenes use
the el ectrical phase difference between the two input signals to sinulate
the effects of higher frequency signals9 One mght refer to such

conbi nati ons of nechani cal and el ectronic node stirring as "hybridi zed"

node stirring. Thehen@shaiibal doipletNSErdSE IdRAdabevacsigmed ke dexd sed
as well. Advantageous conbi nati ons of 15 changes to, e.g., the anplitudes

or phases tl%r fljslcbtoal%lhg{hé e | elcg SF ?nt%ﬁ: {.(9&155 l%aQ Helgea{rﬁi %Qec%rFyol

simul ation res roved uni orm

di rections. Int@ ﬁgggg nt of g 1, a\/\orkln%]j_volurre 75|s create

i nsi de Lh&Q%Ls 4ha ‘Fr’i’%‘?@ést F%rlﬂgr%’sﬁﬁm% th €L RALP SdgrRali ©
field 20 conditions are suffl ciently random zed and uniformto allow for
accept abl &he 8t shanehem Sat Thés as itoeprevieol fadae feequiency keajags idmntthes
illustrate 12 conditions inside the chanber 5 for a sinulated test

conguct edrads 30 theoutBRieof the tegachambeli 9. 1, the working volunme 75
i nside the enclosure has eight corners. Figure 3 illustrates sinmulated

measurenents o h X 5715]1 &4 f: %hﬁt r e
rods 15 and 18&%1%”@(\,/%@&1 e ls% fgrk%éghr %gsg{‘gg t roeﬁlgmcégl%Pgt go?l?ast?{é
Figure4i| S neasutenent s of e avera at the
el ght - cor RV L ORI RS SRERRT ST G TInLSE KOS ReYe BbRebhn Hal 161 ¢ he
i nvention has been descrl bed in det ail as an illustration above. O her
enbodi nenfkthe @nﬁmqﬂ ‘6, relatigely long cables are required to feed signals to the

rods. Low loss cable should be used to minimize losses in these long
10 cables. These cables should be well-shielded, moreover, to keep the
cables from radiating emissions as long wire antennas, which could affect

field conditions inside the chamber.
A receiving antenna 63 is located inside the enclosure 7 to receive
electromagnetic signals from inside the test chamber 5. The receiving
15 antenna is connected through a third directional coupler 65 and an
attenuator 67 to a spectrum analyzer 70. Signals received by the receiving
antenna are sampled by the spectrum analyzer and supplied to the
— computer 20. These samples are then stored in the computer and thus

available for further study.

20 To perform a test, the electronic device or other piece of equipment

is placed on a test stand 73 inside the enclosure 7. The interior volume is



10 As one exanple, an alternative enbodi nent could include a third rod with
a long axis perpendicular to those of the other two. This m ght be expected
to inprove the perfornmance of the test chanber somewhat, but this

i nprovenent would cone at the cost of additional nechanical and control
conpl exity. Such a change could be made, though, and m ght be 15 desirable
in sonme cases depending on the degree of field uniformty required. Various
ot her nodifications, inprovenents, and additions nay al so be devel oped with
out deviating unduly fromthe inventionlQ basic principles and the scope of
the invention is certainly not limted to the 20 exenplary enbodi nent

descri bed Hyesignals Applietue teorsohnidhsedornbrodsr Shad U8beThit enstdigshs
primarily by reference to the appended cl ai s, 13 therefore, along with

the full $ERP&HI ft}?&‘i'i.o‘fﬁlleﬁnéévi%rﬂ’ﬂhﬁg AR cRhABE:, A5Gt hegakhl hadi¥erse
d. 14 CLAI at d

properly entitl VS Is claimed 1s: 5 1. An electronagnetic

test chanb ti hi el d defi ni interi
Vol une: -8 SR L PRBRRLE o R B h R  TEdPrsr ViU e s
operable to energize the first conductive rod to generate el ectromagnetic
radi at i on tQithisi longhaxisnpbeash Kol urdis sHeM1magspsRat e Rspprgates withewe the

first conductive rod through the interior volune. 2. The el ectromagnetic
t est® chanbbery oft-offafireqyenopeandncdrhehepdaratrist apsidibtlee eackrmngi atevéhe
first conductive rod is operable to
low frequency. Since the TEM mode field is transverse to the long axis of
its rod, though, it is not possible to excite a random, isotropic field with
only one rod. A second rod is used, therefore, to excite the field in a
direction parallel to the long axis of the first rod.

10 In the preferred embodiment, at frequencies above about 150 MHz
there are sufficient transverse electrical (TE) and transverse magnetic (TM)
modes inside the test chamber 5 so that the field can be stirred
adequately by rotation of the stirrer 12, acting alone. In this mode of
operation, the chamber is operated as a conventional mode-stirred

15 chamber. The first and second rods 15 and 18 are held in place and not
excited. In this conventional mode, a double-ridged horn (not shown) is
used to excite the chamber.

— For testing at lower frequencies, the first and second rods 15 and 18
are energized by separate signals and driven mechanically in a series of

20 steps along the x- and y- axes, respectively, of the test chamber 5 (see Fig.

1). Movement of the excited rods serves to stir the electric field inside the



15 control energy applied to the first conductive rod to enhance uniformty
of the el ectromagnetic energy generated within a working volune inside the
test chanber as the first conductive rod noves through the interior vol une.
- 20 3. The electromagnetic test chanber of claim1, and further
conprising a paddle stirrer inside the interior vol une. 15 4. The

el ectromagnetic test chanber of claiml, and further conprising: a second
conductive rod inside the interior volunme; and 5 apparatus operable to
energi ze the second conductive rod to gdnerate el ectromagnetic radiation
within the interior volune. 5. The el ectromagnetic test chanber of claim4,

wher ei n “’tqmeﬂ-ié%f.at’l’ﬁe ?fé?('i qg'aﬁg&"sti‘f’%}é& élggtnr h§é£11 ,W‘éﬁtain:ﬁrsxg 2% % Fs%g gpable

to nove 10 t rod 1nafirst direction, ur ther” conpri at us
operable to e the..second cqnductiyve r.od.in second. . directiaon different
Fom the (FPEEhgiPBBHRTACE or PHAME o Prdifilita ol SSRECE Ui hEaIrosp & M o
wherein the 15 apparatus operable to energize the first conductive rod and
t he appar ahg¥edpepaghdheshaqabgrze t he second conductive rod are operabl e
to control energy applied to the first conductive rod and the second

conductive rod The drbdmeyupe fstirned \eled¢trohecaf3Poi thimgrst by ehanging the
generated within a working volune inside the test chanber as the first

condict i vep gk asd 2 télgn%wﬁ?pﬁe@d%t itMe +8ds MpeewkBh UG ukRSial Nk OF
vol une. 16 7 The el ectromagnetic test chanber of claimb5, wherein: the

apparatus aReLARlEs 6t Y fodd'Bckbis thE WHHELEYE RSt ERAAL f%ach rod,
the phase of the applied signal might be changed by a value equal to q,
where a = 360°/(LUF/f), in which LUF is the conventional lowest
frequency of the chamber, and f is the frequency of the input signal.

10 Such schemes use the electrical phase difference between the two
input signals to simulate the effects of higher frequency signals. One
might refer to such combinations of mechanical and electronic mode
stirring as “hybridized” mode stirring. Schemes other than the one
described above could be devised as well. Advantageous combinations of

15 changes to, e.g., the amplitudes or phases of excitation for each of the two
rods can be determined by simulation results to produce fields of
improved uniformity in all directions.

In the embodiment of Fig. 1, a working voiurne 75 is created inside
the test chamber 5. Inside this working volume, electromagnetic field

20 conditions are sufficiently randomized and uniform to allow for acceptable

testing, even at relatively low frequencies. Figures 3 and 4 illustrate



interior volume is operable to nove the first conductive rod in a series of
sequential steps of the first rod; 5 the apparatus operable to nove the
second conductive rod is operable to nove the second conductive rod in a
series of sequential steps of the second rod; and the apparatus operable to
energi ze the first and second conductive rods is operable to change a phase
of a signal applied to each of the rods 10 between sequential steps of each
rod, wherein the change of phase is equal to a phase angle a, where

a=360/ (LUF/f), where LUF is the conventil@nal |owest frequency of the
chanber, and f is the frequency of the signal applied to each of the rods.

15 8. The @rRfitioRRBaNGHE CtH e Th4ABEPS fBf &'ﬁtﬂﬁlﬁted‘ﬂ%”s@'dbﬁdﬁ‘ct&ﬁcﬁﬂdsm od
has a | ong axis perpendlcular to a long axis of the first rod. 9. The

el ectroma o of o m,8, e S.. 0 a to
nove the f qgfﬁs rtcl)éDTerrﬁ:o%1 Pe tf) o] ve1 tﬁ%@fﬁgglﬁ%%@g%a@& H%ﬁé leg
direction perpendicular to the long axis of the first rod and wherein the
appar at us Qﬂfé@%rf‘eﬁﬁé %k}tecmée@ecﬁwrpo% lﬁgsfaa&qsaﬁqrEUi%ed MeAFPIRIMERES
second rod in a second direction that is perpendicular to the |ong axis of
t he secondfrtded mukipemdiudietdladreaah ohéeheicightt camears amthomod$s thentli 18t
rod. 5 10. The el ectromagnetic test chanber of claim1l, wherein the

appag at us peeahie the ﬁﬁ@éﬂf@&téb&hﬁ'blﬁgh £ 00fifslEte/ eestOAFAITRr 4 SBBsBraségnal
generator electrically coupled to the first conductive rod. 11. The

el ectr Om%ﬁiﬁlﬁt#c@?ﬁe Enfy of {13 Qﬂvépaﬁ;@@ﬁgw LP%he Jeq%ﬁﬂ EBfﬁé’an der .

apparatus operable to with the signal generator to ance uni ormty
of the el et%troma gdtl ation generated within the interior vol une.
¢ samd test onditidhs.

A preferred embodiment of the invention has been described in

detail as an illustration above. Other embodiments are possible as well.

10 As one example, an alternative embodiment could include a third rod with

a long axis perpendicular to those of the other two. This might be

expected to improve the performance of the test chamber somewhat, but

this improvement would come at the cost of additional mechanical and

control complexity. Such a change could be made, though, and might be

15 desirable in some cases depending on the degree of field uniformity
required.

Various other modifications, improvements, and additions may also

be developed without deviating unduly from tf;e invention’s basic

principles and the scope of the invention is certainly not limited to the

20 exemplary embodiment described herein. The true scope of the invention

should be determined primarily by reference to the appended claims,



12. The el ectromagnetic test chanmber of claiml, wherein the 15 apparatus
operable to nove the first conductive rod includes a control notor. 13. The
el ectromagnetic test cranber of claiml, wherein the first conductive rod
has a | ong axis and the apparatus operable to nove the 20 first conductive
rod is operable to nove the rod in a direction perpendicular to its |ong
axi s. 18 14. The el ectronagnetic test chanber of claim 13, wherein the

el ectromagnetic shield includes walls and wherein the first conductive rod
has two ends nechanically coupled to theE3walls of the el ectromagnetic 5
shiel d. 15. An electromagnetic test chamber conprising: an electronmagnetic
shi el d dekj,8tdigrdNaloRioii M tM@'f‘t‘ﬂPso@;lJé IS GOARHST ¥2 wiflehi ﬂfdééecfahﬁls
interior volune; '10 ans for energizing the first conductive rod

generate eleﬁtrqra gtlc raflat ﬁ within the interior vol uneg; and neans
for novin§Tt e ygfl FORSEY: FAUHSH: t hr ough the interior volume: 15 16. The
el ectromagnetic test chanber of claim 15, wherein the neans for energizing
the first conductive rod is operable to control energy applied to the first
conductive rod to enhance uniformty of the el ectromagnetic energy
generated within a_ working volune inside the test chanber as the first
conductive rod noves through the interior volune. 20 19



17. The el ectromagnetic test chanmber of claim 15, and further conprising a
paddl e stirrer inside the interior volunme. 18. The el ectronagnetic test
chanber of claim 15, and further 5 conprising: a second conductive rod
inside the interior volume; and neans for energizing the second conductive
rod to generate el ectromagnetic radiation within the interior volune. 10
19. The el ectronagnetic test chanber of claim 18, wherein the neans for
noving the first conductive rod is operable to nove the rod in a first
direction, and further conprising nmeans;for noving the second conductive
rod in a second direction different fromthe first direction. 15 20. The
el ectromagnetic test chanber of claim 19, wherein neans for energizing the
first conductive rod and the nmeans for energizing the second conductive rod
are operable to control energy applied to the first conductive rod and the
second conductive r~d- to enhance uni€bAlVBy of the el ectromagnetic energy
generated within a working volune inside the 20 test chanber as the first
conduct i vévhad isothiirteel B2cond conductive rod nove through the interior
vol une. 20 21 The el ectromagnetic test chanber of claim 19, wherein: the
means for nmoving the first conductive rod is operable to nove the first
conductive rod in a series of sequential steps of the first rod; 5 the
means for noving the second conductive rod i.s operable to nove the second
congictive rodqfn a%g%Fﬁ%ENHPaggﬁﬁgﬁF?%FﬁgFgﬁg PH&M & cond rod; and the
means for energizing the first and second conductive rods is operable to
change a phase 8 clgCliognagnelie shield: defming an intgioowlusee ween 10
sequential steps of each rod, wherein the change of phase is equal to a

a first conductive rod inside the interior volume;

apparatus operable to energize the first conductive rod to generate
electromagnetic radiation within the interior volume; and
10 apparatus operable to move the first conductive rod through the

interior volume.

2. The electromagnetic test chamber of claim 1, wherein the

apparatus operable to energize the first conductive rod is operable to

15 control energy applied to the first conductive rod to enhance uniformity of
the electromagnetic energy generated within a working volume inside the

test chamber as the first conductive rod moves through the interior

volume. .- -—

20 3. The electromagnetic test chamber of claim 1, and further

comprising a paddle stirrer inside the interior volume.



phase angle a, where a=360/(LUF/f), where LUF is the conventional | owest
frequency of the chanber, and f is the frequency of the signal applied to
each of the rods. 15 22. The el ectronagnetic test chanber of claim19,
wherein the second rod has a |long axis perpendicular to a long axis of the
first rod. 23. The el ectromagnetic test chanber of claim 22, wherein the
means for noving the first rod is operable to nove the first rod in a first
20 direction perpendicular to the long axis of the first rod and wherein
the means for noving the second rod is pgerable to nove the second rod in a
21 second direction that is perpendicular to the long axis of the second
rod and perpendicular to the direction of notion of the first rod. 24. The
el ectromagnetic test chanber of claim 15, wherein the 5 neans for
energizing the first conductive rod conprises a signal generator

el ectrically cupl edhco elerdremagnegiondest icharmber aisclafpe bl éad dhathaiti c
test chanber of claim 24, and further conprising apparatus operable to work
with the sbgnafisigenerator to 10 enhance uniformty of the el ectromagnetic
radi ation generated within the interior volune. 26. The el ectromagnetic

test chanber of, LA dondUbEYEIrBALNGIIEMS id @ idFEI0thd; Hhd i st conductive
rod includes a control notor. 15 27. The el ectronagnetic test chanber of

e 15, W ShBak R ke FARCYS! oHEcE0H, TR, BebOP TR B

direction perpendicular to its long axis. .20 . )
ggne ate electromagnetic ragla%on within the interior volume.

5. The electromagnetic test chamber of claim 4, wherein the

apparatus operable to move the first conductive rod is operable to move

10 the rod in a first direction, and further comprising apparatus operable to
move the second conductive rod in a second direction different from the

first direction.

6. The electromagnetic test chamber of claim 5, wherein the

15 apparatus operable to energize the first conductive rod and the apparatus
operable to energize the second conductive rod are operable to control

energy applied to the first conductive rod and the second conductive rod

to enhance uniformity of the electromagnetic energy generated -within a

working volume inside the test chamber as the first conductive rod and

20 the second conductive rod move through the interior volume.



22 28. The el ectromagnetic test chanber of claim 27, wherein the

el ectromagnetic shield includes walls and wherein the first conductive rod
has two ends nechanically coupled to the walls of the el ectromagnetic
shield. 5 29. An electromagnetic test chanber conprising: an

el ectromagnetic shield defining an interior volune; a paddl e wheel

el ectromagnetic field stirrer inside the interior volunme of the

el ectromagnetic shield; 10 a first conductive rod inside the interior

vol une, the first conductive rod havingig |ong axis; apparatus operable to
energi ze the first conductive rod to generate el ectromagnetic radi ation

within the inteyior MO ; [ h first
conductive rodeZ: hr om]%hé %‘Jﬁ‘eatrfgﬂ ?%ﬁgﬁ?égéﬁgﬁl%%@’eg Asfgcé%ﬁlar%\éﬁla%%%li/e rod
inside the interior volune, the, second cor]%lu%ti ve rgd havi n &Hl on Xi s

that is not part FI%?p%r@t’t‘ﬁé)H%ﬁBfeaR‘? meffe Hre Irpt sondyRHYe te¢-rgey at us
operable to energize the second conductive rod to 20 generate

el ect r onagntgrier valimatiisropdralbile to raoveattbei orstveindmctiemaod ip3a smspiasaciis
operabl e to nove the second conductive rod through the interior volune. 30.
The el ect reapegneidl Gtées bf ehaffivst red; cl ai m 29, wherein the 5 apparatus

operable to energize the first conductive rod and the apparatus operable to
energgi ze the sgpaNd HORAHG | ¥Feradle IS RRFEARKE §8c5RA3BERductive rod is
operable to move the second conductive rod in a series of sequential steps

of the second rod; and

the apparatus operable to energize the first and second conductive
rods is operable to change a phase of a signal applied to each of the rods
10 between sequential steps of each rod, wherein the change of phase is
equal to a phase angle a, where a=360°/(LUF/f), where LUF is the

conventional lowest frequency of the chamber, and f is the frequency of

the signal applied to each of the rods.

15 8. The electromagnetic test chamber of claim 5, wherein the
second rod has a long axis perpendicular to a long axis of the first rod.

0. The electromagnetic test chamber of claim 8, wherein the

apparatus operable to move the first rod is operable to move the first rod

20 in a first direction perpendicular to the long axis of the first rod and

wherein the apparatus operable to move the second rod is operable to



uniformty of the electronmagnetic energy generated within a working vol une
inside the test chanber as the first conductive rod and the second
conductive rod nove through the interior volune. 10 31 The el ectromagnetic
test chanber of claim 29, wherein: the apparatus operable to nove the first
conductive rod is operable to nove the first conductive rod in a series of
sequential steps of the first rod; 15 the apparatus operable to nove the
second conductive rod is operable to nove the second conductive rod in a
series of sequential steps of the secongyrod; and the appar~us operable to
energi ze the first and second conductive rods is operable to change a phase
of a sign e f .t S e Y f each
od wher A7t RECTeck 36 L o Dl uipco it "RE S BUERA G 2R e

a= 360/(LUF/f) wher e LUF i s the 4 conv ntlonal st frequenc of the
chanber , ARE P of Hoe Sreeadfeg apd MeEPsngit aa;sw%?ﬁ geldar (I gnotine 9lods.
32. The el ectromagnetic test chanber of claim?29, and further 5 conprising
a paddl e shedmrst rodsi de the interior volunme. 33. The el ectromagnetic test
chanber of claim 29, wherein the apparatus operable to nove the first rod
is operable to nove the rod in a first direction and the apparatus operable
to nove the second rod is 10 operable to nove the second rod in a second
direction diffgqpent .0 [ t h ect r QFRGBE} I1het ©St
chaﬁger of cIaﬁ§f29Tﬁhh%?%?ﬁn%hgﬁ%ggo&%ﬁrgga ]§§.c}o§5&gkﬂé perpgﬁ%lcular

to a long %)Sa?'a&;s E)P)greitlﬂ[estto errrg)éjrglze the first conductive rod comprises a signal

generator electrically coupled to the first conductive rod.

11. The electromagnetic test chamber of claim 10, and further
10 comprising apparatus operable to work with the signal generator to
enhance uniformity of the electromagnetic radiation generated within the

interior volume.

'3

12. The electromagnetic test chamber of claim 1, wherein the
15 apparatus operable to move the first conductive rod includes a control

motor.

13. The electromagnetic test chamber of claim 1, wherein the first
conductive rod has a long axis and the apparatus operable to move the
20 first conductive rod is operable to move the rod in a direction

perpendicular to its long axis.



35. The el ectromagnetic test chanber of claim 34, wherein the apparatus
operable to nove the first rod is operable to nove the first rod in a first
direction pe-~-pendicular to the long axis of the first rod and wherein the
apparatus operable to nove the second rod is operable to 20 nove the second
rod in a second direction perpendicular to the long axis 25 of the second
rod and perpendicular to the direction of notion of the first rod. 36. The
el ectromagneti c test chanber of claim?29, wherein the 5 apparatus operable
to nove the first conductive rod includgg a first control notor and the
apparatus operable to nove the second conductive rod includes a second
control notor. 37. An el ectromagnetic test chanber conprising: 10 an

el ectromagnetic shield defining an interior volunme; a paddl e wheel
electronagnetlc field stirrer inside the |nter|or vol ume of the

el ect ronagnet i cthi e cdestromagnstigutssty ehpgparnef cféa’tfﬂelﬁnt"é]??’iﬁmvm%rre
the first conductive rod having a long axis; 15 neans for energizing the
first conch]:cctﬁrvmagmlaticosgmh@riachlcblsewaﬂermghath&retmdhatﬁrsh opindhiativiehieod
interior volume; nmeans for noving the first conductive rod through the
interior WH4Iio eAdseRRAhaGROMUE tdovplé@tkd fBé GRallBeof FhErdlestrogagestid he
second 20 conductlve rod having a long axis that is not parallel to the
IongiaX|s e first conductive rod, 26 neans for energizing the second
conductive 1od to generate

15. An electromagnetic test chamber comprising:
an electromagnetic shield defining an interior volume;
a first conductive rod inside the interior volume;
10 means for energizing the first conductive rod to generate
electromagnetic radiation within the interior volume; and
means for moving the first conductive rod through the interior

volume;

15 16. The electromagnetic test chamber of claim 15, wherein the
means for energizing the first conductive rod is operable to control energy
applied to the first conductive rod to enhance uniformity of the
electromagnetic energy generated within 2 working volume inside the test
chamber as the first conductive rod moves through the interior volume.

20



el ectromagnetic radiation wthin the interior volune; and nmeans for noving
the second conductive rod through the interior volune. 5 38. The

el ectromagnetic test chanber of claim 37, wherein the neans for energizing
the first conductive rod and the neans for energizing the second conductive
rod are operable to enhance uniformty of the el ectromagnetic energy
generated within a working volune inside the test 10 chanber as the first
conductive rod and the second conductive rod nove through the interior

vol une. 39 The el ectromagnetic test chapdper of claim 37, wherein: the neans
for moving the first conductive rod is operable to nove 15 the first
conductive rod 5N a ri t] f T r.Qd; ans
for noving thelzec023%c§§§6§%P§§H?§§ F%hogéggﬁfg ?%Q%%%% f%bzgg%gﬁgﬁuﬂﬁ
conductive rod.i.n a seri?s of sequential .steps of the second rod; and the
means f or CRRUIEIRER Paddls sHigrer, lg%élgﬁéln UERIMARE T ods i's 20 operable to
change a phase of a signal applied to each of the rods between sequenti al
steps of each rod, wherein the change of phase is equal to a 27 phase
angl e u, where a=360/(LUF/f), where LUF is the conventional | owest
frequency of thg. chateeelectrsinbghstitheestr eaeney of cldien siSnandgokiled to
each of the rods. 5 40. The el ectromagnetic test chanmber of claim 37, and

f ur gher cggnﬁh%bﬂg:a paddl e stirrer inside the interior volume. 41. The

el ectromagneti c t&st chanber of claim 37, wherein the nmeans for noving the
first rod is operabl e,r.od }0 dire%fion and the

h ] firsi
means for novi gsetcﬁél%s%(g% Idggg% r?gl IBB]éjregmaeenJ{t%%{%ch P> an

means for energizing the second conductive rod to generate

electromagnetic radiation within the interior volume.

10 19. The electromagnetic test chamber of claim 18, wherein the
means for moving the first conductive rod is operable to move the rod in a
first direction, and further comprising means for moving the second

conductive rod in a second direction different from the first direction.

15 20. The electromagnetic test chamber of claim 19, wherein means
for energizing the first conductive rod and the means for energizing the
second conductive rod are operable to control energy applied to the first
conductive rod and the second conductive rod to enhance uniformity of
the electromagnetic energy generated within a working volume inside the

20 test chamber as the first conductive rod and the second conductive rod

move through the interior volume.



second rod in a second direction different fromthe first direction. 42.
The el ectronagnetic test chanmber of claim 37, wherein the second rod has a
| ong axis perpendicular to a long axis of the first rod. 15 43. The

el ectromagneti c test chanber of claim42, wherein the nmeans for noving the
first rod is operable to nove the first rod in a first direction
perpendi cul ar to the dung axis of the first rod and wherein the neans for
noving the second rod is operable to nove the second rod in a 20 second
direction perpendicular to the |ong axigpof the second rod and

perpendi cular to the direction of notion of the first rod. 28 44. The

el ectromagnetic test chanber of claim 37, wherein the neans for noving the
f rst conductive rod includes a first control notor and the nmeans for
novi ng the second conductive rod includes a second 5 control motor. 45. A
met hod for el e@tlr onddneetlcetrosmagnefic tet mmr@drﬁi@m%:wmmndi ng an

el ectromagnetic shield defining an interior volune; providing a first
conducti ve rodthashéanthferi moeingtheofirstecoddueties godi isgopbeabler &t move
conductive rod to generate el ectronagnetic radiation within the interior
vol ume; - agde Thyt pEnklie kel £PRMMEISVST S@MhdiAUIBPLRE thal i Ghdy ol ure.

46. The nethod of claim 45, further conhprising ontro I'i ng 15" ener gy

| d he fi d d f
PRt Fommaner s tht iitafs ”éi#%ﬁsit DY detoril Sondutive 2pd1S i bl 1o, moge,

met hod of claim~5, and further conprising rotating, a paddle_stirrer inside
the int er tBe SFsPHecondugtiveTrd apt RGErys of Soaues laén%FePE‘rr?f'uéh ki ng:

rod; and
the means for energizing the first and second conductive rods is
operable to change a phase of a signal applied to each of the rods between
10 sequential steps of each rod, wherein the change of phase is equal to a
phase angle a, where a=360°/(LUF/f), where LUF is the conventional
lowest frequency of the chamber, and f is the frequency of the signal

applied to each of the rods.

15 22. The electromagnetic test chamber of claim 19, wherein the

second rod has a long axis perpendicular to a long axis of the first rod.

23. The electromagnetic test chamber of claim 22, wherein the
means for moving the first rod is operable to move the first rod in a first
20 direction perpendicular to the long axis of the first rod and wherein the

means for moving the second rod is operable to move the second rod in a



29 providing a second conductive rod inside the interior volune; and
energi zing the second conductive rod to generate el ectromagnetic radiation
within the interior volune. 5 49. The nethod of claim48, and further
conprising: noving the first conductive rod in a first direction; and
novi ng the second conductive rod in a second direction different fromthe
first direction. 10 50. The nethod of claim49, and further conpri sing:
controlling energy applied to the first conductive rod and the second
conductive rod to enhance uniformty ofofhe el ectronagnetic energy
generated within a working volune inside the test chanber as the first
conductive_rod.and the cond conductive rod. nove throu he iLnterior

Vol une. 5357 R ARER aF g e B R 18Rk RS U e spEp a8
conductive rod--i-x~cludes noving the first. conductive rod in a series of
sequent i aPT6k BPFPETFHCHIAN ‘iﬁ’gﬂ't%@l@égeﬁdﬁc@ﬁﬂ’t?& ol the Bast yrd-udes noving the
second conductive rod in a series of sequential steps; and 30 energi zi ng
the first and second conductive rods includes changi ng a phase of a signal
applied to each of the rods between sequential steps of each rod, wherein

the change of phaserhg @Mforhﬁgﬁeﬁba&%taﬂ%@b%r Mh%ﬂ&ir@—ﬁ@()/v&}i&%{n theher e
LUF is the conventional |owest frequency of the 5 chanber, and f is the

T eQUENCY gl 6k A0 S0P oA cthe tBA dMrisi?a Tttt

clairm 49, "an

electrically coupled to the first conductive rod.

25. The electromagnetic test chamber of claim 24, and further
comprising apparatus operable to work with the signal generator to
10 enhance uniformity of the electromagnetic radiation generated within the

interior volume.

26. The electromagnetic test chamber of claim 15, wherein the
means for moving the first conductive rod includes a control motor.
15
27. The electromagnetic test chamber of claim 15, wherein the
first conductive rod has a long axis and the means for moving the first
conductive-rod is operable to move the rod in a direction perpendicular to
its long axis.

20



noving the first rod in a first direction perpendicular to a | ong axis of
the first rod; and 10 noving the second rod in a second direction
perpendicular to a long axis of the second rod and perpendi cular to the
direction of notion of the first rod. 53. A nethod for electromagnetic
testing, the nethod conprising: 15 providing an el ectromagnetic shield
defining an interior volune; providing a paddl e wheel electromagnetic field
stirrer inside the interior volune of the el ectronmagnetic shield; - -
rotating the paddl e wheel electro~gnetiz2field stirrer inside the interior
vol une of the electromagnetic shield; 20 providing a first conductive rod

|nside the intog of iyl URtrdliahblis! (@NAieiine? 6PUARY' 8, JAARN B

31 energizing the first con UctPve rod to generate el ect ronagnetic
radiation within the .interjor volune; Vi n he first .copduct,ve. rod

Lhr ough t FESTFRRAEBE oI ngtBoies; walls Andl et Ten i £5E CPBUREF dod: ne
interior volume, the 5 second conductive rod having a |ong axis that is not
paral | el hest Heo| oagds axeshanically cpupleddadthe iwalls of; thaelegtrpmpanesic
second conductive rod to generate el ectromagnetic radiation within the

i nterior whielde; and noving the second conductive rod through the interior
vol unme. 10 54. The nethod of claim53, and further conprising controlling

eneisgy applied to the first conductive rod and the second conductive rod to
enhance uniformty of the el ectromagnetic energy generated within a working

volume inside bie t Gy eUARRLoASE R8st Lhtpee I dHEh¥fg:0d and

an electromagnetic shield defining an interior volume;
a paddle wheel electromagnetic field stirrer inside the interior
volume of the electromagnetic shield;
10 a first conductive rod inside the interior volume, the first conductive
rod having a long axis;
apparatus operable to energize the first conductive rod to generate
electromagnetic radiation within the interior volume; and
apparatus operable to move the first conductive rod through the
15 interior volume
a second conductive rod inside the interior volume, the second
conductive rod having a long axis that is not parallel to the long axis of the
first conductive rod;
apparatus operable to energize the second conductive rod to

20 generate electromagnetic radiation within the interior volume; and



15 the second conductive rod nove through the interior volume. 55. The

nmet hod of claim53, wherein: noving the first conductive rod includes
noving the first conductive rod in a series of sequential steps; 20 noving
t he second conductive rod includes noving the second conductive rod in a
series of sequential steps; and 32 energizing the first and second
conductive rods includes changing a phase of a signal applied to each of
the rods between sequential steps of each rod, wherein the change of phase
is equal to a phase angle a, where a=3698 (LUF/ fJ, where LUF is the
conventional |owest frequency of the 5 chanber, and f is the frequency of

the signal app'g!pﬁ%rtrag?gi%lﬁ%'géle:) 6 h8% theGecdfld SBHAAGAL rSiaH ol AN

further conprisi e stirrer Ins e interior %oluma. 10
57. The nethod of claimb53, and further conprising: noving the first
conduct i vaPFDEE FOIRIMEr st direction; and nmoving the second conductive rod
in a second direction different fromthe first direction. 15 58. The net hod
of claimb57, and further conprising: nmoving the first rod in a first
direction perpendicular to a long axis of the first rod; and - - noving the
second rod in @Gecdnt dlectedmagneeicpessti chihatbdroof dlgitg 29 svisérdifietisecond

rod and perpendicular to the direction of notion of the 20 first rod.

A5 AL -a%pe@atus %pe%able to energize the first conductive rod and the apparatus
operable to energize the second conductive rod are operable to enhance
uniformity of the electromagnetic energy generated within a working
volume inside the test chamber as the first conductive rod and the second
conductive rod move through the interior volume.

10

31 The electromagnetic test chamber of claim 29, wherein:

the apparatus operable to move the first conductive rod is operable
to move the first conductive rod in a series of sequential steps of the first
rod;

15 the apparatus operable to move the second conductive rod is
operable to move the second conductive rod in a series of sequential steps
of the second rod; and
_ the apparatus operable to energize the first and second conductive
rods is operable to change a phase of a signal applied to each of the rods

20 between sequential steps of each rod, wherein the change of phase is

equal to a phase angle a, where a=360°/(LUF/{), where LUF is the
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conventional lowest frequency of the chamber, and f is the frequency of

the signal applied to each of the rods.

32. The electromagnetic test chamber of claim 29, and further

) comprising a paddle stirrer inside the interior volume.

33. The electromagnetic test chamber of claim 29, wherein the

apparatus operable to move the first rod is operable to move the rod in a

first direction and the apparatus operable to move the second rod is

10 operable to move the second rod in a second direction different from the

first direction.

34. The electromagnetic test chamber of claim 29, wherein the
second rod has a long axis perpendicular to a long axis of the first rod.
15
35. The electromagnetic test chamber of claim 34, wherein the
apparatus operable to move the first rod is operable to move the first rod
in a‘ first direction perpendicular to the long axis of the first rod and

wherein the apparatus operable to move the second rod is operable to

20 move the second rod in a second direction perpendicular to the long axis
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comprising a paddle stirrer inside the interior volume.

41. The electromagnetic test chamber of claim 37, wherein the
means for moving the first rod is operable to move the rod in a first .
10 direction and the means for moving the second rod is operable to move the

second rod in a second direction different from the first direction.

42. The electromagnetic test chamber of claim 37, wherein the

second rod has a long axis perpendicular to a long axis of the first rod.

15
43. The electromagnetic test chamber of claim 42, wherein the
means for moving the first rod is operable to move the first rod in a first
direction perpe;ndicular to the long axis of the first rod and wherein the
means for moving the second rod is operable to move the second rod in a
20 second direction perpendicular to the long axis of the second rod and

perpendicular to the direction of motion of the first rod.
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5 control motor.

45. A method for electromagnetic testing, the method comprising:
providing an electromagnetic shield defining an interior volume;
providing a first conductive rod inside the interior volume;
10 energizing the first conductive rod to generate electromagnetic
radiation within the interior volume; and

moving the first conductive rod through the interior volume.

46. The method of claim 45, and further comprising controlling
15 energy applied to the first conductive rod to enhance uniformity of the
electromagnetic radiation generated within the interior volume.
47. The r—nethod of claim 45, and further comprising rotating a
paddle stirrer inside the interior volume.
20

48. The method of claim 45, and further comprising:
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5 49. The method of claim 48, and further comprising:

moving the first conductive rod in a first direction; and

moving the second conductive rod in a second direction different

from the first direction.

10 50. The method of claim 49, and further comprising:
controlling energy applied to the first conductive rod and the second
conductive rod to enhance uniformity of the electromagnetic energy
generated within a working volume inside the test chamber as the first
conductive rod and the second conductive rod move through the interior

15 volume.

51 The method of claim 49, wherein:
moving the first conductive rod-includes moving the first conductive
rod in a series of sequential steps;

20 moving the second conductive rod includes moving the second

conductive rod in a series of sequential steps; and
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a=360°/(LUF/{), where LUF is the conventional lowest frequency of the

S5 chamber, and f is the frequency of the signal applied to each of the rods.

52. The method of claim 49, and further comprising:
moving the first rod in a first direction perpendicular to a long axis
of the first rod; and
10 moving the second rod in a second direction perpendicular to a long
axis of the second rod and perpendicular to the direction of motion of the
first rod.
53. A method for electromagnetic testing, the method comprising:
15 providing an electromagnetic shield defining an interior volume;
providing a paddle wheel electromagnetic field stirrer inside the
interior volume of the electromagnetic shield;
rotating the paddl—e wheel electromagnetic field stirrer inside the
interior volume of the electromagnetic shield;

20 providing a first conductive rod inside the interior volume, the first

conductive rod having a long axis;
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radiation within the interior volume;
moving the first conductive rod through the interior volume;
providing a second conductive rod inside the interior volume, the
5 second conductive rod having a long axis that is not parallel to the long
axis of the first conductive rod;
energizing the second conductive rod to generate electromagnetic
radiation within the interior volume; and
moving the second conductive rod through the interior volume.
10
54. The method of claim 53, and further comprising controlling
energy applied to the first conductive rod and the second conductive rod
to enhance uniformity of the electromagnetic energy generated within a

working volume inside the test chamber as the first conductive rod and

15 the second conductive rod move through the interior volume.

55. The method of claim 53, wherein:
moving the first conductive rod includes moving the first conductive
rod in a series of sequential steps;

20 moving the second conductive rod includes moving the second

conductive rod in a series of sequential steps; and
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energizing the first and second conductive rods includes changing a

phase of a signal applied to each of the rods between sequential steps of
each rod, wherein the change of phase is equal to a phase angle a, where
a=360°/(LUF/{f), where LUF is the conventional lowest frequency of the

5 chamber, and f is the frequency of the signal applied to each of the rods.

56. The method of claim 53, and further comprising rotating a

paddle stirrer inside the interior volume.

10 57. The method of claim 53, and further comprising:
moving the first conductive rod in a first direction; and
moving the second conductive rod in a second direction different

from the first direction.

15 58. The method of claim 57, and further comprising:
moving the first rod in a first direction perpendicular to a long axis
of the first rod; and
moving the second rod ir; a second direction perpendicular to a long

axis of the second rod and perpendicular to the direction of motion of the

20 first rod.



