2 8 SEP 2006 1 HYBRID MODE STI RRED AND MODE TUNED CHAMBER 5 BACKGROUND OF
THE | NVENTI ON The invention relates generally to el ectronmagnetic field
testing. More particularly, the invention provides inproved n?%eSET’ti[lﬁﬁr ed
el ectromagnetic field test chanbers and associ ated net hods for

el ectromagnetic field testing in such chanbers. 10 Mode stirred chanbers
are used for testing electronmagnetic conpatibility of electronic devices
and the susceptibility of electronic devices to electronagnetic radiation
found in the devices' operating environnments. In such testing, it is
necessary to isolate the equi pnment bélng tested from el ectromagnetic
fields that woul d otherwi se be present 15 in the test environnent, so that
el ectromagnetic fields can be applied to the equi pnment under t est (EUT) in
a controlled way. The performance of the EUT can then be assessed based on

the known el ecIvBRIYMODE mﬁﬁmﬁmnwmwbm@b%mhlma“ on

chanbers have been used to shield EUT fromexternal 20 electromagnetic
fields. Such chambers include electrically conductive enclosures that

shield EUT inside the e radi ati on present

o[ﬁ side the encl osure. %@‘ﬁh@%%%ﬁ%ﬁ@%@&eu c fields radi ated

i nsi de the chanber to be applied to the 2 8 SEP 2006 2 EUT in a controlled
way in isol aflbén invertignk melatcangenerallibl t electromagnetic field testing.

More particularly, the invention provides improved mode stirred
electromagnetic field test chambers and associated methods for
electromagnetic field testing in such chambers.

10 Mode stirred chambers are used for testing electroﬁagneﬁc
compatibility 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 conductive
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




el ectromagnetic fields present outside the test environnent. Known

i sol ati on chanbers have been equi pped with irregularly shaped,
nechanically rotatabl e metal "paddl e wheel s" inside the chanbkt SEP 200fs

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 mechanical |y node stirred tes® chanbers have found wide use, both
in testing electronic equi pnment for susceptibility to outside

i nterfelfdfEein and domtreldsdir ivay ehedsolathgnefriotn r adilaioven madi atadable t he
devi ces thensel ves. Known chanbers are | ess than ideal, however,

parti cuke;fédtyoﬁqagnbﬁ%_tﬂélalsfp}tes&h\.esmgag&g%;ﬂeet eAHRLEnat relatively |ow

frequenci es. Conventional 'nbde stirre nbers need to have di nensi ons of
the sane or vel engt.hs of the.el ectronagnetic .ener appl i ed
“during the t S0 BT 1<TRHBHE CBRRING ST nave” EeEC GRUPRET) kit "FEWERR Lren
at low frequenci es at. which the wave-length is on the order of several 20
hundr ed SP&aPgel;, meschanigallyrotatable iraetaly Prddie avhacss’ insidadheichambeni 1 d a
test chanber of anything near this size. 28 SEP 2006 3 A need exists,
t er ef oris, elegtroghegheodiplds iaref galarated tarchaatirisd aindidasho cdletmatbet £st i ng
nmet hods in which controlled and uniform electronagnetic fields can be
appl i edthe Bhldlcanthddrisi sova@edy wiichehhblyah¥ boundary conditions and

transmission characteristics inside the chamber. The paddle wheel is

thus said to “stir” the electromagnetic fields inside the test chamber, and

A 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 electromagnetié radiation at relatively low

o

- 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.




| ow frequencies. Such chanbers shoul d be of reasonable size, and should 5
not be unduly conplex, either in their construction or in their operation.
SUMMARY OF THE | NVENTI ON The invention resides in a novel electronmagnetic
test chanber. The chanber includes an el ectromagnetic shiel d ZthskP i nes
an interior 10 volume for the conduction of electromagnetic field exposure
and radiation testing. An electrically conductive rod is provided inside
the interior volunme. The rod can be energized to generate el ectromagnetic
radiation inside the interior volunme, and noved through the interior
volunme to change the characterlstlcs3of the el ectromagnetic field over a
wor king volune inside the electromagnetic shield. In preferred

enbodi ment s, A heed exéstgy thepfosd foo déastronthgretivofitlkiotdsedlisnnberanner t hat
enhances wuniformty of the electromagnetic energy within the working

vol ume assbfated Odtd@UES OO t hh | NGBERT KGhHTRledSOERETORAIBR S Wi | |

include a paddle stirrer inside the interior volunme of the chanber, to

further if e el ac tic . fiel ide t e .ch nber 2
0"'sep 268 tropraRBY Ay dhst PF G FPHYIE) pBd niliabRRbeRLbeIRREED]
conductl ve _rod inside the chanber, and apparatus operable to enerqgi ze t hat
rod as lQWifreqidendiess i$ueh shamberssshanid g@lcsfme@sgnébl@r pigs, anpohomlsk | the
first and second rods are nounted inside the chanber at right angles to
ofe 5 amwmther yuntivdy tonsplerpdithsr mthbirecadmstrugtionhs imtlezic epevatione in a
first direction that is perpendicular to its long axis, and the second rod
is novable through the chanber in a second direction that is perpendicul ar

SUMMARY OF THE INVENTION

The invention resides in a novel electromagnetic test chamber. The

chamber includes an eclectromagnetic 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

(\_,J 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 further stir

20 and modify the electromagnetic field inside the chamber,




both to its owmn long axis and to the first rod's direction of notion. In
that enbodi nent, the apparatus that energizes the rods controls the energy
10 supplied to the two rods so as to enhance the uniformty of E%@PZWB

el ectromagnetic field applied to a working vol une inside the c%anber as

the two rods nove through the chanber. The first and second rods nmay be
energi zed by apparatus that includes a signal generator, and the rods nmay
be noved t hrough the chanber by apparatus that includes a control notor.
In the preferred enbodinent, the first and second rods are novabl e but
mechanical ly coupled at both ends to%the walls of the chamber. BRI EF
DESCRI PTION OF THE DRAW NGS 20 Figure 1 is a schematic drawing illustrating

an el ect r onafnefeirred esibodinasrsr wil2 iBclskRR 30Eondl Hegurieally iconalirgivenat i c
illustration of the working elenents of the test chanber of Fig. 1. Figure

3 i1l usts@tiasicd FHE atiednHRRS ahanapfgérgﬁué Bﬁa?@&%mn%!rg%rm g field

under test conditions at various catrons inside the test chanber of
Figs. 1 aEgure 4 illustrates sjmulated neasurenments of .t he average
6l 2ot r oM it Bri ol A eaR S DRRb Phe i SRR o s SeCpRY et he
test chanber of Figs. 1 and 2, 10 DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
Fi gure $€¢QnQ Eedrerait enemaiichgnsidastheachsgnber aitesishimagaies dor exe

5 another, the first rod is movable through the interior volume 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

(4_; 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.




chanber 5 according to the present invention. The test chanber includes an
enclosure 7, which includes walls 10 situated to enclose an interior

vol une. The walls of the test chanber are formed of aluninun1gﬁ %Pgmﬁgr
material that isolates the interior volune fromthe exterior éi nt
so that the enclosure serves as an el ectromagnetic reverberati on chanber
suitable for testing electronic devices for susceptibility to external

el ectromagnetic radi ati on. Such a chanber may al so be used to neasure 20
the extent to which an electronic device. |eaks or emts el ectromagnetic
radi ation into the environnment. 2 8 SBP 2006 6 A twi sted Z-shaped paddl e
stirrer 12 is located inside the test chanber 5, near one of the chanber's
corners. Theppadd e it hrscerhRtidtiBistiRicN VIR RVRRAY ctnehtd epghand
thereby to "stir" electromagnetic fields present inside the test chanber.
For hig r 8o, =§g¥0?%ggtionagnetic 5 radiation, the stirrer provides node
shifts and boundary condition changes sufficient to effectively random ze
conditions ipside t e.fhanber, wWhich s necessary for effective tests and
accur ate neat FERent s hysfrates, fimylated e RSABITERIGH adHe th§ mmeNsgm t he
stirrer is not capable of effectively stirring the fields, and so ot her
st r uct uelkestepmagnstic dtld woden testrponditidrze atvheonis/ bresionsf indide dhanber
for low frequency tests. The enbodinment illustrated in Fig. 1 includes a
fBrst etesttdiaabey of @gsluttanee2rod 15 inside the test chamber 5. In this
enbodi nment, the first rod has a long axis that is horizontal, and the rod

itself is myghl® 4 illustrates simulated measurements of the average

electromagnetic field under test conditions at various locations inside the

test chamber of Figs. 1 and 2.

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.

(‘.a 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 leéks or emits electromagnetic

radiation into the environment.




horizontally, in a direction perpendicular to the rod's long axis, down the

| ength of the chanber. A second electrically conductive rod 18 has a |

axis that is vertical, with this rod novable horizontally acrc h@
g

chanber

in a direction perpendicular to the first rod's dire

notion. The first rod is novable along the X-axis indicated in this
figure, with the second rod novable in the Y-axis. 20 Figure 2 is a
schematic illustration of the working elenents of the test chanber 5
Fi g. In this preferred enbodi nent, the systemis 2 8 SEP 2006 7

controll ed by an appropriately prografmed conputer 20, which nay be,
exanpl e, a personal conputer or another general purpose digital conputer.
A signal genAr atwested3 Zpshapeld spadtikststioer CE2 sisgiietatetosesidier efuensst,
anplitude, and phase can be controlled in response to 5 commands from

conput eghatiseM § CRe5PBHE Ble ERaMHBMES cBrsdist C"Phezﬁe{cfd’le?&iltr@r Rbpyiede

si gnal
array 3
to a

fromthe signal generator to a radio frequ
ified s

ncy power anplifier

BushaBef Rewnagy Shiions phfcnark B ol Re s B ensi A |

anplified 10 signal is sent to a first power conbiner 35 and a first
di r ect | BRg§eHoipPlde Bge tpsbsehambes) edien duehy iresmensye glagiremagnetist
15 inside the enclosure 7 of the test chanber 5. Another part of the
abpl i fi ealdigitipmg| thgoesirter apsaddesl powksr  slifts nend 4 Goand says eventition
directional coupler 42, which are electrically connected to the second rod

18. Thechhhgts aifficRetAatfQ@dfcdy $ahldtnied YRiAREnatinkshte SR GRmbepal
{frequency by the

Y .

10

20

which is necessary for effective tests and accurate measurements., For
lower frequency electromagnetism, though, the stirrer is not capable of
effectively stirring the fields, and so other structures are desirable to
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
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.

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
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anplified signals supplied through the first and second directional
couplers. Each of the rods is termnated by its own characteristic

i npedance, and the signals are fed into the rods by coaxial 18 8ER2008btion
of the two rods 15 and 18 along the walls of the test chanmber 5 20 wl|
change the rods' characteristic inpedances. To counter this, one m ght
connect a DC-controlled varactor and a resistor in series with each 2 8 SEP
2006 8 rod to achieve proper load matching at the cost of sone additional
expense and structural conplexity. As an alternative, one may adjust the

i nput power to conpensate agai nst thé reflected power. To maintain
constant net input power, the 5 forward power can be adjusted to

conpensabntiodiedt e ah fafperbpgiatelfyl poogehnpowel chogaiteT 10, aphictpriay ebd,or war d
power can be determined for each rod position by reading the net input

pover feir ex@hnpRsi 41 persbdl NBonfAltelr 8 | Roiert BenehaMRIrpolecaitql not or

controller 45 i's controlled by the conputer 20 to 10 drive mechani cal
S AT ey R R R DR ER A
Firer mOCRRTEs) SEUitERe URBE GRS 2oAR T JF GOFEOIorboRBnSASErPye the
first rod along the length of the enclosure 7. A second control notor 53,
afai n coammuhhdd frpm Hbecoamitenot dv svdtth alordrollet5 25 sirbmsnacswitcho t he
second rod 18 through a second nmechanical coupler 55. The second control
not or  a@drse CIM dto eSS alheC WiPh&T from the signal generator to a radio
" frequency power amplifier array 30.
The amplified signal is sent from the RF power amplifier array 30 to
a power splitter 33, which splits the amplified signal. Parf 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
(Ma 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 characteriétic
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




t hus operate as a second drive nmechanismto drive the second rod across

the wdth of the chanber. The control notor controller 45 also controls a
20 third control notor, which acts through a third nechanical coupler 60 to
drive rotation of the paddle stirrer 12. 2 8 SEP 2806 9 The nkgliaPilkial
couplers 50 and 55 shoul d be designed so that there is no electrical
contact between the rods 15 and 18 and the control nptors 48 and 53, the
notors' bearing systens, or other parts external to the test chanber 5.
This is to prevent radio frequency | eakage fromthe 5 rods to the outside
of the test chamber. The rods 15 and 88 should al so be isol ated
electrically fromthe walls 10 of the test chanber 5. Because the rods

nmove al eod tbhehievd prdPer fad heatehh®atithe Cost of sbhnvehyditimealcadtsear e
required to feed signals to the rods. Low |l oss cable should be used to

m ni m zgogeaehrhlldiRAfIdPRY 10 cables. These cabl es should be

wel | -shi el ded, noreover, to“keep the cables fromradiating em ssions as
| ong wire antennas,, which could affec i .conditions inside the

. field
chanber . A rBSefl; AECHRUAHaOBS TEY| BiHStdthe inRHL (e eh &9 GARBenSelS

receive electromagnetic signals frominside the test chanber 5. The
recei vi Againgit B acflectednpertesd Tar owintaint ponstatity vet iloput RWEN, ethe5 and
an attenuator 67 to a spectrum analyzer 70. Signals received by the

r &cei vi figrwant gponeracansheEdjtsbad ttbecomgensute doalthzedifforthg upfleced to the
conputer 20. These sanples are then stored in the conputer and thus
avai | ablygwedridsd! t Mefe abPe¥priate forward power can be determined for each
rod position by reading the net input power 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 rod along the length of the enclosure 7. A
- 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.




20 To performa test, the electronic device or other piece of equipnent is
pl aced on a test stand 73 inside the enclosure 7. The interior volune is 2
8 S E P 2006 10 by signals applied to the first and second rog§ SEP 7/@8d 18.
This energizes not only the normal cavity nodes of the chanber, but also a
transverse electromagnetic node (TEM for each of the rods. This node is
transverse to the long axis of each rod. This TEM node can be propagat ed
wi thout 5 any cut-off frequency, and can therefore exist inside the

encl osure at very |ow frequency. Since the TEM node field is transverse to
the long axis of its rod, though, it% s not possible to excite a random
isotropic field with only one rod. A second rod is used, therefore, to
excite the fThedmeatlmnidal ectipdersp@Oalarel 35 shiveiliobg dasignedl shettdtr st

rod. 10 In the preferred enbodi nent, at frequenci es above about 150 MHz

there afgeUfd hei QBEtACANDIRESE RIREbA! GR! rddEN 5a£§|dt ilf%réél\@ ERE JHRIAKL I C

(TM nodes inside the test chanber 5 so that the e can be stirred

adequat rot ati f the stirrer. 12 cting alone. In this e of
oper at i g‘lﬁ%/to? %e‘} ég ﬁgﬁlbgg’ ¢ Jlorp eée%?nﬁ %’&%@@ﬁf i%5 AR te?(P?réjcnfB%@
chanmber. The first and_second rods 15 and 18 are held in place and_ not

exci t edth¢ feshchagghsient | dhS isndaepreyeasusidio dremeendioleraas: fromavile i s
used to excite the chanber. For testing at |lower frequencies, the first and
sécond rods tdfhamditéBle af thebestgilzemibey. separate signals and driven
mechanically in a series of 20 steps along the x- and y- axes,

respectivel yThef rédi¢ 158¥ndhegb@lold( 88D HelisclatedVRY&ABRENST frbhe teeci ted
rods serves to stir the electric field inside the
‘ walls 10 of the test chamber 5. Because the rods move along the walls 10
of the enclosure 7, relatively 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

P
[

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




28SEP2006 11 chanber. The field is also stirred electronically, by
changing in a proper way the anplitudes or phases of excitation of each of
the two rods as they nove through the chanber. The field may bel 8SEP 84
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 m ght
be changed by a value equal to a, where a = 360/ (LUF/f), in which LUF is

t he conventional |owest frequency of the chanber, and f is the frequency
of the input signal. 10 Such schermes e the electrical phase difference
between the two input signals to sinmulate the effects of higher frequency
si gnal sbyGignaid gppliedfter theofissic Andosduionat reds 16f andcltniTiib earatrgédesct roni c
node stirring as "hybridized" node stirring. Schemes other than the one

descri beet ayerOBotni &P adodss Welthe ASYRIHAIPRIHSaI68R! Bah 5ROl 15

changes to, e’g., the anplitudes or phases of excitation for each of the

 mpr oved s SBRRTE DC OGP B bReT BHa: of PP Rademabae ARREcgr ERgovarsey

wor king volunme 75 is created inside the test chanber 5. Inside this

wor ki ng @ dhgntongensist phosaghdode Tihds d EMomestedran dies PapRagaier wikhauty

random zed and uniformto allow for acceptable testing, even at relatively
| ow f r equmancuestf fFequensy,3anddah ithérefvreaeris? iRsidkEPtIR0BAclokRire at very
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




conditions inside the chanber 5 for a sinmulated test conducted at 30 Mz.
Referring again to Fig. 1, the working volunme 75 inside the enclosure has

ei ght corners. Figure 3 illustrates sinulated neasurenments of the nmaxi num
E-field at each of the eight corners as the rods 15 and 18 5 noMeSEh#E he
stirrer rotates through a conplete test. Figure 4 illustrates ' sinmul ated

measurenents of the average E-field at the eight corners under the sane
test conditions. A preferred enbodi mnent of the invention has been described
in detail as an illustrati on above. O her enbodi nents are possible as
well. 10 As one exanple, an alternatide enbodiment could include a third
rod with a long axis perpendicular to those of the other two. This m ght be
expect edhtmbarpr The fitid jsealsor staneel ofectimmitaly, bhartiraigingnewhagprogeart this
i nprovenent would cone at the cost of additional nmechanical and control

conpl exiylay: thRUSMiteIRRAS SRHSES BE eRBStiohOUEkch dPAHEISR rékes he iRyl rabl e

in sone cases depending on the degree of field uniformty required:
var L o T LGP BB rDroverent s, and add 1 ons may also be
embodi et (556 FHISITIASY SErstmRe leobaucpy an e FAVOR! CHRNEABURS Do
determned primarily by reference to the appended clains, 2 8 SEP 2006 13
t ber ef opkasal afigthet sigiedsf wippletbp® ofheegridsal eetivecaro  sdipadntiabsstepl ai ns
are legally and properly entitled.
movements of the rods across the chambers. For example, for each rod,
the phase of the applied signal might be changed by a value equal to aq,
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 -
TS 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 volume 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




14 2 8 SEP 2006 What is clained is: 1. An electromagnetic test chanber
conprising: an el ectronmagnetic shield defining an interior volunme; a first
conductive rod inside the interior volune; apparatus operable to energize
the first conductive rod to generate el ectromagnetic radiatigﬂapﬁpﬂm@ t he
interior volume; and apparatus operable to nove the first conductive rod
through the interior volunme. 2. The el ectronagnetic test chanber of claim
1, and further conprising: a second conductive rod inside the interior

vol une; and apparatus operable to energi ze the second conductive rod to
generate el ectromagnetic radiation wyfhin the interior volune. 3. The

el ectromagnetic test chanber of claim 2, wherein the apparatus operable to
nove theohiitsansg dndids ithe chanmberopefabhesimutated tést coddinted fatr 80
direction, and further conprising apparatus operable to nove the second
conduct \zr odRéferAnge@ath dtd emigl on, el fps@ahg! KeMhee 765 riakidd riget i on.
4. The el ectronmagnetic test chanber of claim 3, 'wherein the second rod has
a long i r eyl ad: | 1

el ectr oﬁgléln%# g _}F%s]gi%a%gg%f Plég‘g?emgﬁ,uﬁ\ﬁ?earté%?%lﬁl‘gagep%glg%%sﬁ“ge;ﬁg%%%I eto
nove the_first rod is_operable to e the first rod in a first direction
per pendPE G*’%WWTFH@ Ei'gﬁl&{iﬁk F%CBfOIE%@ ?]ig?’é‘thrﬁﬁr%ﬁé t\bﬁe\’%{%l A dédr at us
operable to nove the second rod is operable to nove the second rod in a
sécond dhewcandnthehatiries pdaprmthonigh at comipdetediegt.axfiguot 4 ilhastsateond r od
and perpendicular to the direction of notion of the first rod. 6. The

el ect r oghgnddteed frrisuebadIrs oifthel avdraye Bhdld & tHhe eiiitad@tiess apedabl e to
energi ze the first conductive rod and the apparatus operable to energize

the seceRd same test conditions.
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

o~
i

5 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 the 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,




conductive rod are operable to control energy applied to the first
conductive rod and the second conductive rod to enhance uniformty of the
el ectromagnetic energy generated within a working vol une insin %hﬁm§est
chanmber as the first conductive rod and the second conductivg r% nove
through the interior volume. 15 2 8 SEP 2006 7. The el ectromagnetic test
chanber of claim 3, wherein: the apparatus operable to nove the first
conductive rod through the interior volunme is operable to nove the first
conductive rod in a series of sequential steps of the first rod; the
apparatus operable to nove the secondl@onductive rod is operable to nove
the second conductive rod in a series of sequential steps of the second
rod; anthetedorp paloaguwitdpehabfivdl soopaafgtqevhtentti testwidod demendlagonducti ve
rods is operable to change a phase of a signal applied to each of the rods
bet ween ageqa@dlly ahd rBf egA€EB4rod, wherein the change of phase is equa
to a phase angpg a,ﬁaﬁ§§%B;:3GOI?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. 8. The el ectromagnetic test chanber of claim
1, wherein the apparatus operable to energize the first conductive rod
conprises a signal generator electrically coupled to the first conductive
rod. 9. The el ectromagnetic test chanber of claim8, and further conprising
apparatus operable to work with the signal generator to enhance uniformty
of the electromagnetic radiation generated within the interior volune. 10.
The el ectronagnetic test chanber of claim1, wherein the first conductive
rod has a long axis and the apparatus operable to nove the first

“conductive rod is operable to nove the rod in a direction perpendicular to

its long axis. 11. The el ectromagnetic test chanber of claim 10, wherein
the el ectronagnetic shield
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i ncl udes walls and wherein the first conductive rod has two ends

mechani cally coupled to the walls of the electromagnetic shield. %ﬁ The
el ectromagneti c test chamber of claim4l, wherein the apparatu5286% @we to
energi ze the first conductive rod is operable to control energy applied to
the first conductive rod to enhance uniformty of the el ectromagnetic
ener gy Wbates elaistbdvist hi n a working volune inside the test chanber as the
first conductive rod noves through the interior volune. 13. The

el ectromagnetic test chanber of claim 1, and further conprising a paddle
stirrer insidante@irbaghdttest ehatiBor chfipdsifigSEP 2006 14. The

el ectromagneti c test chanber of clain1f, m%erein t he apparatus operable to
nove the fi raelesbomagnatioshickbdafiming atastesiocvelume] notor. 15. An

el ectromagnetd ¢ test chanber. c rising:, an el ectromagnetic shield defining
an interior%Jgﬁﬁﬁgawxgef? g?“%@%%ﬁkpp5gﬂpgﬁ’inside the interior vol une;
neans for engpads rm?eiabl% fol énvtgifd AEUEHt ¥enduefivd PoddRNEEmRERe @lcerbmadRanet i C
radiation wthin the interior volune; and nmeans for noving the first
conductradiatignowithin e igterionsolumeerticbr  vol une. 16. The el ectromagnetic test
chanber of ' r r1:S1.N4a: . lve rod

I nsi de the |Ca ?ﬁgrgﬂlu%?pe\:/rgﬂgrté%ﬁogg enﬁérgﬂ&s%’nfl %étﬂfgﬁ%er‘ g]f;l?gr?fgﬂ(? nggns%gggh‘lgwéonduct Ive
rod to generate el ectromagnetic radiation wthin the interior volune. 17.

The el ectronagnetjc test chanber of claim 16, wherein the neans for noving
the first con8teleryamaggtic teshehomber of ¢lgimybaaddwdher SAMPHSIALT | r st directi on,

and further a%@a{d(%%i?lgﬁ_tigﬁ?@?ﬁlsfdg&%m}@rﬁgv&ﬂ S&EPnd conductive rod in a

second direction di romthe tirst I fection.
apparatus operable to energize the second conductive rod to generate electromagnetic

radiation within the interior volume.

3. The electromagnetic test chamber of claim 2, wherein the apparatus operable to
move the first conductive rod is operable to move 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,

4. The electromagnetic test chamber of claim 3, wherein the second rod has a long

axis perpendicular to a long axis of the first rod.

5. The electromagnetic test chamber of claim 4, 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 move the second rod in a second direction that is perpendicular to the long axis of

the second rod and perpendicular to the direction of motion of the first rod.

6. The electromagnetic test chamber of claim 3, wherein the apparatus operable to
energize the first conductive rod and the apparatus operable fo 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 the second

conductive rod move through the interior volume.




18. The el ectromagnetic test chanber of claim17, wherein the second rod
has a long axis perpendicular to a long axis of the first rod. 19. The

el ectromagnetic test chamber of claim48, wherein the neans forBSePalfbt he
first rod is operable to nove the first rod in a first direction
perpendicular to the long axis of the first rod and wherein the neans for
movi ng t he Sedbadlectomagetip tashthambeo ofrduien 8jwehaeioond rod in a second

ey on ot L e SRR et iRt Mg G e

el ect r ypREBRItb tndvRIhe ARABRRIIcHe 103 Msdiles IMEHRIAAINRPE Sf HRFir&N64,91 Zi g the
first conductive rod and the nmeans for energizing the second conductive rod
are oper abl dh¢ appasatns ppérabledo gyovepibei secondocaidactiverrod is opetablei tpemevrithend t he

second hye. I to enhance uniformity,of th | ect romagneti c energy
Comor S haGive 86 s SROERCEauttRlal G dfinPlecbhEerd, B LT 5008

chanber as ttheappaiahs 6pisble td weergiod tnGhst /1 KESRNEbnAORRLGLIYR dpefhbliee
through the interiaor _volune. 21. The el ectronmagnetic test chanber of claim

17, whehakge 2 phase ok arsigmabapntisdite gaeihel thereds batwerncsaquentiabateps obeashapde t o
nove t L | : ' ri uentd first
rod; t@eﬁe‘é@l{é?ﬁl&e %%?g%ﬁpﬁagetlig&%%oﬁgﬁ%g n glg,?o{, \@%%o(gi%dg w&%@?@ﬁﬁ%h%%%iﬂn?ve t he
second is clendesiehtienat dewést feqaacyast e chenbentahalf is tep Fe@ienthof 3Re eigdalr 0od;
and the rrﬁgfs for Fnergi zing the first and second conductive rods is

oper ablBPEg Erearyel the idsase 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 | owest
frequency of8.tThe décdmbegnetantest chiambten effolaoubnekereih thheppirgiualopampld ®d t o
each of_ the rgd . . 22. . The eldectrorragnetic test ch er .of claim15,.wherein
the meaRsreizst gﬁ@ﬁl&)&ﬁhﬁ:&ve rod comprises a signal generator electrically coupled to the'first

conductive rod.

9. The electromagnetic test chamber of claim 8, and further comprising apparatus
operable to work with the signal generator to enhance uniformity of the electromagnetic

radiation generated within the interior volume.

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

the rod in a direction perpendicular to its long axis.

11. The electromagnetic test chamber of claim 10, wherein the electromagnetic shield
includes walls and wherein the first conductive rod has two ends mechanically coupled to the

walls of the electromagnetic shield.

12. The electromagnetic test chamber of claim 1, wherein the apparatus operable to
energize the first conductive rod is operable to 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.

13. The electromagnetic test chamber of claim 1, and further comprising a paddle

stirrer inside the interior volume.




the first conductive rod conprises a signal generator electrically coupled
to the first conductive rod. 23. The el ectromagnetic test chanber of claim
22, and further conprising apparatus l@perable to work w th thegsiEangk
generator to enhance uniformty of the electromagnetic radiatron generated
W thin the interior volune. 24. The el ectronagnetic test chanber of claim
15, wher ei n Itth&he elestromagnstie sy eharober dfaglaimn |.omlereini the anprretie operabls to or

novi ng t 0 S..0 to nove the rod in a direction
per pen&lf‘%%lt% ﬁ%&)“f@@%ﬁ#&@ I%d%ngom%ﬁ gtpgctrorragnetic test chanber of
claim 24, wherein the el ectromagnetic shield includes walls and wherein

the fi rst conductive rod has two ends nmechanically coupled to the walls of
the el ect r offghBelestrampgnetic testchappher epaptisibgragnet i ¢ test chanber of claim

15, wherein ah'%f’ec%ﬁlﬂ%xrelfng m[%gie(g%gﬁ%r%s?{e%r %ﬂxﬁ&: conductive rod is operable

to control energy a conductive rod to enhance

uni form ty oaffisth@ndlestrodiagidetheinenier gylugener ated within a worki ng vol une
inside the test chanber. as_ the first conductive rod _noves through the
interior voltges fagenergziqgphe disy copguctimedod e EeREAtEFletiimnagaeic MIeR, of

claim J‘)ﬁ%ﬁlﬁ%lhééﬁhp%lmﬁg%l sing a paddle stirrer i n5| de the interior

vol une he el ectronmagnetic test chanber of claim 15, wherein the neans
for nmovi ng toheans formsdvicgthe dirsti coaduaice robthosies the momior oblumzt or . 29. An

el ectromagneti c test chanber conprising: an el ectromagnetic shield defining
an interior volunme; a paddl e wheel electromagnetic field stirrer inside the

interior vol I%Wh@EleétFtﬁna@leﬁéieVspdfﬁ%%f ofclsit 8, dnd furflief 8dmpr@fsict i ve rod
inside the interior volume, the first conductive rod having a |ong

a second conductive rod inside the interior volume; and

means for energizing the second conductive rod to generate electromagnetic radiation

within the interior volume.

17. The electromagnetic test chamber of claim 16, 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.

18. The electromagnetic test chamber of claim 17, wherein the second rod has a long

axis perpendicular to a long axis of the first rod.

19. The electromagnetic test chamber of claim 18, wherein the means for moving 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 means for moving the second rod is operable to move the second
rod in a second direction that is perpendicular to the long axis of the second rod and

perpendicular to the direction of motion of the first rod.

20. The electromagnetic test chamber of claim 17, 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 test -




axi s; apparatus operable to energize the first conductive rod to generate
el ectromagnetic radiation within the interior volune; apparatus operable
to nove the first conductive rod throligh the interior volune; a B&SPPAIlE
conductive rod inside the interior volune, the second conductive rod having
a long axis that is not parallel to the long axis of the first conductive
rod; appampbernss thedirshsprductveradrayidthe s¢vond comivdtivoredugeve tbroughl theingasiosr at e
electrqgﬁgggtic radiation within the interior volume; and apparatus
operabl'e 10 nove the second conductive rod through the interior vol une.

30. The el ectromagnetic test chanber of claim29, wherein the second rod
has a long axis perpendicular to a long axis of the first rod. 31. The

el ect r omagnéeili €he elgetromagmsise test chambenefadaimphye diereit:he appar at us operable to

nove the fir r ' I &EE g i fd ' tion
per pendi cul attirié Pgﬁghféfmlggﬁl&q%ﬂﬁg&g gve% le’r%s}% Oé%%blég(gm&g%ﬁlgiﬂﬁgtts Oggg%t%%r at us
oper ablred froa seiee of keguemtiad sidps ofthe Sirst g@r abl e to nove the second rod in a

second direction perpendicular to the l.ong axis of the second rod and
per pendi cul 4he tyapsh OgmogRg; %ﬁ sggondpeqngHcthre fodeistonegabls fymoyy therggeond

el ect I QRBNRLL fod i3 seRlOORRHNAiaFLElBiAR: sbRI BliNad1e apparatus operabl e to

energi ze the first conducti e apparatus operable to energize
t he second thonetenms fovencrgitiraythe dipet math second cenhative radsiif operalily tothanige a

| ect i . ted 19 2 8 SEP 2906. Wit hj i |
nsi de RS TATETh O S NI 13 10 DEieanEsoR SHPSPLCh B G SUsHEn the
conductdhygxed @1(:)1 Fﬁﬂ;\éeist Qe a tdhasd Bﬁ?é | QrwNQb lua%so@étuﬁbg vReRSLUFTRIARL i C

test chanber. claim?29, wherein: The apparatus operable to nove the first
conductdoyeentionali lgwesidregbéneytd thodhemben ahdfds thedtaquensyi ofdhe signdl applietktoi es of

sequentéaaof&gggdspf the first rod;

22. The electromagnetic test chamber of claim 15, wherein the means for energizing
the first conductive rod comprises a signal generator electrically coupled to the first

conductive rod.

23. The electromagnetic test chamber of claim 22, and further comprising apparatus
operable to work with the signal generator to enhance uniformity of the electromagnetic

radiation generated within the interior volume.

24, 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.

25. The electromagnetic test chamber of claim 24, wherein the electromagnetic shield
includes walls and wherein the first conductive rod has two ends mechanically coupled to the

walls of the electromagnetic shield.

26. 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 a working volume inside

the test chamber as the first conductive rod moves through the interior volume.




t he 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 operabl &to energize the first ang gsegongh
conductive rods is operable to change a phase of a signal applied to each

of the rods between sequential steps of each rod, wherein the change of
phase is equidt The clechpmegnsligdrs diamppreptclarzdd/ erLcUﬁ;rth)er compiising efpaddle t he

convent r y of the chanber, and f is the frequency of the
si gnal Sh%ﬂ“s dg\ﬁ?olhteeglcﬁg&ﬁ&t%he rods. 34. The el ectromagnetic test chanber

of cIa|m29 wherein the apparatus operable to nove the first rod is

operable to nove the rod in a first direction and the apparatus ogperable
to nove the ?sge%ﬁﬂlei;‘é%{nﬁ@e%&s&ﬁh@lbeé ofglami e whesinilie mprang for mears e

directi irection. 35. The el ectromagnetic test
8% Sniléne 3 inlu38 & Behefd] hihord!

chanber of c rern the apparatus operable to nove the first
conductive rod includes a first control notor and the apparatus operable to
nove the sec ngm nducti ve, rod nc{)udes a second control notor. 36. An
" el ect r omagner AnelRstropRgRgic !t eﬁf&h‘ﬁ? <iRBPIIEMEe| ect r omagneti ¢ shiel d defining

an interior a\ﬁ(’éléb%m %n&ﬁ%ﬂle?d&é}ﬁﬁﬁ £l fedd R %Flgf\etlc field stirrer inside the

I nterior volunme of electronag etic shie a first conductive rod

i nsi de the mtpeddlerwheﬂl uetestraniegnéfic dicld otiduee tinside rtbe inteviongvoduhenef thexi s;
means f SLSner |2|S£%éhe first conductive rod to generate el ectromagnetic
radi at iOH % é’l nterior volune; nmeans for noving the first

conductive rffirst Esnaueivetrde insiteahé Gitery R velBie, ﬂlesﬁ@pé&dﬁaﬂ@qsa h¥8ng 8tbngnsi de
the interior volume, the second conductive rod having a long axis that is

not par@i$el to the long axis of the first conductive rod;
apparatus operable to energize the first conductive rod to generate electromagnetic
radiation within the interior volume;
apparatus operable to move the first conductive rod through the interior volume;
a second conductive rod inside the interior volume, the second conductive rod having
a lo_ng axis that is not parallel to the long axis of the first conductive rod;
apparatus operable to energize the second conductive rod to generate electromagnetic

radiation within the interior volume; and

apparatus operable to move the second conductive rod through the interior volume.

30. The electromagnetic test chamber of claim 29, wherein the second rod has a long

axis perpendicular to a long axis of the first rod.

31. The clectromagnetic test chamber of claim 30, 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 move the second rod in a second direction perpendicular to the long axis of the

second rod and perpendicular to the direction of motion of the first rod.

32. The electromagnetic test chamber of claim 29, wherein the apparatus operable 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




20 2 8 SEP 2006 nmeans for energizing the second conductive rod to generate
el ectromagnetic radiation wthin the interior volunme; and neans ggg %ﬁglng
t he second conductive rod through thel9nterior volunme. 37. The P

el ectromagnetic test chamber of claim 36, wherein the second rod has a |ong

axi s perpendi cuI ar to along axis of the fist rod. 38. The el ectronm netlc
test clidfieR werkigayolwse lnsmgﬁeﬁhé itept chambesasghe Grst wondusive red arfd thetse

operablc%mtl Cf“%}l‘ﬁdﬁ"ps {shltr&Ir%lc}R é&vﬂ%JP t direction perpendicular to the

long axi's o ¥t he means for novi ng the second rod
I's operable to nove the second rod in a second direction perpendicular to
the long axis of the second rod and perpendicular to the direction of

motion of t 8- The gectrpagngtic tephhagbse of Aamytbivherdidist  chanber of cl ai m 36,
wherei n t he PARrARE ofRKI0LS bie the firsk LbAICAIOMIEL: ofrabRAGANGVd € AFRANS
uct I

for energizing sec con i'Ve rod are opera 0 enhancé
uni f or rohguaive tdtbined secies of segnaitiat stepwsigle ﬂﬁnﬁj’cﬁt ed within a working vol une

inside the test chanber as, the fir conductive_.rod and the second
conducti ve r'ﬁ%l APRATAIVS PRFIBRIGHOtTRRYS ﬁmep‘md cadyetive vod, 1spRerablector mgvaliet i ¢

test c%&ﬂaﬁrcoaau&iv@&mﬁlﬁasem;&ﬁg ueﬁtﬁ?st 31 hd Qe H&’Yddngn& he first

conductive rod is operable to no t con uctlve rod in a series of
sequent i al dhepppaodtus bperéble $¢ cnagize theefinseambsseband comduckiyet dods ewpenle to

conduct | ve Jo perable to ve .the sec conductive rod series
o e e 1 Dludst o8 Rt e, B R a4 hE ROY S R rSFIET sicps BF S1cRgoine
first aﬂﬁbréﬁciﬁ)é\%ﬁ‘a@@@fiﬁhés\ﬁs écjlﬁdi td % pRIXR aABlcS:, bhefd @I RALUR/IR She?é LEFS| gnal
applied to each of "'the rods between sequentlal st eps of each rod, wherein

the cHate corveptiensd lowess diagnency of hhabemberyland £ is whe fiequere @ (the Jsignyl,
where I‘aBBhé@tot&gh of the rods.

34. 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 operable to move the second rod in a second direction different

from the first direction.

35. The electromagnetic test chamber of claim 29, wherein the apparatus operable to
move the first conductive rod includes a first control motor and the apparatus operable to

move the second conductive rod includes a second control motor.

36. An electromagnetic test chamber comprising;

an electromagnetic shield defining an interior volume;

a paddle wheel electromagnetic field stirrer inside the interior volume of the
electromagnetic shield;

a first conductive rod inside the intetior volume, the first conductive rod having a long
axis;

means for energizing the first conductive rod to generate electromagnetic radiation
within the interior volume;

means for moving the first conductive rod through the 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,




conventional |owest frequency of the chanber, and f is the frequency of the
signal applied to each of the rods. 41. The el ectromagnetic test chanber
of claim 36, wherein the neans for no2ng the first rod is operable to
move the rod in a first direction and the nmeans for noving the spgdhd Ji06od
I's operable to nove the second rod in a second direction different fromthe
first directhesns faengrgizigEthexpomd eppductive red txgimormig tlectianagsstic mdiatioar of

claim %rq?%%riﬁ{?ﬁﬁ%jﬁ%%?n for noving the first conductive rod includes a

first co means for noving the second conductive rod

includes a seeanbreanih@the¥Béond codductite i&1 theshghake Rl kemB@NEt i ¢ testing,
the nmethod conprising: providing an el ectronmagnetic shield defining an

interior volune; providing a first conductive rod inside the interior

fadi ot on withihe e et L5 BT 67 ol AcowREIE @6 SoiPulShd RRRR

radi ation within an con e rod

t hr oughxisherpentizuladto Mongaxishe td fistodionductive rod is energi zed. 44. The
met hod of claim43, and further conprising: providing a second conductive
rod inside the interior volume; and energi zing the second conductive rod to

generate el egt lat | it i n- ' | he

nmet hod of cle”(z;gl’ %ﬂgggagé{g S?tg F}%IF b}g%nrr%grr |t02 |c%brh@2bvlilﬁ%ﬁ{%g rﬂ?e:éir?és @?6%‘@‘3%9’}% rod
in a fifirsttrodiis epdratda tovhidve thafistfrod $4 a dastdlinciiore perpehdicularetn ehglong dixisasfd
nmoving .t h econ onductive rod in a second direction different fromthe
first ﬁ@ifﬁ%ﬁ%ﬂr@n%m%’é oeBing Hat serand 1od 15 ePIalle i pigye t e second

rod in a second direction perpendicular to the long axis of the second rod and perpendicular

to the direction of motion of the first rod.

39. The eIecti‘omagnetic test chamber of claim 36, wherein the means for energizing
the first conductive rod and the means for energizing 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.

40. The electromagnetic test chamber of claim 36, wherein:

the means for moving the first conductive rod is operable to move the first conductive
rod in a series of sequential steps of the first rod;

the means for moving the second conductive rod is operable to move the second
conductive rod in a series of sequential steps of the second 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 sequential steps of each rod, wherein the
change of phase is equal to a phase angle o, where a=360°(LUF/f), where LUF is the
conventional lowest frequency of the chamber, and fis the frequency of the signal applied to

each of the rods.

41. The electromagnetic test chamber of claim 36, wherein the means for moving the
first rod is operable to move the rod in a first 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.




46. The nethod of claim45, and further conprising: controlling energy
applied to the first conductive rod and the second conductive rod to
enhance uniformty of the electromagnztic energy generated wi thRSER 286r ki ng
volume inside the test chanber as the first conductive rod and the second
conductive rod nove through the interior volunme. 47. The nethod of claim
45, wher ei n42nthé elgctrdmeagnetis test dhadbet b elainp 36 yihdreint the nfepnssfor owvehgetheve rod
i s energi.zed . ncl udes. ving.the first conductive rod in a series of
sequentis ot o ingfydes, A Trse eomirol anric pd dhe Bisetinfor dmoving dhs, §gnd
conductch@uckio8 rd EinEeEH #06nd tditloVaRErMOVi Ng t he second conductive rod in a
series of sequential steps; and 22 2 8 SEP 2006 energizing the first and
second conductive rods includes changing a phase of a signal applied to

each of the jxodqs n nt j..al f each r wherein the change
of phase iésegd%$ﬁ§%ﬁ§eﬁﬁﬁgﬁg ﬁﬁ?&*ﬁ?gﬁﬁ%ﬁﬁﬂ%@éﬁﬁPﬁgﬁﬁyf), where LUF is

t he convent ippsvdding @nectrombgebtie IRl ddefinhy Mhiafbier volame; f 1s the frequency
of the signal applied to each of the rods. 48. The nmethod of claim45, and

further compr9dfinga frshaonduative red ingide theginfepion velumet directi on per pendi cul ar
to | ong axi e ' ' t | . . ' r.gi zed,
and novi ng t% Hglfgé%%ﬁﬁcfl 1!r%%%j C{;lﬁﬁgﬁgée%:ogintc? g‘l’%re%ié‘% ?%ﬁ&%gg%gﬁé:{%&hg& %V?)t a ﬁ‘g ng

axi s ofintetier vdemeghdr od and perpendi cular to the direction of notion of the
first rod while the second c¢onduciive rod is, energized. 49. The nef hod of
claim43, af¥ing rSchﬂ?ﬂPF%‘f%rgﬁéﬁwpsW w&r@ﬁgﬁw ﬂai)gr%t SEPAUSREd B 1 s
conducte;%%iiegd to enhance uniformty of the el ectromagnetic radiation

generatedw thin the interior volune. 50. The nethod of claim43, and
further conprising rotating a paddle stirrer inside the

44. The method of claim 43, and further comprising:
providing a second conductive rod inside the interior volume; and
energizing the second conductive rod to generate electromagnetic radiation within the

interior volume.

45. The method of claim 44, and further comprising:

moving the first conductive rod in a first direction while the first conductive rod is
energized; and

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

direction while the second conductive rod is energized.

46. The method of claim 45, 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 volume.

47. The method of claim 45, wherein:

moving the first conductive rod while the first conductive rod is energized includes
moving the first conductive rod in a series of sequential steps;

moving the second conductive rod while the second conductive rod is energized

includes moving the second conductive rod in a series of sequential steps; and




interior volunme. 51. A nethod for electromagnetic testing, the method
conprising: providing an electromagnetic shield defining an interior

vol une; providing a paddl e wheel elec2zomagnetic field stirrer ZASERGMGhe
interior volune of the electronmagnetic shield; rotating the paddl e wheel
el ectromagnetic field stirrer inside the interior volune of the

el ect r omagneénfrgizity e dirstmnd\seeindecoadtitivstrodoindiudes shangiog ai phesadef 4 $ignal

Cnteri ¢ f1oat ducti q . I s -
the. 1 Aepebiin bl iy Hes GarERIERLTER oSG, PooREhEE e ST BAR "t e
i nteri g cyi@dl Y6, pHaBy hiide loh Svhietd 6+360RBUFYH, \Rhér® & UM sOME RohRtiondl Sbivet
volunme while the first conductive rod is energized; providing a second

conduc tiregeency#tithasehgmben angd fiscthe Siequenichiet thesignakanplind| toceashl o thieveds. ¢ od

having a long axis that is not parallel to the long axis of the first
conductive rod; 23 2 8 SEP 2006 energizing the second conductive rod to

generate el ei@t Themgthediof clagdi4s] amfuphédompriag: i nterior vol ume; and novi ng
t he second conductive rod throu%h the interior volune while the second

conducti ve rRVingthefustypd dya fisy dirgefionparpradicylar & lapgaxis of edirsiod payile
conpri %@gfst@&%%gﬁgigéﬂé%ﬁg@gg ctive rod in a first direction while the
first conductive rod I's energi'zed; -and novi ng the second conductive rod in
a second di meatingthelsédond and ihromedohd ditection peipemditulantorai logg takis stethend
CondUCtslego%drr% a!n% peeggén%%cﬁag'to the direction of motion of the first rod while the second

conductive rod is energized.

49. The method of claim 43, and further comprising controlling energy applied to the
first conductive rod to enhance uniformity of the electromagnetic radiation generated within

the interior volume.

50. The method of claim 43, and further comprising rotating a paddle stirrer inside the

interior volume.

51. A method for electromagnetic testing, the method comprising:

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 paddle wheel electromagnetic field stirrer inside the interior volume of the
electromagnetic shield;

providing a first conductive rod inside the interior volume, the first conductive rod
having a long axis;

energizing the first conductive rod to generate electromagnetic radiation within the
interior volume;

moving the first conductive rod through the interior volume while the first conductive
rod is energized,

providing 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;




53. The nethod of claim52, and further conprising: noving the first rod in
a first direction perpendicular to long axis of the first rod while the
first conductive rod is energized; anZBnoving the second rod iy S psg@tgond
direction perpendicular to a long axis of the second rod and perpendi cul ar
to the direction of notion of the first rod while the second conductive
rod i s ener gingrgiringthe spppndrrondhestive rod ioaganeBils clagitpniagneiieradintiop mithimehe
controhhkﬂgraﬂ&@g%m%pplied to the first conductive rod and the second
conductive rod to enhance uniformty of the electromagnetic energy

gener at ed wirhdWiflg dheVeédond conehdtive dodSthettighhtie tigtkiof Rorded widle tthe sedondst
conductive rod and the second conductive rod nove through the interior

vol ume.coBeucttyg g0diseRergizse. cl ai m 51, wherein: nmoving the first conductive
rod includes noving the first conductive rod in a series of sequenti al
steps while the first conductive rod is energi zed; noving the second
conducti ve ri2dThesletdfohunsg, iddefushaanchpeingticti ve rod in a series of
sequenti al ste‘Ps V@eltlir; t he, second. conductjve_rod. is energi zed; .and _ .
energi zi ng tHEVRg h o ke redbingh dirst\ireptiers whle the 5T cptigtivg rod Shase
of a sigpalizeqapd i ed to each of the rods between sequential steps of each
rod, wheréin the change of phase is equal to a phase angle a, where
a=360/ ( LUF/ fingving dhe stddrdi contlhetiveorvdeint hoseabnd divestion Hiffeeent rfoym ahe tiivet

Chanberdiregggn &fhﬁg tl}eggcgnrdec%}ilgunc%xre %d }sgger?giz%g.al applied to each of the rods.

53. The method of claim 52, and further comprising:

moving the first rod in a first direction perpendicular to long axis of the first rod while
the first conductive rod is energized; and |

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 while the second

conductive rod is energized.

54. The method of claim 51, and further comprising controlling energy applied to the
first conductive rod and the second conductive rod to enhance wuniformity 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.

55. The method of claim 51, wherein:

moﬁng the first conductive rod includes moving the first conductive rod in a series of
sequential steps while the first conductive rod is energized;

moving the second conductive rod includes moving the second conductive rod in a
series of sequential steps while the second conductive rod is energized; and

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 o, 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.




