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ABSTRACT

The electromagnetic field distribution within rectangular coaxial transmission lines RCTL:TEM cells) is calculated

using & numerical method. Boundary integral equations(BIE) considering equivalence theorem and extended boundary

conditioniEBC) in tapered region are used, thereby restricting the operational frequencies (0~ 130 MHz) below the cell

cutoff frequencytt 30 MHz).

The M dields within NIST TEM cell {1 X0.6 X2m) are calculated by this method. The results of the numerical

calcuation have a good agreement in the cross-sectional EM field distribution of TEM cell with 2-dimensional analysis

results. Based on this method, the first cutoff frequency in high order modes in the cell and the electric field

polarization are considered.

LM 2

TEM cell & AR 7ol A 25+ (de) e #
* “1 LA wreel apgh Eak4vhx) TEM b Ay
T} IFM celle] 9= 2o #4418 HA
& Aok} septumo] H7lE wld
'é,“’— *;H‘O]‘-i: ReFS Fall dur A4
I e R R 4 JP W S +2 AMEE =
FEM cellthate] =] 8l 41 whol ojaf) #zpg 23
AE reinh dwrF o2 TEM celle 53 Ao
el A M AEE TEM BEE 7|28 W Ao
of 39438 TEM cell& A4 septum H & w
A Apolo| 4] TEM HH 38 A A7) =0 540
ALk, ek TEM cell& #Hxol uxp 7 vy
shiz Fubge olsloll Mt AR&slA 2], TEM

¥

ol

¥ EEH, TRAS BT TER
VIEEH, KH RIS BT

cell 28] HAg WAL AR AT o2
U orgaor VB fuE 2AHREEAE ALe
st FAMANATH69). TEM celle] Tz

NISTell A Al zbsh 713} 5 255 A&shs, 4%
a4 A3}s= Crawford M.L [1], Kanda M.[2],
Spiegel R.J[3]Z0l olaid o1wl Axbzra v

HES o A% ke iAo A7 Yxg

T ek,

E=~-V¢ —jwA

°ola, ¢, A¥ 339 E WAooz RE 7
24 208 g x84 3
olt},

37



[ BEER R L

$(x,y,2) = % LP(X’, v, 2)G(x vy, 2| X, ¥y, 2)dvi— (2)
Alx, y, Z):ﬂjvr(x’, v, 2)G(x, v,z | X, ¥y, 2)dv’ —— (3)
Y
e

38l 1. TEM CELLe] 2%
Fig 1. A typical TEM Cell

718 194 & TEM celld +2& vehdy (a)=
ol P B e septumd A () oz 7%
g, £ 253 goly gA(L/2,3L/2)9 A
B Moz 2R, celle) $Ee FA oAk
% (dummy load) o2 dA%c} (b)E HolA vt
BE ngog AAN I8 7R3, (c)E dolA
ulgb® e (cross-section)©]th, TEM cell W%
HH 7 septumS A EA o]t}

23 20| A9} o] AL ¥l FHo s
AR AApEH g vt FE7
Z=L/2, 3L/20A wAHE e T
x| &3l o] AFE septumd} W Apo] 2l
HE PIleEA dAE

2R
of & T

X gt Mool
o j 2o

g 2 [THoll st SH
Fig 2. Equipotential of boundary [

a3 [IHo tist S0t &l HE
Fig 3. Equivalence principle for boundary Il

7 3 AAbEW Jsvh EAjstaR 57 Al
(equivalence principle) & 283t AL Hwio]
cellell mal= J&E 9o 57t A9 A/ (Jd)
2 ANz MHe Flcad ¥do] =t
W(closed surface)S HFAgstnz FAAZEZ
{extended boundary condition : EBC)& w38l



TEM CELLel| 49} dabgd 2js)4

AA A B4 A (boundary  integral  equation : AAR I, (¥ oA =xdHez 71t A
BIE)S #EatA €t el B Aol Gol sk AR Mwe) $7b
FE o83l TEM cell?d] %] 34 o] sht
Ja=jweEa — @ o] B ETHS o]FE AAHRWAA (5)—(14)8 T
o= T 0 b IRLSIRE = e Bhay | =
W s Aok UES 2 AARA THe 4 AT F A
(e 94 T3l Bk, olg 2ztel 72t ZoAw
AN e AR AR SHEAe) GRS ¢ 2.2 FAHY
a2 THolM Iy, Jo TRAA Ty, Jo, T4 A4 2 AR B2 AARBEY dei oe
A% B By, BAROE HE WAAR Iy, 8 2L AA2AYE A83e] SA MG 5 A
T3}, Zro] XX H-2-

Ex=0=- —ﬁ*—quf Jx, G dx’ dz'—jop [ Jxn G dx’ dy’

=— L—qu j Jx1 G dx’ dz’+w? e,uj Jxo Gdx’' dyy ——— (5)
Bxy=0=— 2L—jou | 1% 6 ax dz—jon | 72y G ax' ay’
== B0y [ % G dx dr+oten [ Jxg G dx dy —— (6)
9 Aol A Ex, Bwi 2t AW 1,09 834 Lu Le| | e o8

(0. P)ollM dd& ‘/}E}LHU% Ju Jute 1, MW - Q%Xm 7)
A5E vehdch 4(5)d4 Ba=0& Tweld d Lo Lzz| | Ea o%
gol A RS, Evvt go] sle AARdE U
sl7] wjo)u} ‘}(6)19: v] 2|4 Exw?} Fredholm 2 4( ) oll A 0] x| 4= Jx, Ex& 3+ = th, A4 Y*
% Ay Yulg asuh B xS FohE i $Yab)

.
Byy=0=— %l o, [ 19,6 ay ax +oren [ ByyG axay —— @)
Byy=0== M o, [ 13,6 @y dx +oten [, ByyG axay —— @
ol3t, ko] 99} WpAAR B TRolN 1% el 1 5
o yol golxle AAZNES VI A(0) % _ | oy (0
4(6)7 28 Fredholm 2% &% 34 dej7} @ Lo Lez| |Evs jj;["
v}
232 A
Ez1
a¢I . ) y . ’ ’ 2 ) ’
= - -jwplJz16dx'dz’ -jun| Jz116dy'dz’+ w?eu| Eym G dx'dy
az I 1§ i}
=0 — (11)

39



(] Meis s O

Ezn
a1 e s v 2 1o
= - -joulJziGdx'dz’ -jou| Jz116dy’'dz’+ wleu| Eym G dx’dy
az I I B
Ezn
adrir C 4 . as
= - ~jwulJz16dx’'dz’ -jou| Jz11Gdy’'dz'+ w2eu| Eyn G dx’'dy
az I I it
— (13)
olx, o] F9-9 wAIAZ Eu¥ Eax W3 ojt}. ol4z o] A(7), (10), (14)9) I, 0,W4
[dolA AAZAE fﬂ*’—‘.‘—ﬁ}ﬂi Holsu, 4 A HAFE Tt o & (1)l dHYstd
(11), (12), (13)2] H4kA} fEL 2 Pl &= TEM cell W3#olM A3-E 78 & St
Age
Ln Li2 L3 Jzn o1
azz
I
Lo Laola Ja| = oz — (14)
P
La1 Lalss Ezu “oz
e- kR
H=—VxA=z=z—Y% xJJ(x'.y',z') dv’
u T v
1 e JkR e JkR .
=-——-J v x J(x',y',z") + VxJx',y',z')|dv’
i Jv R R
1 1 + jkR
= - J(RXJ)—J—e-ijdV’ — (15)
4n v RZ

olx, 21(15) % A %, vy, z BEE

1 , . 1 + jkR . Vg g

Hx—FJV[(z-z)Jy-(y-y)Jz]TeJdexdydz
— (16)

1 [ , , 71 + jkR . ey s

Hy—A—T[—JV_(x—x)Jz-(z—z)Jx_TeJdexdydz
— (17

R , oo 11+ kR e

Hz__41z J‘VT(y-y)Jx- (x—x)Jyd——R—i—e JkR dx’dy’dz
— (18)

40



olth, &7]A Jx, v, :
olu] &) A ghol™
o] A& Hy, v, o=

78 4 9t

rie

AAA (7), (10), (14)A
AW ez e TEM cell 3
(16), (17), (18)E Al&3t

1= oy

W zx oz

TEM celld] 3z 2d1d ZAE 3 A
NISToll A A zet A YT 242 1X0.6 X2m
o] A7|E 71x 1 Yo septum?] EL 72cmo]il
gl A FAIGG, ¢4 FaFE 30,100,130

(V/m)
[Ey|
12
0 e fEe]

100 cit

(a) A4 B ¥ (electric field distribution)

| 100 ¢:m
b) A% £ ¥ (magnetic field distribution)

(A/u) :
E. y=35 cm
: ¥y=35 cm o
| | !
L k ¥=40 cm
y=40 cm |
LN
y=45 cn il
Y . S
IH" | | '{‘w L ’ “‘ i
/ 1‘}
;" | D y=45 cm
R
|H>’I S
o i 1
0

JEl4 TEM cell THHOIM O] HEH Y AHE 2 Z(do

o T
Fig 4. EM fields distribution of cross section at TEM cell
{do)

TEM CELLS| A o] A=2}3 ]34

MHzol X g2 AlZ o, A7 5VpE AH-3L
o =g A4y gL y=45cm7t e HHE
septum® 7+ AAQ cell A x, %S we}
A3 9% wslolrhal ALE gholo)

a9 49 AR A3 RS Fusd (37 5
Aa FYE HalA Hed 7o W Ey, Hxe
septum FEOE ZHFF Fhasta, Ex, HydEol
Mzl Gt Ho] #d HH g o)

2 F 3§,

i

41



O WRE AR )

) i i ‘ T : : ‘ ' TR

I3}

{b) A} £ ¥ (magnetic field distrubution)

(a) A4 ¥ 3 (electric field distrubution)
JE5 TEM celll? 252 Wehel M2 9 xpat g

I (30 MH2)
Fig 5. EM fields distribution of TEM cell along Z axis (30
MHz)
150 cmelslell A} F=at4= W slel] o8t A a} 24 4

w0 A S Holal 9t

ol EES] +,— F7F o MElY Ay BekS B
a9 56904 FogE ARAA 30 MHz, 100 ol Ao Arjzte] A= Aoty ow U i
MHzE W57 A3 214 AR W3l A= HukE septumit e LA Alolo] wbAslA H
HlRoe® ¥ F¥PeR HE Z=50 cmol4, tt.

42



+0. 03668 (Wa)

.. -
1

4
) W
e -~_____,._4-/‘]| -
= i}[
..-f-"] I

:; ii%bcm

i
? {20en

(b) 24 ¥ 3% (magnetic field distrubution)

-

2 6 TEM cell HR &8 Wehol A&t o A& 7

X (100MHz)
Fig 6. EM fields distribution of TEM cell along Z axis

(100 MHz)

98 7ME Foas celle] FUFuF(128
MHz) %181 130 MHzol A <443 44 A4e]
& gEg we) Aolv 14 8 olM: g 7.

AR x, y, z AES 28sto #£A18 Flo s TEM

TEM CELLel| M 2] dzpg #2]8)4

= NNl
ST
e A L
:\\:\\\:\ \_ms}.

A B3 (electric field distrubution)

=5

(a) #

cell W37} TEwR E7F HAES Kol gt} o]
oo vl AH Y] septum 7 W Abo] 9
A e #d YHaE o] F2 £t TEM
W& Ve R Eahal Sg 4k 18] o
Fub= ], C. Tippet [10]9] Apehabag 2215
rebis 1/2 e 2pol g b plo]HE Jo=w
o My #H++ NISTe|l M. Kanda[2]9] w34

g 7)o e,



O BREEHMER O

Hx
(A/m)
+.815 ;
fff-?j—f——.:_ja Atl L .
= e ¢
2 =
— - | \
0 = t
A= % 100 c=
@fffﬁﬁ——_—;—.wﬁ_—tb«\\
8.8 345 E%fa.aki
/ Iy
T T ] '” H
] 189 cn
Hy

"7+B 88 188‘”

Hl

Il

(b) 2} 53 (magnetic field distrubution)

3 7. TEeM cell W2 RS Wehel 2y
A (130 MHz)
Fig 7. EM fields distribution of TEM cell along Z axis
{130 MHz)

Az

>|'9

44

T2 8. TEM cell LI MEAD} AR 39| Thw P&

Fig 8. TEw mode distribution of TEM cell

il [=] n
FREZE etk 58 A Fubes 0 Hzoll 4]
Z1E gk v aated Sl ghe Raluh ks Rl

30,100,130 MHz=z 3% oLr] 130 MHzollA] vt
Fobs 208 sk A0ke) TEw Rmize) sl
HE o, o] Ak M. Kanda®] avt =44
5 sl opdel A 1t Aukiie TEM
cell el apabe] Rzuf Wsl AR 44 ¢ 5
slond, 3ahgl p el AN ol ® A hh
gk 4 ololp o},

TTTOAAR

[Ra
rﬁ

o o] ef gt AR Bomatol| Al Al Al WA A
3 g

§4jo] EMIe] 7)ek %3 7)500 thste] 1144
5 M & ole 7hed s AASTE ot
o A xalgl A s) ] whyoell elsle] TEM cell v
o] EUT(equipment under test)oll 2]3} MA}13 s
Aolit, cello] Ui &3 v} 2bed Fabee] 45 9]
A e AAE ThgekA & Ao, UHF
ol M ALgslE A4 HE #H9g4 (wavegude
chamber) 8} A3} A xJa} 2pA] A o] dAap4kel shet
W}

35S ANRS A T Wiel B 4 v

1

e 4o

Hil oF

2 £ X M

1. Crawford M.L., “Generation of Standard
EM Fields using TEM Transmission Cells,”
IEEE Trans. Electomagn. Compat. ., Vol,
EMC-16, NO. 4, pp. 189-195, Nov. 1974



2. M. Kanda and R. D. Orr, “Generation of

Standard Electromagnetic Fields in a TEM
cell,” NBS Tech. Note 1319, Aug. 1988

. Spiegel R. J., Joines W. T., Blackman C. F.
and Wood A. W., “A Method for Calculating
EM Fields in TEM cells at ELF,” IEEE
Trans. Electromagn, Compat., Vol, EMC-29,
No. 4, PP. 265-272. Nov. 1987.

. Larsen E. B., “Techniques for producing
Standard EM Fields from 10 kHz to 10GHz
for Evaluating Radition Monitors,” EM
Field in Biological Systems symposium, June
1978

. Donaldson E. E, Free W. R., Robertson D.
W. and Woody J. A., “Field Measurements
made in an enclosure,” IEEE proc., Vol 66,
No. 4, pp464-472, April 1978

. P. C. Waterman, “Matrix formulation of
Electromagnetic Scattering,” IEEE
Processing, pp. 805-812, 1965.

7.

10.

TEM CELLel| M 2] Hzbg x84

C. D. Taylor and D. R. Wilton, “The Ex-
tended Boundary Condition Solution of the
Dipole Antenna of Revolution,” IEEE Trans,
Ant, propag. pp. 772-776, Nov. 1972.

. K. A AL. Badwaithy and J. L. Yen, “Ex-

tended  Boundary  Condition Integral
Equation for perfectly conducting and Di-
electric Bodies : Formulation and

Uniqueness,” IEEE Trans, Ant. propag. pp.
546~551, July 1975.

. N. Morita, “Another Method of Extending

the Boundary Condition for the Prdblem of
Scattering by Dielectric Cylinders,” IEEE
Trans. Ant. propag. Vol. Ap-27, No.1, pp.
97-99, Jan.1979.

Tippet J.c, Chang D.C and Crawford M.L
“An Analysis and Experimental Determi-
nation of the Cutoff Frequencies of
Higher-Order TE Modes in a TEM cell,”
NBS NBSIR 76-841, June 1976,

45



