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Two-port probe for measuring the permittivity/permeability

Sangbok Park, Jangsoo Lee, Changul Cheon
Dept. of Electrical and Computer Eng., University of Seoul

Abstract - ¥ Q7o ME 2-port probeZ 44, AFE D, o]& o] gdd
FHES FAEE T4 EAHNE Y g7 J1@de 48
232 48 Fo] openHo] ¥ l-port probeE FZ o} &3FAT o]
FHAgRe] ZHe] b5 Fad digel @A7F ATk 2-port probex
FA&3 FAEo] FAd F3o] shgdty FHse FAE FE&A
2-port probe€ F7t3 dof o] FAHoR HHAE F$ FYL HFE
of 2AHEH olAE A7 FAVNYES ol &3t Ay ¥ FH&L ¢
I e 898g ol&de BAFYPY T 2-port probeel] 9zt Hol
Ve Fo Fasugde ¥sg 4¥E T4 vim FAsd.

.M OB
A F3& FAL delu AF 4 24 AFAH o %—.&’& 98

33 Stk AHLAA BAHE BE EshsolaE 18 g gl o
¢ dEdolr] ded %9 wAe AN AV FAE 24 HYe
54z EAstoiol B 144 AZAAE § a% 2984 Hi

1MEel whd AR gk A 72y & 7§ Uyege 3
Aol Batn iy AgHololH x BHEF “d%"] ‘i%ﬁl"’}. fExes
1-port probes] 7§ #AZAFAYo] d&dln FHE FE ojFolulEs FHo
wn tdste go] A& n gl AT 1-port probe ERY
A3 AEH= ““°||*1-4 FE7 Wie A=7 AANEEG AEe 2
719 Zoded Fo4g e A dssh goz gol UsHA Hol A
FeAe FA& “—5.’3% Br7h5tA do. ol9d® nFHeM9 B4
-’!‘]-2-’?-%@1 59 o8 dHEL 2-port probed datast HlE, ¥HE 3lg
Lid=

22 B

2.1 2-port probe Mz % 57} 32 3Y

2-port probe A 2o A 131%‘ AL EA3aat st B9 H&o
Lol AEME dR9 {FAME AAGY 224 JHHez A
Zo] gol3te g nEgith EY} Field7t ¥ EE A€ 97 96 29 1
3 Zo] 4% PORTY groundE 2789 Lined o] &3l Mg o]ojFr)

A 1 &3%AN S WA THO| BO|SIEHR MEMR(coaxial
line)2l giol R M7{#t 2-PORT PROBE

‘—lell {Zz}

Port 1 [ZE]

L2

,’Z(ﬂ,r}}

Port 2

<18 2> M= 2-PORT PROBE 37| &2 34

A2 2-port probet WML/ A4 olE& o]&48W wEd F4H)
& %4 Signal Line®} ¥%9 39 #3483 F48& 3d0] 75sdil
A ol oJBHozy H5EAEARE AA EHNE vlagHod. &
& B dPolq AZ¥F 2-port prober BEAY HZo] fojasE WE
B29] Ground’} 2749 Linedl %t oj&stn A AFHA Fo 237 ¢
7l Y&o} £48A o8t AL ulE d9E 4J] e 19
A 24 #Ao] a3,

BY B$4& N84 2-port probeS 29 23} Zol 57 H2E FAHY

FHA9 4 B4 29 PEE T-57H422 FAsm Yoy
B &2 Transmission Line®2 FA&Hd. 282 #$71 diAd AH
HolXut 4A Az Al gAY # g7 ol FP2 FAY o A
Az gd2A F48 Aok F447) ol 9 Coaxial Lined &4
Yotz 7HA e Zdole nHA Folx Hrh & dAHoZE o
Ao &40 ABAT Aol A 4TS vAAE g

a3 29} B7F 328 ABCD ##2 EEsY A)d 2, 23 #3
& A& AAE F ojAFE T }3o] & Ao,

O e a4 L

A g+ D5
Z P Zs ( cosh(yu) jZsinh(yu)
L 1+£2_ j¥Ysinh(yu) cosh(yu)
Zs Zy
212
1+ 2 Z,+ 2+ ——
x Zs Zg | (A B) (1)
REN 7 cD
Z A
2.2 53 23 Yy

A H@% 2ol WEE 39 4 A,

(32)(j;::;;”z%"i:i??x?))(zé)= 5 @

A7t AAY F29 7—J°l“ lojetstn, 44 pst 19 3¢ udt &4
4 p(1 <p<10): $ue 2¢ AN Y& #5424 23 e
hyst A7E dgg zw} ZE pE FAYE 44 ABelE auH 2
A 98g 22 gon Fuss Fhsdde ARl wet pi 16] £
@k @9 ABCD #3eld ARg drjsted ua,

jbe
¥4

€

+bg < cosh(yu)= A (3)

ae X cosh (yu)+ X sinh (yu)+ jag X Z, X sinh(yu)

FAEH fAgd BY 402 Bay 9 4 ok

b'sinh (/1 e, %)

(3

a’cosh{ /€, wu )

#' ’ .
+ 1/ —6—’~ c'sinh(y/p, €,

e fAF e HG) &
A(F7, ogg, FHFFY 1r

EREBERE LIS PR

=4 (4)

1 s AP 4 A &
3 %KH dojd e Mz
A& %2 1ot

-Z(cole-cole
iE 2 &
o ge %

- 1747 -



€0~ € . O

0 = ;T 5
1+ (Gur)' @ ]weo 2

e=¢—je" =€y, +

€= B4 Fo4 fout w2 AFHA5dMe goptical permittivity)ol
1, €nE B4 FHFRd o F & aFdgoMe  Fstatic
permittivity) ©lth. T& o] $Hrelaxation) Az, e AH(distribution)d F,
ot 4999 o] 29 Axgolth 99 F-F WFE 259 FHF9 g5
2N oYARH A7 o gov gEo] HolEE AHo Q) B =
AN ALEE 2-3 WHe gEL <E 1>o FAHHY.

<E 1) #-8 ¥

Reference Cole-Cole parameter
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Water 78.3 45 8.12 0.02 0
Methanol 337 45 4964 | 0.043 0

0.5% saline| 76.6 45 8.11 0.02 0.87
0.9% saline! 753 45 81 0.02 1.55
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