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PELETEHEE2ELS L, FERINERBEE LR LT, 5KEBICHT 2 HEROE(LERILD X
YEF) Lg%, tan & OELRIIFERBEEC X h KERSH D, Kroner OREHEREBRITT S L 10°~
FHENE LS BRR DL e T b, COFER, L, FEROUWECEEL, HFESBERCESL
BENMEALTL 3BATE, AROBLEHTHEABRZORBIRIBECHI2 OB Lok
BRL T\ B, ZHHDESD, KM OEKRRED D OFERIERWHIL 100~ (HEI D EE Lis
LD rEL bR D, '

WEFEZDOENDEXL S &, 107~ LI EOERAE I« OFBEOFENAEL, ERFHBROBRLEE
#HTHD, 105~ UTOBRBETHIIBRIC I SD2WETT ) v SERAGSD Z LT/ Y RETH 55
B, ZOFKTS 10° EEFIATIZ LIXFSZ 5 Tho, FMEILZ OEHRT, TT 1X10%
KB THERT Lo bDTH S,

2.2 EHED edge effect DHE

4, PAREBCST 2EARBSIMOBREYEL S L, BROFL
X R B TULBHHFEOTW B2, BRIHIERECEBECEENE
Y HEREETZ. Lel, BROBAMLCE- TRESIAL, BEEIR
RO RL L b IMRCMBETS X Sweins (Fig. 2. 2. 1), LkdtoT

Fig. 2.2.1 PHREBC ZOBBCIOTERCHIEINS C OffiT 2.1.6 Ric k hEHIh
WILERRRAIROER 01 b, c OS5 AITEA TS B, & OFEIE odge cffect
parallel plate electrode LREER T B4 EEE G AR DL D B b ORI R e OB

" showing path of electric

flux THETHZ LR BDT, ZOBABROERIAHIEHECA X LSS

,.--.__-




FERL X 5AMGKEOWECEIT 5 EBIFE (M) — 105 —

52 %, LicAoOT edge effect OFIEDOMEIL, AMOFBERAE LRI RS LMETH %,
KircHHOFF 13, = DBfREEXR L TRDOERRYE TN 5B,

AC, =L{dlog_16—”(37“)_’+tlog@—3d} ................ 2.2.1

Ce Ty t

72 l, Ce BHUEINA-LAE, AC. 1 edge effect 12 X 2R, » XAMEBOYR, d 1LEKL
DFERE, ¢ XBROEXTH S, D% J.J. THomsoN (ZAR DB/ OWT,

ACe=1.113 4111:2 (1+ log{l +% + log(l +%)}]

b wl nl
+1.113W[1+log{1+—d—+ 1og(1+T }] ................ 2.2.2

£BREHE N, L L b RBEBORIR ICETEOMITFR L AKTH S, 2.2.1~2 Rit Scorr
B LV Cormis™ XY, B %~10% DRERETLDZ EIEHEIN TS, C. Skaar |, Coursey
DEEXFIALT,

_ wh+d wb+d 71:b+d}
Co o.ozszl{ 4 + Tog( e PP 2.2.3

BBREFEAL TS, Shid2.22 REMHIC LD LELOhDA, BED I1b LA ERCEL
RHEO—BR L LUIMEATE T, HELBECLrALbhity, #IL™ X Coursey DA HKD,
KIircHHOFF DK & & HIARIVHYSFE BT L EATE AW L 2EH LT\ 5,

iR XU, EEOARMEPAREBRICIIZACHERLAUET 5HE O edge effect DEER
LLT,

_&—pd
1+gqd

= e i ittt ie et 2.2.4

BHAEURERR LS, TR L & WAMOEOHFER, €1 edge effect P ZARENEREDLD,
edge effect X R L THHINLEIFTOFER, d IAMOER, TibbBEEBMOEM » 5LV
q REBCIOTEEAERTH S,

ZoRT, d ObBHETILELMICER: X CERT P, TTRMBMICET S aC BEPRK
EREZIRLTHBDOT, KHBOEICHTAAUEIIERETHY, BRI LFERLRE LT
e IR WNER DB

ZLIAM OBFERY PARERIC L OTHET S & FCE U S edge effect O—RARBIREHED
T B EWNT, LTRORE—HOERYTOk, WELBIERAMAEC IS DT, 3.1 £ERT
HBEBELZAWECLIDTH S,

2.2.1~2 K% D edge effect DFHERIL, ZFIEERLHRL LTHINLDIOTH S, WERO
BICABE e e 2 AMFOMOFBERITIAN L FiTiL edge effect ©d 25K C OMMBELHIC &
EINHLDLELOND, KA LBIEBRITROSHENL, &€ OSPRIDTELILENITT,
edge effect B4 ¥Rt E LOKEY C:, edge effect ¥ FATHMLCAREY C» CoC % aC: &
FHUE, Co 2t & fEXRIUT Ce b AC: b e fEXBRETHHNBLTHS, OB, BROMIT,
SPBEIRNES R ERL T HHANTE S, THRLEOFRILL b5 L EbDTIRIIC
FTERNITThH B,
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Fig. 2.2.2 Bl RRKOFEBHC T 5B D
EXrFBERLOBRK (F)
47KE 110% LB No. 5, ZOffix
B No. 4 1T X5
Variation of measured dielectric constant
(&) with thickness of samples (d) they
are equal to the plate of electrode in
size (Buna)

The samples 110% moisture content were
measured with electrode No. 5, and
other samples were measured
electrode No. 4

Fig. 2.2.3 BE L RAKORNC BT 2RBID

EXLFBERLOBE (/%)
&7KE 110% XE®E No.5, £ OfiuL
B No. 4 ITX5
Variation of measured dielectric constant
(&.) with thickness of samples (d) they
are equal to the plate of electrode in
size (Hinoki)

The samples 110% moisture content were
measured with electrode No. 5, and
other samples were measured
electrode No. 4

U ERFEEIERTKERIEN D% b OBETH B, %ﬁ%ﬁi@)ﬂﬁi Didiel, BEROKE X
W3k, JIROIANIES D 5 b—HEHBEON T bbb ERT A Lik/n b, edge
effect (MBAP LT %, L, AL L5 LBER L AATHHHEE, Retdhi®E s Igciilh
BEEALRLID, BBD Co 1t C R—ETZETTHD, dHAHAZOE C. hiiIRBONE
KHHERHEZEO T HBRIMNLLEROT, ZRIC LD edge effect 2T DT24% KitD%
A, BB & NESELEYKEV-OT, =0 edge effect IZ—BICELL 5 2BEDLOTHS 5,
Fig. 2. 2. 2~3 RrhEhe/ B IO7F OFERO SRR CPH LA BPe b L 5 & BBOKE X
CARRD, ZhE LEWEIARTHOTHEL LTYE, EXF0 C #WELT, 0 Ce 225 2.1.6
AL EDOT & PEHLHERTH D, BIL Table 3. 1. 1 i&iwT No. 4, 5 A, Kb LA
Tl 5k, FERIRBOEICEMHARCIZE—EOMHEY L ), KRR IOBEIRLOTH = OBEK
b b, iz, REHEOZESHO edge effect 1k 2 AC, DEEDELRAL 5 THB,

Fig. 2. 2. 4~5 1%, RBOFGLIBBMAMICIR D M LcBE 2 edge effect OB DRIRARE L
BRTH2, RBL LTI YT, =V =y O fvicst, REIERL D IERIAEL, BEOF
BEY, HL 15~30mm FOMHIED M X 5 Uik, MEBLEERG VELEND, ZF0op
&x HUE Lic, BBOBERIL, 5,10, 20mm D3 L, No. 4 OBHEE A THE Lis, BEOE
AH o, WORLETOMERE 1 pUNETRBI LEADT, & (ML LHD LM, HBeRLaBcHi T
B, BIBOFERLD, I1=0 DED &, 2 edge effect DAVHBE & #RTCLERD, FHHLTH
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BEREN, RPN LZIENSHH DT &

DIERA—EED b OTH—H LTI Tl - Bt
2 BECVL X BT LI, EESAMLT a2
edge effect HHEDVMMUITLHLED | PPt =Vt
e. DEE, BVREHE EATEACSHS o[ ST
Zk, EDLED edge hHOFEHEE I iX,E
- 25 0 T 20 —i

IDOENFEKREL, REBRABDOEZD 0.5 2 .pom K %
~1.0 ERETHBE L ThD, il B Fig. 2.2.4

o N4
BORUC BT BEIML, REEE ~

L, B E-R [ ——
I HCIERBA, Fhiciid 5REEM .
HBILERLTWS, & OBRIEKES
RIEOTHRERRCE T, WFT o —1 =
sk, WIIROBABHHDBEOKL | A7 i ¢
o ——e M

ORI LTTh 2 Ba L, Mikr [ /7 e

1/
BAKACKN LCTHEHAL T, EOK  |ofl

T a
BOHEED B ZLhExbhBDT,

5

i, f1 FHRAL xR DORTE Y o —tom v ® 5 *
s Fig. 2.2.5

TRE, CORBEBNID, AREBER pip g04~5 OV HH D AUEHERCE LETHE

B SR ot, LisatoT o Mg Influence of extention of board edge (1) to measured

dielectric constant (&.)
BN IWbDrBbhs, ERIhboER Electrode No. 4, ——Katsura, === Ezomatsu.

HOERCER L Y bARELBEHOFERLXAET 2B, BROFALL HVROEID 1.0 5 LD
EA DR LD d DIEOWT, HBICRT edge effect OBELMZIUT IV LIRTL S,
REHSIIER D & b O EEDOE I DR D edge effect ThHHH, ZOHBA €. IRBOE I

TR LIAWHEINT 525  EOMMIEROBIK & 7 BIK voz

PHBT LXTTREELIIBR UL EHTHD, LK edge O

effect I X AAR ACIEBOALCELS DD THEND, & ] a-292“™
EOEML D b, RERIORRSCRAORSKIoTHRS | | A | |
RBRFTHD, & LEEORLE L OMRER< B, + L] T -
FIIERY &b Ot s SR ERI L LT, BEOEBLS ] :/::: st
i No. 4 AKTSHY, AEOUNTRER 111~ |3 d-a50
ThHHEHERBEIFY, ThZhOBRC L2T & 2WELKL

L5, Fig. 2. 2. 6 DX 5RieDlc, M n REMERDOE 2 5 6

— T

EVC%TZ)EEGHSVG% D > d biﬁ*ﬁﬂ%‘%‘(kf@ﬁ“ LTE%% Fig. 2.2.6 ﬁ%%ﬁ@ﬁﬁmﬂ@ﬂ:

BULBHRORHOEES Tho, Mo Wbk 51, n o n x edge effect OHIMOBILR

Ratio of two edges of rectangle
m¥Be & OESHMMT B, WEERD n CHTHLRER electrode (n) and increase ofg

BLT L 2L, n=1 TiebbEARBECHT 508 I & edge effect (Hinoki)

d : Thickness of sample.
FHUE, n k- rOBRIE, Fig. 2. 2. 7 REHRTRT L &, . Measured dielectric constant.
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eedee {MM,
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T 4 t [ o dam
Fig. 2.2.7 BEROTLEDHINE edge effect Fig. 2.2.8 BHBDOE I D edge effect i©
DI & DBIR BIETHE
Relation between increase of edge length Relation between edge effect and thickness

(I—1") and increase of edge effect (&.—&,")
n : Ratio of two edges of rectangle electrode.
—Showing the relation between (I—1") f s
and n, X showing the relation between €. . Measured dielectric constant.
(ex—€,') and n.
_THBN, ZRENLT I RHIETS e 225 U RRGT S & #ZE LTI fER, R X HTR
TE3RIBLALA—DEAEZTT, HCZAMDOER 2.92cm DHFEER LI
Ftr, BEOBE XN edge effect KEETHZ LI 2.2.1 KR IOTHHALLTH B2, EANKE
BEELIHE, HUOEND % b O PARNERIBEICKFINS DI mm BEOEIY L
D EHDETH D, FMECERALCEBREL, TRTC3mm BEOLOEFR LI, Th OB
EEEE 3 MLETENDOT, BBYHEL LLHES, YOBREOMENRA LI SH% Table 3.1.1 @ No. 3
DEBL, HIAKTEZY lmm KFELLIDLIOTL /) FHOFBERELIE L. FOKERY
Fig. 2.2.8 &R T, WEHERIHTHE 3mm BEOBBOFH € DEIXS TEHH, LOEIEANT
HABDOEZX d WL TH Z OBHRRKE BT R b g ole, Lichi D TUTIRDORS edge effect
DOKEFHNL, BEROEIY 3mm T—EDHD L L T2k bDTHb,

of plates of electrode
d . Thickness of sample.

gf:
AC=C=Ct terrrrreiiie it 2.2.5
AC =€ =€ ittt i i i et i i e 2.2.6
ThHMD, 2.1.6 RXD,
_11.3d
ae=2EAC L 2.2.7

AC i3 ] OBLIZEBIL, T TRONREIEY, AC I1X & THHHLTHMTRETHELD,
K % HHEHE 3L,

AE= K'j'l 2 2.2.8

2.2.6 /"XY,
B 4.1l
8;—8¢(1+TK) .............................. 2.2.9

e BBRAR VLD, LA LETBRD L3 1IC & & d L DOBIRIE d OBEVEE CIIESI TR, Fi-
e, & 1 LOBMRIE Fig. 2.2, 7 ©FT & 5 CIBEEM TS B2, BLUBOBET A 2Bt LBa
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Fig. 2.2.10 A, d, ] offix K ©

& DB
0 N 20 Relation between K and A, d, 1
A
] Table 2.2.1 K r l/A r DRtk
Fig. 2.2.9 I/A r &, * OBIR Relation between K and I/A
Relation between //A and &, —_—
1 : Total length of 4 edges of electrode '%Noﬁ } 5 ’ 4 1 3 l fif 3
plate. Aom? 1 >
. cm? . 8.3 113.2
A . Area of elec-trode Plate. 1 em 10.86 | 21.72 43,44 ~
&, . Measured dielectric constant. /A 1.53 | 0.767 0.384/[ 4=2-5¢cm
d : Thickness of sample. 1 0.418 | 0.300 0.250,
Wit ] bFERCEELT, Mo B8 20 Table 2.2.2 K r dr OBtk
Relation between K and d
By ZOBE AKXVl OFEN K LB IX
d cm

& dB—BRLLBERLL /A L & LD
BRILERII TR, &0 & IA L OBtRY: K
BT - i, HUEBEOERT A Okt

20 4 LZMLXRAEMR (Table 3.1.1, No. 3~5) ®f{Eh, b/ *RERAPbEF—HHH LR
T, & HRLHEBBICLOTHE L, WOEZXIX 0, 5, 1.0, 1.5, 2.0, 2.5¢cm D5THT, $3bHA
BT ERCKH LT HARIEN D 2D T B, A L & 2 DBRIL Fig. 2.2.9 DT 2 THBHA,
A BT AR LIt DT & @i’éi]uztﬁé LTRSS, Ticbb K Offik I/A 2L
RO THINT B, ¥, BIERALTRT L I dOHINC L2 T &, OWMEBEIRITHI &b
5, K offix d T Lo TEA T RFChs. K OEXRET 210, B No.3~5
DEBILOT, b/ FREMERBLLTCIdBIVIA r K Offi: OBREERINCRDIZL 25
Table 2. 2. 1~2 D=L feote, ZDOK OEFRFRLTAS L Fig. 2. 2. 10 D X 31 1+1/Ad &xf

LG NEBIRICH B, LicaioT,

0340' 0280| 0240’%@N0 4
i

! of so| so| W =

Kea+g log(1+ﬁ) ............................ 2.2.10

3\, Table 2.2. 1~2 OfEihb @, B #RDB L, @=0.165 8=1.20 7%, 2.2.9 BIV
2.2.10 Rx b,

e,=s,[1+ ‘i’l {o 165+1. zolog(1+ T }] .................. 2.2.11

Thh, EHBREBOBAE
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l=2/_‘4_(n+1) .............................. 2.2.12
n

ThHLbHbINBhb, 2.2.11 RFEEXNXBH L,

s,=e,[1+

L LTEBEBCBERARSRTZ LA TE S,
¥, MHERTIE Rk,

Ep=¢

L%, felL v XEBBOEETHS,

6
d=29]
5 T
4 ——— =15
—"1
€2 4;.’/'/‘ M
r 3 g0 i 1
g 3 4 T
— M
Fig. 2.2.11

Edge effect OFEROKRE (» L OB
Check of equation 2. 2. 11
d: Thickness of sample, #n: Ratio of
two edges of rectangle electrode, « Actual
value, ——Calculated value.

o

ur

*RE o 502 Ge

a Lwaz(. )]

a? i)
e ——

—d @) !

Fig. 2.2.12

4+ 1y
4d(n+1)° w1
T{0.165+1.2010g 5 }] .............. 2.2.13
2d 2 ‘
z[l+—r—{o.165+1.zolog(1+—rd—)}] .................... 2.2.14

2.2.11 Re®lFs A & & tOBRE, AN
BEELTIAEE LB IEAL > 50% Fig.
2. 2. 6 DFERYE 2.2.13 RCIOTEHELLDD
COVWTHERF L THRD L, n L & & OBIRIT
Fig. 2. 2. 11 o2 ¥ 7eh, FEMELENEIS
Bih—HK L,

2.2, 11~14 REREFT B0, SKBOFHL
TRkt T 4 OREEL BARELY, /IO slicer T
BILCTEIRZBD Lighb &, LEI d L ORRE
AEL, 2.2. 11~14 R CHALELERKLL
Zh, WIhd X —FKLi, Efd Table 3.1.1
1”3 No. 1~8 DEBMEBRAHEA L, rO&E.
@4 Nof

4

\
|

/ T o L (W)
2] i —

—d (on{)o z o

Fig. 2.2.13

Fig. 2.2.12~15 Edge effect filEX DK
Check of equation for correct the edge effect
—Calculated value. Electrod No. is Fig. 12—No. 7, Fig. 13—No. 1,
Fig. 14—No. 4, Fig. 15—No. 5.
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L:’),-E s Fig. 2.2.15
j T B ERTEL, FORKEEY Fig. 2. 2. 12~15 4]
| Tt 5, v Fig. 2.2.12 1% 3.1 ©DORBILEREKIC X
; 4
—d(m

HEE A IOTHEINLDIDTHS, Fi, B/
= (Fig. 2. 2. 15) OEREIFHMEL Y& &EH
Gty CHUEETAMER SOt b DR H Uik L HEESh S,
2.3 BED air gap OFE

%nﬁzﬁﬁkxﬁ&ué&1%@%2$&M%T5% edge effect ¥ » HICREDOAKETRFER L
ké%@m%ﬁk*ﬁtmﬁﬁbmmtbmibbmr@pﬁﬁgﬂ&éo BRITE2CPFERCIED
h, ZLCFMREEESTH L LT, AMIER L OBMECES T, TARFETRL, P
FRE T Ol THL, BELAMA LOBIZEFEREUETEREND S, ERENCIZZDX
S I BEHELRBECL Y DT TER L T2HE0 55, BRAETIIOL 5T LIXTER. K
HOETEE A IRFEETHHHERIL, TOPTEISIFATLTS, BBEOFZHEEA L TR
FLTHLZ LR LD, air gap 1324 LT Tiedt, RHMORENE L MMHH o), S50k
FREGRKELTH32B8EIBEK L AMREI air gap B4FIV2TL 5, BERIAMHICES L
TWABERIE, FAERZIVAELTIUEIhILA581T, BEBREPS O OBEOYIIGKMETH
Bhb, PHICHFBRMFUEINDH, air gap BELD L, KD b OXRROKE L air gap DFE
EREINCIR VO T—HECRUEINDDT, ERTENRVREXELDZ LD,

W%, Fig. 2. 3. 1 K#\-C, L TABEOEMY d WOBS% du air gap OEZ% d—du=d
L, AMBIVCEZOFERE LOBRELNTH Eu, &,

Fig. 2.2.14

Cus Ca EHHUE, AMBIVESREZEDLEAE C A
- Cnc-w /
Cogiole i 2.3.1 §<:j LL
ThY, LESAOTIOHBAOEBEAER € 13, ll
& _  Eafw
T T Fadetend, T 2.3.2
J Flg. 2.3.1
Lo ol a-1emle, B L B 2 OMIC BT ¥ 03 b BB A
Schematic diagram of test capacit~r
e &g+ 2.3.3 with an gap between dielectric
X+ Ew

medium and plate of electrode
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ot LB TCh B, ZOBEFRYRAT B DI,
] }\ TR S A D du RET BIEEREE

t_

FEwC KRR, BRE No. 4 OIWEWT, d #L

M ‘ RECRER LD, & & d ZRELE, WEC

-~ —cmaapmne—
7 T 1 2 2.2 OBALARBEELRL, RE0O%
‘W 21 . T
= % |  mEiscREct bg,  ETEEO FRE T

L ___,“-//F‘_'!
] X5 B DELMEOr, dit Fig. 3. 1. 4 ©
€ ;" e ( micrometer 2 X Y 1/100 mm F CTRHECHE L
a 4d=1%

'z o d=3i teo PIEI N € &, x 2 DOBFR%Y Fig. 2. 3. 2
j TRt, HEI LY, x=co~40 EFTIL 1T

o T, ® % = BLAYBERLRITVD, BroRd, Thbb
Fig. 2.3.2 ZEJF&i aiﬂu%smﬁ?zﬁw%% air gap DOFIMTHEVCRWIC & WO THIR 1
e e ) o o) 5. BUNCHMCR 10, 4t 01 806
dielectric constant & (Buna, electrode No. 4, K &y L T2.3.3RIVEHELL ¢ DETD
——calculated value, ....actual value) B FHEME L EREI S O X O A
IO x OREVHE, THbLEEMRE d O/NIVBRITZE-KT 52, LoffuikE {Eh T
Do ZHUX d REDTKRESELT BME Tiebb edge effect DEBRTHS 5 Z LB HICEBR I
5o HEDBRE, MOz edge effect, TiehbbBEKINIBROSMOBEL, RHBHOHZLEL DT
s, BEOBRIZESBLAMBLYBUTC Fig. 2. 2.1 2L ¥ do=0 DBALIZ LA LRABOS
FeTHbOLBEINS,

LA O CTERCHIEINHEERY & ¢ T5H28 L, 2.2.11 R XD,

s=€a/[l+%{0.165+1.2010g(1+—1i—d }] .................... 2.3.4

EDT e kDb hTinbiny, Fig. 2. 3. 2 OFEFRES 2.3.4 RCIOTHELR € &, d=dw
DEED & MhHAR € Ticbb & KD, 2.3.3 RLLVZFRFID v KR LTEMLE € 1%
R L&RY Fig. 2. 3. 3 €FR T LR EZhDOEIORHIIERERS LORBELSVENRS DD, &
1% 3.18~3.24 ODHEAR DD T, LTDEIVNINDIDT, FHEMEIL &» OFBER L OTKRDID D
ThbH, EERRET X FHEME - L,

F#EDERL Table 3.1.1 DB No. 1, 2, 3, 4, 5 HL L DT DRA, WThd RBEOEEN
Abhi, Fig. 2. 3. 4 KHBER No. 1 X BHERAETT,

2.3.3 ﬁﬁﬂb%“oﬁ;?‘;l 51, air gap DEEUT €w BRI RDBEBEKRELDB, 2 & & L DBERY
2.3.3 R LOT & FlILFmRIE, Fig. 2.3. 5 DT 7c5, x NBELLKEZVHBE, Tihbb air gap
RhHTHTHEHEEIL, €1X v LIFLAYELL, air gap OBBIIME KD o2, & 23K
BB LN, FA—D x TR NTD & & &y DEIFKREL Y, air gap DEBNTLHELE
2T Einbin{ 7D TL %, Fig. 2. 3. 6 1 & T 5 &€ OBFREEAD x DB OWTRL
b DTHBN, RPARTRLEDE (6w—8) X100/8,=0 LI\ ok XDEER ¢ ¥ RTERBT,
x OFNR ¢=0, Tighb =& ODHFBRHLEZNY, b ¢ OEXTTHREBL B4, Thb
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BHEE It € OEH air gap KT 57
BRERe OFFANIT =6, L LTHIERL
CFALS 282 RT, - OREL, R
LHLAE L SRERREVDT, &w 2K
&<, L2d air gap 3 3BT
2.3.3 AR LY HEL WML 2LERD B, £
B X EBIIRECE Lo bh b o cls
FRRFOLETH IO T—BIREL DT
Xigl, Lo Tx RBES DR eh e
MEE COER, -t 2 IHECERT33
DiXEOMME, BEBOEATRLCISHD
ER L AR D TEHMOTEBA D
MFEE% do L LCHETS L air gap
WX BRETBRCRA2b 52 Linin b,
RZDX5RLTRDLMEDK 2 5L LTHE
ELTELXLE . WOKE XS HBE
X, BRIMEOMDILTRAREY do &
LR EER THIDELHCRIEL T 5 2 28
T&D, ¥, LLizEvr—yv2rnxs
, —EBIEOEFENE REHET 5%

x

oD >

0 10 20 30 20 0
Fig. 2.3.3
& 1&Noi
| \
3| m
x d=W4T
a4 d=758
o d=351
IL | Jt
‘o 10 0, ‘ 30 40 50 3
Fig. 2.3.4

Fig. 2.3.3~4 287 ¥ ¥ X' edge effect DFHEROKET
Check of equation for correct the air gap effect and
edge effect (Comparison of calculated value with

actual value)

" / ) . 4
14 —— =
w"i wfwj"? /‘j 4 1 ol
12
// ew=0 "
; / // /; |
]
/2 1
]
| W
€ / ‘/// £w=5
14 ;/ Eo=4——
2 /4 : ‘:9
% 3 10 B as® K E] 3B 40

Fig. 2.3.5 ZEf &t JUEIhicHFEER L OBR
Calculated diagram of measured dielectric constant (&) for dielectric constant of
wood (&) and air gap ratio (x)
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<¥o03 EARNOS.

5 2
® o2
i |
4 ¥
€ ,"’ 2 &\\
. 10 20\\\
2 Q;*--ﬁ
; R - T )
! & 3w K 1 13 —— d=dw tda
Fig. 2.3.6 ZJF XX 5HFEROBRER Fig. 2.3.7
Error due to air gap at measurement BB XBY L S BAORIE
of dielectric constant Measurement of dielectric constant
(¢=(Ew—8) /8w X100, x=dw/d.) of woods with air gap between each

board (Kusunoki, electrode No. 8)
BRDIZDL S IeBREFIA L THIET 522 23 TE %,

DA R 3k L BBOBMEOMICE LD ERFET BHAC OV TTH S, BROMHELED
B O TRIEIFAT 588, T2 LIRS NI E & ORI 2 AL BEOMICI S ATED
BREBEMCEZERXLICVBRREC OV TR AR OR S Z L3 T& S, Fig. 2. 3. 7 13hT 5%
%E A BB No. 8 IRXVERX 6.5mm D7 AEMIKEPEFELFVTEREGHYE, EHRCKEL
TERBE B A LB IR, ROMBEELEL T & 2AE LB THS, Fig. 2.3.5 hHdH b
X e, WOMRAHALL e 3o TRIEHEC KT 2 HRELOEEIFEI L, SXKRELOBEDLR
BHEBND, CDX5EHFTIIMEShL &0 PEHETE, —EOMTXrE}5 & OED LB
LEBESKRYMBD HRERALLEARFOZ 5 THDH, L LABOEKERLE VB WBEIZEX
EAEOTH ST LA LB LR KB DOTHUENREC /L 5H D, 0K 5 hHELEKROE B
BRBNTCHAIBZRETHS S,

KIC—EOMIE d R OBERICERDOE I DARHHEA SN 5HE—Z IRR Ofh TRPi
5 ERBEOBEECD bbh B R—KDNWTORE, MELBREROEES dy L LIt ¥, &
TOBM tade KEFHOE LT, Aduw/du=y LEE, ¥t du/d=2z k3T 2.3.2 Ri% Adw=0
DL X,
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Ew
D = U .
2+ (1—2)&w ’ 2.3.5
LD,
&z
= o i ittt ctcateatcencenaeansaaeeale .
R gy 2:3.6

WE, du 2 Adw BETHEMERIBD LICBEDORNTD e % ¢ L L, Zhhb ady #EELT
E,'—H ‘éi’tt Ew 75.’ gw' kThbf,

’ E‘u/ .
L w2 .
sw_(sw_l)(].:‘:y)z 2 3 7
&'z 1
Euw' = et ttierestenerens 2.3.8
- 1-&'(1-2) (1
1-(1 E)(1iy)
zhib,
1 ——61,
’1” el =5 N 2.3.9
]_____
Ew

L, HOBEIOECD LI FERAECORER, BEMHR FIOCEBUERLROEI LOLL
TEBRIE, WOEIDHRER »y KRIDOTEXEINBZ Lbnb, ZODOE edge effect DEEIT, &

d &' K%ﬂitk&'ﬁﬁ?‘;%@%%i'u\éb’é,4@ . Py
BB LNTESD, / /

Fig. 2. 3. 8 I, & XT3 & DfE%X ¥ H 2~10 s / [y=-a02
% DEENTE LB o CTRRT S, b / // /'//,ﬁ-w,
BbhieX S, ¥ 1% XY P BEOHAIL 6 / 7 [
fwmts LRIRLTHRERBEREL . LALK / -

HWRHROEZX 251, BHC XY —ETRVWAER T € 7

1~5%M, RITCIL 3% BE® ThHhb, COL5% |t

EEL —RORBRACTTATEZ &1k &0 OEBNZ

WA DRAIRETE L Bbis, K
73, BEA air gap TR, OB ELNL Fig. 2.3.8

g ] N s EIDRERLPEINHFERDORE
TRMCERT 2 MEOBRLFIRT3HAIHEL DL Relation between error ratio of sample

B2, DX HBAEIE 2.3.2 RD & Db Hic thickness and error of measured dielectric
HRIKOFER & %, do Ofth ) ICKBROES d; constant
AWV, difldu=1/x &< &, R 2.3.3 AR,

e=fw&GH+D) . 2.3.10
Ei X+ Ew

CXDOT €& BRDBZ ENTE B,
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3.  AMoOFERLEKKLOMMEK

AMIREN LB THECHIVPXRARBTFE2HETHHFEBEVE CHOTEBARBERCE I D L5
Br 3, ARCKIAENCEBEYE CHOTRRICSEET 52, TOMBOBREYRTHER
BAMEEOENIC BRTELLE V. LESDTRMIE KRNI B o TE DRI OFE
REMINT %, Z OWMOBTIIARRILENBMI S D THBRELEN, KMV EREELE T 52D
2, ZOMHEEOVHARCLIOTHZDHIRESENT S, EECAMOFERLHEET 5 7cdIT
12, AKRKLUSNCAH OFERLEHER HEFICOWTEORELRT LTEIRIEEDRNOT, ¥
BEIAMOFBERE EKEKL OBRERF T2 H), 3, UTIRORS X5 CAMOFERCEE
AR IETHERTIHESIOERFATLHS 5 LEL TREEMLBZ L L Lic, EbRZhHOR
FEREBRCONTARAMOFER L 4KE L OBRERF LABREORBZ L L T5, Ik, FARCER
LREOSZWRERT ORI W THRE LRI . '

3.1 AEREL LCREE
FERCAGCHEERONEER L 2 BE

u
% Y |t THOT, £0 1ot R O RE RS
: & - BT B b 0T, MEEBEERLAE L

G_E_LJ %QJE“ = i1 ERBSRC Lok D TH B,
T__T] 7 T M Fig. 3.1.1 0 FEBMRTH
i y t +8 L %5 HZE® V 3R L L, TELER
Fig. 3.1.1 JEHEE A OHE Cun, WEHER C, & & HITHEA condenser

Circuit of measuring apparatus A used in this study C. % UCHRIBEE AR LB, LC
[EI3& D FEIRPIE £ 13,

Fee 3.1.1

| oo
TEEDHD, L=, [f—EThiuX C IAHCRDBZ LA TES, ZOEBETIE, RRHBHO—
BANORHEBICE D 2 Sh, Eiftd: S TERINT meter M IRHE 5%, ERX 1 MC DFE
FRBB R OKMH ¢ CERSRTH50T M i3 LC MBEORRABEESD X 5 & 1 MC itk
LEDHZHULL SN D, TOXSRLTRDLNL C DfEI,

C=CotCmtCo  eerrririnaaeiiiiiiiiiiiinnnn... 3.1.2
ThHMD, Co PBELLIL ¥ Cu IKXDOTHABL LT,
Coz—=Cat=Cmi—Cma  eevreeiii i 3.1.3
WE, HFR—ELL Co ML Cu —El P KEELT C CTRAFAY & o THTEEL,
Cor=(P+Ce)=Cma «evrrrrineeniiiniiiianannnn., 3.1.4

Lish, BBOBRE Cuid, Cn DHBR ECEHERTIN S, Cun 34SHCHT INEBRLAEES
RTHOTC, RAE 1,2000f (EE £151), 1205f (EE £0.251), 12pf (REE +£0.02p) Db
ZEABNCR U TR LTEM L, OBBRBEEER S X OEERLCH LTIX, 80~110 V Of
BNk X KB OREM TR A DEENRD bikhofe, COEEREER A L35,
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EBE A MREIFERCHEACIERN T T v
30, REOSMWFTUEFHAHE VEL LD |
rEEOCL, & KOS L ! ’
Bk ' Fxﬁ?ﬁﬁ ?%@ R i % e L q’rj_{ -
NI OEESEMUTEEYELSHOT, & ; 7] e Tes Cx
| i
|
Cc

b, WIFIEHTH 2, ERAERC IS
%E (Fig.3.1. 2) #@AZTT A 108 |
U, chasB B £35, B ali@mco | _%—______l *

ANlek i, RBOFMLFIEG L, FML Fig. 3.1.2 JIEHEE B O
. . B . . d
FIBR L 2 Sl LCHIET B & 2 5T Circuit of measuring apparatus B used in this study

&%,

Fig. 3. L. 2 ©RWTC, KR DEDKS A i3~ — b vA FRC L ZREME T, KA ¢ LD
1 MC DEBEKTHRIET S, ZOREEEIL L, Li ik ABRHOEOE 1FARERK B LEALTH
%, AFAEK B, C 3 XVOFDHFH Co, Ca, Co, Coy v EDEEREC DWW TIXT TR ORI LE D THS
Py BIOCol3EaDEDS D LTRATFEICHER I TE Y, 7 ZR(CKBEESEER TEHUE 21.2 0,
27.30, 63.4Q, 153.3 0, 352.00 D3 D%, Co 135 % = AEREEERT, AR 1.8pf, 4.6pf D
Dk BIICIE U TR UTHA L, Co R27E 600f, KK £0.05pf OWEHERLEECHARL
ATHER LI, BREBS, BREEYEBCEOLDEEEERBE 248 AV, ¥, BRES, WA
BHAETHE Y — 1 F L CHENEROCREORALZITh B, ERER [, ORMES D i 50,4
DRETERZERT M AW, SHLEAALORIE, BERFEBCHERLELT =0 L
#, M rWFlicER Ll 7x107° A fiEsHRIE G kil viBz, T|REK I B L& Ui, L
THIEBEIELLmLELA,

ZDEBI I DOTEER Co Re #WETHEHI0TUL, B Hh UdRINE KB ERT i s E
B XOE LR R ESE BRI Rt D 2vb v I
BELCEBEERREL, H2eWli, ¥, HRZ
HESHUBEERERYHEA LT, BEEEBHOLEYNIE
Lz, BECOWTD, HHNOBRENLESTEVD
2 [UBOEBIRLRILADI,

FRECRNTUL, BELNELETHERE LU0
B35 2 L K BREEHORAT BRI DL 5EBICE
LTiE, #E B AV, TOMOHEIITEREEHHE
THHABO FITC #H LB A VB LEL
toe .

MEEL S, SORBELYETIWECHEL TS, #
FIESBOEREEBRER 1000/, HERKE 0.01
pf DY OREBICWINCHERE LT Co i Cs i
2 THERFT D1,

Fig. 3.1.3 / F¥ARE®K
BRI, BEREZZTHRL > DTHADOLDL L, R¥FHE Calipers type electrode used in this study
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Table 3.1.1 E#REBBROBR LK

The electrode plates used in this investigation

Eil. BRITRCESEE FE2VPERMLEERS, =
FA1BAvFEBLTHS,

2. BER No.7 BRIV 8 DEMERIICEREL » BHE

dmmPTOKEL, KEIBIVCEBIEEEYRT.

1. The plate were made of brass, the faces were

R e |y ommom |k
No. Form Dimention Area Thickness
cm? mm
Mo . mm|
1 Disk Diameter 60 28.3 3
I 2 ” Diameter 30 7.1 3:
— O mm  mm
6 3 Rootangle | 86-8%130.4  113.2 3
4 ” 43.4X 65.2 28.3 3
j M |
5 ” 21.7X 32.6 7.1 3
6 ” 30.0X 50.0 15.0 3
7 4 84.0X204.0 171.4 3
8 7 44,0X 64.0 28.1 3

[ _ ] finished flatly and nickel-plated.
2. The earth plate No, 7 or No, 8 is larger 4 mm
Fig. 3.14 =A4 7 rvx—2—-REBE than another plate at the edges. The dimention
Micrometer type electrode used in and area in the table shwo the average value of
this study two plates.

BB OE IR 1/10mm ¥ CTHDD /7 FAHRK Licb o (Fig. 3. 1. 3) &, 1/100mm ¥ TFHD 3
~f7er—2 R LibD (Fig. 3. 1. 4) O2@EYHEFL, EIOEVWHESENET HE
CIRE R, ESOMW-RE S IR I R EECET 5L EO L 2B BELEA L, B
i Table 3. 1. 1 AT 8EWHO O AV, BRIIEEZXFFPNCIEE Lich, +BIIRE
ESrLT RHOECHKEEETLILIOICLTHS,

3pHL, Table 3. 1. 2 RT 39 OBMBELMHEA LA, H7KEIL 20°C kT 95~30% DOEHED
BREEY —~ECRFT 2 EREBECEMMER LD, F&id, MgCl, NH.NO, NaCl, KC],
KNOs DffIkE#s L8 CaCla # AN T vy — 2 — i BAHRIER Lz d o AV, HakRoR
BHE, EMEREN L OKSEBOD E Db Ok, SUKORBHNIRb L 7 v — & — K&k Licsh
EBL, HERY 7 TRELT bxRBRK L oo RBICH B b OB MM Lo, ZHRREDOP D
ERBTHHBCL, FRROBVHBAIZENCKE, T DA D b O ERESFPICRT, I LD 40°C,
EREENED THDHIX 60°C TEE LMD, TOBRBEE W THEDODLMIKL, Fvr—%—h
CTBHT 0 FOTHELT/Lolk, BEREEKE, HEZOMOWERTRT JIS Z 2101~2102 i
Lot ¥, HESLRRACHE, BB T5EhobsHA, NELERBEREMC X >T
BB UL AR,

3.2 BREOXE

FEETIC L OTEOBESKNR moment 2 BT H0C, LTOFERILUARREOHBLZTTE
LT3 THB, TTRONL IR, FEEDOH/EIABACHT 52 LA TEER, BEREES
EEWTR, REBEF/BEOEENXENTD S,
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Table 3.1.2

R B E £ - B %

The common and scientific names of the tree species producing the woods used in

this investigation

Scientific name

%
Common name
£ 3 Momi
FF=Y Todomatsu
HhT =Y Karamatsu
P e Tohi
== Ezomatsu
TA=Y Akamatsu
v H Tsuga
AF Sugi
Ty ¥ <F Koyamaki
e/ ¥ Hinoki
T A>T wm Asunaro
~V I F Hannoki
IR Mizume
<Hh v Makanba
THE Asada
A7 F Shiinoki
77 Buna
IXF7 Mizunara
7 AF Kunugi
T A Akagashi
vFAY Shirakashi
AFA T Ichiigashi
=V Harunire
Y=<V Yamaguwa
HhY T Katsura
A F Honoki
V-V Kusunoki
277 % Tabunoki
AR F Isunoki
Y=¥77 Yamazakura

b w~/ F & Hirohanokihada
A XY Hh=5F Itayakaede

bFF Tochinoki

VI F Shinanoki
~YFY Harigiri

Y& e Yachidamo
2,37 + %Y = Kobanotoneriko
D Shioji

* Kiri

Abies firma S. et Z.

Abies sachalinensis MASTERS

Larix leptolepis GorboN

Picea jezoensis Carr. var. hondoensis REHD.
Picea jezoensis CARR.

Pinus densiflora S. et Z.

Tsuga Sieboldii CARR.

Cryptomeria japonica D. Don
Sciadopitys verticillata S. et Z.
Chamaecyparis obtusa S. et Z. ap. EnpL.
Thujopsis dolabrata S. et Z.

Alnus japonica STEUD.

Betula grossa S. et Z.

Betula Maximowicziana ReGEL

Ostrya japonica SARGENT

Castanopsis cuspidata SCHOTTKY

Fagus crenata BLUME

{Quercus mongolica FISCHER. var. grosseserrvata
Reup. et WiLs.

Quercus acutissima CARR.

Quercus acuta THUNB.

Quercus myrsinaefolia OERST.

Quercus gilva BLUME

Ulnus Davidiana PLANCH. var japonica NAKAI
Morus bombycis Koipz.

Cercidiphyllum japonicum S. et Z.

Magnolia obovata THUNB.

Cinnamomum Camphora SIEB.

Machilus Thunbergii S. et Z.

Distylium racemosum S. et Z.

Prunus Jamasakura S. ex Koipz.

{Phellodendron amurense Rupr. var. sachalinense
Fr. ScuM.

Acer Mono Maxim,

Aesculus turbinata BLUME

Tilia japonica SIMONKAI

Kalopanax septemlobus Koipz.

Fraxinus mandshurica Rur. var. japonica Maxim.
Fraxinus Sieboldiana BLuME

Fraxinus Spaethiana LINGELSH.

Paulownia tomentosa STEUD.

Desey® %, HEESTOSFABIENBEECHLFATLE L E2EB L, TihbbZ OBAREN
WINTAZ L WV FERIBATHZ LInieB, LisLohid Desey BHEIHELMIKLTWHZ LS,
SFOREKREENERINSBACE T TH B, AMCRLS, BT TIFERCK IETR
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EOMEIEMET, BRCIVEFTIIEOREREE DT 508, KDL EEMEEL DD
WREEK LTS TR S bERNENTETR 5 2 Ll EbdTRETH 5,

A OFBRCHT HREOHECOWTULE L EOHRITES b2, BE®L5:, Kit
DHFBEROBEREL, FRARKBECB N ThL IV RELEDNEL LD LI TS, LBLIDLIIRK
ERERT, KOFERCHTHREREL OB LTHEZR VLD TH%, A.R. Von Hirrer
& A.G.H. DTz 32 2BAMICECTED, &§KE6% ORHICE W TEHETEDOEERRERWIELT
WHAYY, RERHEAH LA TR, FLEMAERILERKSED S5\ LT EOFEROREREIC
LTI THB, T, HEDLIREKR 2~14% OHFN CERMCEDRERELRD T\ 5,
BEIX, FERHRC Lo TRMOEKELIET HEE,
RE X TOFBERCHETIBELFANDLD, e/ FBIT
TR RV TROERY T, Fig. 3. 2. 1 ©R\Ta
HEEKE, biXarhihoTEREK XORE AL HEHRM
C, IEES 7 ARV LTH Y, BERHNBELBEETES,
11 bD&Hic Fig. 3. 1. 1 KR LEBBRIRERYIR D O
dDT=A4 7 rr—2—FHdICX D SHIONEH» L ERE
fcrw LT LTRE LDOTHBET, Sk T LEBER
MEbOFIITVY, bE—@HREDIICEFLTHS, c
¥, bDLHLRILDOTHBEMTIE, b LS LICBERER
s XORERGEH, ERNEOLDOBRELHATBIDIC
ETFONLBRHTTH %,

\\\ﬁ_ THEEEEB, B No. 4, 5 2L, REHZEKER—

5 TEC T Ui b 0% T & T RAIC H B O oo W

WER 2 L, BEIORILHIEEEDOS O, X UHRE

Fig. 3.2.1 BEOEEOWEEE )
Measuring apparatus of temperature Y BEBMICERICERE L, RALERL LI E=—1TF
e Inluing vr UL B S A TR A T LA ) R 0K
support of air box e ERPHE, EREPCEEL, MEKEOREYRAIC LS
BLDEND, TOFBRLUUE L. WEIHADOREY D HRE F TEAL LD, RROREC
SIXCDPEICET B4 L BN AR (W 1RHD ZoRECRL, TOBRTHERLWEL,
LOREBEEAZEVIRL Lz, ARCHBRE C=—17 -7 TEARLOXEBEDO LB HE S
TOBLTRE, LOERBLEE AR EMRFLFIH L CERIE Lich, EEOBNIEHDT
HITNT, BYOSGHELEKEK0.5% IR LIh DN, i, BB IVEBEY €= - L TEAR
THOHEABROHE ML, RBORGVIREBTEREY = -1 7 — 7 TaEL, WEIhCEEY, Rbtico
WTHEINCBFRENDE LT, 7k, ZOMLEbDTELTHY, ok 5REEAD

HELIELALRDRIah0t,

b/ AT HREDHKEREY Fig. 3. 2. 2~3 &R T, AIEINIEE C. 3PLIRBEED LR
FEOTHIML T2, Fh, ZOMEEINZLALERNID S VTHLTHCEYRNTHS X HcBbh
b, 2D Co b € ZHMT B L, Fig. 3.2.4~5 027 bh, RAHEEORIICEXRREE ICHED
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®F THENQS
100 unxE
Fig3.2-2
@ 9 vos e Nod et
2 gop— L e
d=49¢") . . Lo
15| 60l
10 d=1000™" . Ao d=10™ RO I e
E50e by nt iy AR AR R A A sn St P
G G .
y d=20™" I N
: - o=
9 3 30 20 50 3 70 R a— 30 ) 50 B0 0
—-to ——teo
Fig. 3.2.2 Fig. 3.2.3

Fig. 3.2.2~3 ZAENEE LRE L OBEMRK

Relation between capacitance of wood and wood temperature (Hinoki, electrode No. 4 and 5)

n o3 u=Ir0~1q0% THENaS

t03 U=113~115% AMNa4
i -
4
. . 4 |d=20em
. —— " d=10cm
. - . / v
€ et . deo 4 /
d=10
l x d=20 i]"‘" /
3
10 2 30 20 50 60 T0
—t 0 AL il L
B 20 tm'% 0 50 ® 70
Fig. 3.2.4 Fig. 3.2.5

Fig. 3.2.4~5 FHEERLEE L OBR

Variation in dielectric constant of wood with temperature (Hinoki, electrode No. 4 and 5)

EHTFDENRD DD EVAEMECIIEN D HH, KEM, RN ThEN O TIIH b Rk R %
ALTW5,

FERLEE L OBFRR L LTXEA Db 02554, —RC,
En=Enta(ti—t) FBEi—10)? o 3.2.1
HBHWIL,
En==8&o{l+a(to—t1)+B(fo—tD)} it 3.2.2
D X5 HEBEERANR I AVLRE, ZhHLORIVTHIEKEROBREMEC AV S & RRRER
K Thb, 1L &y & XFNEN o, 1°C BT HHFER, o, B (NRERKT, LERIVEER

BEDERED, W EF, 3.2.2 R L O T Fig. 3.2.4 OWEHERLD &/ FHCH T HEERBEZRD
THhB L, [FEHTE,

@=—1.37x10"% B=—7.7%x10"°
L5,
Fig. 3. 2. 6 ©RT 7 FHOEBRERI DI,
@=-2.24x10"%, B=—3.65x10"°
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*g U=N3~14 ¥ Wikhd
x » U=10% e ngs
X // l E
= I d=20m .
4
) /l/ /
‘ /’4 . d H)U‘
e xd 3
i |
3% 20 E] %0 % C— o R ml 3% % % )
— Wt o —1c0
Fig. 3.2.6 Fig. 3.2.7

Fig. 3.2.6~7 BHERLEE » OBIR
Variation in dielectric constant of wood with temperature (Buna, electrode No. 4 and 5)
Lith, ERESPRCBD, e/ *HOBPFLIZLALA—DEAYTET,
R, SERMORERBIZIAC 3.2.2 Ricw LTe ~ +# (Fig. 3. 2. 5) T,
@=—9.45%X10"3%, B=1.26x10"*
7+# (Fig. 3. 2. 7) T,
@=-9.0X10"% £=1.09X10"*
Lich, BIXIEDEY L 2D TRE LHEXRL OBRHMBILII LD LAMEAKCS 52, BENEL k3
LW TREEAR 20X Sicied, & OFEMIEERRT 47 ¢ vIKERICH LTRD bR L 5
PL T2, e/ FMBIVTFHOMKOBED ¢, 8 ODENIZLALA—THEE L bR TiL
TRILIEFERER o ROBERBUT Wymanw®™ X5 & @=4.6X10"% B8=8.8X10"° ThHB I Lhb¥E
ZHbEDHE, BLL RS OREGE THRES LAT 2 oh CHRERSHINT 5 HA%H T 54K
agns  TENS SER, KSRAETEI LRI DB TRERLRTC

-

. el wich, SRREBCEV TRBERKOEERKRE LB THE
rd ' AFREHCFUORERL R T X 515 b 0 2 Bhbh
4 /’/? o
2 AMBERORBEC X BEAILER, LD L 5 e Hki
3 ’{/‘" : e MEBBOTHY, 10°C OBRHLTH % kT ¥,
| T mkoBaT 10% B L, ERESEORERSK
ez MEBDTAE <, BEA 10°CHMT 5 LEHEL 12 &
I CBORERUTIC BT 500 & e B g, BERO
R X 58811 10~80°C DEEANTIT, KA S ER
0 PP 75 T TAMBEILWIXIBbhs, BT5 k5, EENE
Fig. 3.2.8 60°C % X 0% 100°C COEAE T 5 EREOHEIIN I Y RKEVDT, KHOBER
CRTHHEBROUE AT HBEEABIBRCESL LR TH3EAIE, B
Effect of drying temperature to dielectric L
RS W L ABIEIBA LT 53 DCHS 5, Fig. 3.

(Mizunara, electrode No. 8, 8 Dielectric 5 g i© 60°C X T% 100°C DERERI ROl 4 I L
constant of wood, #: Moisture

content of wood) Te 3 XF 54 (75 mm X 95 mm X 8.5 mm) DHFBRAEERE
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BTEHROF FUE LHEELR LD, BEOHER X sAAICEOZIFCRD b, kD
HBHIA—S L VM Licdb 0 EACKEBE L, KB PERBICE LICD DTH O,

BB, UEoRTZEL, AHOFBRI—BRCEEOHELRT S L2, SXKRAEC

B U CRE&EAMEC L 2B ERERC N THAITS S v 2 & 5,
3.3 AEHROXE

Kbt OFEEE ORFGFEE LTRSS ROMENTIbh Tk ), TOoRFEORERL, 55kt
DEEBBERIMIREFIBRIC S 5 & 3, H5 iz offaEfofifE ORI S LEL LR,
WERERILE . REOBBRCE LTS, TOERSAOEEC OV ULET OMEL T iobi T
BT EIR )

Skaar 1% 2 MC & 15 MC R HWED D, AHOFBRIIERGTE LGS AL —FHe Ldlr
FREL, BHELEAFROLZENIWE 22O, ZORRRMIEES OWMHERES R R R SR
AR LTCwBHed, £0-OHEDBVIBThiciEET 5KSTFORE L BEARMARICESWTLD
BHTHAZ LR IBELTLBY,

Kroner % Buche, Fichte, Eiche OFBEROAIEMASEO FEBUC O\ C, MHMEHROFERIIM
DHECHLE L AKX, BicEANR T3, Fichte B3BHEA>YIRF AT, MiTHESHR<
BHBTHANAKEREI R E LY, £DEs, MAD, IWWERS, /EY, dFE® B, ThTha
EX¥H=T, e/ FBIVFT, YF/F, e/ FEONTEDIHAOHFBRELFUE L U5, il
FHAEETHHFBERIIMO 2 HFHEO S D X D HYSE A, BHF AR XOYTRGRICOVTL, BiEOH
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Relation between dielectric constant of cell wall substance and its moisture content

a K &
Moisture content 0 5 7 10 15 20 25 28
%
Er 4.8 7.6 9.3 11.2 15.1 (20.6) | (27.9) | (33.6)
I3 0.485 | 0.572| 0.762| 0.780 | 0.820 — — —

( ) Show calculated value.
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13, BRRNEIERERTFRCLIBEERGTACTIBFL TH D2, A 2bOPEEKENERIN DS
BRI, AHONABHLHBOEKEL I EDTHETI2LEN DS, BERERLHTAITT CroZ s
X, ZRBEBEOLZBHDRHEWEXELRTIOTHE0b, AEGKROUETIIARMER I SHLE D
FCEBEHEAL H5VIENCRVGETREBEZITL ALY & 2399, HEv o, bbunik
FEEELETH, S LTHEBERHRL, BREEBRSAMPEZEET S Z L18 XD TR O#EL
DFEGEEBITREXNET 5D TH 500, KMBOKSFFHA—ERTL £ b, WADOKIIRE
EIECIERIERHEINDIET TH S, FKELSMLFERL OBRIC OV TOWBILELR DI Diow
2, COREHALICTHZ LIFERFAC IO TERBLAUERA L THBREERC L Th b,
WE, KHMOEZY d XEHOLER x OWHIBTZE5KE, FERLZhTh u, ¢ T35,
FHEKEK Uav 13,

__1 (¢
Unv =7 Soudx ................................ 4.4.1

TH Y, WOFAHEFIEIALRETREBRC I OTHEINSHFER &, 12 2.1.2~4 RiT XD,
4 _[eds

T e TE T 4.1.2

ik,
?Kb%,*ﬁﬁm&uwkﬂééOﬁﬁK£H5%EO%K$Oﬁﬁ¥ﬁT&EﬁEEmu%%ﬁﬁﬁ

BROFPNEHCHYT B, &n DX LTAMBRS D & OFMPHELRTH L 5 02D D DT

ROERE IO,
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RBLLTiie  *HTEES 1.9mm OBERETE « DEKECHE L, NECESKEOBFT LI
CEEKRBOBIRLZEEBE L TAE 6 ~8 BB L, MEILFETREBRTLDOT, LOHFER & &
m“ﬁ?éo _'ﬁ’ _'&:k.@’gg d’ k%%g &) BXhENAIE LTk E, %D%*ﬂqzj%@ & %,

o TRDI, nkkEr B, EFBIEL No. 4 #Hi,
Table 4.1.1  EXBORLIEFLERCHEOFER

Dielectric constants of veneer piles having differential moisture gradients

= Bt Sample|
A B C D E
Em'
1 2.58 2.65 2.60 2.80 3.65
2 4.77 5.42 7.00 5.71 5.28
3 15.2 13.2 14.8 28.2 75.4
HEIE S 4 22.0 16.5 81.5 80.4 i 75.7
Veneer No. 5 4.84 8.40 15.7 71.0 | 5.37
6 2.48 6.04 6.53 25.2 3.75
7 — 2.66 2.67 5.15 —
8 — — — 3.12 —
&p 4.55 5.14 5.84 6.96 6.37
Em 4.69 4.82 5.66 6.46 6.89
&, 8.65 7.84 17.17 27.70 29.70
BAHT D& KR EiFH
Range of moisture 8.5~85 9.8~45 9.4~218 11.2~215 1.7~204
content (%) of veneers

FO#ER%Y Table 4. 1. 1 kR$, Table 75*6@6#7‘;; 5 I BB I hic WABIROEKEE T
RV WBETHOREVEETY &n ik & LIZER—DOERTRL, & OEMTHME & LiX2R—%K
Licvse ¥t RMAOHAREREL, BEAKRDOLORMIT, EEHKEDLOXHMCEELT &
HHE LTINS, ERINEMEOHE L A—Thok, & & & OEICSIENSHOE, MR
KEOHERE) I L OCEREC S 2 8KEHRD 4 DHERECE SIS IDEEbNRS,

PER X b, KOEMDOSZHICHNTHEShS € 13, RPOZBIcET 2 ¢ ORMEBMETHD
HINDZ LW LELIRDRD, KOERDL HH T—RICEKBHEDOHNR L 72D S DI Ugv, T7r
bLRMEBOGKROERMFEBETH S, Lo TKSEBREOTE, TSN & 1 LHER
DORIBBBRAC IO THIERDHOND wn DED ter LELUTHZBECIPEEL ZOF ETFHTS
ZEDTEBD, Un & tew LOENELVHAIE, WEME v 2DERE tw 2052 LIRETH
%, &m OUED LR LTKSEMNNEATHBIEE Un & e EDEIKEILDTENTRINES,

R D ZHBRE sl 5 F7KKD 4L, HOEI L KRN BERED 22 25 hT w3,
SONNLEITHNER® [ X % &, T DFRAIT2KR~4KRDOBYBRATRINDD, —BRIC 2 KRDOBFELYRT
2%, HMHERMAUT TRIRT2RATRENRS, WE, BHEOLDICARM DEKRHMHA 2 K
OBHHRAETTIDLREL, MOEI%R d, HOEXIDOFRPADEKESY M HIHBOEKER
% Umin ETHUE, BIORRNE 2 OFEMHCKTHEKE u i,

U= Umaa— X ottt e e e e 4.1.4

rerel,  mm Almae ) g mtgie 55,
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L1ei 2T seo 1 4.1.1 KX D,

RS

u,,v=—1— g ( u,,,,w—mg—u—”ﬂxz) dx=l(2 umu.t+umin) .......... 4.1.5
d J, d* 3

)

COBSCEMUINDREIFAEBR & (1, WEYEIOHFARK N 5L TELE, BHEfRIRET©
¥, 3.5.9 R kb,

N
L P R 4.1.6
13]N 1
M[G-lou +1
i=1 2P ¢

FBEL, % 13 4.1.4 RR IO TRDODOLNBEEDOEKEKRTH D,
WAL E T, 3.5.15 Rk b,

Em= © heeeaseree 4.1.7

=N
E 54.75(u; —us)ro {1+ 1 }+ &
i=1

(1—:—:)(1+2.26 2 )

WEIDTRDDZEMNTE D,

EBERIX, FEEOAKKCHYTS ¢ Offiy, Fig. 3.5. 2 XV Fig. 3. 5. 30 »bAHIRDS
NBDT, KHDOLELE 0.3, 0.5 FXU 0.8 DHFHREONT, BrOKIEROEE, ThbbE
2D (Umaz—Umin) DBECONT, 4.1.5 RIZ LD Uao BRD, oo KHYT S FEROME 0w %
Fig. 3. 5. 2, Fig. 3. 5. 30 B3R, Fie 4.1.4 BILV 4.1.6~7 RIX HRA—DFED & ZHHL
T, MEZHETHIE Table 4. 1. 2 DT 7eh, OB (Unas—Unin) BRILDBE ttee THNT S
&n DBR% Table 4. 1. 2 OEIBLRRLTAH%B L Fig. 4. 1. 1 D22 7t%, B (Unae—tnin)
=0 DBANT b LASEF DR BE T, Fig.3. 5. 2, Fig. 3. 5. 30 KFRIND € L u O—fH

Table 4.1.2  KAEROFERAUZEC K LIETHE

Influence of moxsture gradient of wood to measured dielectric constant

_‘_ Umazx—Unin (/)
5 10 15 20 25 ! 30 35 40

Uma.r
[ 7o |- — e b — |~-—
(eg)l elzl’ e"& Ell'/ eﬂb Elll' ! 87", SILU é‘7)1» 8(!1) 87IL | E!lﬂ | Elll. sail E"L E(l‘ll i e?)L
' * l | ' f |
0.3! 2.53) 2.53 2.35/ 2.33 ‘ | : o | ‘

15 /0.5, 3.60| 3.60 3.35/ 3.30/" . i | |
0.8 5.20| 5.20) 4.80| 4.70 § _ ! i ,

0.3/ 3.20| 3.20 3.00| 2.95| 2.75 2.70 ; | \ \ ! ,

20 {[0.5 4.65| 4.65] 4.30| 4.25 3.90, 3.85 ! ; i - x l
0.8 6.80| 6.80 6.30 6.20 5.70| 5.55 ‘ | a A
0.3, 4.10| 4.10| 3.85( 3.75| 3.50, 3.40| 3.20| 3.10 A | i |

25 110.5} 6.05| 6.05 5.60 5.50| 5.10] 4.90| 4.70 4.45 ' ; ; i |
0.8/ 9.10| 9.10| 8.40 8.10| 7.50 7.20, 6.80| 6.30 i i !
0.3 5.30) 5.30| 4.90 4.90) 4.50] 4.50 4.10| 4.05| 3.90 3.65 ! ‘ 1 |

30 110.51 8.10| 8.10 7.30| 7.30| 6.70 6.7G 6.0 5.90| 5.60| 5.25 . ; ‘
0.811.8011.80/10.90/10.75/10.00. 9.80] 9.10; 8.80, 8.40 7.60 i -

0.3) 8.50| 8.50| 8.00 7.75| 7.40 7.20 6.70| 6.40 6.50 5.70| 6.00| 5. 15/ 5.30] 4.50 '

40 {(0.5/13.20/13.10[12.50/12.20111.50111.00/10.70| 9.80' 9.90 8.60 9.20 7.50' 8.10| 6. 60' ‘
0.8,20.80/20.70[19.5018.80/17.70/16.7016.00/14.70114.7012.9013.5011.3011.60; 9. 65| '
0.3/11.50/11.40/11.00{10.90/10.30/10.25} 9.90| 9.50 9.20| 8.65| 8. 80 7.80| 8.40 6.80 8.00'6.15

50 ]0.5/18.40]18.20/17.30|17.10|16.50/16. 20115.80/14.80/14.80 13.40|14.00,11.60/13. 2010. 40/12.50| 9.00
0.8‘29.0028.8’028.0027.20,26.20I25.30:24.8023.20"22.80‘21.5022.00‘18.20i20.50l15.70i19.50|13.75

| ! |
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Fig. 4.1.1 5 015
KAER D FERNUEMCE LT THE ——dmm)
Influence of moisture gradient of wood to Fig. 4.1.2 KOERID b BH DL KBHIE
measured dielectric constant Measurement of moisture contents of wood

boards having moisture gradient (Ezomatsu)
EBELTF b DTh B Gmermtmin) FREL et e et

B, ThbbKSERNZELIEY € L u O = -7"}Measurement with resistance type
%%ﬁ:?ﬁﬁﬁuﬁ%ﬁﬂ@f:v%ﬁ@%ﬁﬁ:l'oii.g qm(::i—sg;ll.;;::;rs.values with measured
Y, A—D sty TR LT &n PR FEIR, dielectric constants.

Lo TEKRREHERRICT S L 213, RpFOSKRIPRECERIND Z L Litd, T OEMIX
RENREVWEREBLREL, Tl BEEKEREVC BEE L K&V, SBERNAUTRE T,
(Umaz—Umin) DI 15~20% BEF TIUTEXEORAIENTE B2Y, (Umaz—Unin) BTHE LR
5L, R0 OEKRRIED tew £ D DI 00 TL B, MHERFIRE LTI, (Umaz—Umin) 5310
% DT THHEOREVCHRRCIHLHICEKRRIVLACHUE IR BERCTIKLDDT, KIEFMOIX
TR LWHE, BCHEKRECE VUL, +4Z0ARERE Ui hudin by, Zhid Table 4.
1L 1.0EENGLHALLTH S,

Fig. 4. 1. 2 &, SMHERMKUTCET 2 KMEROS M OB LT T, $RMT=Y <Y D 220
X105X16 mm DIRT, A, B 1 ZFAECHRBEIECOHKAES Lich D%, KFELKRLTH 90 B
BEL 2~ 4 AREAARIPCEC TR AL FRIEL, SORBRLEER SE>TREFCKE
L, HFRRIT 45°C TRAMUOE?: DERMOZRLTow,  KAMEFE bbb DT, C ik
AERDISMTH B WEDKIDOIRBHIIER LA THI Y, —EMRZ LicfBL L oTeEL
TERRSIRWE Lico RICRAITR LB, Rbtesho en 2%BALEE No. 7 THEL, &
D &n RRT 2 un Off%k Fig. 3. 5. 2 hbXRDIbDTHS, HWHDOEKRDOFSML KD LN
o um 213, ABOEGERD D IDTLIT—H L, RIE—KLTHH, KSEHOBBLLD
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bh T, HHCE L REBYH T3 EREAR KR ONEHES, ST ALE X 2T
WAL RSEMORBEZT TNV DL BT 5 L, KAEROSBHE, FERHFROTBIEF
ThHHZ bbb,
4.2 BRROMIC{E > ERBEAORA I I&

—RFBHEOBIMREL, TOESWERS: Fig. 4. 2. 1
(8) D2 & X SMULTHELE C, &, SMLIUES R. 2 DR L“
DUDTWBBDE LTERRINTV S, FERIZOHERE
C.'MbHEINBLDOTH SN, RIRHEC L OTERCHES 1
ha FEMEI HRBELZER T, Co R, OWFIEEK »RAX

(b) DX 5 sE Ce LIEH R OEFIEH & S = % 2 1BE Fig. 401

D Coe THBH, (2) ODRBEMTILRAEA vE—F VR Zo 12, REOFEMEE LT TSMEE
Schematic diagram showing the

Zo=-PeZr__ R, dielectrical properties of wood

ZetZr  1+jo CaRa Where R, is the parallel Resis-

Rz S Re

(@ b

: 2 tance, C, is the parallel capaci-
= = — JeCRe 42 tance, R, is the equivalent
1+w?C2R,? 1+w?C,iR,2 ance, Iie qulvV:
_ resistance, C. is the equivalent
(b) DBAE, ) capacitance.
—p.—: 1
Zb—Rc ]OJC¢ ................................ 4.2,2

ThbH, L e=2=%f T f RBEEEYTT,
Zo ¥ Zy NEHTH B IDIIT

Rz
L oit) R R R RN EE PR PP PSP ETRTRPPPRL 4.2.3
1 — ‘”CzRa:2
SO TG aRT e 4.2.4

Tl bisus,

NN
N

sl
24
el
1
s

2

10|
=
o

&
S
7
/
AT
I
g

\\\ Cr=2PF
0KQ 00K N ] H 1000KQ

Al o L D]

Fig. 4.2.2 R, OB(bici3+5 Ce & C. L OBk GHEME _
Relation between C. and C, for the variation of R, (Calculated value)
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LT,

ce=cz(1+ .............................. 4.2.5

FThbbREMTOER C. RRAEK—EOHE, EEOFR C. L DX 1/°C.R.S RTE{AEIH
BB, Re AAZVBAKILE DL Xb» TIE L, CoxCs AT LATE DS, Ratt
NECEAE Co RELTERLLWMEL RSB, WE [=1MC DBE C. TS Ce DENEDX
51t TBh% 4.2.5 RODIELTHDE, Fig 4. 2. 2 DZr i3, Rizdbs C. O d D
T RIREIRRC I\ C, SHEFIBHOMEL S 5 —EEUTIC /5 2 2L Ce OENFHEMTHI L ERL
Tb, *ok2iF Co=100pf DBAKIE R.=10k0 TS L R. OHENSLHRTL %, Fig.
4. 2. 313, ZHBEATKVCTHRBL L7 F SN B IARER L WFICE . OEYHE T 5 REENLY

P AN B L TEOBBEAIEOTHDH, 0L

4 ' ] | REAELIACSbbh W5, TibbER
TS DR IREO BB X O THERY

\ WEL L 5 27588, REOSMLFIRFIHE
=F T LAV EE, BBOC, LEAoT & 138
BIrdBmAUEINELWVER > B ENTE

8

I

—pgo 0

AT
T T R R sm»lo B S TAMOBFER, LN o> TLOHERRIR
Fig. 4-:3-2?@%4(:%:;5 C. DFAL SIRROBINT B Lo THEINT 5, —F
Variation in C, with value of R, (Buna) A OERBEEE S SKEOHENT 5O TH
W35 LAMOENT5, BPXEARMHSDBEL LEORKRL OB E, TORAREHOMED
WAAIE £ DT Co DWEMIERALICHE 70D, FhtOlbic, HRNEHICKET 5ERT /N
EEC _EORZEL LTURALTET, WENTNERCRLIBITRRE B, OBKRTEEIAMOERA
BEAOMER L OBEDOIDOTH Y, FXKELOMOERTIC X LOBREELTAIEHLNCT S
L Lic, WEEKEL LTRTNTB 2y, RBOFMIEFIEI R, L SMEFIHEAE C. Li5%
LRSHRE Lz, Z0BE, REOGREFEN R 1%,

TEED, 1RL A RBEOEHK (cm®), d 3RBDOEX (em) Th B,
ELVCERCIINUERE R 13, RAPOGREIEN Ro &, FhEWFIII-2REEH R &, Ro B
IO Rs LEIICIIVZEE & ERMEOBEMIEDIE R, Lt DARMBETHY,

_ RuR,
R. RG+R1,+R3 ................................ 4.2.7

L LUREN S D CTHDOGHEREHMEL R =ARv/d TRINZMETHBH, EECAMOFERL T
FAREEIC L >THET 2 BACWEMECEALTL 50 Re THOT Ro Tl FHEEICH
T Rv & Ry %AMET5Z LTV, BRAKOELIML Fig. 2. 2. 1 R Lk 5 iy
Y, RHOREYES S O2SHb S LIZEL DIt & &, FRORE CILRK OBE %72
DELDOTVHILEND, Riik Ro KL THSAE W EFHINE, ¥, R BHECOSD X5
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D NI D TEBCE UL, R 2z T 4.2.6 RICXOTRENS R kD, Zhimgw
YREAEEE EL THRT 2 2 & L,

A. BRBERICYET 3HERF

a) EXDEE L edge effect

R, OENFHRBOBEIOHENE L It 501, 4.2.6 RILIOTLHL1THS, BEEELA

ROBRHCHDOTUL, Ry XEIOHEIMCLAI L THINT2 L Bbhss, BEEKL D IREVRBK
HOTiL, FEROEE LA edge effect 2 TIN5, Fig. 4. 2. 4~5 ik Fig. 2. 2. 2~3 L[
—DOFB L ERIC X DTRD R DETHD, RFHIEBELAATHD, R, REIRKH L TERY
CHMT 50T, HAHIhi R OIES LIEBRICF IR T 52 &ik Fig. 2. 2. 2~3 LART
b5, Th, BEOWAORSY ¢, b, BEEAERY R L35, 4.2.7 Rid, '

Ro=R,+— GR'Rs

~R—,+abR /
2(a+b) °
¢ 0z & B
20| U=l45)
W o feetmy] U=0T5
[(TrdnV) (KIHIT X
(3
¢ Re~45| Uei32Z y
. Re=if] _U=155
[ N
Re=g' U=236 7
R R
[oz R:‘(;“ o I(} x . R;.:Zgl 'u=28%‘
I g U=l
@ —dam w0 — dam) 10
Fig. 4.2.4 BRE:RAKRKOECIT 2B 0 Fig. 4.2.5 B AXORNC KT 530
EI L ERBER L OBKR (e /%) BEILERBEERLOBK (F)
Variation of measured resistivity (R) Variation of measured resistivity (R)
with thickness of samples (d) they are with thickness of samples (d) they are
equal to the plate of electrode in size equal to the plate of electrode in size
(Hinoki) (Buna)

Where R.is the contact resistance, u is
moisture content.
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Fig. 4.2.6 RDIEHD ﬁ;@@ﬁﬁﬁ@iﬂuﬁfﬁ Fig. 4.2.7 BEXDOE(b & BATHEH & DEELR

s X Relation between measured resistivity
Influence of extention of board edge (1) (R) total resistance (R.), corrected
to measured resistivity (R) value of resistivity (R:) and thickness

@ —Katsura, O—Ezomatsu of sample board (d) (Buna)

tich, d RN0DE ¥ R;=R, L5BDT, Re & d LtOEHKEEND d=0 DL D R, Off, i
bbb R DEZRD TRPFL LI, R OEMBMEAFAL L TIX0 TH 50, SMEAMSLT Cie
KBOBPC ONTHRKLT%, Lirl, R OERESRTHYPNIWDOT, EEOHTEE L TiiAk
HBEARTFEX ) 2o Bbh s,

Kic Fig, 2. 2. 4~5 LARCEBL DA VCRM ORI L BEOR & OERY LEVICRIED T
DICBEOWUEMEL Fig. 4. 2. 6 TRT, RED edge ©LoT R, MM LI B b 0RBOE
W LBEOGLE TOEM 1 13, FEXROPSLARE, FLRIEFTIIVWL3EbIhS, = DR
% BEROBALAUL, AKESNRAOTHEIEARTS D, BMEHA L HL L OBKCO-THH
BROBE L AR BERILR b g oz,

TARIRA D % S OIEROREDORHC OV THBERD BA L R HETHRELRY I8hns
R: %R L THB L, Fig. 4. 2. 7 DX 3K R BEICKH LTHBNCELL, =D R, OfEHb,
ZDEE R OELXFHETH L, R IRCRLLL D EEINBAT L ohTELLE DT B,
RI2E®E No. 4 OBETHBY, MOBEY B THEAZA—TH Ok, Zhid edge effect Db
bbb DEBbLIDDT, RAR 2.2.11 KX ZOEFFALT,

Rt=R[1+de{o.165+1.20 tog1 +ﬁ)}] .................... 4.2.8
ELTHELTAS L, edge effect #sk LIoEHME R OEEROC & { EICEBIRE L /e 5,
R 7 SmMedT 55D THBH, Afe / R LT+ HDOEKKEDORR LR ONTS &
72 R: DfE% Fig. 4.2.8~9 TR T, R: DEIEKEDI ARSI bTE I CEBIRIC—EEE &
DT B, e/ FH170% DESABEFILBE O M%E LT\ B DI, & ORBIELEK TR L, BEHD
NGV ERRRENDIN BT, FELDEEIL TV 2 LR IO TEOEEBLD bbhicd DThD
LBbh3,
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v0n3
(ke am (Kacm #a
o 1Ll 1=12%
u=145%
I
10°
3 U=24.5%
Rt x X
10
16|
—f U=0%
x Rt
] =130%
] —dmm  © l d (mm) ®
Fig. 4.2.8 Edge effect ##i1E L7 &R Fig. 4.2.9 Edge effect ##iIE Lo B
EHE (e *) BHME (T
Resistivity not including the edge effect Resistivity not including the edge effect
) (Hinoki) (Buna)

b) BRABEIC S LIETREDKE
AW OERESEINBEDOHINKC LA O TUETT5 Z LIEOWTIEE L DRERD 5,

HRRBERICITh, A OBRKEBAIRED | vor
EALLVCBITHC ETHD 5 2 LEEHCT wal ww| | L
BEhBCLTHHM FOUBOBECONTE I ey
WERELMC IR TR, FERLERER% T
LK o TAASRS tan d O, HEC XoT T

T

HUMELZT 599 2 L bieil, ERBIER
THEYAEWVEEREYHE TS Z L ATEIRS,

Fig. 4. 2. 10 1% 3.2 CR W THEROBERED ‘

HEC T L B—0RBHC DOV T, 3.2 KEBWT RI—T—T* ~— - "

Dto x FEEDERC Licaty, RSS2 B NE ;;““‘
L OBFRRIE LSO TH B, RCRLNSD L5 s R

Au=180% K=0:
| | ]

i, RELEFOMKEZEEERPERCSS L o———— e

t e
51, RZEFbh5, ZOMREYRIOEREN SR Flg. 4.2.10 & BEIEEH 2 B = OB
BB, e IFKEMCOWTUL, Variation in resistivity of wood with temper-

Riom Rne #0700 . 4.2.9 ature (Hinoki, electrode No. 4 and 5)

3
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A U < KA T,
' Ryo=Rene® X107 cti-000 4.2.10
HBRTRT T EMNTE D, 4 .
S OEEREL, 3.2 RREWTOREFEROLN L IR L THRS L2/ hREL, BHREERER
DBAIE LT, REC Lo THSBEYRI T 5, MLl i, RoFRECERL
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Fig. 4.2.12 Fig. 4.2.14

Fig. 4.2.11~14 ERBEER L LE L ORRRK
Relation between resistivity (R) and density (7o) of wood
®—Kiri, O—Ho5, A—Shina, A—Nara, A—Yachidamo, @—Kunugi.
11—Oven dry condition, 12—Air dry condition, 13—Saturated condition with moisture,
14—Saturated condition with water.
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Relation between dielectric constant (&) and resistivity (R) of wood

A—: showing percentage error of dielectric constant due to resistivity
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Calculated diagram of error of dielectric constant due ‘to resistivity
% : Percentage error of dielectric constant, C: Total capacity of measuring circuit,
R, : Measured resistance of sample, R : Resistivity of sample, 7, : density of oven dried
sample, u : moisture content of sample.
When .7, and % of sample be clear, R is determined. R value and A/d line determine
the R. of sample. A€/e may be calculated, though C is constant.
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Dielectrical Properties of Woods as the Indicator of the Moisture

Takeshi UvEMura

(Résumé)

As properties of woods vary remarkably according to the moisture contents of woods,
the woods must be dried sufficiently and the moisture content equilibrated to keep the
properties steady before they are utilized. Nowadays the kiln drying process is used in all
wood industries, and the electrical moisture meter is used on all occasions so that the moisture
content of woods may be rapidly measured as an indicator of wood qualities.

Of many moisture meters, that of the resistance type has been studied, and its ability
is fairly evident. As to the dielectric constant type moisture meters called the capacity type,
some of them have been practicably used, and it has been assumed that they have the
demerits of the resistance type, but their characters and abilities are not evident enough.
They have not developed, for the relation of the wood to the variation of the dielectric
constant is not clear. Nevertheless, even to-day they are frequently used despite the inherent
big errors attending their use.

This study has made clear the unknown dielectrical properties of woods, some problems
on the measurement of these properties, especially some factors which vary the dielectric
constant of woods, and the relation between the dielectrical constant and the moisture content
of woods. The knowledge thus gained will be useful in the development of capacity type
moisture meters, and will make the correct inspection of the moisture content of woods
possible.

Moreover, my study has yielded new, fundamental data about the characters of the
dielectrical properties of woods, which will be very useful for the radio frequency heat
process.

(1) The problems of the measuring method

a) Measuring apparatus used in this study. The variable capacitance circuit and the
double resonant circuit were used. The former (Apparatus A—Fig. 3.1.1) is the simplest
and most accurate comparatively in some moisture conditions. The latter (Apparatus B—Fig.
3.1.2) has not the error of the dielectric constant due to resistivity; besides, by this circuit
the dielectric loss can be measured too.

The'frequéncy used was 1.0 megacycle, for it is known that this frequency gives the
stablest measuring condition and the minimum effect of resistivity at the measurement of
the dielectric constant of woods. The frequency of both apparatuses was kept stable by the
pieces of the crystal. The parallel plate capacitores were used as electrodes (Fig. 3.1.3~
4), and various plates shown in Table 1, were compared and examined.

b) At the measurement of the dielectric constant of woods, the edge effect of the
electrode plates gives big errors. Although this edge effect is inevitable in practical problems,
it has not been sufficiently examined.

The electrodes having different forms and dimensions were used to measure the samples
having different kind of species and moisture contents, and the following equation was derived.
The equation is
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! +dT'l{o.165+1.20 log(1+7’1—d—)}]

where €, and &; are the dielectric constant including or not including the edge effect, A is
the area. of the plate in square centimeters, d is the thickness of the sample that is the
distance of plates in centimeters, ! is the total length of the plate in centimeters. This
equation may be applied to the disk and rectangle electrodes. Then, in the rectangle electrode
the equation is » )

4(n+1)2 +d

M{0.165+1.20 log—.nd_“}]

ea =& 14550
where #» is the ratio of the long edge and the short one of the plate. In the disk electrodes

the equation is )
_ d 1
et +T{o. 165+1.20 log(l + ﬁ)}]

where » is the radius of the plate.

c) When the samples have rough surfaces, ——warpings, knifemarks etc.——the plates
of the electrode can not touch the samples closely., The measurement of the dielectric con-
stant of woods with the air gap between wood samples and plates of electrodes were examined,
and the following equation was derived.

Euw(x+1)
1+E&w

s=a./[1+ ‘i‘l’ {0.165+1.2010g(1+fi—d)}]

&y and &, are the dielectric constants of the wood, not including or including the air gap

&=

where,

effect and the edge effect, x is the ratio of thickness of the wood sample and total thickness
of the air layer. This equation gives the safety range of measurement, and the corrected
values beyond this range, when the electrode plates are not in contact with samples. In the
case of inserting wood samples, which have the errors of thicknesses between the two plates

keeping constant distance, the following equation was obtained.

-2
L=1ty
L
Ew
where,
Ady

y= 1. dw is average thickness of wood samples, Ad,, is increase or decrease of thickness,
w

&y is the correct dielectric constant of samples, &, is the dielectric constant including the
error due to Ady. There is no relation between the error of &, and distance of plates d, or
the ratio of d and d,. This equation is useful to continuous measurement of the moisture
content in the mass-production process of veneer, flooring, and other wooden products. But
the measurement is attended with big errors when y or &, is big.

(2) Relation between the dielestric constant and the moisture content of woods

a) Temperature effect.

The dielectric eonstant of green woods and air-dry woods at 10~80°C were measured,

and the following equation was derived.

En=8z(14+a(to—t1) +B(ta—t1)?)
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where, &;, and &;, are the dielectric eonstant of woods at £,°C and #,°C, &= —1.37x10"%,

=—7.7%10"° in air-dry Hinoki woods, ¢ =—2.24%10"% B=-—3.65%10"% in air-dry Buna
Woods, @=—9.0x10"3, 8=1.26%10"* in green Hinoki woods. «=—9.0x10"3, 8=1.09x10"*
in green Buna woods. This relation shows that the woods have a tendency to increase the
dielectric constant according to the rise in temperature, and the temperature coefficient of
the dielectric constant falls off according to the increase of the moisture content of woods,
and approaches the coefficient as in the water solution of high polymers.

Then, it is clear that the temperature coefficient of woods is smaller than that ever
known, and in this respect the measurement of moisture by the dielectric constant method
is more advantageous than that by the electric resistance method.

b) Effect of measuring direction.

It is known that the parallel-to-grain dielectric constant differs from the perpendicular-
to-grain dielectric constant. About the perpendicular-to-grain dielectric constants, it is im-
portant in practical use, that the dielectric constant at the radial direction be bigger than
at the tangential direction. And the difference of these two directions is negligible when the
anisotropie of woods is small; but when the anisotropie of woods is big, the difference be-
comes considerably big.

The measured dielectric constant € is
e=K[1+#(sf—1) ]+ —(L;E)‘f—’i—
Ef—?(ff—l)

where, & is the dielectric constant of the cell wall substances, # is density of sample woods,
pr is density of the cell wall substance, K is the constant showing the anisotropie. When K
is replaced by (1—K), each of the & shows the dielectric constant at the radial and the
tangential directions; accordingly when K is 0.5 the & calculated by this equation shows the
average dielectric constant at the parpendicular-to-grain direction.

c) Relation between the dielectric constant and density of woods.

When the swelling and the shrinkage of woods according to the change of the moisture

content are examined the value of PL is as follows:
S

r _ %o ((1+u-poffe )
Pr Po \1+40.847u

where, 7, and P, are density of oven-dried woods and cell wall substances, # is the moisture
content of woods, Pw is density of absorbed water, in normal condition Po=1.5, Pw=1.3~
1.113 according to this moisture content of woods.

In this equation and in the former equation, & of various kind of wood species having
different densities was calculated (Table 3.5.1), and then the general equation indicating the
relation between the dielectric constant and density of woods was derived (Equation 3.4.7).
The relation is indicated in the slack curve which is almost a straight line when the density
of woods is below the fiber saturation point (Fig. 3.4.16), and these calculated values
coincide with actual values. In practical use this relation can be regarded approximately as
the straight line relation in the following equation when the density is below 1.0

e—1+E=D,
2°Pr

d) Relation between the dielectric constant and the moisture content of woods.
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It is known that absorbed water combines closely with wood substances at the low
moisture content and, the more the moisture content increases, the looser that combination
becomes. It became clear by this study that the dielectric constant of woods increased ex-
ponentially according to the increasing of the moisture content of woods, though the polari-
zation of absorbed water was ‘restricted by the electric field of the cellulose at the low
moisture content, and it became looser according to the increasing of the moisture content.
Relation of & and the moisture content of woods show in Table 3.5.1 was indicated as the
exponential line having the point of inflexion at the 6% moisture content (Fig. 3.5.1). The
equation of this relation was above 6%

€r=6.08 gs-10%
By this equation and the equation 3.3.19, the relation between the dielectric constant and
the moisture content below the fiber saturation point for the densities of the woods is
indicated in Fig. 3.5.2. The calculated values coincide with many actual values (Fig. 3.5.3
~26).

These equations can be indicated approximately by the following equation

v .
E—1)=-"L_(&,—
(e-1) 37 (&r—1)

. 6.087
& — =217 e6elon
¢ D 2Pfr €

At the free water region (above the fiber saturation point) the linear relation between
the dielectric constant and the moisture content was found (Fig. 3.5.30). The equation

showing this relation is

—e=Leu—D—u)r 1+ o ]

ErE Ty em Dinm gl (1+ 7 ){1+(——:;"3'1)“::—}
=54.75 (u—ua-)’o{l* ” : 7o }
(1+22)(142.26-2)

where, &y is the dielectric constant of free water, &ss is the dielectric constant of the cell

wall substance at the fiber saturation point. The average actual value of &, and &; was
Ew=109.5, &=33.6. But the value of &, varied about +30% if compared to the average
value, according to the species or individualities, and so the value of u—u, varied 4-30%
too. Accordingly it became evident, at the free water region, that not only the correct value
but also the rough value of the moisture content could be measured by measurement of the
dielectric constant.

(3) Affecting factors at measurement of the moisture content of woods

a) Effect of the moisture gradient in woods.

Usually, the moisture content of woods does not distribute equally but has a moisture
gradient. And in this case, the dielectric constant of each part of the woods has a different
value.

The veneers having different moisture contents were laminated and the dielectric con-
stants of each venéer was compared to the apparent dielectric constants of the veneer piles.
As a result it was shown that the apparent dielectric constant was always equal to the
harmonic mean of the dielectric constants of each part in the parallel direction to the electric
flux. This can be explained theoretically.

Now, if the distribution of the moisture content follows the relation u=u;...—nx* (where,
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n is the constant, x is distance from the center section to the surface of the wood board),

the measured dielectric constant &, is

_ N
BTN 1
6.087 6+107¢ -
i=1 2pf ¢ i+l
below the fiber saturation point,
Em= N 1
i=N
2 54.75(“:“”@1)7’0{1‘*‘ 1 }
i=1 1470 )(1+z.26—’° )
Po Po

above the fiber saturation point.

The moisture content u,, calculated from measured &, was compared to the mean value

of the moisture content of each part u,,,,(= ;—(2 u,,“,,,—u,,,,;,,)) at various moisture conditions
and the moisture gradients.

Below the fiber saturation point and when #mqc—%min Was smaller than 15~20%, the
error due to the moisture gradient was negligible, but above the fiber saturation point the
error was apparent, particularly at high density woods, and the bigger the #mq.:—Umin, the
bigger the error was.

Consequently the average moisture content of woods having the moisture gradient can be
measured by the dielectric constant method provided the moisture gradient is not extremely
steep, but in other cases, when the moisture gradient is especially steep, adequate correction
will be needed.

b) Effect of mingled resistance.

When the dielectric constant is measured by the simple circuit, the resistance mingles
with it as the apparent capacitance, and creates the cause of the error. At the measurement
of resistance, the edge effect could be corrected by the same equation as the measurement
of the dielectric constant (Fig. 4.2.7~9), but the effect of the temperature, density, and the
moisture content showed different tendencies from the dielectric constant.

The relation between resistivity R and temperature ¢ in Hinoki-wood is

Rio=RpeaXx107 13z -ty

where, a=1.845 in air-dry woods, or ¢=0.954 in water-saturated woods (Fig. 4.2.10).

This effect of the temperature was much greater than that of the dielectric constant.

The effect of density was greater than that of the direct current resistance. Below the
fiber saturation point the effect of density was not remarkable as in the case of dielectric
constant, but the more the moisture content increased, the greater it became (Fig. 4.2.15).
R of water-saturated woods had no relation to density of woods. Below 10% moisture content,
the effect of the moisture content to resistivity was remarkably greater than the effect of
density, and the measured moisture content by measurement of resistivity was not affected
by density of woods.

The equation showing the relation between R and moisture content u is

log R=aub+c¢

where each of a, b, ¢ is —1.38, 0.21, 2.38 respectively when the density of woods is 0.5
(Fig. 4.2.15). This equation is similar to that of the direct current, but at the direct current
b=1 and the gradient of the curve showing the equation is steeper than at the high frequency
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current,
Thus, the resistivity at the high frequency current is very small at the high moisture
content, and makes the error in measuring the dielectric constant. The mixing ratio of

resistivity, namely the ratio of the error A& and the correct dielectric constant € is
AE _ .
- (tan 3)2,
at 1 MC frequency
Ag =( 1.8 )’~’
& &R
where & is the loss angle of wood samples.

Tan 3 can be calculated by the already-known € and R (Fig. 4.2.17). And the maximum

value of tan & has not passed 1.

Calculated —Aei is 5~10% at about the 5%; moisture content, and is about 50% above

about the 30% moisture content. Then, the measurement of the dielectric constant by the
simple resonance method can not be used generally, for it makes extra errors and brings the
dispersion of data upon the moisture-dielectric constant relalion. It was found that log &
and log R had the linear relation having inflexion at about the 6% moisture content (Fig.
4.2.18).

At the variable capacitance circuit, the total capacity of the circuit C is always constant,
and usually consists of the samples and the parallel capacitance.

The equation ‘showing the error of & is

A& 1
— =t
3 anbw R,

where, w=27f, f is frequency. When f is 1 megacycle, and tan & shows maximum value

(tan 3=1), the error ratio of & due to mingled resistance can be calculated by Fig. 4.2.19.

The more the circuit is capacitive and the smaller ——‘3— is, the smaller this ‘error be-

comes. Therefore, the dielectric constant of woods at the broad range of moisture can be

measured by the simple resonanée circuit if the circuit and the electrode are suitably selected.





