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ON DESIGN OF RESISTIVE WAVE METER

by Hideaki KUNISHI

Synopsis

Although the resistive wave meter, which measures the electric resistance bet-
ween two electrodes, may be regarded old fashioned, it is used frequently with suc-
cess for many laboratory experiments. Morever, it is used fruitfully for measure-
ment of the internal waves which are generated at the interface of fresh and salt
waters. This is the reason why the author describes the method of designing this type
of wave meter. The fundamental principle of design is led by analyzing the measur-
ing circuit. Pratical examples of such designing by the author are shown herewith.
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:b&b’CR!H:“G‘#i EA k.EﬁtC& ofﬁﬁ% i) 2T oo LW LAV ATV Uﬂlt .mm
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ETCZD XS LEBEECRES-MEREHOBREN X X, BRI TFTEIRB L 51, Kbiconho
TWBROREX 1 L35

TRbLIND, IR a IKOEKEEE, BONE, KX, TROMBLLCIOTCEEIHAERTSH
%o COBBRRIBBRID 2V £ 27 2V A /X BKRODOBMOES F REFALTH LT EELR
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Xoﬁ*}a;‘ .............................. (2_ 1) element
FEREOKNL I=l+7 BT 2 ZREROIEHN X 12,
10 _byp 1.3 (2.2 oot et
X" a aa X x -2 Fig. 2 Measuring circuit of

wave meter
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_1+r/R0 ......................................................... (2 5)
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a X _ _{_
7:2, Ro= ............... (26)
P % .. )
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05 N\ ..
< 08 S e ©@.D
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Fig. 3 Characteristic chart of wave TR E o BREN SHE#H (G=const.)
meter circuit EHbbL T3, (2.6) Rk Abh3 Lok

4 g ixvThi 2 O—KEKT, © OB L CRBRCIRES 25, ZOHBEROB/HIEAM S
E#f, LEZEARDARTHbbIhb, »=0 IZERESCHIGEL, 7 XRELLBEOhTAR LY
FRRCHADTE o ThR >R THBRURHE LT, AFCHREE ¢ L LEREIEL toTw
T ERIdibihis,

ZOZ ENBREBHREHOERGHIEINE, Thbd, LEIEERCSEL D3 HAD KEEL
7m CRHLUTHRIEE ¢ ¥ 1 BB I L 0Barit, R BRTR LR (tn<50 T o=1
% OEH, m>50 TIX A=y OEB) ETHHLEDLONRFERO ETE 0L LBRTHH, —Hic
o=0m BEZXB L, 7t CHIETD pttm 2% 1/20m BTFHUENC X DT, d=0m OEFENHZH\IL 1=p
DEBY LEDRRELLD, BREOBR A=p 1k r=R, L2 bEZ LiciEdicbT, MEDOER c=0mn
X 1/r+1/Ry=const. ¥FHK T 50 7m KHIETHERE tn=a/mm LB TIhEELDTRTE,

tm=%m[Ro>1/20m Tt HIE, 7r=Ro

tm=2m[ R <1/20m T2 5iE, 1/7+1/Ry=1/0mtm }
ThHBHo RIAKMEIL 7m BKRELTLBEE 2m NI B T L LBEFE G 12 om DLERIIILY 275
WEEEEEELTET 5,

tm BRBREROLSDHTHLBRELUTR TS Z LIX TV, KBioFcabhs X3, Thi
DI DNI L TEBEB/IL, LA,
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©=0, A=1/0m, TTcB 7=0mEmeserrereesercscscorninnssiiccine 2.9

TE2 bh B BEHBOL (Fig. 3 8F) T 7 2ED, RI2 pn XHBREPELTHECI S HE
HTEADEHYERB LEMCEDTREHBR Y VERANTH B, KETEARSWTHURATS LK,
ZOHHTRFIBREEFE om IV P UNEL DM, BEE ¢ X om L HPILLVERERLLS
X<it3,

P loEsciilimmcEmIh s A8 R (GEs, WMhEinl) o@rERL TV, Thi#®
X IBEDOBEEFIE G S IUOBHE o ReET5L, EEKUTERLIEICHIZ 0 HEELLD
DELT,

- (r+rD/Ry , _ 1+7/Re+7r!/Rs
G’—G/1+ 1+f/Ro R ”I_U'l—l-r/Ro-]-(r—i-r’)/RL ................................. (2_10)

LD, UREEFBIIEDT52, ERERL LA D2 XA bh5. ZEMBE LTS Rk r
R XD ORECONEET H200, HHNOBEIIHNE (2.10) KeERTHLEXRL (2.8)
BIV (2.9 KRBT H5TH B, ULAMEIERONBA vE—F Vv ARDHTHH M, thd
BN DELELRBNGE 5t LTHIER 5 & Eix v,
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RS MR Gt O— AR R F S 2B ~ich’, RN SEFIEROMELED 5 A DI E « DRED
B2 DEHLERLLTEL bRV, AR —BINCTERT 5 2 & AARTEETIR/V2%, EHTEANT
e, tLAbRbhAERCHEL L b OB oW TERRFHOFELRRE 5,

(1) shiRm AR

BOEIN 20cm BEOZRERLIEST, 2FM 20cm % 1 BOBRBECHET 5 -50ERERY
RET B,

%% 7,=20cm, 6,=0.01 T a {X 2X104Q-cm L5, BBEKA TR OHDOTWBHOREIITZER
ERPEOL > NBCEAEBL T LWL 5K, L=0~20cm ¢33, Zhbhb

1/20,,=50, xm=a/nnu=1 000, Xo=a/ly=0o~1 000 «++-rseeeeeercersraaracacs 3.1

Rxbh, ¥,
2m=%m]Ro=%m/R+Xp/Xo=1 000/ R~(1 000/R)41--errereereceeercnreceennns (3.2

TH b,
¥AFigto (2.8) R X B E =50 RFFTObIID LB, TDLEE R L2 T rix (3.2)
R IDOTEIF 20Q THD, COERBBOBRA vE—F VA (B LETQ) ¥ELBEP LN
TED, BHAOHMBELEL TARTS R+7 123202 AK%< 2000 BERCLLLHFNEE LV, 07
BIIE R wRELSTHBERDBBEND, pm X50LTERD, (2.8) OF2 DROHE b FIUL
it TithbZ DBE 1/7r+1/R=1/10 ThHhH, ZDRTIL LT r+R=200Q LT 7 & R
EEMBZEBTEDBN, r<R LB ENTFHINDEND, 1/R 4L r=10Q L k5B tET
Bo ZhX p=0, 1=1/0,=100 L Z DARZERTFLL, (2.9 ROFHEHE O/ Z LEERTH, K
Bt pm¥0 DT D5, Fig. 3 2BBT5L, Fiif G BREVEDLLIBHE c R LAX KD
ENRTHINhS, THE, DL R=200Q 2 bSl, pm=xn/R=5 TFIE LHEHEL (2.7) A»
)
7=10Q, Ry=200Q ; =100, pn=5,
omn=0.95%, Gn=0.91% }

Ehdo ETHWRERMEEL VL L 5, RBERLATRELR bRV DX r=R=20Q & L7=B4OFIEIX 0.5
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Fig. 4 REBOEBRERT, ST R ¥—FrLTHL &, SREROLTFDHT R V80 Fiig
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S8 balancer D 5cm DETIL 0.5%1C
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! 1 : £ RoxETHI, LLE
-~
! $ ooozp X v O ETIE Lh=0-20cm
V | ‘.x X 3 e — { _g° ~ .
RN a DBHREBETHFEOE
&
I3 o § coarse o X2 %ORETH Y, b
10k <
l bl
|

BE, BB LT

| F
C R fine balancer l ¢ ot W ARBIE IR TR
out pu ELRELCES 1D, R
Fig. 4 Measuring circuit of wave meter for middle BEEE LZREXO LY
amplitude BHE L B EEOFEL D

DIEBMDA 7!, R fICR =0T 3%, RDOMFH%E (Coarse balancer) 23+ TH 5, ERIIFICI
MNBO—{E LTHATA T SFEED CR. A5 v+ —CHERE YIS 75, Fig. 4 miioh e
TETH 3,

BEC DREIBIZ DR TH B MBI R OB AMMB L ) 2PFBOEVAT 04mV TRv% 40
mm 555 3N GR%E 1.5KC) ThH0T, ANBE 2V CHERSERET b £25mm 0
KAE LY £20mm KIKARETE B, BEROHIL, TEMMK 4cm THEH L, BYE 1 BeHEO-
BDRL/SFELUTE LU binvy ZOESRBROBMEL a EBLLEED.Tihbd a 28 2x104 Q-cm
Tt 20cm OKMNELE 1 BBEETHETEDH, L a BNEFCAD E 1 LHRBETIE 10ecm DK
MELLARETES, = OBBOBRERBAMIL1/2.5 L5,

CDECELT o & Gm £% a BOWTEBELTHRB L,

1 afl 1 /
a=ﬁ(7+f)(1+a(1/rll/R)>’ ........................... (3.4)
1 a 1 1\ J/ g .
G m \7 TR ) (1+ a(l/r-‘l’-I/R))
Eith,
——1"——<1 ................................................... (8.5)
a(l/r+1/R) :

i, om(Fo L1 %D om) KHLT, o BETE L, WETSD 7m OEZEDN, Gn OEIZE
BIEC Etbin b, bhbhOBAK (3.5 REBLOTABE, bia(+g) 1 102 OBELSD,
BRI a 215 2HF /NI ASLHEVAE DB Gu 2 BRTIEI VL Lo Tiobd Gn 210.9
UL BV E S RERLTRRE IV,
(2) Mg BRWE
1957 ERRORBEXNET B 7-C, SHLEEREOHBHYMUIE L, WEHOWKEHT ORERN L, Wi
WMBE D LFE Gn » 1 BEECTREHRIIBEMSRO 4061, FI8 0.5%& LTH 20560k s
TELHDOT, 1%BHEC ITHRHLSPTEELT m=dcm THbLEEMRIMBLLAZLE LI,
ZREFZIFATHZEEL, L 1ZRED 0~20cm :T5, a HALL 2x10¢0 Q-cm & &5,
1/20,m=50, %m=5 000, Xy=co~1 000, ‘
#m=5 0C0/Ry=>5 000/ R~(5 000/ R)+5 }
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En=50 #5225 Ry, LcA2oT r X 100Q &irsd, ZODERFHTHBH, FRRLLAB LI,
KR g RPELLTHEXRLVED, (2.9) ROHECR, X DEXZERL T r=1/20,=50Q,
Ry=500Q BEOERYELDZENTED, TOLEHREET 0.9%, FIBL0.8%DRETHB, LT
AREBCRBAYRIELT T AL LThBE, AFF4 AAKTA P CILKORERICL 5L Bbh3
2/100mm BEDORENAD I, HE VEMFRCIBESALICAV 5 2, BELLEE 05BEOER
T—IGHRRTE 5 2 Lpibhok DT,

ERTAZEE LK,
EBomEY Fig. 5 RTo =
DEE L WEBZ LR XD FIBO
(i I © 10cm DE{LT 5 %I
PETHOT, HFERIL R ACA
RTCEBEG Ry oV
ETHHHN, BEICLHEALDE
EBE LEARBCRELTES 2 b,
FPRAR ', R AR TH 5, o—
Fig. 6 & ZOFEETEORA
ROFRD 1 FIRR LI out  put
Tk, T TZORBEBEOEM Fig. 5 Measuring circuit of wave meter for
THEATRELTEZ 5, Fig. Tk small amplitude

3 coarse
$ balancer

C R fine balancer
to sensing element

1Y
1
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e R S n e ! L o o =
Y Tretiret 1 ———

Tt o e e e ey —rrrey == -

Fig. 6 A record of wind waves measured by wave meter for
small amplitude

RURRESEA, B S ORI « : 9 ¥E2 5L 7, R # : R;f“'/\
BEOBEL, BI S (3BHA P 1) HEWEAI BT, X
av 1~ (145 ) v HM}SMK(':I
=1 7 ™\ P s .IS‘ S ! ?‘“‘
4 +5r 1+(1+7;,m)—r,~+ (1+ % )r—,—g-—ys— x+y-S Y
.............................. (3_8) Fig. 7 Circuit of balancer

RGBT D, HONE 2 : y=R' : ¥ DEN 4V=0 LW EAEETHDZ L hmT, 4V Lo DA
DEHRIT 2=0~y=0 I Lichi>T,

rl
Ve ; ~—K : (3.9
14 ! r! P 7 oy B 3
1+ 1+ (1) -2 g 1+ (15 ) 2

DECET B, TORLDLHIL Por THBEMD, Sk P RHLTIIL LTt 33 P ERCE
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x5,
7t¥ Fig. 5 T r A 2 v Fv4+—ffMEh T30k, ZoBREOERECIIEMTAED C <5V
AR TEATHT, 3F 0.005~0.01 uF D a v F v+ — ARNTREUNERDDOIDdTH Do

(3) AR EME

19595F /K & K &L DRI I & 2 NP PR AOMBELZHET 510K, F-EREORYH AR
BEZHARELL. PR IBEREKCORKERVBUA L BEERENRLZLXFBTH 0T
%o HHRETOWRBEH T EREKREOBREGEENFEFICRLD0 D, KE—KELERLOERE— D)
ERHETEBDTH DT, BHEOIZE AL TS0

FPFERCMEATHEKRD a 2BALTASE, @F 108Q-cm ORETHKBEKRI DS IHPI W
¥, BOR pp=dcm & 0,=1% TRELLIELTHEL, 2,=250Q THENHD, pn=50 LXHET5
Ry B3 THIE 5Q THbH, URF2OHET v £/PhEL R & RKELITRE LN, —FH L ixRizy
20cm BEIXLTHOIhD X 5EL TEMFHEL DIV nD, RELRIDZ L XELBLE R X25Q
DECE B LIiXEELL, BHENMET X THE VB LTIt D 5 2, BRIITR £ S BOE
KERAWBOT, ETHETEDEKTRI LT CRTNTREMTS LRBbhiv, 2 CKREKZ
DUTEBEREIL, HKCH L TRES b 7 v ACAEABEDRIICERT 5 HEL A5 L& L,

= DEHEHI60Y 1 7 LD
BEFEYEAL, BhEkl
TEREDERArSF
TRERKILDIHFRNETS
7=, Fig. 8 DRI
EL o 7 o 50Q X
(2.9) RoFHEEHEST,
pm=4cm b EHI LD
THB, R WD BEER
CEFICADTWS 500Q
DEEEIUL, pm LIS
STFB Gn ¥—FIH
D LR, fy BEDT
ERIBBEOBEIY KT ALY L OT\ 3, 7, R M r, R BERFHRIEO>THRVORX, BH
% (ImA AEE) o EXERET 0.5mA 2L T MDERD DD THB, ZOBRIAROT
Rl DHE X OBRELH IANK T LR IOTHRETS X 5 IieD2T\Wbs \_@‘Fﬁuo;@%um "
A A= 2 —KEOFBEORE L b RN TH S,

BERTBHA A7 A — 2 — DM NRIER 60Q, BIRME 2 pA/cm ORETH B, B0 NRKE
UL 0.5mA ZLACRIBTIZIE 1IKQ TH B D, RABRAELTHDFIMEBEEL 5V LEDI,
ThbbH 7 2 — 2 —CLELEREBE L gn=4cm XL T 4cmx4x250A/cmx1KQ =40mV
TH5bo LIcpi D TCBEHR (1=50, pmn=10) OFIE 0.83%%# % 5 £,(40/0.83)x1071~5V O ANBEE
fEMZ bRDB, R A~ R~ ogmﬁgkzmmkmabfiaonﬁ$&§xbtb®@%%#ﬁ
LT 5/4 B &otenTH b,

20Q DFETEIUI BB BHIRBRY 0.5mA KEETLH-D0LD0THS, BHE 50Q OUE
I R 0% 500Q OBERREE LcL 2L BRCRHETHLDOLOTHD, TOLETRTY Y
2 Ay FERLTCHAA) 2= 2 —OFHBAREY X DXL TELRTIUI L bV ZOFRERFIHE
FCOEBOBMATLERECHYT 2, U SITEECBEC IV L Bors, EECHALTRSE, ©

__7_

element

sensing

100V 60 ~

4v
65 20 60

|
|
|

Fig. 8 Measuring circuit of wave meter for internal wave.
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WBHBABRFELTRAMNERD D, ZOEETCIRHEDRAL~-XTHVWOT, FFRCLIBI-L 5 niFEm
% (Fig. 7) THKDBDOL D THB, P 7V ARBAF A +OER—E Lux D=y FY /A —F TV A
WMEZLBZ L otcD TR AV, LAL TV AR TENIFICETEO08EFT L,
LIATEOREHREKTTFA L TARSBE, bEHVEROBE TR FY 7 b2ibbbhi, ZRE
RDOATV VABRYHESBIEL T I T hHBFEIhisw, PRk 2T~y FVv 7+ 7V RA0—KHICRD
X3 1000F OavFvH9—2ARTRI-EIANEDNELTHZENTEI, ZOHIILIREILRE
PLCRBNCABY THELTH S, £, BREEECEENIL 2L IBLV-DOT, ZOFHBTIIHILER
DAREFAF -V, oS hDERRTIRILVNES S BEEO—21H 2003 Lhigl,

Fig. 9 RIXZ DEERO MEE 7 A 0 1 % m

RLTHBo KBZOHBOLOK, Ry ¥—iE 6 o fresh weer -
CROMBTAESR L REGRSFTRCAR s salt weter g
CEEShIfSRBRAHRELLBL, aRED ¥ £ =1.0060 ’
XOREDOTH, b IV ATRMDaRED  § 4| s
X3eELTh, HFREM (Z0OBE 4cm) 3
AT REEL LETILEN VW2 &% s
ERL Tl Thuk G.0 el S |
o LFIB G L%, Re=—E%EBLT, a k> &
2EETLL, 3

1-s (k). d-srlded) )V BN

[ 2 4 6 m
""""""""""" (3.10) immersed length of sensing element

Lo,

neon ltube

100V AC.

Fig. 9 Calibration curve of wave
%:r(f}_-q-%o) =GB eesrinieenee (3.1D) meter for internal wave

b, a OWMEsdbbT—EDHE C I —EORHEE ¢ HXHKL, RHoLhll (dem) #.45

ST DORBERFIBDRAN Gn (0.83%) T, 2D ZLBBD om (1%) KisHBEFLVDBTH D,

OB TEREROLIDHELRET 2 HEL LT, FHRBEICCHEL LN, MRt b
ThHE R AEFITEER (G00Q AB it CE)¥ANLT R %

—ERBOHRERAL I Z LOBADO BRI DACHHOT, Gnnaw) |
FIVRDEAY FDED X S IMBCHIE L LT KEDRHIE E .
NTEDZ LR LEL L BbhichbTh b, d)

R BREEORELOHEL LT, BHn < MR %{
WTHIEL B E AV - BB % Fig. 10 @FBL T8, * |
AV EOEBERBXFALICbDOTHSD . F4 vEXTHED 100VAH  Fig. 10 A simple stabiliz-
DY ry PRETLTHBOEIIE 2L VR Wb DTHS, EH ed power supply
1KQ 3W AR XD TREBTHA Do

t 7 [0,

TTRBRICX 5, ZOBKUBARDHBIKRAPLKFBET TV AHECBEHL TV 5 ESERET
HEECERII 0D, AL OTIIERL THAKIEL TR 4ERH B, LHLED X 5 icRan
HOoTH, HEBNERMOZENERL XX+ EIcAV-bh3 X 5 Ch 3. EREEEHIARKE R
OREDEBIC I hE AV, BRI LCRIETS 2 L CH o ER0 BT 3 EEN L bhiz, LA LB
TORBRNERMOERCIPCRIEL L TRELBbh 3HEY VRT3 X 5ThHD, KROKET
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SRICIBHE 1CH 2 %DBETHE I REVD, EEAISE YL TwBRAFMERL LT, [
BUERYBOMBTH Dolc b 24f pH RERHBL THBZ LIV O TIRIEVWHAER M, FERARTUL
Wil TRBRELIHIELLD, HHWIERNMoOFE Lo THRENC ZOBEEXY L YD ZEL
ELTWEREEES Y, RALEEL VL, bhbhdBERKBEROWAEHLZAGELIIELTVBE
7E, B cEENTVRY, EAEDBEEITLV,

BEEEROWECOW T, BERU S EREREHVCAHEZRRL T, /i) EEHRERNT
ooH b, b LESITCHNEZ O/MNRTCRRLEBEIF IO THLER CHEATE I L LA N, Zh
BROWTIROEDBAIDT D i, BEREAOPNBEREHEZAVGAERBRTIIIFEEIC RS 2R
BCo0HBZEE—FELTET 5,

B o oMECML TSERb D EELERL TV IcEKE—EE, FRIKERRF O
Sk LU PR ER O RENIFC o oTh Do EBRHEAEEEE O SRE— Tt LU A
DYFEXOBE R BHT 5,



