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PRAMOTE SOWANNA : DESIGN AND DEVELOPMENT OF CALIBRATION

APPARATIJS FOR ELECTNCAL RESISTAI{CE SENSORS CALIBRATION USED

FOR SOIL WATER POTENTIAL MEASTJREMENT. THESIS ADVISOR : KASAM

KLTLPRADIT M.Sc., KITSANARLJK TIIERARAT M.Sc., I'TKIGPOL SANANARLJNG M'

Plil-. 72p. ISBN g7+6il4}54

This study was conducted in order to design and develop. an apaaratus for

calibrating elecnical resistance sensors used for soil water potential measuremenL In

this study , the calib'ration apaaratus consisled of a capaciance sensors, a capacitance to

frequency convettor cercuit and a frequency counter. The calibration apaaratus determined

water potential by calibration'with Nacl solution at 0.0 to 0.4 molal concentration. Gypsum

resistance block was used as the electrical resistance sensors in this study.

The result showed that the calibration apparatus could be calibrated by sodium

chloride solution to a significance level at 0.01 (R2 = 0.82S).The relationship factor of waler

potential readings from gypsum resistance block as calibrated by the calibration apparatus and

as calibrate by pressure membrane appamtus was medium $4'4722)

These findings suggest that the calibration apParatus may be useful for the

calibration of the gypsum resistance block. Further experiments should be conductedfiowever,

under conditions of controlled temperature and relative humididy. Also, calibration should be

affempted without first coating the g;rysum resistance block with soil and calibration system

ternperanre should be measured.
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drili1'ldvrqtrypt hessure Membrane Apparatus 'lunr:eoltfi8Ju Resistance Block 1#

6r-pJ.r:on:urirTddrun:lilr?orf ?uavriuqufioir rfioair.rnrrrurflulrJld'lufl1:d1 Resistance

Block 1rl#lflurndorfioinrirfrnritillu6,uAlnirnr:rJqnn^stolrnusr:n: uavrfio'lrflnr:fro

n'r: r;r,ru1n:r:rdlr iu nr:rJqnfi tn:sr4rtdoriNfi rJi s fi vrfi nrn siolrJ

flnqrl:vatri

afr qn6os fi ouayffi nr:lm il rnaoaou rfr uusT'rer: ?oiouuutildeJu uilal nlrupl'tu

vrru'ldrh ltilU Gypsum Resistance Block driliulruielrirfrndzuo.rrirludu

"UOlltU9rRl:f;nUr

nrrdn"',n$.rfitflunr:a9l{uasfrs}tuttnioscoutfruufr'ln:roietttuuril6'uutrilal

)aratus d{rilurnfro{fiodt'fl

luiloEriu

Avt
UU]IJflT,IlT

ffasr:aoisr rrurufir firrfirrJ:vqduun,,uu,,ava#r'rdulunr:finurnt-lfi ,.fiiunnlnrird

e.a"!t
n:rniqrirfinrfto.:rir ornrirn:rrudu'lorirdufi nfluu::urnrn
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,oduuuuu,fi su nilrgds rndssfiuiiairoduornnr:flnuro#.d dul#aourfigu Resistance

Brock il: c noud'lu drn:trfo rto:tild uuri rn'lrruq lvlfl rldflrto.r6'r

n:rtinrflunrrrud uactndorfun:rru6

rirffndmsri,r nrurud,rrirfiuaoril?ilruu',uii,fio*luornnr:firirrndsudrudrtoqruupiundu

ld iiqorrlqfiuavnmudunrfi nrn:sulfi dnurtrJqiuvrristildutt lunr:

fl nur16 uefiu rirfrndr o.rrir ri ru uoldrirfrn dcro.tlitda:sfi ri rrd rriuquei

armiuririiqnqofiul{ nfu tiriifi a",rduuruluoqiorfi nrutfl u6a:saonc

rf, rl#rir findr o.niidufi rirrfl uau rirfindtosrirfi rfl ual uaqtil?uilnufi

de { n: sfi rrduo'otiruu oorn: s uu fi fr nsr

Rsistance Block mrurunl d:sr:roioulurildsuurjawirn:rrudrunrulv{rilrdrn$utruiorir

frndc1e{dltu6u lunrrfln"1ofud ld cyp.u. Resistance Block

pressure Membrane Apparatus milrud{ rndosu^ofildrflururongrutunr:eoutfiuu

Resistance Block iil#luiloqriu
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unii z

nun?il25:BlRl5il

e s d ji I a o e, t d+-a tA 6 4
nr:frnulnitfr:ru:':ru ttu?da nqUA ltnstondl:lllnu?to{ t:Uilellila'l9l1Je{uno

9r

I. n?rildlrTiUto.:rirfi ilsiofrs
9v4o

2. dnCI1o{ul
9'q /o 6 a

3. f,fiulJl lll9lu

+. nr:iprrir Madc Potential

5. n1:{gfla:?ilfl0'i Maric Potential tlCIu Osmotic Potential

rut!
6. ?tu?01jCI.if,Ru10{111

Hdi4qtqraS-q-.s,--7. ttl:uljtYluiltn: o {il0?anlflfluu'l tuglu

8. rru?4901nn1:YluYl?ulondl:

9. R:O1J[tU?n^91

L nrrrudrffqilouirfifisiofiu

rir,fluar:fifrnrrrudrrTquacdlflueionl:ro?iytfiilIsrto'rd.rfifi?srvilnaru t:,,flu

orr{:J:rnouuo{rryadfi$uasdo{ .i:uasaruudnrqiravar:ot?rt:eit.rt"l d.:firovqorhJl#lu
6 A s a4 taae 4r q lr. .-*---!-=

nr:roirgrnu)ot fl:su?unt:Hfltiloa4il naoq0uilAfl:utlnrufl'lil1n1u tl-ltcraaeloilo'lf,uu'llJ

rirudrrulurJfrffiurriul hivrxsr:.rfinxdoru uon01ndrilfi.rsi:ufnurqilHQil^to{firyfil#

rfi nnr:rTuurj:undru ( t )

,0

z. finrirosilr

01nn1:dnurrfiurfrundl{tu6d:suoil:slJU aqillddr ndwruda:u (Free

Ennergy) ilil1ufi.: ndsnufiaun:nrilduu'lrJrflunuldfiqilfiQfi unsrr:{eiun{fi ttz) r6flu

rfluarunr:kild'.rfi
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Iqud Q = Gibbs's Free Energy

H - EnthalPY 1,o{:31J1J

T - qililQfi1o{:gLjU (Kelvin)

S - EntroPY lfO{l:YUU

4
t[agluoil0'ln

H = U+PV

Iqufi u = ndwrunrsluclo.l:vuu

p = tt:{tfruroit:ylju
laV = il:tJln:ruO{:CilU

I

9tituu

G = .U + PV -TS

ruav rfi ofr nllrJ6 ou lo1 t o it : s LJ U

04oa
tu : u rJ unqar 14 8il[ tovlt: {qufl {vl

dG = dU +PdV -TdS

01nnA Thermodynamt {ofr t ndl.:rut:Jduu;rJld uarhi4ryr'nu

dc = dU + PdV + VdP - TdS - SdT ............(4)

.............(3)

...........(s)

Q= H.TS ...........( l)

(2)

dU = dq+dw
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si
t9lUYl q = n rrru9ou fr fi { t t?o doil dlu rvr}{: Y lu

w= sru fi fi .: u:n doil n: sri r sio: slJ u

duriu,r,oot,vturir ou luarunt:fi s druaunr:fi o orld'ir

dG = dq +dw +Pdv -TdS

dr m ir : s u t-tfr fi n r: r:Jduu t trJ a.: rTu n6'1 1d

dq = Tds

dw = dw (reversible)

dG = dw (revenible) + PdV

-dG = -dW (reversible) - PdV

.(7)

.(8)

...........(e)

drriu olnailnt:fi z rgld'ir

J,4
uufto

.........(10)

.........( I I )

r{}J1fln?1il'i1 filsagaiflo{lr{dll{luoa:s (CiuUr' F." Energy) fiqatuQfiunvtt:t

du n.r fr lu n : c u ru nr : fi fi nr : nJ6 u u r ril a { ull il fi'il R 6'1 ld 0 s td 1 fru { lu q.: qer fi : r u l n : v r4 r td

rdorina u c r u fi rfi ur fiu u: l 6'u ua v il:^il r sl: o o n 
nl il ( t z )

lun:fi fi :surrfJurosruarm$orosu{{ fl :vlJ?unr:sirl1fi rfiodurinfi nr:njduu

ruilalil?rursr:#ouilrn trzl d.rriu6{o10do pov fxld arunr:fi r t o'srflu

-AC = -W (reversible) .........(12)
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drriu:suttfiuri.rnunrflu z u?trsr 6o u:'nCIr A tlas uitrat s rfioqnrra4fiuav

- j u a- ^ !l-!.--r-^o^-^.i.^--^ ^--^4^--2-^.^^ o

Ir.:{qun{yt tra{{r'lurid:y1lo{Uit?0t e hirvirfiu u?trat g nl:tna-oudluounln i iruru

t lrta 01nil3i?0r nhJuFrmr B (13) ldnd'.r.rrurvirfru Ac/ mote

drniurirlu:vuulor1 rirrrfinarrurfluda:vaqa{ tfrottrnfrtt:ln:sfirsio
o 3 4 oe9 @ .t-.- - i^^-^-p^^. *^^4^ 

e e 4

tilraQaro{ut 0{li'tlfild.:{ruod:vroniraaa{ei?u d.ttiunr:ilrilrtrnttmcisrirliqvrfi
- j4 4a ri | | @ a

il1 rt{ : u il u fi dnu rill ru n r : til a u u t til a {n 1n a.{ illu 0 ef : v ua v ri u n ri rdru si rc I o I ri rn6't.: ru

6a:sdr rir#neic,o{il1 (water Potential , r{D riun^o (+)

V =AG ...........(13)

I

,lnaun'ttfi (12) -AG = -W (reversible) d.rriu

-V = -Wrev ...........(14) .

- 3 o i i o ^ ht, dr ie i, ------d-;^.' {--^pt^-.y^
e.muflfluruo{u'r orfiurru'ld'ir rflurrufirfisrduornnr:firfrrnirouu'ruer?to{trllU

s o h/ i a - dg.tunau to nqil?'lQlJttasttSiNaun.$vl otnunririlrda:rfiui4vrf hJ{:vulfrdnur (ta)

o d, n,o ql,lr q I ! o d, -
Ioufl?-tiln1ilufl tfinlf,nu{oitulll:qmrtmlnil 0 (4)

finr:atrnr:'lnatoqitotnu?t?m e hJ{l?r':il B ntuldqilu4fittastt:.r6'unlfi
A 3o st A - | a lnlr a e I

rrJourtru?uuouu{ (d,,*) cirelrnornu?r?Br A h.lrjrir':nr n d'.:riunr:r:Jduurrilasiliura

rirfiuina.t rvirriu

dr"o,"l = -d.uo,", ( l5)

df dr A 4 I ^d*o,", iln'ltiluail[uo{0lntflnouuluoofl0'1nil5[?0J
a4lu

u:t?gu A o{tn'lnil

l4 lrua4A uavnt:rilasurrila{fl '1114{{luod:vvl

...........( I 6)dGe

dGn

G.r (-d.uo,"r)

aGi dr"o,., .( l7)
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rusirdofi or:atrnr:nJ6uuurlnsrirnds'rrudarrriuaoluSr'laros tddr

-Gn d."u,"j G" d.uo,",

9

9t,{uu

dG (Gn- Gr) d,uo,",

""-""'( 181

...........( l9)

dr co rc" rtd? dc < 0 rraes'irtflurl:v1J?-uRl:drfioriiuldro{ ?,tillun?1il'il

ar:fi nu.rlrlrufi osrndoudruornu3r?ilfi fi vrdrsruda:rq.r lrJ{uirlfl fi fifl dlcluda:vdln'jr

(13) lun:ficro.rlirdsaqrJld'jr riruBqnfii6a:sovrnd^ou1rJ{t?narfin':rrurfJuda:v#ou

n'ir n6oncilrTd'i'.; ,i'trnoa^ouornuinatdfifin,inuori'tq.r hlf,'ru?,.*frfifin,inolrirdrn'jr

(2,4)

- a3o a
3. flnuulluon

!; 'o a d 3:
ulnoq [uetutuuutvrgnn:vfird'rutti{teillldl drl#rirtolfrndrirlu6u 1y,*1 firir

ril6 u u urj a.: 1 :J o r n qu d ri r fi n drir lu o^u fr hi 6 r, 6'r dr o ri'' a'l u r : a uasr.r'l dfrs d t t ol

\,rsw = Vm + Vo + Ve + ... ...........(20)

Jsrufiu:rcirulnqjfin:rfirsiodllufiufio ryrn (Matric Potential) l.[o (osmotic

AA
2 SUO fio

I

HA1,O.rtttSitYl{

ur-t

nripdsrirfiu?raarfiarororlnrn6'uosfirirfrndcro.rrjrlududrn'irlinarfroqirdNornfi?oURln
vt),.^,r::r:).6

oonTrJ uavrir{ioqjlusiovir:sn'ir.rrrlnduturqtdntvfrrirfineitotrirsirn'i'tr;1rdo{lurio.:{ifi

Potential) tta3 Vg (Gravitational Potential)

Matric Potential rfl urirfin ritu.rri',fi urt u*,rr^uo u'to't n^a 5?ilrlo{tt: {
-!6Iri{qndlliltto{fr'lto{CIqntn6u (Surface Absorbtion) ltdr Capillaly Force

ao s fi rlrflrir ii q nrfi u lfftu 6u tr or 6 a: s 1u nr: tn n^ou fr riu 6ofi ll d'l { 1 u o d: 3 a oa {

,uoit Matric potential dlfrrirrfluaurr{rJo (14) rit Matric Potential rflurirfifinr:uriutril:

t
q{uunl

rurorluqjn'ir t+) Copyright by Mahidol University



l0

lu 6u Io u vT'l hJ fr o.r rirl : s n uu fi a', u',, o u, u't u ti't t d

agalu

Osmotic

4cial
n1:f,nu1tno?afll

t.

:rdunrrrtg.ttto.rrirfi 
- - -..

vt

QRofll|urlolnn?u1

gtJii r n1:rnaoitr'tr:qod'urirtolfiu

tillu 6u6. fi anrntfl u ar:

n?'lildtilt:olfoitdt:ayur,,fiorqoriruiqvrt*dlurt:t{rurundssioild?ufiud fio

Potential uasfirilflunil (5)

Ia nfi u:.:6.rqon:vriroioti'''lu6uIrufr fi nvrr.rr{r{qu rinarstotlan
o Q 9o

Yr'l t?rul

rndoufidnarTrjluglu nrirrfiorirfin?'rild1il'r:ndovdrsruldrurnfiu ttsirir Gravitational

potential oyfirirrfluu?n au r.16o qud duoqjfiu:v6'udr.:6t d.:riuarur1fi'irrirdrutuuu*1fi

rir Matric potential nirtiu usiiorirfind{o.rri',fitr6'unrrrua'ntrnfi'lGusirtfruosfirirclo'tfrnd
I

rirhirvirfiu tsl

uonornorriilrrnorLnfrnrfou'lud f,sfitt:ln:sUrduf iifiHarirhi'rirf,n,in'u*thlu

ouujduuuilasld r.riu ,ilnrinnuo#udu nmrunsrorR'rd qnnrqfi rfludu usinr:iqrirtf,ndrir

ludun:vdld.ortrr{rsroyir ti'r,$'tutrdfioqjluounarriufimirl:Jtryldn6oTrirrdr nr:{er

rir vruni" porential fr:sfiun'rriln'nrdeefru:rntocfis firfiu.rnofios1#lirnou'ld ,,artduo

ornrirfindrirlu6urj:str fli 95vo uforurnndrrflunafirnqolfl Matric Potential (4)

a. nr:igrrir Matric Potential

Maric Potential (ts) rirlouldviosrr as d'l rdurirqudnax

,., d, nruluu::Edrudu uny:rrilaru{rtr,rd.rflotriodrurTafiutituiqv,d orrrugrJfi r aq:J

n': rru drr(uf: s n dx Matric Potentiat fiu:vt smr{fi ri,qouoduuntfi ofi tir ldrtr fi
'l

a

i urilfiufir::1'lurio

!t

R-lTUsll:tqul

frrut 
' 
Buuer , 1940. (15)Copyright by Mahidol University



il

,fi uri't gnundu rurornru^.ri,,fl u,, o'o'tu h
I

o^a:v uaolldftfi

.r ru fi do r n: v rfi r rvrool#rir n du 6u rfl u

W=Fh ...........(21)

louii w = rr u fi do r n: v ri rrwool#rir ndufiurfl uda: s
daiotF = tt:{qqfr1Jilol6ufrn:sdrsioilrlun:{fl:Ylon

ruaoqnrnu:rqordrros6ufin:vrirsiorillun:ln:suoR rrirfiitt:lfitfisrorn
,Ltt

drnfnclo{dr d.rriu

2)

a{uu

F=mg

A ! 4^--^d'^--.---e^e--Lttjo m = ilraflociltvlQnun1jurultfiuo9{?u'l

g = Acceleration of GravitY

W=mgh

.(22)

...........(23)

...........(2s)

w^/ = (mgh)/V ----.-..-..(24)

Ato9,v
ruoqnrnnarilo?(liIll]l1ullolrirlyl = m/V dSriU

fi orflusrufi do.rn:vfi rsior'rilrorjirulfl :lro{il'l o) rrirfiu

W=ygh

l.[m = - Tgh

ruootornrixrusior,niruil?rursr: rvirfi'lriifin,inuotit lalnr:fi ta) uaslun:fifr
- ?a o ;| a v ,d-=-. &a

narrurflJude:vro{illiiaoa{lfr'afrulfro{01nn158oduruoltfloelu (Soil Matric) iluno

...........(26)

v4
9r

i d' 3 :i a4<-.--.
rYilnt: fr ZO tilufru gruto{tn5olilovttiunrr Tensiometer

eat
{u1{n5.it:un?1
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rndsl{n*:sd.rn,lr*du*orfiu rJ:snoudru*ri,rinqvrqud.ri-ru'ru'rrnrirurnroonldsiofiuii

' '! ' o 
'rio#r, Meicrrrv Manomerer ,itiit,n, Tensiometer otttflutil{idul,i

fffUfif tfAyfiffiUfiffrSiOfiU Mercury Manometer UlyllTlu'lensrometer r'Jrrrld!rr''

rflunalrfl:vfii

drrirfieiruld

ornrmrdr nr:1#rrurirlosrfirurirauluiitfiltirto'rl Tensiom"t", l#rd', nrnriurirdruilaru

firfluiaqgvrqulrrlu6ufidornr:ier drurn6ufirirnr:isrfirirfin,i*uurilluouoirn'hqud rh

lu Tensiometer oslrAoon'lilvrxgVlqU rirt#rr:16'U1U Tensiometer GloCIlt

rJ : ovrlu Manometer gouoqon"uuav arrur: ndru'16'orn arnorloil Manometer

rvirtiu n rirdndtolrirovdru'rorldd'ld trsl

-Y"u gh

ri rn nil ci r { 6 r ril rv cJ a{il : ovl

Manometer dsrirld'arrur:ntd.rru'ldarr.odu uavrirfindtuut:',{iri'tuTdtvoqilund?u1o{

ru:r6'u nr:ons{. Tensiomerer do.:t#ln€olfiororsdnnlhjlududs:vffufidolnr:5o ttns

riouoyilrarhJ6'o.rdrl#fiufidurqrurilun rfiodrtrflfiueioufr':as d.rocsirul#trvi.riorqnqu

durTafiurdofiuldau^vr o1nrfudonuudulou:0il fiuti g iu o'.rosrirrldlruld rnio.rfio

d,raulyaudtrirnr:iodrfineirirluaudnarHsirn'ir -ss kPa rrlituovfir'rarirl#srnradru

rirugvir{rrqnqur{rlrJhlfir6urilno.:rniorru^o'ld rzl luArJii z rflugrJuan{ Tensiometer

r.hilsr - - " viou::1il:on

torlJr:1u1

firur , Milt"r and Donahue , 1990 . (4)

pm ........(27!,

Jsrufi Y,,*

Tensiometer fildtrurronanrufi orold Pressure Cuge rr^odttrvru Mercury

:rjfi z Tensiometer

ruri r ivrqr rqufl .roqllu 6u
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l3

ifinr:iorirf,ndcrordltufiu6niGud.r fionr:iorlsruld Resistance Block d.rld

ndnnr:nj6uuuJa.rdrnrrrdrunrulv,hilrtor Resisrance glock Inufirirnflrudruvrru'h{fir
A ta .4 {--

toit Resistance Block 0YAqA{ rUOil:rurOrdtlU Resistance Block tfrruilU

Resistance Block rJ:s noudlud:tdrilr z ririlloqinruluiar;fi arm: crqodlrirld

r,fu Gyp*u- , Nylon , Fiberglass grJdrlnruuonulorflud,ndUil?r6om:lfl:suoR rfio

Resisrance Block Qnilsarluau orqofiurirornrdodu oun:sfi{rirfindtolrirlil Resistance

Block ryiri'u rirfrndtorlirludu rirnrr:rdrunrutoit Resistance Block friqle{nvriluei')

tv ! ! 
n

uvruro{nrrlnurolu'llutrarfu (g)

rirn.lrrudruntil$o{ Resistance Block o10{ooonilrlunrjrulorur{tQl niotu
jiaor

rn:o{nnafl0-r?rurulJ'l{ruurJrrdg{e,ranr:inrirn?1ildruyt1u'luhilroonurlugrJtoldltallo{l

rndor (Meter scale) uonttndrn$olinrirto{ Resisrance Block lJlrlttrJuff.rl#nran1:iaoon

1rrflu voltage output firiludocirufririrn:rrudruvr1ulro.i Resistance Block rdordo:lsio

r{rfii:vuudrdnvr:ofi nddusiolil tsl

riounr:ldl'llJ Resistance Block osdolfirnr:Aolrfiuldrril Resisiance Block

usia s sY? rfi ourJa srirnrrru drunrufi dru ldrilurirfintit olti',lu0^u trl

nt:rrourfiuldrr,riu Resistance Btock drlrrul#rniolfiofir€un'ir Pressure

Membrane Apparatus d.rfidnuorvrflunruusfln fivruu:ld'u4.r'ld nrulufitrriu cellulose
| -9

Acerate Membrane firi'rarurroroa^oufiniru'ldrrtoqjuusrsun:qd:olitt lsldu N4eturun"

rfl urirufr fi u: rdurvirfiuu: : ur nrfl R'ruu on uacfi mr{l#dtriru rfi u'ln aoo nrur'ld rfi old.rru

dr Resistance Block liriutir nlaruurtp.ilJ Membrane ornriurfrruu:lrTul::urnrnfioqirnfio

- i i 3 o q9! ! 4 | '
Membrane rt:{Fl'ufrtfrililtnf,uoulillrfiituxriru"[maoon0tfl Resistance Block t'llutlFlu

Membrane oonrjnluuon r:liorirngol?taooflotfl Resistance Block rirfindzuo.rrirlu

Resisrance Block lunarrfu osrvirriu rirrr:.rd'ufioqjrnfiorrriu Membrane mrnrdduuritrr:.t

-A'ad,rs'aa4'l?ludlilylluqloilResistancedufroqitrfrotmiu Membrane tilunrnxl TlSoilrilllllJnnnlr 
e

Block rrdtirhJasrln:rd ov'ld caiurution Curve llorl Resistance Block drriu (t6l lu
.l

9ilfr r ttclgit Pressure Membrane Apparatus
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nNnhommrt'{duq.l

Membrane

grJfi e Pressure Membrane Apparatus

Yftf'l : Marshall and Holmes ,1992 . (16)

lugrJfi 4 uda{nt:1#.:ru Resistance Block Isruil{1{1ufiu1u:sdlfrdornr:

riouil.rslotdrdunqrl#rflunriou ornrfud.rnal6undul{snilro^rr d.rl{rJ:yrrnr r drJsrr#

6sld{ru ldleu nr: iorirn?rilelluynu 0:r nilaruf, ru lv'hilrfi odrn fi ofi adu

1 -....... - - - -rniowiruriro:ushunru

Resistance Block

grlfi a Resistance Block

fiu r Vtitl"r and Donahue , 1990 . (4)

5. nlSiorua:?ill o{l Matric Potential uou Osmotic Potential

iJ,"et
tilou1lJ5t?oq tuntsusilo osfirhursJiltaqadcrs6rilIilrilusTrJ'ldrurnnodovr,rqor

ornfirrirnarurflu'lo rGundr n'r5:vt?tu lutnryrdsrfiulruraoaroqirur.rh,rnnarnaaoufiu?r

--:--J- - -! - a q i i, - | e dTuFl?u1ltnunaun?lilu1o{tnn? luAnTrnnr:rurl4uilauntEnnun?lynflu r:uRdntflluCopyright by Mahidol University



qrarsrfu,jranlildilEa Iqufi u::urnrsrufion'lri'r1un*rrirosfi lor:r'ldrurnfi qo
9tt{

fin' nfr ro.r'lsrhocrvirfiurirf,ndrnfiroldrrnarlutatyfiu ts)

t5

tta3nl

u: : urnrf,fr fi torirr.rauoqiovrfl uornrndu uasfi nrrru6'uu: : urnrsrdr fiuna: lru

cfolu:16urolfirry6ulrtactr:ldutlooiurilrrufiu tt:ldutqnrsdrufirfino''nluri't 6un'jr

ru:rdueioucruoluri-.1 ,u^uurrqri'lriqvrf;"lunrrusfln udrrJiioul#ftn1::st14u1ol1oriil{rcj

4 a iot -- -^-.-?^.-^^-^. e t t ' o 
^ :

lJ::Utntf,t?,tuopur lunrsucoutfiudnlndilEa rt:16'udou'ollorirfiaruqafiuriru5qvrS
vrtn'

Gun,ir rr:rdutorir6rufir lsarurated vapor pressure).. nrtr:sdutorirdufiafrrirniurrrj:Urn

dur-,uq*nqfiii,fiu{iu lrnrfitiri'rfi6"rasaruararooqifinrirofinuotiroraru., duirl#nr:

,r,nonuor:*oard:s rir'lrflriru:,rAulorirfiaruqnfiiar:avaruosfirirdrn'irrt:'rdulo*du
t9 g 9 I t

fi: tsl lun:fiiirirqndn'l{Iourdoduoyfiriru:rduloriraoart'iiufiu trol dlriurirfrndcrosdr

lufiu dsarrur:ndovrirurcu'ldleuer:.r0'rnu:sfrulorirdaruqafiufiuti',tuautfu Jsrurirf,nd

nuatillu Aufi r{ru'lor ortdrfl us.ra:'lruToil Matric Potential ttdu Osmotic Potential

oS

nr:fior:urtfioririorirtoil Matric Potential ttdu Osmotic Potential firlquttun
t

nr:fior:anrir vtut l. Potential rirrdurriou el'1fi

grlfi r ou rlu nuoril::iqnfi'fi qorn 4fi nlfi

Marshall and Holmes , 1992 . (16)

rrngrlfi s rfior?udufl1:ilnao.{ uniuiorqnquar.roqi:rd'ur6urtiufi':rirtrarqodl
etePoror-dcrAioiq-t

,i.rouAur-. rrnrfuunrmiuinqnEududrtd'rudst:r6T rlou0.r rirnvqn6$u'lilnrruvio

I.oufrnlruqrduoqifi11g:ri'udsrrirtourniu{nququ rrnuniuisrqvlquqnunlr*uq.nnnrfiu'hJ

YIIJ] :
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ornrsosilniruuniuiorqnqufirl#driigno'.roliururlnanduas{:vdur6u ar fiqoaruqa tt:{
jfqa4
yrue.ru?erQTrquouo"d'r1{ rvirfiuu:sd{fiuvi.rrirlurion:srirsiofilirlueio.lilo.riorqnqu

uas,s'lddsd

p=Tgt (28)

- 3; - 3 u I r

[ = :39iln?1ilq{1o{lillnQnailTU tu9l'llJYlo

luanrnfrAilEa fi'ot:ittrluriruto.ttt:tsiu'lodr 0sTtil'jllt:.16'utsllorirfi:sdu
trg

I a o I dl !l I I

n?lilq{n'r{rdl01nil?uluon?io oyilrir'triryirtiu fr:sdunrrru{{ = h rr:td'u'loriruoniloov
gitir'r9t

raoh;oqrtr-evnodaodl'd
tyirflutt:.rdu'[oilrro.ttitluso{?t{to{rup.tu?nq]IEu tlauu:il9u tou'lYltl?ulYlogil0nno0cil

'ji,anrillnnqq uuno

Isrufi P = u:tdsfin:vrirsiofirill

y= n?]ilfiulttduilo{ill

g - Acceleration of GravitY

p - 'po

s -i I v tl i 9-q,9
t9lUYl p - nl[[:{l9llJ [OUl?9 [91

9tpo = riru:.r6'u'loriro^1fr:

........(2e)

lu:v6'rnrrruq.rfiuornritsfiutflu:vusyn{ dh nr:rilduuttrJalu:{6'u'[orirrvirfi'l

dp = gOdh ......(30)

losii g = n?rilfiuttttiucJos'lofl

.A o - !^ r ddr I d o 6l- - 9). -- ---^.drruolrror:onrr:.to'udt"[uviofrriJursiurdurriu 'lu:vriunrrruq.rfiuornsirtflur[Ju

qr<lllte
:yusytl.ll dh u5.{lgtu0ctilauu tljtnlnu
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fl1ndiln'r:fr 30 ttav 3l

6l
0'lnnAcJO\1R'lS

Isrufi

sTdh
-J= dP/ Y eriruil

dp/ 0

nRT

rjirurn:
^ddturutosnls (Mole)

-l -l
8.314 J mole K

a0
qililQrr ( K)

(m/ M) RT

rn i.
il?aro,ll toul tllSvuu

-l
0.018016 kg mole

pM/RT

dp| / dP

ffRT/lt4) (dn/n)

t7

,....(31)

.....(32)

....(33)

......(34)

........(35)

.........(36)

.........(37)

........(38)

AltlJ0{0'lnn1 p

dP

dp/ e

dP/y

PV

=

=gh

i^vry
$JOlAtl'15 fltltt:.{l9tuuou10.r'lorir

pV
s.itquYl m

M

otndilnrrfi 32

I

9l{uu

rdoqrrn o- m / V dlfu nrnailnrfr 34

integrate drufll:fi :z ludx p ds p" tv'ld

p = (yRT/M)tlnp/p")

olndil n15fi rs rir p osfi rirlu sir.:#ou ndrmiorrirfiuqud,'yirriu

/ p" frrirlu'lir{ o d{ t
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-ilrr5{R:eflttoluruu?nqnqu 6'rrfu tt:l p luatnr:fi rg dltfiuuuvruldd:u ry* 6ld

l.[m = (yRT/M)(lnp/p")

orn;rJfr s dilqaro{:euiltfi ntiuludnuar tiiti'tlutiuqnqodn#ouutru'l{dau

........(3e)

nt:;nna:?il1toit Matric Potential ttdv Osmotic Potential d11J150fi01:art'ldotn

rj , 4 s s 'e .---t{-^--l^^.ulg.^:^-i^. a
g:Jfi s rsiurfiurfiu lqon{ Semipermeable Membran" frilrarrur:o'lflati1u"l6tvtrilu uuFr
i" t g i e 

e

ilr-tunou6r?t{ur.tudnqnIulJu Membrane 0'rRfiltvtd'l:aualfla{uutmiuiorqnEu0ut$iu;q
A - !A, q r d y A -4- .E-.-.^q-?-.^^.---*--i--i-.q^rqP. I

ilEudild? rirfroqjnruluvioovqnorrfirurr:rvrrurn1u tilurua tfidlil'l:oet{u1lJu tlJ toq{n'11

aioqr I u r 4 e q v lA - I

n:fifilfuniuinqnquodrsrdur fll:fror5arln?tildlJ$uf lil-oaonl t{a:?il1,oil Matric

potential rlCIg Osmoric Potential rirlufrnuarvrdu'lriufi'urir Vtut i" Potential 6'lriu drurn

ipr ri r u: l fru l o ri't dl r{'r dt o r u : : o r n r ofi aru q a fiu t:'t tt r
ol

0 s d]u]5 0n'lu?fllt{a : ?ilfl 0,1n1

Maric Potential ltav fil Osmotic Potential ld'd.rfr

pm+s = (TRT / M) (ln p / p") ........(40)

i a j, ' e s e, r- -d+q^Ztt^.^o,t^^^--.' rn:o.rruovrl#Sorirfrndcrsrdr lounr:5nril p/p" fifilSluiloqriu ldrrri

Thermocouple Psychrometer (8) Thermocouple Psychrom"t", rflutndo.:fiofi'ilrrfludolfirnr:

g

n'l:f{tu?fli?,rrrirfrndqlolrit o'lnfit Osmotic Potential 1o{d1:asnru lfquarurifi

colligative ro{fltrnsaruf ir rdorfrru6'rqnava'rua{lusirfiravaru ovritlrflrirtr:16'u'lotol

ldquarurifrorvCo
n'r: fi ru?01?{ 1n1fl nuqro{u1

firrirayaruaeal qordoorrfiruqldu qorer^onrt{.raoa.r ttavtfintti{d'u osmotic (tzl lun:fi
rqltidev/or--i

lto{dl:agalu NaCl rirtr:ldu]ofraqarilnilildilTluInufll osmotic coefficience 9l{u (I7)

0
1000ln (p/p )

VmM

ao:lfruurfJu:rufr? lpruaourfrurfiifiucr:asarudm:ru osmoric Potential loufirlilfin

rfluar:ayatgroit Nacl m?o rct nl:ffodnlnnr:doiltfruufid ovfltilt:nldrit osmotic

potential tflufiruvrurosrirfinritso*lld rtl

0 =_ .....(41)
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leufi 0 = Ottnotic Coefficience

a Ll A s ' s -d
v = 6tu'lu'loosufrttnnslrorn [rutaqatow?qnayalu

'lun:ficJot Nact rrirfiu z

eo
lloilgr?nlnua'lu

t

olnaunlrd 40 ttas ar drldsirfiravarutflu ilr

\U =-zRTmO

o'tnaun',rd 42 nlrn'mr $ 1il 03d1u?il?r'lrirdnriclosflld

asarudtu?otldornarunr: ft d

(1..806-0.001O) Vm

Iouii G = ooll'tQfitosqordonu6sfiaoac

rilnuuolrusaruro{ Nact'ld'nrrunr:xfi t

rt-,r',ud r rirfindtosrilnuo*,uvdlu NaCl (kPa) fiqaruqfr zo+O olsrtryatdua

o',nauo',rfr 43 t-ansA.c.R. tg67 (t7\ ldtfluaunr:md'n1unr:r{ru:urirfrneicrol

s1 = dtululrumqatoloTrQnaualu/ 10ffi gm

0=

. ....(42)

d.:rir Q noitdt:

.....(43)

99
n?1illillt,l,u

molal

qarm4fi "c

3020 4035

0.05

0.1

0.2

0.3

o.4

-230.1

454

-900

-t344

-t79r

-233.9

462

-91:

-1368

-1823

-237.7

470

-930

-irq,

-1855

-24r.O

477

-946

-1415

-1886

-245.4

-485

-961

-r437

-1917

YI lJ1 : Lang ,1967 . (17\ Copyright by Mahidol University
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I rv d i
6. ?lu?gl,o{n]fl ngflo{lu1

:

[* r*' I
Lffi_I

"*l

Ilkgl m3l Uoule/( K mole)l

rv=
I kg / mole]

i A ! t j u rq y nye3
01ndiln1:vt 40 tilo:vufill?ulro{n]n{ilttaen?illJ5lucTuR]:tta? [tct9r.l [919]{u

V = (TRT / M) (ln p /p")

V = Joule/m

t

oln lJoule= lN m d'.rriu

V = N/ m

drr.fu nr::vr;rirfinifrouir oro:vrtrlouldild'ruu:{ffu uriruvrd.:srudsil?un:
Arersdveie-J

1r:o l.tlJ?Ulla{{'ru9roil?a lquilfl?lrJdrJlIuSnuq{u (4)

lkPa = I Joule/kg

I kPa = 0.01 bar

I kPa =0.009869 atm

?. nrarfi;surfi sumiosn^oioEir fi'ndri rlu6u

fl r:rilEuilrfr uilurre{d{nr r{d 2
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. -9

stm Nd z n 1: rLE uilrfi u u{s6uas {o { r fio rnf olu'oin ri rfrn riri rlu 6u

ya,lloo frodrffoA4
tfi:o{lllo

lv
s?{tfllt?9'l

Tensiometer o fir -gs tcPa t .eirurirnr: in Ioust:.t

2.:1n]qR
As

3. d]il'l: ttt}l tJtgllJ : u lJlJ

druruanr:iodstlufG
A a uv

4.rsono t9

l .rilii io1fr fl u rir fin dt o.r

3o o i , Ao
$rluriuvtog:ouqflmflel
99

dsrvirriu

z. io'ldrqn r c ri rfi n ti$ o{ fi
firflu uut ic Potential

-itaa
3.il1n: aOvloquu e.l?9lu 010

tdiunr::ln:u

Resistance.

Block

-zo dr -tsoo
A a rry

l.tso6lo t9l

ia
2. rn il'r5 nt?I u [9ltl: v uu

roessa
oluHaRl:?9109 tUtJ9l

3.:1n1Qn

4. tn5 id5l.llttll{[t:{l

t .do'rfi nr: aotlrfr uudrr'r il
tq

ttaago?

2.ri1iiie' ldtflu ri r frn dcr o.:

lo o i , io
ilrluoumoq:oilEelnelel
9'qlu

9ttttvt'tuu

laGlad
3.ud$l{n1r.loilala tuautnil

Thermocouple

Psychrometer

d
-0.02 0{

(-1500 kPa

I . ri'rfi ie161fl u Ha:': il cr or

Matric Potential tlClS

Osmotic Potential

:A
2.d1il1: GltTl il l9l tJ 5 g lJ lJ

r@osga
o'rut{anT?oo9 lulJ9l

@.o"!
3. d1 lJ 1 5 0? O n'l fl n ucJ o ilul

d I i g tl-tt
lus?{vtttfi{il'ln to

I .rilii i'n 1 eirfl u 6'r o tir.: 6u

iad
mililu10taflil1n

rlt,tj
2.OOU [?l?90n'l: [lJa0u

tA
ruila{qil?,|4il

3.oroQflfitl#tf,uYruorn

rn6osiN"l

4.:rfl1eiou{1{rtv'l{

drut , R"*"y , Ehleringer , Mooney and Rundel ,1992. (6) ttav Keilh A. Smith.' Chris E'

Mullins , 1991. (8)

olRet't:'t{fi 2 Resistance Block d.rrflurnis.rfiofit#lru'iru :1n1d1 In:la9x

ru{qr:c n.Haod{drtdesnrn uacdr%ireuri'ehl Resistance stocr ftrflurnfolfiofr

r?nJrs dil fiilnr:'ldlrulu tn ln.rrJq nCopyright by Mahidol University
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drn iuilqnrludru nr: asutfi uil Resisrance Block il tndtill: oaoutfi ul Inunr:

ldar:avarutflururot:grulunr:aourfioureiulfiuttit-t Thermocouple Psychrometer trdt 0&

dr ^^i o Urg&r I ra@a ,i, rn

ril uTG fr au r: ori r "td^lu rio u| 41^rifi n r : fr: l:J -!,rtAd
0.r uufl 'l: fl : 1{rn: o{ilo$av:^f; nr: drn il nr:

fitL rirfrndrolrdr:nynlu osrir}i'nlidoudoiltfiuilfitn?tildtuYt1ufl oil Resistance Block

rfrelu Resistance Block rirld,iradu

8. uu?Annr:oonnililrn+o{rdourfi uil

lu:sruflsrorurgrJfr o fi nrnofu::qriuiqvrfi",,uralruvaru Qnn:ou'l{drurlr
ji 9, ra q a t!, d ra . s An5oil lalsytr:rugrulJ:lJ19r:loitrua? tililnrno:yt{do.llJlJ5rJ'l9r:rnlnu ruotrarnirulil

fAJoo"qattr6qqdtASA
rJ?ursr:riru?qvmlufinrnoi n. aqa{ ri:urJ?rurn:1uar:avaruluilnrnoi r. ril=ilru rilo{

rrnfinr:rndoudruil:atrnfinrnof n. hjf,i finrnof zu. oun:vri'.r:cuur{rriailqa ilirursr:
q 4 tJ 4 h I rj I d

1j0ilt14 n? tuu ntnoST { ?Yo.l oil tilril auilrtlj a{lo n ( I 8)

3i1:AgnlU

g rlfi e n r : m a a o { udo { n 1 : rn do u flr u u r a ar i I o { 1r o { rfi a r fr fi u: r 6'u'l o si r { riu
iaqlaJ
YltJl : S0?f;llil t0U?-ltll$U ,2530. (18)

0rngilfr 6 n'r:rnfioudrolrurnqaro{lir rfiprduruao.rrrnriru?qvrr''lufrnrnof n. firir
oq i 3 ,- i i, ull! d J
flnu10(rurlJlnn?10{rrna0u01u Iuq ilnrno:

99

ndr d'sfu nrnrirrirhjur?ulunlsuyflsl
9ildaradyllJ::0d'lSayaluvtyt:1lJn1flnu10{u1 u'l0y

j i<,-a 3; '1J. cr{il::qd]:aratuyttJftlflnulo.lutntn?1

A Y tr lq 9 q a Ai te | . @ d
rnaouu'ru tiloq tuil:5utR1fruavd]:acalu 9r?uo9r:115?Ytfluognun?1ilttgtR9t]il1o{n'lf,flu

1ro{drlufintnof n. uacrirfineiruori',lro',ra&arc, drl#rjirurarri',lufin,nuf n.aprar m'rn

drilri 6liq6'n:r nr:rilAuuuil a.rilBruranirsT.r nrirr 1d' rirfr 5n 1dfr
9voO

1'O{lUt [Ud]:AenlUUU

d@rel
0 rtuu 9r?r rYrulr o{n'1f, nu
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dorfu nrna$rqrJttulJlto{nl:rirrir'[rJrtc,']u'l{rrfioar:asarudtlailrtail 03

arrlr:ol#uaiilddrr'r iuiqrirfindilootil;i1*irt'turirrurriou'ld

Resistance grock ldeiolil

e
9.n:oilltu?Ro

e e' -':rJrflun:ourturfiqlunrrflns'',ofodtA;'tti0'lnnlSYlUVl?Utofld]:lt1llnu a 
"

rir rilu vr iu u't nt fi d'ttTqlu nr : :Jq nfi v

ri'dnnt:',tttldrj:rlut#ld fi rirfrnd

nuoti, lurix -gr o's -l5oo kPa

Aderv4;
tnto{ilo?nn1f,nu1'oilul

Resistance Block

uasrir'[rjl#aoltfiuu

crid
d51(rrn50.$croiltvluu

4 r j, ut A
aourrlulnrytolu tqolntns o'{

ao.qt!
dourvruilnilnlflfl ul,o{u101n

d'l5dUdlU NaCl

fl'l5froutllulJ

Block Resistance

Ieuld

hessure membrane APParatus

4
R1:dOiltvlulj

Block Resistance

Iouldrnfo.:doiltfiuu

64'4
n'l:riliuutvluljp.lanl:6Yo1JlvluLJ

v
d€

'l,o{11{ 2 ?t
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und g

florq nav?f;nrr

nr: fi nu rn$,rfi ,fl u o',r a$lo,oiuoauurfi uufi:n: rofouuunJ6ouuilarn:rrudru

vrru lyhlr lprufi riusrou nr:dnur d.rd

,c,Adl. n1:cr:1ittn5oitd0lJrYtuu

2. nr:dollrfi uilrnio{aourfr errfi agrsdulnrifi'udrrduolu Nacl

3. nt:doiltfiuil Resistance Block d?U horur" Membrane Apparatus

4. nl: dorlrfr u u Resistance Block daurndo.rfi oaourfr uufi a$rrdu lnri

5. nr:irn:rvfr?orya ttas nr:tilEe,utfiuuefr'eourfiuudru pressure Membrane
i

Appararus ttay tnFoldoutfiuu

,)44t
nt td: til tFl50 { cro il tll u u

d.9/4eo'lnR'l:vt Pressure Membrane Appararus afrsrurot:grunr:doltfruu0tnu:.tdu

otnld firl#nr:aourfruu'illfludotldqrJn:nifivruu:rduq.ruavdo.rldudq.:rulunr:inur

:sdru:rrTu1fi'nrfisraoomar : iu fifirnr:aourfiuu o'.:rtrl# pressure Membrane

Apparatus rflurndo.rfrofifiturnlrqjdo.ro^srsi{il:y'$rii nr:ldrrun"**ur" ' Membrane
. 4 rq !^:,^ -.^-^^^d_---. 4 , J s 4 | q9r . etApparatus 0.lou tu?{01R0 uon0lnunr:aoutfruurrgiaen:'.:d.:ilrirlfrituriou{t.rqr

6'trfu lunt:dnuro#.,ddo,f,uoi6nr:a#r.rrurn:$ruR'rrdourfiu:lornrirfineiro.r
9.

rfiluar:atd'lu Nacl fivr:ruritfrndlu#a.r o n*.r -tsoo tcpa 6.:rsr6uruldiruuasd'uaudrir

rilou::qdl:ou01t, Nacl 1{lunrruvfln ,i'r o r r nn u,{r rju : : ur nrsrr fi o ar:
nvaruleufiriru:.rdu'lotit*t tVntf,tude{ o.99ss dr t.oooo drdrnrniqnnurnnsixzusrrir

u:.rd'u'lorird'urf,vrd1u'ri?{ 0.9985 d.r t.oooo 'ld oyarrur:na$xolrufiurfiuf,roqrirrrnnr:

iq uac rirfrneiroqrirld Copyright by Mahidol University
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nr:ioriru:16'ulorirdruri'vrftu'rix 0.9985 fu l'0000 d'rrfludedirirrr:'rdulorir

#ufindftfirq.rtn#qn616"1 oroiOdrU Thermocouple PsYcrometer rrgi Thermocouple

dt ,riotfiofifi:rnrunl uasilol,l,l{ d.rfiulunr:flnurnfsfi6sa$r'r
Psycrometer tiluEqtn:o{lJov[t) lrl lrrtl\l

rn€oqfi orruuh'r rirfi oaodo'fi rfiprdsnGirr

rfiofior:s'nr:ioriru:16'ulorird''rft'vrflusi:.1 0.9985 ft l'0000 dru

Thermocouple psycromerer $snlj'itu:{rduldflrdrfiniiuriludorieufiidCI:rn]"''nunuo'i.lfi

rnrvoqiuu Thermocouple psycrometer 6'sriu urnagrsfirsr:roiofiriruuoil6'rart:'tluA',,

':eninfrqeriirud,uld 

' 
,,,r.rile.sr:rniefiagrdubJkil{luil::urnlf,fifi riru:rd'ulorir

fi'ri,vrrflluEi?{N 0.998s dr r.oooo riru:r6'u'loti'',r'utr*fiiustnsirsfiuosrirl#dsl:rn1::31?lu
I

n outi'luo n o rn d'lsr: rt istfi ril rn n sirs fiu rdodltuprrrartu nr:lcifrrsr:'loisrr{r'lrJlu

rJFr ranirii tu a^oo qil u 6"1 sr : :o io don: I
il : : u 1 n'r dfi fi ri r r r:.: 6'u'l u til Au *n tf,lq r l#rd r fiu

fi ril ue tear ns fi rilrq nei r{ fiu

n-,, fi os.rn9ld6.ra#r,r6'rst: r o iolfi'fi d'nu nr vfi a'lill: tllJ: 5 lti't1{1' A't'tavisr

r1?rura'irrifioqilud'.ror::oiold ,,unduor'rnrflunr:isrrirrr:t6'ulorirdrufrvrdluEi?{ 0'ee85

fu 1.0000 drfrnrrrunflnsirrilorriru:.:6'utorirfiufivrf,rlouurn nr:rrjduuurjasrj?uranirii

rfincrjuorndfl:.rfl-r::sr?rufiusrnsir{fiuo^,rfirir#ouerril'hJdru r4rl#nr:iorj?rursurirfi1116uu

*rJa.rlrJtriasornfiosfirnr:iorjirursr:uiorirmrinlousl:s rraslutalcfirirnr:in:Jiilrsr:

m$sf.rrirnrinorofinr::srnonuori'ruunornsT?fl:roiqtfiilrfiil 6'lriunr:ionr:tilduurrilnl

rJ?rurnniryn{doilfi ie,tdfiufi tid.r rirnusrrrardltfl u t turnrsfi tilurs ailndr

nr: isrnr: ril6 uu *rJa qil3r,.ra*irvrNdo'lunr: fi ot'tu$ofi ldn dnnr:fi rsru ,l,osfrr

rfiurJ:vq ,u^uoo..,nri..,firir Dierecnic constant rrirfii 80 (19) dlriou{xqsrfiotfisilfiuar:o^u

*rl, n-,oag-ro6'.idurJ:vq iinri'',ituuorirJ:vnou nr:ulduuurJalto.rrJsruroflirovrtrlr?rir

naruq'6nlffr1ol6',rn:.toioorouJ6uuurlal'hJrurnilofiosn:rn5n'ld grJuuurfiooslu$oE6"l

rfi urJ: r q uaolotr' grlfi z uasrirnrrruq'lr{rilrrirurar'ldsrrruaunr, 6ud tzo)
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g rtfi z u arx o r rirJ :, n o u do o ul, cr o { d: r fi u il : v q dr r fi u rJ : r E

American Amarture Radio

C- 0.224 KA

d

Jqufi c = rirnlruqldflrl?'hilr (Farad , lo-'t ,pF)

t( = ri r Dietectric Consranr lro{ ?f t: fi oqi:sn dr.rfrrrir'h,hfl r

A - fiufifian#rcrosei?drTlhill 1mrlofiry
I

d - :susvix:srirsdrrjr tfir)

0rngilulrurfiors1utorsi'lr6u:J:vlorurgilii z nr:dnr'ro$od6.,oir{firsr:roiel
Qgav dl i.^^.^---.----i-q-y -t6 6t I s ._-.a_, j I 3[?rilanuEuvtlJuvl0lldltJl:nil::qu119t ilfrutn:nruluvio larvoyilrirnlfr rfrou::qdrol

umudornrsluvio rirnlruqlv,hilrhhilrcro.rfirsr:roierorrfir,flurfludqefrufi'uil?rrapjrfi
-------t4-t d o d IU::14{ lil tuo{0]flUTJnt Dielectric Consranr q{nitotntf,

Consranr rvirriu t ,,urdlfirit Dietectric Constant ryirfil 80 (19)
cfu@4_.Ll99,rl4t9aa
tu9t?sti? it ? g0tldtilt:6tucf n{l 166?unrn,lrruq "lv,lvhTolsr'aq:ani9l

q 9a <^ -+- <r ta o qooRttuu tt{ruturqtdntfrotrllunr:aeil5ilrsrro{d10tnd'?et:?niqfioy:cr?rsrdr'lrJlu

u::fltntdilnto.t:slJlJlitfifinur tn:rvfiiiltnfirilFrurannR:srfiur{1hJlu:srLufrdrd'rdr

nr:;eor0:il n?udilEaro.r:vuururnrfiu bJrirhflnnilrniu eircJor nr: ioanar

d i^3.^o^-y_--o^--__-.o, ! " , *nr:rinurnftiloraftsst?et5?054t'rn a'loorudrcl\1Jo; 22 uacyioJorc clurnrdu
.ec'

nirqurinax 1.2 trtJ. t,t? 1.5 sil. Jquerrarnorurirurl{nruluviolaraseriluu?qudnox

{o.lvio urruluriluttuof zz nasviolarsosrirn#rfirflusTedrlyhflrdtrunornflulqueior

nruluvio travfr qucruffi riJupirrfiurJ:vqlv,hilr lu;rlfi s uaororr{il:s nourossTrq: roiel

Ylu'r

s -i 4t
[9lUVl0'ln1f,ilFt1 Dielectric

yyr

d.rriu rj?rurorilrfi r: : rori

desr:misrfiaixdu

A,tt &ytfl51ilflu
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?91

nr:ldsrudlsr:roiq6ildudrunr:u::uirnduallufrrsl:'toio 
ornriurirfrr

n:an{elil't'l51uu::u'lnlf,'o'l5suuflefifrrirrr:ldu'lorirluu::srnr'Aruqafiurirfifinur

d-rri-rfrn,iruori'rfidns'.,firirrirndrririil::qlufiror:roio 'i'to''of,uudrsoontrnfresr:enio

,fiuoo.,nrf,oyrn6oufinrnui'rarfifirirfind{orlilqrhr{ui'*iifiri'rfio,inu*fisirn'irrauo

(2,l3Xlt:aqalcro{il?ilr*ri'ttud'.r:roiorirhi'rfiqrnr:'Jduuttilatrirn'lulldflrto'rfrrq:'}o

urru'turi,u, tvo{ zz

dolnfisturo O r.2 uu.

u'l?1.5 sil.

rior:suruornrf,

florjarudsd'lunt? " "

ornnr:fifi.rsr:roioficlurordn rir'l#rirnnlq'h.hilrto.rfrrsr:'lt{nfiriril:slrat I

pF 6'orfu nr:{onr:ril6uuur]asrirnarruq'lvhilrlqufl:llnul#rndo'risrn'lril1lv'hflr 
n?o

nr:{nlsruldr{'t Capacitance Bridge ortrirtdftinvt6efn n'trfin"ro9.d6'ttffit;trirn'ruq

lv,hflrvrr.rdo'Iourjrdrn:rt{quril:snourfluri'lut'donuo'oo' LC oscilator rdorirr, uer

1flrir tnou"tance (L) frrirnrfi rirnlrufifinrfinorn?ro: Lc oscilator osrrjaourir'lrjnrurir

n rr ru q ld rlrt os fi: q : r n iq fl ril au nr: dld

t-
zTC1{LC

gilii a frrsneninttaudqqdnuni

lsrufi

f=

f = rirnrtudtol'xo: (ru)

L - rit Indu"t*ce.lloilllflGl?nluxt: LC Resonance (H)

| !f tgt ' -9-- -^-e
Q = ruA:?illJOinrnrrullV'hilrlOtfrrq:rois
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rua c ai r n ? 1 il q t d ril r {i rfi or du o r n q rJ n : afdu fr il : y n o u

tfluxo: LC Resonance (D

q 4 @ 40 o'lunr:f,nurnirfiriruusrqodr{'ruflo.:?ir0: LC oscilatot frrirn:rrud 42 MHz

Isrsnreililru'ir rfio:J?rurorrirlusYan:roiernjduuurja.rTrJur?rfr0srdn#ou nr:ril6uuuila.r

rirnnrudc,oit?it0: LC oscilator osrrjdtlu'ltju'ro*ufrrrsr:roio16' ornriuiornnudii,firdu

0'ln?{0: LC oscilato, daeltniosrilnlrufi 6'qrfu rn$o.raourfi uu a#rsdu6.: fi rf tu il :v nou

r rieu fio sTrn:?oio'no:uJduurirnrrruqtyhilrroqdrn:aoinrflunrrru6 uay rnior#u

narrufi leufi:ruayrduod{fi

t. ffan:aoio

v

z.aso:uJdsuEirnaurqolv,hhfl osffan:aoiorilunarrud

- ---.^1j-.^?it0:tilauun'tn?1ilQ tTtTtlT0{gt?gt:?o?alilun?1il0 :J:vnou6eu?{0:oodlrtarnoj

tlur Hartler oscillator nfisrnlrufiniril:vrurar 42 MHz 2 ?.10i ?{tioocffirarstoffi r ldd'r
@tdtr.i'Ajoaaj

9tt?0?0lJ:vnoutljltd?u?tuit'lf oit?il0: n'tn?tiln?I9{aao0n01n?{050oavtatqo5fr I 0y

nJ6uulrJerrurirnruruq'h'hflrto.tsr-rn:?0ier ?{0:oodfirnrnoifi z rirnrfifinrfisrnenrdn,rfi
i o 'e

n'ltru6trn:{0:oodfrtarsrofvT.raolov:rrur{rdrurTudr0'r.ro:findrryof tz r I ruasir{rosn1rild

ovqnturudrua.:o:turudqrgrqdruudtrfsrlir NtaND Gate rlllll Schmitt Trigger fi'ngrJ

"tdtrdjtt)qjrlrrdrgqtattilugtJdtnduru (22) ri.rrcirr{0:ilun?ru6sio'1il nr:rJflusis'xo:rJfulrflrir
- d .o.-.--gd e-'_ i_nnrudtolxo:oodfrtntflo5fr t ilrirdrndr?{s:oodfrralflodfr 2 ranuos rruonrnlrur'h'hil

a v a --3--^---.a^.--^-----.6 tA oqs , ' 
ifloil9l?91:?0?9llullJillnlun?til0floil?il0:oodsutatno:li I tuaaa{ firltiruasirlroln:rrud

_a e.!^^_-.-i_._.__-3-.s_-..4-.r ; - 14 J: ,q o o - J01n?{05 oo?f rytalno:n{e{o{tWilil1n{u tqurilil xi9td?u nuiltruruilrfr oglu d'rn: roisr et lilu
ri r n : r ru 6 q vr s' d o o n o r n r r o : o r fi ri r q fl fi o fi ri r o qi 1 u 6': sr : r o io il r n ItaBn'tn?1il00ua9a{tuo
ta Jq u o rjrjirurorrirlust'ae:aoienqaq nr:tilduuuilarrirnrrru6'ludnunrsd'lnrirrnydrlvi'dunrnel^e

n ril n r: rilduu r u]nril3rulr rirlu 6'. r:'l o{q 1d

a#xfruorrugrJfi n
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Qr MPFIO2

Oscillator I

Oscillator 2

+5

l00pF l0C)

gild e xt: uJdsuritn ?lil I'ldfl tro{ fr?n:?oiprrflunlrud
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Aval
3. tnto{llltlfl?llJo

n'rrdnu',o9oda$rqnio.:riun:rru6rdoldo^oqrilnr:n]duurtila'rrirnrurl'ldrilr

zuordrn:ro{oflrilrlo:1ugrJ d 9 n t.ttas n

5 7490 lr

180 pEL I 470 PF

7490 il
710

.3 13

7490 il7490 lr

710

l14
2,3 13

74SO tl
3 13

7490 l l

I ?U]Yr
<H

H
A6

2 ?UlYl Output 0.5 Hz

tr
l.t - -a d 4 e d

Ei1o n'l.i 05$1u na1 2 ?ulYlloiltn: o{luufl?'ltJtl
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lu;rJfr ro n o.lu6nul, 4 MHz 01n?{0: Oscillator ovqnilrrurmr:dru to

,99toe

rfludrutu o n9.r nr:deu 4 61u?u t n${ ttav?n:dru z '$ru:u I ni{ 01nn1:d1{llul'orl

lC rllof 2490 n1rudqervlruostflu 0.5 Hz lpruorfi:vdudigqrarqs t iurfr ttas

dtytyrar eir r ?urfi afruf,unaoor:arfi l#.rru a,giur',iildfi ovrirhjldriJudtgqrorurfinr

tu er n : nru qru nr: riu rio'hl

l0 Ko

Input

Count

Latch

Reset

$rrF,$ffi9$g,giffiffi$ffii

Count Output

Hight = Count

Hight = Read Low = Latch

Hight = Resetn[L

8 4 67
IC 555 (21

2315

4 67
IC 555 (1)

3 15

grlfi ro $ ?{1:n?uqu"uo,oiuorTunlru6
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+5 VDC-

Count Input

470C)x7 7 Segment Comrnond katode

{to {2 x7 7 Segment Commond katode

18 al5

12 bl6

f3 74Cg2A c t7

5 dl

t2 e2

f3

g4

6 9 ll l0 I 7

l8 'a 15

r4 bl6

5 74C926 c t7

13 dl
l2 e2

f3

g4

6 9 ll l0 I 7

8C338

:rjd ro n ?{!:ti?ur4rnr:rlltolrn$ocfiun:rudq
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lugild t0 I rfiodqqrarurfinrfirirqr dqqrororn'No:lugilfi to n osriru

AND Gate rfiorirnr:fi dunur,rul riurfi fiqrXrarurfinrrirdr ?{01 Monostublt'lco:

fi r orri.rdrgrgrardruduruooRill l Qn lfludqqrorl#r.ro:ritrirrirtirilldliltraprlHa rfro

#rgqrn^rn ?.i1t Monostable elr:d t drqruo fl'l:ttdolnaouQfl Latch dNl{lurirultdail

r{a{o{?ir0:rirL u#orufi1 ?{0i Monosrable xo:d z nvgnn:v{uhflri.rfrqqrfli Reset ooflu'l

,du R"r", xo:futrfiotsr€uuiurirn:1ru61u:ousiolil

lugr.lfi ro o rfluri'luctos'xo:titLfirlrulsruld tc tuo{ 74Cg26 doonuuurfio

firlrufii (tr) drueu z qo sior{rd'rufiu rirnr:r-Tu1d4{qq I rtdnlqufi Input 3 trlufio

counr tnput , Reser tlds Leatch leudqqrnr lnput ordlrurtrndaunruqiln'1il?{0:1u;rJd

l0 1,

rfior1:vnoudrn:':tist xt:trJduurirnrrruq'lv'hilrclo{6'rq::o{otflun'1rrufi ttas

rndosriuntril6 rq1rd':ufiu os'ldlnfo.raoutfiul druiuldlunr:dnur rirfrr

rnsor aourfi ur os rfJurirnrrru6fi nsril6uuuila{ lil nrtrirn rrruqb{fl rto.rfrrn:ro io

rflu ut,

nlrdoiltfi uurn€o{dourfi uulsrsl#ar:asars NaCl

n r: ao u tfi u uri r l pr u frn rrl t tt r u si: et : r t So lu u : : u r nr dtu tio dl: a Y a l U NaCl fl lil
, j o 9, io , -91-.-9!-. ^:ilfi rt "ldAt:acatgfififirn']rutcitJliu 0, .05 ,0.1 ,0.2 ,0.3 ,0.4 Molal ttayTlnl:dolj

u9
tfiuunrildusrou6'{fi

r. ldar:asdrg Nacl a.rlurrolcisirodt flnerdr f^littitiuon'ir s #'llu rfio

h?u:rfiu'lodrqloltL: :t,rnrgnrulutrod.:qoalqn 121

z. rflnrn€oraorrfiuu rfirurirndurl:cillal 0.01 ml. at1u6':n:roiet l#eirurirld
?. io lngt a

luriar 3050 - 32oo 1trfz ornfuatld'rn:roioaluuilrnzurq o-ring fr6'odq'[i:o:lsl")sr:'to

ioocfi rrr #rfr nfi n:ousio:st4'irlsirn: ?0;atravtasrlddr:asaru

,l { 3+fnt}

rirfreiruldorn
4l

u1{u'lu

olntfl

florfiunr:ir'lfiacror
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r j 1 Ut A 4--- dr 6 o I I A o q

3. fi'lytoluta0lntnTo{doutfruil 0vana'{tiluiiro'uour.:fq tu-o{0lnillnau

A et v s h r ! | v v v----l-4---^--.isl^^' i
rnaoilUtUoon0tnfl?9t:?oio"til{tiollJ::Uln'|f,5sfi41{sl?915?0?e|flil?14?ry{llJolslJlJfiog [uo

ri rii ei ru ldo rn tndor aou tfi sr il a n a I fi { 3000 rH" d riu^u n r : 6'1fi

3.1 rflerrdr l#sTrn:tointtasil?Flu:sEdluavalurdoilsiorflu

: suriJq tA u'r fi'u n#oru f,rL6rudufru rlnr rtnvfl o tnio.l dou rfr uu

3.2 rfiotrarrirulrj s urfr rilorniolaoutfrul oorirfieiru'ld ttas

dd4
ilqrn:o{doulvluu

s.: rflnrnio{rtoiltfiuu rfiortarniru'lil l0 ulfiolnEo6rudu{lnat

lu{o :.r oerirfrdruld ilo,rndosaourfiuu

r.a rirrirlu ilo t.zar d:urirludo t.r tiuvtonrunfrngtita ttav rir

n'lrrut{rto{dr:nsntu

+. ilnsrfrrsr: aoioroonnrnrrprlcideodrs ud':rir.irsrrru{u sroulu{o t -g dru iu

ar : a s a r u rirn: r u rE1il {u sis 1 il

rgr:luilrya:?il 30 qo

lur$insnlrur{ruqlu rn'tdr s nio trld{oryadrui:Lnr:i

t,on'rilrunounr:croumuur?r.:du'irsnar s u'tfr,,r*flurixnarfrrJcioul#
4 d cr9. t y I o s tq oo d !q

il::utn'lfln4uo?ta? uay lsirriirflail:rruuirpirudu lou"loilrfioqj"[ut'lonvrrvldr{r{
j I a t o qrt q h J" a t 4:--4 4

lJ::0lnlflviOgtfixro'l'la?. ttayvll l14tr5{t9u toul tuu::ulfiltll?luo?1n?iln'lnT{ilu{1|oiltt:{

d'ulorirfioqlluflrq lquldrrar t.q+s iurfi srrruarunr:dsfi (s)

A*'[=
2D

siadt9lUll t = t?fl] (?UlVl)
j rl

x = :gUUYll{Yllt}l:tllil (lU9l:)

| @ r o J I it i"
D = ft'lduil:yef mt fl t: tr},,ti 1JO.lt toilt tU0tntf,

-5 2 -l(2.57X-10 ms )

9trilq d q4 j r. I v - v & q9 
^ 

4
lUnr:rinUrnjlU :vUgnXyttp't5Fnufll]nu t0 ilil. FtilUU0U t$t?nt 1.945 ?U]yl

j o q r,, r s t4 ! t - :- ,t i q
yr0un'r n4fnt[;{rgru IourGrilr'ryrDpnJ rourluil::urnrdtmfiorrolufrttuutilun:{flu{tllo{

o"vr!,act;d
rJ::ulnlflnrulurrfl d'rfiunar 5 urfrurnro{nr:;qugiaEn:{ oirtllut?arnilrfrtl,ru.:v{o
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fi u : : urnrarm fi o'lrdr rastel:rdens fi rir u: ldulotitdufrnftti'n'u

35

d.roc fi rh?n'l: : v t?t urlo{t

riroonorndrn:roielueiiqrnr6n s urfi sioilrrflunr::vtnunruldriru:l6ulorirdrur{vrd

ii1ndr6u.: f,uriru: rdu lsti,Autn'rftiaruqafiuar:nrarufi oqilutrolcidaodrs

Aiuminium Case

A qs uu.

8J1? 140 rJtJ.

'r.r o : nJd uu rirn nru q ld ril r h,hilt

cro{fr:n:roiqrflun

@q

9t?9t:'10?91 Rubber O-ring

qrrokid'rodx

am?

grJfi rr nr:fiorrqrodssaourfi uulosldar:acarutnf,otrnrfr n:rurirdntic,ollil
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nttdoutfigu Gypsum Resistance Block gTag P.esture Membrane Apparatus

"eig-4qqnr:finurni{fild Resistance Block fidfrit01fl Gypsum tilud'rttvtuclo{91?a:?0

iquuilril6uu uilasrirnrru druvrru'lvhhdrn il sru iefirfindruoti'tlufi ,

nl:doilrfiUlrirloUcis Gypsum Resistance Block druau a 6'r firnr:Aautfiuu

d'ls p1rrrur" Membrane Apparatus fi o'turtaul6u{urravnr:rl:vqnd rlhur-lfrrifinr:iffu

A | 4 a v 4a o ----
uavr5ou:JqnfrunotaOl ilillTmUldUtRUel:f,ld91: ?vlUlttfl nlllvl'rlttftu

i6Aourfiulfrlou:r{ Gypsum Resistance Block lufiuqnrirurnr.:uaufr{rurir

nrnr.furirl:afiudfi Gypsum Resistance Btock il.roqjt:hr'r1u Pr"rrure Membrane Apparatus

i ot i q a I a
d:sdlnrtrudu O.S ,l ,2,4,8, l0 tlay 15 bar louldnnrfrnmrudu:vd'loiX1 n?lud'u

ns 3 iu (8) rlaon:u I {u nirurilto.t Gypsum Resistance Block dru soit Moisture Tester

(Resisrance Block Meter) llo{l Delmhorst Instrument Co. Model KS Calibratea fiufinfiffr

eiruld'orn Gypsum Resistance Block ttduritn?1ild'u rfiolddrniunl:d$1'{?flJnr:firururir
q r 3 , j,
dntJt o{u10 I n ntrotu 

r'ldorn 
Gyp*um Resistance Block

Soil Moisture Tester (Resistance Block Meter) lOil Delmhorst Instrument Co.

Modet KS Calibrated eirurirnrudrumrutot Gypsum Resistance Block oonilltflufil

Merer Scalc lurirt o fi.r zoo lourirnlildrunluq{frqqfi5eldfrrir Meter Scale rvirfirL o

(Gypsum Resistance Block fidntv,tlt#{) llnsritn?lildruvrrudrfiqodio l6'firi'l Meter scale

rvirf,l 200 (Gypsum Resistance Block fidnrnrflun)'

nffi doutfi uil Gypsum Resistance Block dasrndossoutfi uu

e a 1 ! -oa 4 
niurdtnfi'utiunl:doutfruutn:aosaorr0 nrni uru qil nr ot ttav I 1tu u n1: dou lvltJlJ

rfie,ulngldat:asalu Nacl usiunudar:asa'lu Nacl d'lu Gypsum Resistance Block

(flrufirfif,os) frrnfiord:ufiuqorirulnuau Inutiildutrnloii6ruoT':dtuillliloud.rqoii

nlocr urfl.rdqo riufinrittrntndalaoutfiuu trarri-lto{ GypsunrCopyright by Mahidol University
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Resistance Block lprUejfUofn Soil Moisture Tester (Resistance Block Meter) 1|o{l Delmhorst

Insrrumenr Co. Model KS Calibrated rEiutdUrfiunlsdoulfiUil Gypsum Resistance Block

d?et h"rrur" Membrane Apparatus

a dy
nr:?tflflv?rlJoWa ttas nmtil?urrtfisu?f;sourfiuusiasj Pressure Membrane

IAd
Apparatus [[AU lfllOndOUtYlUU

nr:irn:rvr{florya rrau nr:nJiuurfiuue6aoutfiuud:u Pressure Membrane

A 4 s o 3 -:
Appararus tlav tnso{doiltfiuil Jnufirnril{unoud{il

r cix aru n r : r o { n ? r il dillt'u f: s vr d r.r ri r ii ei r u l 6'o t n tndo { dou rfi u u ua s ri r f,n d

ro{fi olnnr:lddr:auaru Nacl tflururfl:gludoiltfruu dlu Regression loul#}J:un:n

SPSS tbr Window

z afilaruflt:1,0{n?rildrurfuf:rr.rdr.r rirfieiruldtrn Resistance Block uavril
vr !
f,ndro.rrir otnRt:dourfie,udiu Pressure Membrarte Apparatus lqut# Regression lgrold

Jil:un:ru sPSS for window

t agrsarnt:ro{n?rildilr&'uf:vn'ir'r ririieiruld'otfl Resisrance Block ttnsril

findr ouir or n nr: croll rii m ff:ornfor aoil tfr uulqul# Regres.ion lsr uldlil: ttn:ru SPSS tbr

Window

4 rilEuutfiuunanr:rloiltfiuil:vil'i1{ n'l:?foiltfiuu Resistance Block d'10

Pressure Membrane Appararus ttasnl:dollrfiuud'lurn$o{?foutfiuu lprgnr:rrrirdrurJ:vfivrd
v v d' t a ! iirny d 3 d

d14 dtJ 1,'l U t (r) I O { tl'l dfl UlJ 0 il U lll t I 0 I n n 1 : dO U tT U lJ n { d O {l ? f
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t
Al.ilnfl 4

A
ruanl:flRU'l

orrfi nu'tn $od,fl u o',r a#lu,oduoauutfi uu frrsl: ltfquuuril6uu tilalrirnnrdru

vrrutyhilr drriu.tru{ndrfindro.nirludu nliuurfiuuriu Pressure Membrane Apparatus

dsrflurn6o.rfiotit#tutroqriu lould cyprurn Resisrance Block tflud'attvtutloldrsr:roist

uutnlduunjntrirnrrrudruvrruldrilr Ha nr:fl nuril:vnoud'lu a cirud"rfi fi o

t. r.tnnt:dglo,oiuoauuriiuu uasnr:aolrfi uutnsolAourfi ullouldar:aYa'lu

NaCl

2. ruAfl1:dOUtfiUU Gypsum Resistance Block daU Pressure Membrane Apparatus

3. 6anl:doUtfiUU Gypsum Resisrance Block d:u tndosAoUtfiuu

+. nanr:ril?ulrfiuu rirfindclo.tlilfieirutrn Gypsum Resistance Block fiaou

rfi sldrurndo{doulfi uil ttas aoutfi uud:u hessure Membrane Apparatus

ilanlicrgrqrndosaourfi su uasn'ridoutfi surnd'oqsourfi sulosl#ar:acaru Nacl

d44
1. rd6u:n1?r'uo,{ln:oildoiltnuu

tdorJ:snold?n:rtirt rso:rrJduufirn'lrruq'lv'|firh'Iflr{otfr:sr:ro{srtflun:rru6

ruasrniolti:Jo::rd r{rd, ufiurflurniotaortfiul fiNruloufrdn:rnr:rilfiuuuilacrirn:rild

fi eiru ldornrndo.raourfr uu r 0.05 kHz rdolrildl:: qriraslu6'rn: roio fi rirn:.:du lorir

dufrvrfcloul: : utnrf, ttnv qaru 4n^n4fi #o.r

2. Han.r:erouauossioilBu-r*ri,dut:q'lufian:aoisrmsrn?ossourfi su

rfi uunJ6suttilatnouAuolsio:curl?alte) {n1: :stn uoon'liltrnsiro::o5o

i3"e@
Br ou: : qilra{ tu9l?91: ?o?n rndoraourfr uutranqrirnlrudfi dru tro,ndooauu

frrilr:.r6'ulorir

druuTvrfqro'ru:: utnlf, rrav qarYr 4fi n4fi #ot . orru grJfr r z
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:rjfi rz lrdq{n?lildrJfiuf,ros rirornrndordourfiuil uas:vuut?41fiil1:3t?ruoon0]n6'?

i+ 3o.z"c KH=76vo
I

I

| + 30.9'c RH=76vo
I

I

i -t- 34.8 'c KH = 65vo
I

!

I -r- 3s.z'c R\r=65vo
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B. Hanl:douffi su",rostnd'oqooutfi sufi a{lsfi uloslfiar:asars Nacl

4 A a A .9 d- s--"tr i
e.tan'l:dourfi ulrotrnSo{dourfr uufr dfr{{u lqslfar:aso'ltJ Nacl llvl:1u

) e d 4,.---@- ----d ^
n1flnuflolrfll:acnlu firauolou A.G.R Lane. (17) flAn1:G1gUlfrUttd':srrrrsfr I

nr:Nd B e{nRl: dCIutfi surnio{fi oaou rfi uuiiagNr,*uh,r ri fiuar: avalu NaCl

flriruilnao{ n?tilt{il{u

molal

rvdo
nlf,nuilo{ul

-kPa

nlm01flrn qoluQrJ

"c

I

2

3

4

5

6

7

I
9

l0

ll
t2

t3

t4

l5

l6

t7

l8

l9

20

2l

0.90

0.05

0.10

0.20

0.30

0.40

0.00

0.05

0.10

0.20

0.30

0.40

0.00

0.05

0.10

0.20

0.30

0.40

0.00

0.0s

0.10

54

68

82

9l

99

l14

55

62

62

72

86

t25

5l

7l

67

92

84

135

53

62

68

35.2

35.2

35.5

35.4

35.3

35.3

33.5

33.6

33.6

33.7

33.8

33.8

3t.4

32.2

32.4

32.8

33.0

33.2

35.0

34.7

34.5

0.00

24t:74

477.65

947.07

t4r6.24

l 889. l0

0.00

240.51

475.t4

941.80

1409.19

t879.40

0.00

239.43

473.48

939.01

t405.43

1875.5 t

0.00

24r.35

476.35
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er"HNd B r,ranr:dourfiuurnio.rfioaourfiuuiia$Ndulnririuar:acnrutnf,o$nl (sio)

milrsnnaot n:rlt{rur?u

molal

rirfrneicrosilr

-kFa

qil?,rQrJ

"c
ririi dru tdorn tndor aoutfi uu

l.Ilz

22

23

24

25

26

27

28

29

30

0.20

0.30

0.M

0.00

0.05

0.10

0.20

0.30

0.40

78

90

t42

63

77

84

89

98

l4l

35.3

33.7

33.6

35.3

34.6

34.8

35. l

35. l

34.8

946.76

1408.72

1878.10

0.00

241.28

476.74

946.r4

1415.30

r885.87

,,or'rr'rofi 3 drururrnrrrudruyTuf:yrir.r rirornrndolaoutiiuu rirffndclo.llil
a rr9,, A - 3

trav qililQil tgln'1ilfl'l:1.lyl 4 9{u

"',r'rud 
a uasxrirfrrurj:cfindaildruvTud trl

,id
nlr'rnrn:o{dolJYrulJ qil?l4u

todo
ntf,nutoill.l'l

qilil4tr

.91l3

.0871

(P-value .000)

(P-value .841)

.0381 (P-value .841)

"tlnnr:r{d 3 uay+ rirornrndo{doilrfiuilfinrrrudrufi'uftirrirfineito.rrirlu:v6'u
oA r d o I - 4 c, eaa a t I A . 4 -q @

q{ rrayqilfi4ru-frrrnnorxrl'uluryx 31.4 o{ 35.5-C ilovrrnan0nl0lfltn:o{doutvltlUtu:selll
: i il t q s t ' ' g2 q -''en 0rnnr:r{11 3 Gt:1{:rJrruttolnrudrunut:s1{?'l{n'lf,nutolilrttosril0tntn$o{Gfoutfiuu

uas riqrf, ondil nt:oetCIoofr 6fi qornrrunl: l{fr 5
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nr:l{d r gilurutoln:rrur?rufruf:snir.rdrdnrinuoti.t ttas rirorntndotaoltfi uu

giluuualnr: R' d.f. F' Sig F b0 bl b2 b3

Linear .831 28 137.2A .000 -1165.00 23.7M7

Quadratic .S63 n M.79 .000 -2582-40 56.1985 -'1699

cubic .s75 26 60.59 .000 1106.46 -74.960 1.2985 -0052

Logarithmic .856 28 166.39 . .000 -8579.30 214390

o',nr'rr',.d s 16onarun'l:ltllll Cubic tflufi'lttvtuflo{n?1rudrurVuf,:sn'irt rirfrneitol

,i ,,u, rirorntodo.raoutfiou rdo.rornfirir n2 q'rfiqor = .875 rtnvfirludrd'qfi o.ot dilRl:
iur rr amtono

32
Y = -[ -0.0052 X + 1.2985X -74.96OX + 1106.46 ] ---...(44)

Inufr Y = rirfindtosril

x - ritotntnioreoutfietl
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flanl:doilriiuu Cypsum Resistance Block dag P..sure Membrane Apparatus

9{nf'11:do1Jtfiuu Gypru* Resistance Block d'lu Pressure Membrane Apparatus

uf,9t{9t1rj9r1:1{fi 6

t

ct151{fi 6 flanl:dolJtfiuil Gypsum Resistance Block d?u Pr"rrur" Membrane Apparatus

Gypsum

Resistance

Block Lable

rirffneirosrir tu-l
248 r5l00.5

ttoil

1''l?

A
t?|ao{

I

ult{u

195

200

195

200

ll0

65

65

70

43

25

25

25

36

23

22

23

13.5

l0

5.5

l0

6

4

4

5

9

6

4

5

ttnnl: t{fi 6 raooR Gypsum Resisrance glock fi or^nfl ru dtrt fi o{tl,taoldlu nr: aou
dctAdrulrAdrua

tYluUo?utn5o.{fToutvlulJero t1J tuo{0'rniln'r:ril6fluttila{rirfrnouauorsiou:16'udndrfr:6u

Inufior:onludr.ru:.rriu l0 uav l5 bar rirfidru'ld1*i,**un*u uaylusirrnrrrududrrirfi

eiru'ldrlosndr zoo d.rriludrq.rqq duraer{'i1 Gypsum Resisrance gtoct fifiqflrcrdrfido{fi
- . d ' nt o

n?tlrd'lut:ninrirfru:tdusirndr o.s bar lei lunr:xfi 6 udet.trilllolt Gypsum

, io cr d a | @ '
Resisrance B lock fi fr prtJru dtfi fr ol rtavrirf,ndcl o.r rir .lunil ? u kPa

nut{d 7 nlstilduurirf,ndtolrirlunri:u bar tflu rPa flo{r Gypsum Resisrance Btock flru

drfino{

nl10{ Gypsum Resistance Block r95 5.52565

toJ;
nlf,nuzuO{lJ'l (bar) 0.5t248

50 r00 200 400 800

l0 15

1000 1500rirfindro.nir GkPa)
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rrn{oqalurlr,ofi z a3rtaunt:tolnrrrud'rufr'uf:s%'ir{rirfind1oqil1 ttas rir

lto{ Gypsum Resistance gtock daOIrfiUUd'eU Pressure Membrane Apparatus tlA3dqtdond:J

ioi
nr:fi 6fi qerotltJe'l:l{lfi I

nrrNd 8 ;iluuuro{n?rildilfiud:sndr.:rirfinrinuotilfi'ud1flol Gypsum Resistance Block

jd9-
fr aoutytt,u g?u Pressure Membrane Apparatus

r2grJuur R' d.f. F Sig F b0 bl b2 b3

fflJfil:

Linear .393 5 3.24 .132 803.116 49M3

Quadratic .734 4 5.52 .Ul llll.76 -25.965 .1057

Inverse .910 5 50.90 .001 52.7069 4672.66

Cubic .875 3 7.02 .W2 1398.04 -68-179 -9562 -.0033

Power .968 5 152.94 .000 3716.86 -.8318

Exponential .716 5 12.59 .016 680.735 --0154

idrdteqvJrl
olnat5l{fi z rfiongiluuudrlRt:ulJ:J Power riludruytuzuo{n?1ildil{ilti:vudx nir

findto.rrir rray rircro.l Gypsum Resistance Block fiaourfiuld'au Pressure Membrane

A d r 2 , i ae o- - i ^
Appararus tilo{0]niln1 R nlq{lYl{9 = .968 tlaviluudlniuvl 0.01

-0.8318
Y = -[ 3716.86 REP 1 .....(4s)

..:Inufi REP = rirtot Gypsum'Resistance Block fiaolrfigldrel

hessure Membrane ApParatus
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ilaRmdoilrfi su Resistance Block drsrodusaoutfietu

rua nr:Aoltfi Ull Gypsum Resistance Block drgrn?olaoUrfr elUttdglsnrrunr:rlfi 9

".,r.,ud 
9 flaflr:dourfiuu Resisrance Block drs rnioraoutfru:t

ri tzu o.tResistance B lock 200 '165 135 80 l0

rirnrnrn6oldoiltfruil 68 84 90 lo2 r44

rirfindzuocir (-kPa) 378.40 889'98 1087'l I l45l'8s l7l0'80

.J ot v a J t" ''Y"-4-'"'l^ 
|

01nfl1it{ii q afrlailnt:ro.tn?trJdru{uti:vm'irlnrdnutolur ttau n11o{l

Block fiaourfiuudautnfoqaolrfim rtavfrotdonarunr:fi6fiEeel1u
j

9r'l:'l{vl l0

*,r1ud to giluunro{n11ilfrrJfiud:sil'ir{rirfrndrosrirfiurilflo{l Gypsum Resistance Block

iavA4
fl doilt1iuust?u tfl: CI{doljt1luu

:iluuuarunr: Rt d.f. F Sig F bo bl b2 b3

. Linear .g3l 3 40.68 '008 1888'88 4'6547

Quadratic.gg32|32.64.0071705.30-.3301..0306
Logarithmic ..691 3 6.69 .081 2646.45 -350'73

cubic .gg7 I 105.76 .071 1759.95 4.9477 .0257 --0002

rrnnr:r{d ro giluuuailR'l:ulJl cuuic firir R' 4lfiqo = .997 troililflriudrdqfi

o.ot fitrfiongrJrrrLlarunt:rluu euadraric tu*osornrir R2 = .993 dlfirir:ola{il'l tlovfifu

drfi'ryfi o.ol rriln'r:littil 6u
2

Y = -.0306 REI - .3301 REI + 1705-30 .....(46

lprerfi REr = rirruot Gypsum Resistance Blocr fiaolrfie,:Jd'ls
Ad

ln:o{l6Iou[1luu
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fer ar I r- 9^^e--- -^!^d-t-^--^^ ^ D^^t-a^-nn lltna i
fl6nmtil:UutY1gu:s?ldrs9irfrntiuoqilrfidruorn Gypsum Resistance Block 1l

ao rirfi su das rn*os gou rfi sl nas aourfi eruoTru Pressure Membrane Apparatus

olndilR]:Yl 45 UAV 46

ornflr:doljrfiuljdrurn?olfio z ttuu

r1u6o firirlor11o.r Gypsum Resisrance Btock fi'1fil#lunr:fln"lo9.rd CIv:YUrilfindnuuti,

ld z rir olortrlnlrd 45 LLav 46 rirfindto.rrirfrriruruldornrirclol Gypsum Resistance

ghck luei't{ 2.5 - 200 ttdq{lufll:f ifr I I

"',r'rud 
tt nr:ril6uutfiul:yn'irlrirfirrdclo.lrirfrd',uo'tn Resistance Block fiaoutfisu

df UfnfO.rAOUtfi UU ttAV rlOltfi UUdf U Pressure Membrane Apparatus

ilt tl'tf,t,1t*rilfiauu,fruriittfl

nr:aoltfioildlu hessure 0'lndilR1:nr:aoutfi0u d':u

Membrane Apparatus

GkPa)

ct4
rn50{dolJtlluLJ

Resistance Block

drrirnr:ne!ao.idilnt:

dqfJ u aru n r : t o I n'l r ru firu fiu f: r n'i x ri r frn ft o lrir ti 1 d

ia. t 
- 

a 4 v
frilrio rirtor Gypsum Resistance Block 9l?tou?nu

(-kPa)
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1734.48

974.48

547.49

307.60

2t9.54

t72.82

t43.54

123.34

108.50

97.O9

88.03

' 80.64

t704.28

1702.88

1698.94

r686.46

1667.86

1643.14

1612.30

1575.33

r532.25

r483.05

1427.73

t366.29
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nmr{d 11 nl:rilEuurfiuu:s,, ir.rrirfindto.rri'tft,i'tuo'tn Resistanc gtock fraourfru!

drgtniO{AsUtfigU ttng aOUtfiUUdT U Pressure Membrane Apparatus (9lo)

ti't'f*l*ititfi aourfi su fi ld

druiUnr:nq6o.{dilfl'l: nr:eOUtfiuildlu Pr"rrur" t1Rdiln'l:Rr:aoUtfrUU dru

(Simulator) Membrane APParatus rn6oraottfiuu

ll0 ,,

r20

130

140

150

160

170

180

r90

200

74.50

69.30

64.83

60.96

57.56

54.55

51.87

49.46

47.28

45.3r

1298.73

1225.O5

1t45.25

1059.33

967.29

869.r2

764.84

654.44

537.92

415.28

o'rnr',r]od tt riru'lurirdrurj:sfirf;'audrufrud:vil'ir.r rirfrndcrolilrficiruotn

Resisranc Block fidourfiuud'lgrn$olaoutfiuu ttav Aoltfienrdrel Pressure Membrane

Appararus 1& = O.qlZZ
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50 100 150

rirtos Gypsum Resistance Block

grlfi ro nr:riliuurfruurirfindtoqirdnirul6'o1ri Gypsum Resistance Block olnfll:doll

rfiuudru Pressure Membrane Apparatus ttdu
A

ln:0{6f0il[nuu
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ilnfi 6

ofiiltrrlan

orrflon'rofudrflrolruunttlJurtasd9rlrndo.raourfiou Gypsum Resistance Block

rdoldvrsruvril pressure Membrane Apparatus drrflurndosfioiildluiloqriu tndutauu

rfiuufiafisdur1rsooudaufirfl:aoio r.ro:'Jduurirnaull'lflrzuosd:e::oiqrflun'il6

uac rnd^fun.lrud losoonuuuhi'arrur:o,fi1rluRn?lilttnneiNtsqrirrr:.r6'ulsrirdilfrvrf

ludr.r 0.9985 d.r t.ooo

lun.,rflns.,n9od lder:asaru NaCl fiyr:rurirfinrituotil firauoTou kng'

A.G.R.,t96z (17) druiunr:aourfisurndo6sutfiuu lnuu::1arldsdlg NaCl allu

o.,*rfl, n*u'l{,flu,rurhir?osn'ir s d?tir.r rdobi'rfisrailEailo{tl:{tdu'lorirluu:tulR'ld

rnfioar:aynrulusirs 0.9985 ft r.ooo ,,uuduurrqrirarlufiaor:aoiorfiqoiiildunirriu

ruderird:o:.ro{ehJar{ol51uu::urn1f,fifiriru:ldulorirdufivrf,lurir.rd.rnrirr lurearfirrir

fiu r1iurosiriiruf,ooqjludrn:roisrocfidru'ruhirvirf,u rlSruraniriihinirfi'uif ocfirh?

rirnaruqh,lr,lrrsqfi.rsr:eoiofirirsirsfru rflunalrflrirn:rru6fidruldornrndo'raourfiuufirir

sir{du uasd.ril.Eoagrsarunr:ro.:nrrrududur{uf,:cildr.r rirfintitolti't uurri',0',n,oduo

aorrfiuu'ld

rndoraourfiuufiagrodulunr:flnurn9.rd ftnnruurj:rj:rutowirfidruldorn

rndo.rfi:c6'u *0.05kIIz ttasd'l'r:nrirnr:irrdrld losfinanr:flnurdld

nanr:dnuruudlndo.raorrfi uuiiagNdu fl il'liodgl{diln'l:Glollrfr uurirfind

nuori'l0'rou'l:aun'tu Nacl 16'ii n'= 0.875 fi:sdurTudrfrrX o'ot 1s'= 0'87s P-Value =

0.000)

rdorir Gypsum Resistance Block ruraoutfiuudru Pressure Membrane Appara$s

'ldarunr:dlrgunrrdr Glpsum .esisrance Block firilunltauurfiuuhJlftruierirfrndl,oq

Copyright by Mahidol University



53

titUautdii R2 = 0.968 fi:cd'ilfudrdrg o.ot (R2= 0.968 P-value = 0'0@) 
:

dprir Resistance Block uraorrfruudrurndorasuriiuu tdarunrrdruf,unr:d't

Gypsum Resistance Block fiuiluolrauurfisulilld{ruirrdrfindtuutillu6ul6';i n'= 0.993

fi:sduriudrrYrg o.or (R2= 0.9qg P-value = 0'007)

nanr:t:J€slrfiuurirfintlnuori,' o,

#nfiudf,ulu:sdlrjrunars Isufirirdrurj:sf,ntdamdurf,udrtl = o'M22 ii:rd'uriudrfiry

0.05 (P-Value=O.OTI)

t

. 0'rfle.raflt:flnurdsncira ofiil:rsnald'dlfi

arllA--a!--.
1. on ilrrgnanrsdS 1{[ni o{flolllll uu

r.r orngrlfi rz osnu'ir rndoraourfiuuarur:ndruuldsnru,,rrr'tofiuurlttuu

ncirrfio firiffidruoro,oduoauuriiuuaoaq rdutitii,aut{:ct?re,oontrJorndrfl:atiet flals
Yr

raarniruhJrJ?uraniriinr6ooqiaorloua.r rirornrndoraoutfiulldavra.rrfludrduhJdru ttds

ri -^ '-d-- r ' nduudsurfiuufidnsarsrfluuuatdusnr dtuaosdt01nEilm l2 0st?lu?'lR'l:aoa{il0{n101Rlf

ru:rfiden:roisrn:cfireio I ilriaurosliliirfiua{lilfinatuafrraruo rrf irrj?rurarnuori',0,

rujduuurja{fi0ril dsororflunarurornnr:firuri'rdrulucroldasr:aoietfiinfiriou{rln{rq

1:J:vrurar 1.0 ilu.) rirt# capiuary Force fidvrfinasioririiu:tqoqilu:cdudr ftrfu il0ft,d

rflrl#ririieiruo'rorduoaourfisunjduuurjaslils'.rrfioduornilof,unruusndrsr::niprrvirrfu

r.2 0'rRR'ndorJrfi uurndo.:aourfi uu nu'irrndoraoltfi uustouauossiorirfrnd
t " -' A i i ^ de '--or--C- ^--i---ol^r-l-.:.^^.dts' ot d

cro{f r16'nrilfiurilcro{nllnciouyilrorurornui,.*fifiri',fineitotrirqshJqiu?r'lariifirirfrnd

ruoti'rufi'r tzl Teufirr:mo'ronlrfio.uturaokidlodr.rtrifinr:lilatiuuclo{toln1fi R'15
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nuoriluunorndrsnanio 6o riru:rdulotitfiut{nfto{tui:t'ln'lf,nrslutrokidrodr.rfi

a$lo dr o'r n nr :ldar: a v d 1 u Nacl ii fi rirnnru rrlru rlu si rt fiu

r.g mn{s r.l uas rls r.z arirarlu'ir rniorasurfiuuiia#lodulunrtfrnsr
t 9 . t-

ogod nAnunrnlunr:igrrirfindroorilluri.o o fr{ -tsoo rpa ld ur?drrir t' ocfi{firir

hiqrrin (0.825) rdosornrirolo,oduoauurfisuftfinr:tfisstuulu:v6'uiiql Ine,fior:alr

ldorngrJ{i rc firlrflnrruuriudrlun'r:iocrosmdo{asurfiuufirirdr dloro,fis,duornilof,s
Irtlt4

9ro nju

r.r.r nr:finrl0$odlil,fiunr:nruld rirn'lrududurVvrf,tos#o.r dqrj?isu

rurja.rtilsrrrurirq'rarroqrsiasiu 6qh}i'u::urnrntufiondrtotnr:iorrsinsn$sfirirtt:ld'u
9--l,

lorirdrurVvrf,trinirfru udrrivrah?riruxdulodrdrurVvrfirostrokid'lodr.rlutarsfifirnr:

aourfiuud:udl:asalufifirirn'lul{u{ur6ortYu firir'hiuirrTu rfir}fldsr:'lo,rrr,nunuori',

orndrn:eo{ofirirsir{fiu uasd.rnrnl#rirfidrutd'oro,oduoauurfiulfirirsir.rfiurrrrufirJ:rnq

lugrJii rc

t.l.z nr:dn"lo9od l#qonn4fi#o{ ttmuqat?t4fitot:ruufirirnr:io do

or o rfl u trJ tddr lur orr fi qanr q fi n 4ru^#o.rnl6 uu hlsrril dr{t:a rclol iu quu 4n't o.ttrprki

frrodr.rfru::qGr'riaearu Nacl oronJduuuilarnruqon,tqfi#oshirf,u rilur.lal#nr:td

qonr4fi#oturrirueannrir#ndro.rrir{o{dlsasarulutrErkid:odr.r rirl#riru:arld'rirfrnd

nuo 
r 

fi 
^'r*nraolRn?rrlrfl 

u oi.:

z, ofi il:rnruanr:aoutfi uil Gypsuri Resistance Block

rdon'm:annr:tilisurfiuunaeoutfie,udrurndooaoutfisustrtgrJii 15 ttl'ir

nr:t:J6uuuilaqrir{o.t Gypsum Resistance Block fraourfioldru Pressure Membrane

Apparatus finr:ooardou rfiorirfrndruorilr?uunuo luflarsfirirloit Gypsum Resistance

Block o'tRRltdourfiuudru rndorasurfiuu anatludn:rdr$en'il ttasttdo{rirfindctollileir

ndrnr:aourfi uudrg Pressure Membrane Apparatus
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oltfi^uoltuott Gypsum Resistance Block daurndo.raourfiuufin'lrutrsrnsirrorn

nltdoutfi uuda s Proruo Membrane Appararus sro tfi q o r nilo frueiolild

2,1 nr:doutiiuu Gypsum Resistance Block drurndo.reourfiuuosld Glpsum

Resistance Block rn6ol6'audufiovfirnr:iorudru::qlu charb", ririlstfirorfiudrosu#r

o r nu?trot c?rru o nu?rhJ rirl#rfi onJdo nut?.rdrudiu u o n ito riu nr: : s rnurir or ndur#u lu

ttas 0'lR Gypsum Resistance Block loru cupittury movement nirudufiurrtftoyaoatodrtrurn
Atfrotornnuaaa{to{r Soil Hydaulic Conductiviry 6.rrir1#u::ulnlflrou1 G1ryrum

Resisrance Block osudtndrnnrurfluoi.r risnaldnr:irrtd'rirfindruoti*rldrirndrnrurflu

05it

2.2 :suctearfiilcioul# Gypsum Resistance Block firilunagrsauqa'lorirnrulu

cJrnl6idroeir{ f,'rtrifiurn:grufnroud'rn?rflurcusnarnirlo uavnroorfisufi'urnfo.rfiofr

fimdnnr:rir.rrulndrdsttTu 6o Thermocouple Psychromerer nu'ir sir{:rusnurdor.rJciou

trflo'udaodNegtaruolalorir finr:rauofisiNriu niu r"im e. smith uas chris E. Mullins

1991 (8) rauolrildnal +o urfi Brown R.W.uas Oosterhuis D.M. rgg2 e) rauol#l#

t?a't z - + falru{ iliorurnn'jrd sirriu lunrrdo"lofudtilnur,,ruliirJrioul# Gypsum

Resistance Block firn6oud':ufiuu?rqiaruqalunar s dalru'r 6.rororfluri'r.rnarfr#urfiuhJ

rilr:qdulotil*'utn'nf,no.usuudrdrhidrparuqa rirl#nr:iold'rirfindro.rririe,ld'eirndr

nrrrurflun?.r

z.s tduuolnnrtaoutfi e,u Gypsum Resistance Block rirnr:aotrfi sulouldrndo.l

asuriiuufiaflrrurrr:grunr:eourfierliirdo6oldlu:sdu 87.5 vo 6n'= o.szs p-Value =
I

0.000) dtriu fl anffi doutfi uu cypsum Resistance Block o*tfi nrrrunalmuduurliltrjdas 6,1

rfirh{rirfineicluotitiild'olne.tanltdoll Gypsum Resistance Block dlurndo.raourfislfin:rn

ttgr n girl o r n nrtagt.t tfi gu dau prorur" Membrane Apparatus

trnnanr:flnuragrJldd'r,oduoauurfi uufi a9r.rdufi nrrurfl uhJldlunr:rirhll#

drniuuuaoltiiuu Gypsum Resistance Block ttsina:finrrfrslu'',ndooauuriirlu rrasiGnr:
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drnr:eourfiuil Gypsum Resistance Block louhildduriodru rfirurndsdoinqanrqfims
Co d A ctr- o - -.-t--C^^-^i^,,1E-^^9:sililfr fi 'rn1: doillnuillfl-o lfi dlil'l: ofi'lu?0lft1flRU1,o{lu'l teQnno{
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aq rJemnrr? 6'armsq?orflr{our{s '

nr:frnurn9.:drflunlruuRtturlltasdgrlrndo.:aolrfruu Gypsum Resistance Block

rdsldvrouvru Pressure Membrane Apparatus d.rrflurnds.rfiotitfrluloqriu usinr:aou

tfiuud'ls Pressure Membrane Appararus d.rfiilrgurlunrtl#:sucranraouriieruuru loul#
l?41 3 iusionr:aourfietu t riru:rrTu 1a; uasfirirl#sils l5o urm sio r riruttdu sio

Resisance Block t sir (rt)

nrrfl nu',nf{drfi on?6 nr:a9x aru nr:aourii nu or nrirfrndruori',lue.rrasaru

Nacl iin:rurirfindlud?{ 0 o'{ -1500 t<pa d.rrn?uruld.iruuasdu4uiidr losldrndo.raes

rfie,ufiafNduaouriiulfiiar:asaru Nacl riou rdoair{dilnriuo{narrudrufiuf,:vr.r.ixrir

o'to,nduoauurfiuuuncrirfrndcrs.tliltdudr oyrir}flrirrndo.reourfruufien:ao{nuuur:Jderu

uilalrirnarldruvrruh'lflr dtlunr:fln"loyofild Gypsum Resistance Block ld'sio[il
Sodr

ornfuilrnanr:aoutfiuu GypsumResistanceBlock fiaourfiuud':srndoseouriiuu lil
nJE uurfi uu fiil rua o'rn Rl:doutfi uudag pres$ure Membrane Apparatus

J
n r il cTu n o u n r : f, n u r o'{ n ei m aq rJ n a n r r dn u r ua s c?o rau o uu s dr r iu nr : dn u r n f.r

r b r g j
9lO tlj 9l.til

1. ruan't5fi Rsl

t. I fl aRrsdourfi uurndo{aourfi uufi agrodudruarroudlu Nacl

nrrrufrrufi'uf,:srndr.rrirf,ndcro.nilriuririidruld'o.o,udu.rauuriiuuraoongil

tuuildilRllruu Cubic rdo.rotnrir Rsq =0.825 d.rfrrirq.riiqn uavfrriudrrTqd o.or erunr:fi
h94
tq no
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Iouii Y = rirffndc,ordl

x = rirornmio.raoutfiuu

l.z nanr:eourfiuu Gypsum Resistance filock dru Pressure Membrane

Apparatus

nmrudufiuf:sndr.rrirfrnti,rooti'tfiurirfi druldornnr:aoutfi uu Resistance

Block dtg Prrrrur" Membrane Apparatus rf,ongrJuuudtJR'lrltuu Power ruoosorRrir Rsq =

o.eoa fi rirq.rfi qo uavfi riudrd'tgd 0.01 dilnlidtrfi' au

V = -t 3716.86 REp 
-o't3tt 

l

Iosii REP = rirc,o.t bypru. Resistance Block fiaourfiuudru

Pressure Membrane Apparatus

qtA.r
t.3 nanl:doutfi uu Gypsum Resistance Block drutnFolaoutfr uu

dilfl1:uu1r cuuic firir Rsq = o.ssz d{firilq.tdqr usililfifudrrftUii o.ot dudongiluuuaru

Rt:uuu euadratic ruAo.:ornrir Rsq = o.gqg d{firirq.rfiqo:o.rasilr uasiiriudrrilgii 0.01 dlJ

narrufirufiuf,:sriNrirfinrinostirfrurirfi dru'ld'tto,oduoauurfi eru gilnul

V = -t -0.0306 RBf - 0.3301 REr + 170s.30l

lnuii REr = riitot Gypsum Resistance Block fiaourfiuudeu ,oduo

dOUIYIUlJ

irnya
fl]:m tq no

Copyright by Mahidol University



59

1.4 e.ranlrriliuilrfi uu:sm'irrrirfindtoutirii,i'tuo'tfl Resistance Block iiaourfi uu

drurndgsaoutfi uu trac aoutfi uud:u Pressure Membrane Apparatus

fl anr:ril5uutfi uuefinr:aortfi uu nu'irrirfin&lo.tiild0tnef; olrrioouo uu,

ndmf,ulu:sduilrunarl fi:sduriudrriq 0.05 (r = 0.4722,P-value = 0.027)

z. {otsuouuslunrt? fi'snYtsi o'lil

ornnr:firndoraourfiuuiiagr.rdufif,nernrillunr::vrlrirfrndtuoti't lt ti.t o d.r

-1500 kpa r?orauouucsiolildorofir}?rndo{aoutfruilerilr:nriNru'ldodr.raruq:ailunr:

flnurnirsiolil

z.r nr:eourfisutndsraoutfisu nr:firtuu:tt tfl1dfifin,roruquo.lu#,
q a a a q v' -dulorirdrurVnf,ro.ru::srnrcrufio?rdrilo{ilenkidrodr{lutarsfir?rdrJ?r1rfr rll0lHn'rrtti

dufirnr:eouriiuu{ore'nas6'rer Nacr usiasdrnmrurdru{u firiruirriuqnnfi dtsrorirhi'

drornrndoreourfiuufinrluou,r,odouaaa{ d{oscitruallfl nr:doutfiuu Gypsum

Resistance Block finarruqndo{ uasnl:er?llqilEsl?t4fi#o.r'$rrfludotrlrnru{n'uhJdlu

z.z duoolnolrfln"lnfrd ldqamqfirios umuqatu4u'nuorruufr firnr:ipr d.r

oro'hihiqnrrqn'rorarrnsa'rulu{:erkidrodrs rflunrn}inr:druratrrrirfindto.rrirluar:

asarufiqflaloolRn?rilrfluoir d'.rliu lunr:flnurn9qeiolil nr:firnsffufirsrofdrfiiuiel
a q q tu t A - ^d 9 q - 4 v . A d

qililgiln1u ll.rcj?o ldgt?ou'r.r rllo?FtE8rl4QilvrrrTr0:{rflo{dltasalu ?l50 gl?oullroudlYrlJ::1

aqhJ drnsrf,rt#rirurannrrirfin,inuotiltuar:agarstdodr.rqndorrrrrunrrrutfluo?q uas

rflrlt?rirornmdo.raouriisufiorrunalruuduuutuu dsoc?i{flal# nr:eoutfiuu Gypsum

Resistance Block fr nrrrugndo.r

2.3 nr:eoutiitfu Gypsum Resistance Block deurndosaoltfiuu nr:firlu

il::ulnrf,fifinr:nauqunarrududrurf,yrf, rdohi'riru:.rdulsrirdrufimf,tosu::urnrqtmfio

mdarotrrsrkidaodNlutnrsfiFrud'ufirnr:aoutfiuu Gypsum Resistance Block firirrvirfru
3ir
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2.4 n1i?tCI,ilfi uu cypsum Resistance Block lunr: fl nsrn9.rsislil na:rirlsruld

Gypsum Resistance Block firJ:rgornfiuriodru rdoanilqnrfirfiprornt::rurro^to6ufios

rtdtomu?nuc1Nuon[d1trJrnrhi,rfiorrla^onrr#.rt{ldruugnitoriunr::,,nu,i,'o,'ofiudu1u

gfi,irlunr:aourfisu Gypsum Resistance Block lourfalrJwn:cfirlnuld

Gypsum Resisrance Block tidru r'r5o flrlfluduiidosnrrncdltol Gypsum Resistance

srocr d'rdulilld usirdororn Gypsum dorfluarri,idllrl:oasalutitld loruiiqaruqfi

zo'c Gypsum finrrruarur:nlunr:acarurdrfiu I e lt e4) dtfrrirnmtrr?ru{ururnn'ir

rirnlg{r{u{o{rdlsasaruluo'uil:sil'lol l0 nir (a) rirt#rirnrrrur{ru{limld15asa1sR1u

lu cypsum Resistance Block firirrurnn'irrirnarrlr{ru{uto{d15asarulu6urJ:sil'1il l0 nil

rEiuriu

6'qrfu lunr:ldsru Gypsum Resistance Block lufiuiirJnfi d.rhihifiurdru nr:

aoutfigu Gypsum Resistance glock dlgroaourfiuulould Cyprom Resistance Block fihi

fifiuriovil nforndourorl{ uririodortosn:sfiltiltltvriu cypsum Resistance Block fios

ri rl:J ld{rulu au d hitriGu16ru nirrfu
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t ttuttilfitit Dielectric consranr rrirfi'u go dolitil1uu::utnrflQnqsrdulfflusTrn:arisr
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