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ol st Al Attt TDR &3
o 24, AR W Zolo AFLAE EFFH
FEI A/AERY 2 Yeplidt E
% columm ¥ #exe] TDR AT 4=
Aol el 2E 9] A& RHel7|Hy E%Ed
TDR &3& 973 dA3= 7IEo dhstod
ZHA 3 A sk et

1. TDR<| ¥z

7k 21=27Hd

TDR-& o]® u & e] vl Al (dielectric co-
nstant) 9} H/IAEEE 1 WAL eI
Y HEy S 539 B AAEA

Fo 24 ESETHEY Fgelth. Hxo
A2BE EYY ArjHER vz M7
EEE EYE dxd B gx o)F
A7z} A2 Tektronics 1502 # o] B AH
2 3%

Lt ESErEd 5

Avf e ()T v AT Zo] o] FAITt t
(s), @Fe] «em), ¥ AFAAM Ho| &
= c(ecm/s)e] 42 FHAHU(Topp et al,
1980 ; Dalton et al., 1984).
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Fe 23 5 Ut FEEFNA AAH~
7} 30cm Zole] =& FE=u 2nano-
secHE At} o] 2L F3 F AL A
£A4u0) o3t FFsA FAE F Utk
Aol BEHAEE o] 43 EYRFF EAAA
& o] Ao o3l dojx= EAT HAFE
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He fd34e] Ed&o] He A7A 9 ZHol
(o] Aol BAY doDE IF Ue
A AAE=EY Aot 2 Hole WFA(CRT
: cathode ray tube)ddHAAM AH & F
Atk o] W 7lF AME(S2)9 AX A =
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32 1. (a) Expanded TDR waveform on CRT used to measure moisture content. Point A results
from pulse entering soil. Point B results from reflected voltage returing to source. S1 and
S2 settings are 100m/div and 0.1m/div respectively
(b) Expanded TDR waveform on CRT moved with vertical adjust (D3) to measure time/
distance with aid of graduations on CRT. S1, and S2 settings same as in Figure 2a
(¢) Expanded TDR waveform on CRT after displacement using distance dial (D2) to mea-

sure path length/time
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(D2)& =8 I58 9202 o|FAA 1. NESS/t coereriiiimiiiiiiii, (7)
1(c)s} zo] Bye] 4y 1 el meras
&% dolg D2olA A4 9¢ & Ak E, ddE AFsa
Azish N7 thesl B} Lo )
€= (5/0)7 +rrrerreniiiii, (8)
A = HAEE XO)|FA|ZF ceerenieannnn. (3)

o] "ot wet Ede] FAANIFE H
ABZtel Agl9} @@ dole] v E AFeiH 7
g F Atk ole ABHAHE o4¥ o
T} ©] &5 (Topp et al, 1982 ; Dalton et al,,

o] 2 o3l Ba&TE ggd) o
Ao Aujdse] T4z Jeid & 9

V = /& veereeereeieeieenreeetninennnns (4) 1984)9 % Az Zololx WHF zlo]E
Yepdh

Aol e BN M0 A A Tektronix 1502 A o] BHAEHE o|&3d
F71 g8 A Ak gdE 2 dole e S& F3te tdg wHe oL 2
BEE (/)T o) FANY Fog 77 5 O a4z 2AYe u2istd AB7 Ag)
Atk AoBH A Al&A= MujAS 2H € CRT3HA w2z 9gerh.(a¥. 1
Edol](2Y. 19 Bl, B2)& HgsiA A=s (b))

THEE Y HE F A, ole AA) @ A BE A AAAE AN F A
% o]FAT Y 1/2& Jehdd). ol A(D2) & Heth(2¥. 1(b), (¢)

T, BEGErE 3L 99E vz o @ FF9 #4& 3l AFLIFL x-y
A Co7t FARE 9 FERAWYSEES 2o A3gio)
T3t RAelrl. Tektronix 1502 #) o] B8] AH @ FFo EMg sl AL R
€ o] 82 W A o o] Far) Efo] A 3le] PColl A A 3he}.

HA AolBE AE A4S =12 ¥ A4d 338 9 B59 BdsHe AAE

=0 Aol EH B9 A ABZe] Ags} Sat = | Fa4) AAE +E Ut

H TDR "xo] o]FA=E 2571 5w ¥
3 EY MINEE /YT o &%
oFAZHE TEE 4 ()3 ()l sleted o} g PIBzo/dzel 1Y

<3 24 A EY ANAEE(0s ESRSZOH B
FTFEEE()Y g2 FA P tH(Rhoades

S = (c/yE)XT rrererrererrunnrmeininieannns (5) et al., 1976).
a2y A4 A AB7re] Zoj: gm7ole O =0, G40, -oreerermmemimsnriiinenns, (9)

2u§Q] 2¢0lth. o] AA olFAE EYY &

AR o) FAZIOE UEIRE 4 (4) °47]A1 f= &34 (tortuosity factor)o] =
o el chest A Wk, S EURES EAdsmold. Hed £
TE WNAEEE 19 o7t FojFe W &
= (C/JE)XT +ereveverrevemressunninens (6) FRrHT EY AV|AEEE FAld 233
d T8 £ Utk EFFE GEE 2YsR
2] (5)9} (6)2] u]&E @A A WNHMEEZ HE § Alojo] #AZRE 7
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¥ 4 YrH(US Salinity Laboratory Staff,
1954).

o]d el AN #FHZol(Dalton et al,
1989 ;Dasberg and Dalton, 1985;Dalton and
van Genuchten, 1986) E% A/|AEES 4
ARGV, vEAMP(V,) 2 ofde Huj it
F9 g2 Yepd 5 Ut
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= L& nyvy

1Y, 28 EYRsS QEE A &3
& %4 gl CRT 3}We] TDR HFEY AR
& HAF: 9

FAAH(VOE oFF 44 78 & Atk
WA meter/div 2913 (S2)& o &3t 35
B4e 22474 TDR "a 7|34 AH(V,)
& UEA @ F(29. 2a), 98 2 57
xzA theld D3¢t D1& ZA st 71EA
& CRT sidel olgiz Mz dAA. o
&o] 324 thold D1g o|43ld M BE
CRT sta o] 2% XA 7tk $28HHV)
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2 3% 5 U™, 2a).
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& og3le] 3 BE HHo] 71ZHe) XA

A1 ¢ &, Azldeld D2& Huds 53
H de g 9F 3 H BE 4F& olFA
Ath(2g. 2b). WAL TDR 5o F

ARPe mARE L 9od "k H2
Yanuka et al.(1988)c] E AAtdlA Al4d
wgAte FAiFd A R AL wE
24 gol ohzm AHaigon, o 53
He BA¥ EFU/AEE 24 #F of
Z 2 9y) fEd 22 A% exE W 2
& o] th(Dalton, 1987).
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18]. 2. (a) Compressed and aligned wave-
form with point B positioned on
vertical grid to measure V; using
gradations on CRT
(B) Point B positioned on Baseline.
Waveform displaced distance deter-
mined previously by dielctric con-
stant determination procedure, then
V. is read using gradations on CRT
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e} o] HFo] Aol B AHY viz
A" $AAE "AFA J 73 FFA
got= "ot

4ol a&E 97 93t A% o
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eld 4 9 th(Ramo and Whinnery, 1959).
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2&l. 3. TDR probe characteristic impedance
as a function of water content for
various s/d ratios
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12l 4. TDR electrode separation to diameter
(s/d) ratios as a function of water
content for characteristic probe im-
pedances of 50 ohm and 256 ohm
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ANAEE] 2fe dddes Al £x
AV, =0). A gz oz o]d AL mjae
FE AVARRY 9dte] AYHEATL AP
AEEHE A$d 23 Bao quAe
aAEoe] glooz TDR 79 agAe 7
EZolo} EFA7|AERE &3t

olgd fEEE FFFHoE YERd F 9
ot S E AaAF(@)9 A2 (2
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V, = Vi exp(-2at)
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t}(Dalton et al., 1984).
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32]. 5b. Maximum TDR probe length as a
function of water content over a

wide range of soil water salinities
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B-1. EYSE MIINES(0,)2 AR 3dS/m
2 BIUE W MIZIX| EM3} ZHE E
B2 BEof CHE §HEle| 2o

E 9343} sandy loam loam clay
TDR &4 Zo|(cm)

0.10 58.2 34.9 33.5

0.20 59.3 37.6 35.6

0.30 50.4 34.6 30.9

0.40 41.8 30.6 25.9

0.50 36.2 27.9 22.5

Ct. TDR BT} AH|O|FE| LB Ay

S AE o] & Aol EHAHY A

Zshe wye ATeelol g FIMo=
B3P AFL 50chm = A o] & (coaxial ca-
ble)z Alol@e| et @@olol ek of
AZL HEo wE 5FE Az w
Al e EE ARt ol jitt A
T8 U2 A3 Judre EGHESHRY

Wsld] wetr WEAE = g EGEs
F ERA AT dudxe HEE n8 g o
Anzac TP 1033} #2 50-200 ohm Y3
o matching pulse transformer7} & g3s}ciz
g8 A U 745 99 d2 matching
transformers= of2]7/]¢] &AL A&LsA ¢
7] fi3te A&2Re] shEd dAFAE o
€3l TDR ASFe] AF Ad2d¥ + It 9]
ok 714 A& Y¥Y2 matching
transformer glolx= A3 AEH2AE &
do] 7Fg3H & Al

a9, 6& AEEY 9F3Ax e dA =]t
18 PVC &249t} 374 3.2mm, #°] 3mm,
Z beme] && Ao T gk F4 4E
£2o ntetd) HEAAA, FPFH Ao I
Al o MFd] dAHEE 3. 549

°]

TEEE AN = Wd7lE &)z ol
g 1.3cmA g PVC tubed] AX3gc. &
FA4& EZol] AR

12l. 6. Detailed diagram of quick connect
interface used for surface and ly-
simeter installed TDR probes. (A)
2.54cm square PVC plastic bar with
milled slot 5.0cm long, 3.2mm wide,
and 3.0mm deep and 1.3ecm hole to
hold the handle; (b) silver metal
conact strips glued to bottom of
slot; (C) Handle 1.3cm PVC plastic
bar bored out to house; (D) the im-
pedance matching transformer
(Adams Russell part no. TP-103);
(E) tube fitting' used as a cable
clamp, male connector, 0.64cm tube
0.D. to 0.32cm pipe (Swagelock cat.
no. 400-1-2 or equivalent). Note fit-
ting was back-drilled out so as to
accept cable and ferrule was re-
placed with; (F) a small piece of
plastic or rubber tubing; (G) coax-
ial cable, 50ohm (Belden no. 8219);
(H) set screw to hold handle in
place.
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F AZ3 t$7) el AEAA 4
7 45 FAd 38 F de FHol
o} Column 744 TDR &3] Azte A
A ERAAY gAY ofF 2. 4
A E%e gAAFNE B2 A7) 284
. &2& AA 45cm, Fo] 1.5me] PVC &
o] Al E} AEe] AlE-G Al AHo|t}
GREA0 23 H7A 0.32cme] AR
¥& columne] FFE HAVHE=Y uzt
{38 o)z e 4mst EAs
W= 30cm Zol= X}E—E}. 1915 A}zr PVC
NEE AYE dojz N Frhe 2843

2
ol

2 B 71g $ UES bem NHoE 79
& Bt PVC 3do| gojAjuj Zwe|

2AY2E Aen Had Folnjth 234
A PVC 859 79& ol &3lo 2 9
Ao gtolAlulE YRz TS Ho UF
o AZL EgEoz vz AU 4 JrE
ot dFuiE & AYUZIE ol &3 EU
TEE 31 ¢ F 2982 B Yo
¥ 3mm7} PVC £5F oz EE3ESF 3
i BEE=R PVC 883 20X gol &
Holzx FES Bt 1. 70 HEFNHE

3mm
protrusion

Binding Post 7

,
1/8 "stainless

PVC Lysimeter

Top View

12l. 7. Top view cross section of PVC ly-
simeter equipped with TDR elec-
trode. Probes can be placed at a se-
ries of depths to characterise soil
water and salinity distributions
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ct. Bx &M TDR HE

A524o] B nldE W= 256 ohm 2¢]
2 TV $£44& "8 ZHole] PVC mol=
29 28 v A A gEAI (2
Y.8). TV Aloj&& PVC To|= oA A&
A7IA] L&A 50 ohm F&A ol Ed dZ2d
t}. o] A9 dulgA matching transformer
£ 50 ohm#2) ¢} 256 ohm®a] A Alo]

JUNCTION BOX
CABLE CLAMP

Shielded Twin lead
Cable(256Q)
UNIT

P XA -l 2=
d ‘/ \ Coaxial Cable

[} 3
”IMPEDANCE MATCHING (502)

N\ TRANSFORMER
AN (TP-103)
v .. .

To TDR

Miniature
Banana Plug

%]. 8. (A) stainless steel TDR rods; (B)
metal strips soldered to TDR rods;
(C) solid PVC plastic plug with
milled slot and two holes to hold
the TDR rods; (D) shielded trans-
mission line; (E) epoxy poured in
slot to hold assembly in place; (F)
S5¢m schedule 125 PCV pipe; (G)
soldered joints; Note 1: Rods A
were soldered onto metal strips B
and stripped leads of shield trans-
mission line D soldered to strips B.
Then rods A were placed through
the holes in plug C and the slot
filled with epoxy. The assembled
plug was glued into the end of the
PVC pipe C as shown

o] A4d5 3 A4£gd& L banana-plug connec-
tor7} E ).
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