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INTRODUCTION 

It i s very important to get a clear concept with respect to the 

de sorption curve, representing the relation between the soil moisture 

s tress and the soil moisture content, for studying the behaviour of 

water movement in the unsaturated zone. 

If we could express the equation for the desorption curve mathe­

matically, this equation will be available for solving many soil-water 

problems. Therefore, a desorption curve equation was evolved to 

make a check available on the accuracy of separated soil moisture 

s tress - soil moisture content observation. Especially, the important 

properties as the capillary conductivity of the soil or the soil moisture 

s tress can be calculated in a continuous way by using the desorption 

curve equation. 

But, at the present t ime, no extensively authorized desorption 

curve is available. For example, the desorption curve equation 

^ = G(P*- v )n 

/ m m v 
1) 

(method 'ICW') is probably too laborious to calculate the parameters 

by numerical methods. Therefore, applying the mathematical ex ­

pression of sigmoidal shape which relates the probability distribution 

of particles to their energy status for the desorption curve as well as 

the adsorption isotherm curve, the desorption curve equation 

In [(v/vor
c - lj pF = A + B 

i s obtained. 

This paper presents some practical applications of this 

desorption curve equation and considers the results . 



1. DEVELOPMENT OF THE DESORPTION CURVE EQUATION 

FINK and JACKSON (1973) have applied a ma themat ica l express ion 

of s igmoidal shape which r e l a t e s the probabil i ty d is t r ibut ion of p a r ­

t ic les to the i r energy s tatus for the adsorpt ion i so the rm curve and 

have obtained a good ag reement between the exper imenta l values and 

the calculated values by using this equation. 

This equation is obtained as follows: 

P r = 1 / f i + exp (o (+ / 3 E ) 1 (1) 

The p a r ame t e r s P r and E a r e empir ica l ly r e la ted to the re la t ive 

vapour p r e s s u r e p/p» and the water content W, r e spec t ive ly , subject 
o 

to the conditions 

(2a) 

(2b) 

and d " w / d ( p / p 0 ) " = 0 (2c) 

these conditions hold for a single value of p / p Q in the range of 

0 < p / p 0 < 1. Conditions (2a, 2b and 2c) a r e met by defining P r = 

( p /p 0 ) and E = In W, where c i s a constant to be de te rmined. Sub­

stituting into equation (1) and r e a r r ang ing y ie lds : 

P r = l / f l + exp ( <* + (J E)l 

exp ( <* + ß E) = (1 - P r ) / P r 

oc + | 5 E = In (1 - P r ) / P r 

E = ± l n ( l / P r - 1 ) - | , 

A = - - B = -
A A B A 

oo 

W—> 0 

for 

for 

d 2 W / d ( p / P o ) 2 

P/Po 

P/Po 

= 0 

- * 

— • 

1 

0 

In W = A + B . l n ^ p / p J * - l) (3) 

where A, B and c a r e adjustable constants by fitting the equation to 

the exper imenta l data. Also p can be found by adjustment, though 

p can a lso be de te rmined in the l abora to ry . 

Next, the application of the equation (3) to the desorpt ion curve 

i s as follows. 

Plotting the pF-va lue along the ve r t i ca l axis and (v /v )-value 

along the hor izonta l ax i s , this pF r^> ( v /v ) -curve will be s igmoidal 



in shape as shown in fig. 1 (where v represents the total pore space, 

so v/v represents relative soil moisture content). 

P F 

v 

(VI -1 ) 

6.0 

2.5 
v / v 0 .05 o 

4 . 2 

8 . 0 

0.16 

3 .4 2 .7 2 . 3 2 .0 1 .5 1 .0 0 .4 0 

13 .2 25 .2 28 .5 34 .3 42 .7 45 . 2 48 .5 5 0 . 0 

0 .26 0 .50 0.57 0 .69 0 .85 0 .90 0.97 

r!f. 1 i5xa/n.pie <;ƒ deSorpt.'o?v curve obtained, by püottury f/ie pt~-«flue. 
O-ic-njj iJie uerticajß axis- and v/*>e • xivlut a-Xcnq Xkn k</ù.iontt\J:' ax.ù$ 

Substituting the pF for In W and ( v / v ) for p/pQ in equation (3), 
equation (4) is obtained: 

pF = A + B In f ( v / v j _ c - l| (4) 



Equation (4) is an a l ternat ive for the de sorpt ion curve equation. 

The de terminat ion of the constants A, B and c is c a r r i e d out by the 

following p rocedure : 

At f i rs t , x = In I (v/vQ)~ - ll is calculated using the v -values 

which were de te rmined in the l abora tory and-choosing an initial 
b1 

value for c. The value of c is chosen within a range of 1. 0^-10. 0 

with 0. 1 s t eps , sequent ia l ly . F r o m pF = A + Bx, A and B a r e de ­

t e rmined by the l eas t squares method. Using the obtained values 

for A and B, pF '= A + Bx is calculated. The cor re la t ion coefficient 

( r , ) between the exper imenta l pF-value and the calculated pF-value 

is calculated by l inear r eg r e s s i on . This p rocedure is r epea ted for 

different values of c until the maximum value of r , is obtained for 

the pa r t i cu la r set of p F - v data. This p rocedure can be calculated 

by using a s imple computer p rog ram. 

One example of the desorpt ion curve equation obtained by the 

above mentioned technique is as follows. The exper imenta l data a r e 

given in fig. 1. The A, B and cor re la t ion coefficient (r ,) and s tandard 

deviation (S), calculated for the range of c = 2. 0^-4. 0 with 0 .1 s t eps , 

a r e shown in table 1. 

Table 1. Review of the constants A, B and the co r re la t ion coefficient 
(rf), s t andard deviation (S) between the exper imenta l p F -
values and calculated pF-va lues by equation (4). 
(In the range of c = 2. 1 <->-4. 0) 

c 

2 . 1 
2 . 2 
2 . 3 
2 . 4 
2 . 5 
2 . 6 
2 . 7 
2 . 8 
2 . 9 
3. 0 
3 . 1 
3 . 2 
3 . 3 
3 . 4 
3 . 5 
3 . 6 
3 . 7 
3 . 8 
3 . 9 
4. 0 

A 

1. 927 
1.878 
1.832 
1.790 
1.752 
1.716 
1.682 
1.651 
1. 622 
1.595 
1. 570 
1.547 
1.525 
1. 505 
1.485 
1.467 
1.450 
1.434 
1.419 
1.405 

B 

0.6134 
0.5967 
0.5807 
0.5653 
0.5505 
0.5363 
0.5227 
0.5097 
0.4972 
0.4851 
0.4736 
0.4625 
0.4518 
0.4416 
0.4317 
0.4223 
0.4132 
0. 4044 
0.3959 
0.3878 

r f 

0. 9966 
0.9971 
0. 9975 
n r\r\r\*i rrtm-r 
U . 7 7 " 1 O.Tf'l 

0. 9980 
0. 9981 
0. 9982 
0.9982 
0. 9982 
0.9981 
0. 9980 
0. 9979 
0. 9977 
0.9976 
0. 9974 
0. 9972 
0. 9970 
0. 9967 
0. 9965 
0. 9963 

S 

0.1517 
0.1407 
0.1313 
0.1238 
0.1180 
0.1140 
0.1117 
0.1110 
0.1116 
0.1135 
0.1163 
0.1198 
0.1240 
0.1286 
0.1334 
0.1385 
0.1437 
0.1489 
0.1542 
0.1594 



F r o m the re la t ion c and r , shown in fig. 2, r , becomes the maxi­

mum value (0. 9982) when c is equal to 2. 8. In this way, the equation 

pF = 1. 6510 + 0. 5097 In f ( v / v o ) " 2 , 8 - l ] is obtained. 

'f 
1.0001-

0.998 

0.996 

0 . 9 9 4 -

0.992 

0 5 9 0 

• • 

I I I I I 
2.2 2.4 2JS 2.8 3.0 3.2 3.4 3.6 3.8 4.0 

C 

Fig . 2. Relation between c-value and cor re la t ion coefficient ( r , ) 

To demons t ra te how well this equation fits the de sorption data 

(pF-v) , pF -va lues a re calculated using this equation and these values 

are c ompared with the exper imenta l data. This r e su l t indicates a good 

ag reement between the calculated curve and the exper imenta l data as 

shown in fig. 4(1). 

And, plotting the pF-value along the ve r t i ca l axis and x = In 

I (v/v )" - l j along the hor izontal ax i s , a s t ra ight line pF = 

1.6510 + 0 .5097 .x is shown in fig. 4 (2). A lso , the p F ~ v - c u r v e 

calculated by given pF in equation 

in fig. 3 . o 

Then, the co r re la t ion coefficient between the calculated v-value 

A i s 0. 9975. In fig. 5, the change of the shape of the de sorption curve 

(juvuL *&* observed V^xraiue 

pF-A 

e B + 1 
— is shown c 

/ 
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Table 2. Data of (v/vQ) for each sample 

XpF 
S a m p l e \ 0 .4 

I -2 

I -3 

II -1 

II -2 

II -3 

III -1 

III -2 

III - 3 

IV -1 

IV -2 

IV -3 

V -1 

V -2 

V -3 

VI -1 

VIII-1 

VIII-2 

VIII-3 

VIII-4 

VIII-5 

IX -1 

IX -2 

IX -3 

IX -4 

IX -5 

X -1 

X -2 

X -3 

XI -1 

XI -2 

XII -2 

0.98 

0. 98 

0. 98 

0.98 

0 .99 

0.97 

0. 97 

0. 98 

0. 98 

0. 98 

0 .99 

0.97 

0. 97 

0. 98 

0. 97 

0. 98 

0. 98 

0. 98 

0. 97 

0. 98 

0. 98 

0 .98 

0.98 

0.98 

0.98 

0.98 

0. 97 

0.98 

0 .98 

0. 96 

0 .99 

1.0 

0.94 

0. 91 

0 .94 

0. 94 

0. 93 

0 .95 

0. 93 

0 .95 

0 .89 

0.91 

0.92 

0 .85 

0.86 

0. 90 

0. 90 

0.90 

0 .93 

0.91 

0 .88 

0.90 

0 .89 

0. 91 

0 .90 

0.92 

0 .90 

0 .94 

0 .91 

0 .93 

0 .93 

0 .90 

0 .93 

1 .5 

0.84 

0.85 

o. 39 
0.87 

0.90 

0.93 

0.88 

0. 92 

0.80 

0.80 

0.80 

0.78 

0.77 

0.83 

0.85 

0.83 

0.85 

0.81 

0 .79 
0.83 

0.84 

0.83 

0.82 

0.83 

0.84 

0.90 

0.88 

0.86 

0.90 

0.83 

0.90 

2 . 0 

0.50 

0 .49 

0.72 

0.61 

0 .53 

0 .79 

0 .70 

0.61 

0.47 

0.47 

0.31 

0.57 

0 .53 

0.53 

0 .69 

0 .58 

0 .55 

0 .54 

0.46 

0.53 

0.63 

0 .62 

0 .54 

0 .58 

0.67 

0.77 

0 .68 

0.61 

0 .81 

0 .73 

0 .83 

2 . 3 

0.37 

0.32 

0 .60 

0.46 

0 .39 

0.71 

0.52 

0.47 

0.32 

0 .34 

0.20 

0 .45 

0 .39 

0.32 

0.57 

0 .44 

0 .41 

0 .39 

0 .32 

0.32 

0 .49 

0 .45 

0.38 

0.37 

0 .43 

0.65 

0.52 

0.43 

0 .69 

0.56 

0.75 

2 . 7 

0.28 

0.21 

0.50 

0.32 

0.27 

0.61 

0.40 

0.36 

0 .24 

0 .25 

0.13 

0 .34 

0.30 

0 .24 

0.50 

0 .33 

0 .29 

0 .28 

0 .23 

0.24 

0 .40 

0.37 

0.28 

0 .26 

0.33 

0.62 

0.42 

0.37 

0 .64 

0.50 

0.62 

3 . 4 

0.15 

0 .09 

0 .25 

0.17 

0.10 

0 .40 

0 .23 

0.17 

0 .14 

0 .13 

0 .05 

0.18 

0 .16 

0.09 

0 .26 

0 .18 

0 .18 

0 .16 

0 .13 

0 .09 

0 .24 

0 .24 

0 .19 

0.16 

0.21 

0.27 

0 .19 

0 .10 

0 .35 

0.26 

0 .44 

4 . 2 

0.11 

0.06 

0 .16 

0 .13 

0 .08 

0.26 

0.16 

0 .13 

0 .10 

0 .09 

0 .04 

0.11 

0.10 

0.06 

0.16 

0.12 

0 .12 

0.10 

0.08 

0.06 

0.15 

0 .14 

0.12 

0 .09 

0 .13 

0 .19 

0 .11 

0.06 

0 .25 

0.14 

0 .29 

6 . 0 

0.03 
0.02 

0 .05 

0 .04 

0 .03 

0.06 

0.05 

0.02 

0 .03 

0 .03 

0 .01 

0 .04 

0. 03 

0 .03 

0 .05 

0 .04 

0 .04 

0 .04 

0 .03 

0.03 

0 .04 

0 .04 

0 .04 

0 .04 

0.02 

0 .05 

0 .03 

0.02 

0 .05 

0 .05 

0 .09 

8 



Table 3. Constants A, B, c and correlation coefficient (r^) between 
the observed pF-values and the calculated pF-values, cor­
relation coefficient ( r e) between the observed v-values and 
the calculated v-values for each sample 

Sample 

I -2 

I -3 

I I -4 

I I -2 

I I -3 

I I I -4 

I I I -2 

I I I -3 

IV -4 

IV -2 

IV -3 

V -4 

V -2 

V -3 

V I -4 

V I I I -4 

V I I I - 2 

V I I I - 3 

V I I I - 4 

V I I I - 5 

IX -4 

IX -2 

IX -3 

IX - 4 

IX -5 

X -4 

X -2 

X -3 

X I -4 

X I -2 

X I I -2 

A 

4.05295 

4.04467 

4.68643 

4.24664 

4.44 983 

2.394 97 

4.4344 0 

4.59300 

0.88822 

0. 92824 

0.84550 

4.44392 

4.07042 

4.02802 

4.65440 

4.43959 

4.05844 

0.99434 

0.86472 

4.02802 

4.38339 

4.29774 

0. 98348 

4.04 925 

4.58324 

2.02247 

4.62676 

4.46942 

2.38955 

4.73478 

2 02Q3C 
JLa^ÂSJL. 

B 

0.22965 

0.24 744 

0. 44044 

0.28625 

0.20360 

0.64538 

0.39888 

0.36020 

0.20234 

0.20752 

0.42662 

0.34829 

0.34867 

0.22793 

0.50968 

0.29594 

0.24464 

0.23844 

0. 24483 

0.22793 

0.38958 

0.35344 

0.24474 

0.23384 

0.44 823 

0.52724 

0. 44627 

0.34302 

0.63574 

0.56765 

0.52346 

c 

5 .99 

5.36 

3 .19 

5.00 

6.48 

2.00 

3 .74 

3.45 

6. 94 

6.64 

8.08 

4 .20 

4.34 

5.40 

2 .80 

4 .94 

6.06 

6 .44 

6.39 

5.40 

3 .70 

4 .43 

6.27 

6 .09 

2 .75 

2.47 

2.74 

3.08 

4.94 

2.47 

3 .20 

r f 

0. 9944 

0.9873 

0. 9976 

0. 9935 

0. 9830 

0. 9965 

0.9957 

0. 9935 

0. 9934 

0. 9930 

0. 9834 

0. 9968 

0. 9979 

0. 9773 

0.9982 

0. 9966 

0. 9948 

0.9932 

0. 9945 

0. 9773 

0. 9987 

0. 9989 

0. 9957 

0. 9892 

0. 9960 

0. 9960 

0. 9960 

0. 9878 

0. 9972 

0. 9978 

0. 9966 

r e 

0. 9944 

0. 9848 

0. 9979 

0. 9942 

0.9874 

0. 9984 

0.9962 
Q g.? r .. 

0 9?i'^ 

Û.9877 

0. 9904 

0.9746 

0. 9966 

0. 9964 

0.9852 

0.9978 

0.9956 

0.9947 

0. 9930 

0.9874 

0. 9852 

0. 997 9 

0. 9972 

0. 9946 

0. 9890 

0. 9936 

0. 9945 

0. 9955 

0. 994 7 

0. 9983 

0. 9969 

0.9982 



Table 4. Depth of sampling, sil t content, humus content, volume 
weight for each sample 
(silt) : 0. 002 ~ 0. 050 mm 

Sample 

I -2 

I -3 

II -1 

II -2 

II -3 

III -1 

III -2 

III -3 

IV -1 

IV -2 

IV -3 

V -1 

V -2 

V -3 

VI -1 

VIII-1 

VIII-2 

VIII-3 

VIII-4 

VIII-5 

IX -4 

IX -2 

IX -3 

IX -4 

IX -5 

X -1 

X -2 

X -3 

XI -1 

XI -2 

XII -2 

Ho r i ­
zontal 

B 2 
C 

A P 
B 2 
C 

A p 
B 2 
C 

A P 
B 2 

C 

A P 
B 2 

C 

A 
P 

A l p 
A 1 . 2 
A 1 . 3 

B 2 

C 

A l p 
A l . 2 
A 1 . 3 

B 2 

C 

A pg 
C 1 . 4 g 
C 1 . 2 g 
APg 
C l . l g 

C l . l g 

Depth 
(cm) 

2 5 ^ 40 

> 40 

0 ~ 25 

25 ~ 40 

> 40 

0 ~ 30 

25 ~ 45 

> 45 

0 ~ 30 

30 ~ 45 

> 45 

0 ~ 30 

30 ~ 45 

> 45 

0 ~ 30 

0 ~ 30 

30 ~ 50 

50 ~ 80 

80—100 

>100 

0 ^ 30 

30 ~ 50 

50 - 80 

80—100 

>100 

0 ~ 20 

20 -w 40 

> 40 

0 — 20 

20 — 40 

20 ~ 40 

Silt 
% 

5.8 

5.2 

14 .0 

14 .9 

14 .8 

25 .2 

26 .8 

22 .3 

7 . 5 

6 . 8 

4 . 5 

13 .1 

13 .4 

12 .6 

26 .5 

13 .3 

13 .3 

14 .0 

13 .2 

12 .6 

22 .4 

21 .8 

22 .1 

21 .2 

25 .6 

14 .1 

14 .1 

7 .5 

22 .6 

21.7 

43 .3 

Humus 
% 

2.3 

0 .6 

5 . 4 

3 . 0 

0 . 5 

6 . 6 

2 . 9 

0 . 6 

4. 5 

3 . 0 

0 . 6 

5 . 1 

2 . 1 

1. 0 

6 . 4 

4 . 7 

3 . 8 

3 . 2 

1 .3 

1. 0 

5 . 0 

4 . 2 

2 . 6 

2 . 4 

0 . 7 

4 . 3 

0.3 

0.3 

6 .4 

0.7 

0 .7 

Volume 
weight 
g r / c c 

1.503 

1.678 

1.385 

1.450 

1.696 

1.301 

1.443 

1.720 

1.274 

1.397 

1.610 

1.262 

1.432 

1.601 

1.277 

1.281 

1.357 

1.331 

1.449 

1.601 

1.281 

1.338 

1.344 

1.459 

1.678 

1.362 

1.693 

1.699 

1.242 

1.708 

1.647 

V g ras s l and 

* g r a s s l and 

J 
' 

» g ras s l and 

-
* 

r f a rmland 

J 
> f a rmland 

farmland 

> farmland 

. 
• 

> farmland 

. 

> g r a s s l and 

V g r a s s l and 

g ras s l and 
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obtained under the influence of s eve ra l different values of c ( 1 . 0, 

2. 0, 3 . 0 and 4. 0) i s shown. 

2. RESULTS 

3) Using the pF.~-v-data of 31 samples mea su r ed by STIBOKA ' 

(table 2), the constants A, B and c in equation (4) a r e calculated with 

c - s t eps (0. 01) with the computer . The l i s t of these r e su l t s is shown 

in table 3 . 

The sampling depth, soil t exture (silt content), humus content 

and the volume weight of each sample a re shown in table 4. All 

s amples belong to the l oamy-sand soi l . 

. ( tables 2, 3 and 4^ 

2 . 1 . D i s c u s s i o n of t h e r e s u l t s f o r t h e c a l c u l a t e d 

v a l u e b y t h e e q u a t i o n 

a. The co r re la t ion coefficient between the observed and the calculated 

value s 

Comparing the observed value with the value calculated by 

equation (4), the co r re la t ion coefficients ( r , ) between the observed 

pF-va lues and the calculated pF-va lues in each sample a re shown in 

table +.3 

Of the total 31 s amp le s , 24 samples have a co r re la t ion coefficient 

( r , ) h igher than 0. 99, 5 s amples a r e between 0. 98 and 0. 99 and the 

lowest is 0. 97. The re la t ions between the observed pF-va lues and the 

desorpt ion curve (pF~»v/v ) obtained by equation (4) for each sample 

a r e i l lus t ra ted in fig. 6 (see appendix). The soil mo i s tu re content (v) 

for each pF a r e computed using the formula _ ° g — , J "•£" 

der ived f rom equation (4). The desorpt ion cu rves (pF->~v) a r e i l l u s ­

t r a t ed in fig. 7 (see appendix). And the co r re la t ion coefficients (r ) 

between the observed v-value and the calculated v-value a r e shown 

in table 3 . 

These figs 6 and 7 (appendix) indicate that the equation (4) is 

fa ir ly well apt at fitting the desorpt ion curve for l oamy-sand soi l . 

11 



But, consider ing the application of this equation, it is n e c e s s a ry to 

notice that the samples with l e s s than r = 0. 99 a r e all sampled 

from the C - l aye r or from g r ea t e r depths. 

b . Difference between the observed v-value and the calculated v-value 

Examining the difference between the observed v-value and the 

calculated v-value ( A V = v , - v , ) for each pF , the s tandard d e -
v obs c a l e ' r 

viation (S) and the coefficient of var iat ion ( s tandard deviation / mean 

value)(C ) \ of these differences (Av) for al l s amples a r e computed. 

These r e su l t s a r e shown in table 5. 

Table 5. Standard deviation (S), coefficient of var ia t ion (C ) of 
difference between the observed v -values and the vcalculated 
v-value s by using the equation (4) for each pF 

p F 

0 . 4 
1 .0 
1 .5 
2 . 0 
2 . 3 
2 . 7 
3 . 4 
4*3 
6 . 0 

All s amples 
(n = 31) 

v S C v 

éf.'ty 0 .3109 0.73 
37fô1 0.9791 2 .50 
32.3?? 5.3936 16.65 
€4 . 81 1.5639 6.30 
20.67 1.2589 6.08 
15 .95 1.4324 8.98 

9.81 1.5736 16.04 
5.52 0.5942 10.76 
1.46 0.2507 16.82 

Samples (>rg=0. 990) 

V 

43.43 
41 .73 
34 .53 

' 3 7 . 3 5 
22. 92 
17. 90 
11.17 

6.36 
1.75 

(n = 23) 

s cv 
0. 2663 0. 61 
0.8049 1.92 
3.5207 10 .19 
1.2852 C 6 9 
1.2244 5.34 
1.5008 8 .43 
1.5393 13.78 
0.6424 10.10 
0.1870 10.68 

Samples (>r =0. 
( 

V 

43.60 
41 .05 
36.14 

2^9. 63 
235. 03 
19.77 
12.48 

7 .15 
1. 97 

n=14) 

S 

0. 2240 
0.7452 
2.4758 
1.2843 
1. 0315 
1.0125 
1.4217 
0.6666 
0.1589 

995) 

cv 

0.51 
1.81 
9? 85 
4 .33 
4 .12 
5.12 

11 .39 
9.32 
8. 06 

The s tandard deviations of the difference at lower pF-va lues (pF 

0. 4 , 1. 0) and higher pF-va lues (pF 4. 2, 6. 0) a r e l e s s than 1.0. At 

the middle pF -va lues (pF 2. 0, 2. 3 , 2. 7 and 3 .4) , the deviations a r e 

about 1. 5 but at pF 1. 5, the e r r o r i s much l a r g e r than at any other pF . 

And the co r re l a t ion coefficient descr ibing the re la t ion between Av at 

pF 1. 5 and the values of constant c used in equation (4) is high (r = 

0.9370). The g r ea t e r constant c i s , the g r ea t e r A v i s calculated 

as shown in fig. 8. Moreover , the coefficients of deviation at pF 6. 0, 

1 . 5 and 3 . 4 a r e g r ea t e r than at o ther pF-va lues and the i r magnitudes 

a r e 16 ,82 , 16 .66 , and 16. 04%, r espec t ive ly . 

Next, the samples (the number of the samples is 23) with the 

co r re la t ion coefficient (r ) h igher than 0. 990 and the samples (the 

12 



c 
8r 

7 -

6 -

5 -

4 

3 

• • 

-1 - 2 - 4 - 5 - 6 -7 - 8 

^ / 5 -

-9 
I 

-10 
1.5 

Fig. 8. Relation between difference ( ^ v pF IT 5) and constant c 

number of the samples is 14) with the correlation coefficient (r ) 
higher than 0. 995 are selected from all samples, the standard de­
viation (S) and the coefficient of variation (C ) of AV for these two 
groups are computed, respectively (table 5). In the case of the samples 
with the correlation coefficient (r ) higher than 0. 995, S and C -values 
at pF 1. 5 decrease remarkably and C -values become less than 10% 
except at pF 3. 4. 

These results suggest that the agreement between the observed 
v-value and the calculated v-value will be excellent and the equation 
(4) will be applicable to the de sorption curve equation, when the r -
value is obtained higher than 0. 995. So, it is necessary to adjust the 
parameters in equation (4) by method mentioned in paragraph 3, if 

the r -value is obtained less than 0. 995. e 
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But, at the p resen t t ime , it i s not c l ea r whether these l a rge 

deviations at pF 1. 5 and higher pF a r e due to the l imitat ion of 

equation (4) or to the exper imenta l e r r o r s in measur ing . 

c . Compar ison with the r e su l t s by the graphical method 

The v -va lues in the desorpt ion equation pF = n log (P -v) - m l o g v 

+ log G (method 'ICW') a re computed using the p a r ame t e r s (m, n, 

log G and P*) obtained by the graphical method (FONK's r e su l t s ) . 

The co r re la t ion coefficients (r ) between the observed v-value and 
g 

v-value obtained by the graphical method a re shown in table 6. 

Comparing r and r , both values in two th i rds of all s amples 

a r e approximately ident ical . On the III-3 and X- l s amples which 

p re sen t a l i t t le difference with r and r , r -va lues a r e l e s s than 
• g e* g 

0. 99. This will be due to the e r r o r s in p rocess ing the data by the 

graphical method, because these curves show also a l i t t le difference 

regarding the desorpt ion curve obtained by o ther numer ica l method 

a s shown in fig. 9. 
m-3 x-1 

F i g . 9. Comparison of desorpt ion cu rves obtained by va r ious methods 

g raphical method 

— — equation (4) 

numer i ca l method 

exper imenta l date 
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Table 6. The v-value s observed by graphical method and correlation 
coefficient (rg) between the observed v-value s and the v-
values obtained by the graphical method 

^ \ P F 
Sample ^*"*\^ 

I - 2 

I - 3 

II - 1 

II - 2 

II - 3 

III - 1 

III - 2 

III - 3 

IV - 1 

IV - 2 

IV - 3 

V - 1 

V - 2 

V - 3 

VI - 1 

VIII - 1 

VIII -"2 

VIII - 3 

VIII - 4 

VIH - 5 

IX - 1 

IX - 2 

IX - 3 

IX - 4 

IX - 5 

X - 1 

X - 2 

X - 3 

XI - 1 

XI - 2 

XII - 2 

0 .4 

40 .8 

34 .8 

4 5 . 4 

41 . 9 

3 5 . 3 

46 .7 

43 . 1 

33 .7 

47 .6 

4 3 . 5 

37 .7 

4 8 . 8 

42 . 2 

38 .4 

4 8 . 4 

4 7 . 3 

43 .9 

44 . 1 

4 1 . 5 

38 .3 

47 .4 

45 .6 

45 .6 

42 .4 

37 .4 

47 .6 

35 .3 

34 .8 

51 .2 

34 .0 

38 .1 

1.0 

38.6 

31.9 

43 .5 

39 .8 

32 .4 

45 .5 

41 .4 

29.6 

41 .6 

40 . 1 

36 .4 

44 .6 

40 .0 

36.7 

46 .0 

43 .7 

41 .3 

4 1 . 3 

37 .6 

36.2 

45 .0 

42 .9 
41 .1 

39 .8 

36 .1 

• 45 .7 

34 .0 

33.7 

49 .6 

32 .5 

36 .8 

1.5 

30 .4 

23 .2 

39 .0 

32 .8 

28 .8 

43 .3 

37 .0 

23 .8 

32 .0 

30 .8 

25 .3 

35 .1 

33 .5 

30 .4 

40 .6 

35 .0 

33 .1 

32.7 

28 .5 

29 .4 

39 .5 

35 .2 

32 .4 

31 .3 

31 .8 

41 .0 

30 .1 

28 .8 

47 .0 

29 .1 

34 .6 

2 .0 

21.6 

15 .4 

31 .8 

24.7 

20.7 

39.0 

29 .8 

17 .8 

23 .3 

21 .8 

15.7 

25.9 

24 .3 

20 .9 

32 .9 

26.1 

24 .4 

23.7 

20.0 

20.1 

31 .5 

26.7 

24.0 

22 .4 

24 .4 

33.6 

23 .4 

20 .6 

42 .6 

23 .8 

31 .1 

2 .3 

17.2 

11 .8 

27 .2 

20 .4 

16 .2 

35 .3 

25.2 

14.7 

19.1 

17:4 

11 .3 

21 .3 

19.2 

15 .8 

28 .1 

21 .5 

19.9 
19 .2 

16 .0 

15 .3 

26 .6 

22 .2 

19 .8 

18.0 

19.9 

28.7 

19 .2 

15 .8 

38 .1 

20 .5 

28 .4 

2.7 

12.7 

8.24 

21 .4 

15.7 

11 .2 

29.7 

19 .5 

11.1 

14 .5 

12 .8 

7 .10 

16.2 

13.6 

10 .6 

22 .1 

16 .5 

15 .1 

14 .4 

11.7 

10 .3 

20.7 

17 .3 

15 .2 

13 .3 

14 .6 

22.7 

14 .3 

10 .8 

33 .1 

16 .3 

24 .5 

3 .4 

7.28 

4 .34 

13 .5 

9.74 

5.67 

20.0 

11.9 

6.71 

8.88 

7 .36 

3.06 

9 .98 

7 .11 

4 .98 

14.0 

10 .3 

9.18 

8.51 

6.76 

4 .93 

12 .8 

10.9 

9.39 

7 .76 

8.07 

14 .3 

8.12 

5.24 

22.2 

10 .4 

19 .3 

4 . 2 

3.82 

2 .06 

7 .64 

5 .58 

2 .51 

11 .4 

6 .48 

3 .67 

5.02 

3 .88 

1.15 

5.67 

3.29 

2 .04 

8.00 

5 .88 

5 .13 

4 .63 

3.56 

2.06 

7 .11 

6 .40 

5 .38 

4 .14 

3 .95 

8.08 

4 .08 

2 .21 

12.0 

6 .02 

11 .1 

6.0 

0 .882 

0.382 

2 .00 

a>(-56 

0.384 

2 .75 

1.56 

0.910 

1.37 

0.904 

0 .123 

1.56 

0 .556 

0.266 

2 .14 

1.65 

1.36 

1.16 

0.829 

0.282 

1.80 

1.89 

1.51 

0.990 

0.749 

2 .12 

0 .824 

0 .306 

2 .30 

1.65 

3 .40 

r g 

0 .9934 

0 .9849* 

0 .9973 

0 .9935 

0 .9931 

0 .9985 

0.9967 

0 .9834* 

0 .9874* 

0.9927 

0 .9854* 

0 .9945 

0 .9973 

0.9939 

0.9970 

0 .9944 

0.9956 

0.9952 

0 .9913 

0.9937 

0.9971 

0 .9968 

0.9912 

0.9916 

0 .9931 

0 .9887* 

0 .9972 

0.9959 

0 .9973 

0 .9963 

0 .9972 

r e 

0 .9914 

0 .9848* 

0.9979 

0.9942 

0 .9874* 

0 .9984 

0.9962 

0.9954 

0.9872* 

0.9901 

0.9716* 

0.9966 

0.9964 

0 .9850* 

0 .9978 

0 .9956 

0.9947 

0.9930 

0 .9874* 

0 .9852* 

0.9979 

0.9972 

0.9916 

0 .9890* 

0 .9936 

0 .9945 

0.9955 

0.9917 

0 .9983 

0.9969 

0.9982 
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On the I I -3 , V-3 and VIII-5 s amp le s , on the con t r a ry , r -va lues a r e 

l e s s than r . At the p resent t ime , the r eason for this difference in 

outcome is not c lear but all these samples a r e sampled f rom the C-

l aye r . 

The s tandard deviation (S) and the coefficient of var ia t ion (C ) 

of the difference between the observed v-value and v-value obtained 

by the graphical method a re shown in table 7. 

Table 7. Standard deviation (S), coefficient var ia t ion of difference 
between observed v-values and calculated v -values by 
graphical method for each pF 

p F 

0 . 4 
1 .0 
1 .5 
2. 0 
2 . 3 
2 . 7 
3 . 4 
4 . 2 
6 . 0 

Standard deviation 
(s) 

0.2683 
1.2731 
4 .0533 
1.8220 
2 .1319 
2 .1045 
1.3458 
0.4788 
0.4201 

Mean 
(v) 

42.02 
3 9.46 
33. 08 
25 .29 
20. 97 
16 .03 

9.77 
5 .29 
1.30 

Coefficient of var ia t ion 
(Cv) 

0 .64 % 
3.23 

12.25 
7 .20 

10.17 
13 .13 
13.77 

9.05 
32 .32 

Comparing with the r e su l t s in table 5, there a r e l i t t le differen­

ces between both methods but in the graphical method, at pF 6. 0, 

C v i s the l a rges t value ( larger than 30%) and at pF 1 .5, 2. 3 , 2. 7 

and 3 .4 , C -values a re l a r g e r than 10%, and at pF 1. 5, C -value 

i s l e s s than the C -value obtained by equation (4). 

Therefore , considering from only these r e su l t s , it s eems that 

t here i s l i t t le difference to choose between these two methods . 

2 . 2 . C o n s i d e r a t i o n of t h e c o n s t a n t c 

a. Relation with the soil t exture (silt content) 

The values of the constant c in equat ion (4) obtained f rom 31 

s amples a r e within 1. 91 -—8. 08 r ange . Approximately speaking, 

this range is 2. 0 »-^ 8. 0. Except 8. 08 for sample IV-3 , these a r e 

not ve ry e x t r eme va lues . This will be due to the fact that the soil 
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t ex ture of all s amples is s imi l a r (the l oamy-sand soi l) . Fo r few 

examples , the values of constant c obtained from samples of c lay, 

sand and peat as typical soil t ex ture types a r e s i tuated beyond this 

range as shown in table 8 and the shapes of curve on these soils a r e 

different from the loamy-sand soi l , r espect ive ly (fig. 10). 

Table 8. Constants A, B, c and co r re la t ion coefficient between 
observed pF-va lues and calculated pF-va lues by using 
equation (4) on typical soi ls (peat, sand, and clay) 

Constant 

Soil 

peat 
sand 
c lay 

B 

3.12189 
0.77237 
4.73972 

0.82047 
0.11995 
1.18576 

1.18 
8. 56 
0.71 

0. 9895 
0. 9646 
0. 9713 

These r e su l t s suggest that the value of the constant c is a main 

factor in determining the shape of curve and it has some re lat ion 

to the soil t ex tu re . 

Then, plotting the c-value along the ve r t i ca l axis and the s i l t 

content along the horizontal axis (fig. 11), t here a r e no dist inct 

re la t ions between the c-value and the silt content but when the silt 

content i n c r e a s e s , the c-value d e c r e a s e s , general ly , (fig. 11 , see 

p . 19). Classifying a l l s amples into th ree c l a s s e s by the i r s i l t con­

tent , namely, l oamy-sand (silt content 0 — 10%), c o a r s e r loamy-

sand (10 ~> 17. 5%) and finer l oamy-sand (17. 5 ~ 32. 5%), the r anges 

of c-value in each c l ass a r e approximate ly 5. 0 ^,1. 0, 3 . 0 r~ 5. 0 and 

2. 0 ^ ^ 4 . 0 with some except ions. But the samples which indicate ex ­

ceptional values in each c lass a r e sampled from the C- layer . This 

fact suggests that the c-value has r e la t ions not only with the soil 

t exture but a lso with the sampling l aye r . 

Using the data of samples in all c l a s se s together , the c -values 

in each c l ass a r e computed. These r e su l t s a r e shown in table 9. 

The c-value further has no re la t ions with the humus content 

and the volume weight of the soi l . 
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Table 9. Constant A, B and c in each soil c l a ss obtained by using 

data of s amples in each c l ass a l together 

Constant 

A 

B 

c 

Loamy sand 

A- layer 

0. 9562 

0.2121 

6.52 

C- layer 

1.1730 

0.2392 

; 4 .36 

c o a r s e r loamy sand 

A- layer 

1. 2811 

0. 3274 

4. 30 

C-laye r 

1.1308 

0.2555 

4 .90 

finer loamy sand 

A- layer 

1.7257 

0. 9863 

2.91 

C- layer 

1.5338 

0. 9630 

3 .35 

coarse 
loamy-sand loamy-sand finer loamy-sand 

Fig . 41 . Relation between constant c and soil t exture (silt content %) 
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Fig . 13 . Relation between soil mo i s tu re c lass and constant c 
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b . Relation with the soil mois ture content 

The c-value was plotted along the ve r t ica l axis and the re lat ive 

soil mois tu re content (v/v ) at each pF along the hor izontal axis 

(fig. 12) in o rde r to find the re la t ions between the c-value and the 

soil mois tu re content. The cor re la t ion coefficients between the c -

value and the re la t ive soil mois tu re content in each case have been 

computed (table 10). 

Table 10. Corre la t ion coefficient between re lat ive soil mo i s tu re 
content (v /v 0 )pF and cons tand c 

pf 

(v /v 0 ) pF 

1.0 
1 .5 
2 . 0 
2 . 3 
2 . 7 
3 . 4 
4 . 2 

r 

0.0433 
0.6405 
0.8999 
0.8467 
0.8624 
0. 7104 
0.6897 

Fo r lower and higher pF -va lues , the co r re la t ion coefficients 

a r e l e s s than 0. 70, but in the middle of the pF (pF 2. 0, 2. 3 and 2. 7), 

the values of v / v and c a re more c losely r e la ted (r = 0. 85 ^-^0. 90). 

There fore , the soil mois tu re content for these pF-va lues have an 

impor tant effect on the shape of the desorpt ion curve but, na tural ly , 

it i s impossible to evaluate the c-value from the cor re la t ion coeffi­

cient with the soil mo i s tu re content and the pF . 

Secondly, r epresen t ing the soil mois tu re content with some 

c l a s s e s , the re la t ions between this c l a ss and the c-value a re examined. 

The re la t ive soil mois tu re content on (pF 1 . 0 - 2 . 0), (pF 1 . 0 - 2 . 3) and 

(pF 1.0 - 2 .7) a re adopted as the soil mois ture c l a s s e s . As shown in 

fig. 13 (p. • « ) , the co r re la t ion coefficients between the c-value and 

the soil mois tu re c lass a r e 0.85*^-0. 90 and these re la t ions a re a l ­

mos t identical with the in fig. 12 mentioned cor re la t ions for the soil 

mo i s tu re contents for pF 2. 0, 2. 3 and 2. 7. 

F ig . 5 indicates how the shape of the desorption curve is for the 

same soil shaped by changing the values of c. The change of the curve 

at h igher and lower pF is very smal l but in the range between pF 1. 0 

and pF 4. 2 the shape of the curve is ve ry changeable. Therefore , the 
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re la t ion between the c-value and the inclination of the curve in this 

range is found as follows. 

Taking the exper imenta l points for pF 1. 0 and 4. 2 as fixed 

s tandard points , these two points a r e l inked with o ther pF-points 

(pF 2. 0, 2. 3, 2. 7 and 3. 4) according a s t ra ight line (fig. 14). 

standerd point (pF4.2) 

(T: 0.6655JJ i C V W — (T: 0.7671 ) c -i9?s 

\ \ s\»3:— (Trereww 
N>$*r (T=08723) 

S N V 

(Tr 0 .7823) 
: 0 7019) 

= 0.7402) 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

c^> 

Fig . 14. The s t ra ight l ines connected fixed s tandard points (pF 1.0, 4. 2) 

with the o ther points (pF 2. 0, 2. 3, 2. 7 and 3. 4) 

r : the co r re l a t ion coefficient between the gradient of the s t ra ight 

l ine and c-value 
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Then the gradients of these eight s t ra ight l ines for each sample a re 

computed. Fo r example , the gradient of a s t ra ight line (pF 4. 2 > 

pF 2. 0) is tan t- = 4. 2 - 2. 0 / ( v / v 0 ) 2 0 - (v /v ) . 2 as shown in 

fig. 14. The co r re la t ion coefficients with the gradient of the s t ra ight 

l ine and the c-value for each s t ra ight line a re given in table 11 . 

Table 11 . Corre la t ion coefficient between gradient of line connected 
a s tandard point with direct ion point and constant c 

Direct ion 
point (pF) 

Standard 
point ( p F ) \ 

1.0 

4 . 2 

2. 0 

0.7402 

0.7671 

2 . 3 

0.7019 

0.8723 

2 . 7 

0.7805 

0.8998 

3 . 4 

0.4295 

0.6665 

The gradient of the s t ra ight line (pF 4. 2 ->pF 2. 7) i s the mos t c lose ' 

ly r e la ted with the c-value (r = 0. 8 998). 

c. Relation of c with the constants A and B 

The re la t ions between the logar i thm of the c-value and other 

constants A and B in equation (4) a r e shown in fig. 15. According 

to these r e su l t s , these re la t ions a re very in t imate , e specia l ly the 

co r re la t ion coefficient between the log c and the constant B is with 

0. 9769 r a the r high. 

Thus, it is possible to e s t imate the c-value from the s i l t con­

tent o r the soil mo i s tu re content, but, at the p resen t t ime , this 

e s t imat ion will be only available for a f i rs t approach to its value, 

to l e s s en the complexity of the calculation. 

2 . 3 . A d j u s t m e n t , of t h e p a r a m e t e r s A , B , c a n d v 
o 

On the samples with a co r re la t ion coefficient (r ) l e s s than 0. 995, 

the p a r ame t e r s A, B, c and v in equation (4) a r e adjusted by the 
° 4) 

following curve fitting adjustment method ' . 
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A 
2.5 

2.0 -

1.5 

1.0 -

0.5 

A . ? 8 5 8 - 2 . 450 log C 
( Yr 09567) 

J I l_ 
3. 4 5 6 7 8 9 10 

l o g C 

Fig. 15 (1). Relation between constant A and log c 

06 

0.5 

0.4 

03 

02 

0.1 

• 

i 

B =0.8372-0.8068 logC 
V.. (T: 0.9769) 

^ * 
\* * 

• \ 

\ •• 
••V» 

1 1 1 1 1 1 1 1 

3 4 5 6 7 8 9 1 0 
log C 

Fig . 15 (2). Relation between constant B and log c 
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Fig. 16(1). Desorption curve obtained using adjusted p a r ame t e r s by-

formula (5) 

1: Initial curve 7: F inal curve 
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pp 
6.0 

5.0 

4.0 

PF 

0.4 

1.0 

1 .5 

2 .0 

2.3 

2 .7 

3 .4 

4 . 2 

6 .0 

v o 

A 

B 

C 

vob« 

47.2 

43 .5 

4 0 . 0 

2 7 . « 

21 .1 

15.8 

e. s 
5 .7 

1.95 

'e 

1 

v c * l 

46.01 

43.64 

34 .92 

22. 51 

16 .70 

11.06 

5.33 

2 .31 

0 .35 

47 

1 

0 

3 

0 

A v 

- 0 . 3 9 

0 .14 

-5 .46 

- W 
- 4 . 4 0 

• 4 .24 

- 3 . 4 7 

- 3 . 3 9 

• 1 , 60 

300 

3100 

2746 

4890 

9934 

2 

v c«l 

46 .49 

44. SO 

38.04 

27 .80 

22.14 

16.11 

9. IS 

4 .78 

1,10 

A.v 

- 0 .71 

1.00 

- 1 . 9 6 

0 

1.04 

0.31 

0.35 

- 0 . 9 2 

• 0 .85 

46.803 

1.3870 

0.2790 

4 .4212 

0.9983 

3 

v c» l 

46.42 

44.71 

38.23 

27.63 

21.71 

15.94 

8 .99 

4 . 6 9 

1.08 

46 

1 

0 

4 

0 

À v 

- 0 . 5 8 

1.21 

- 1 .77 

- 0 .13 

0.61 

0.10 

0 .19 

- 1 . 0 1 

- 0 . 8 7 

627 

3779 

2529 

8571 

9986 

Fig. 16(2). Desorption curves obtained using adjusted parameters by-
formula (5) 
1: Initial curve 3: Final curve 

27 



Va 
V a 
f c f a 
f v f a 

f a ' b 

V b 
f c f b 

Mb 

a. 
î 

b. 
i 

c. 
î 

f a f c 

Vc 
f c f c 
f v f c 

= a o 
= b 

o 
= c o 

f a * v \ fbfv 1 
Mv/ 
W 

+ A a . 
î 

+ Z\b. 
î 

+ A c . 
î 

/ i . N 
A b 

A c J 

VW 

= / f a f o 
fb fo 
f c f o 

\ f f 
\ V o 

O l 

p F - A 
w h e r e v = v ( e B + 1 ) 

V + \ .V . 
OO Ol 

i_ 
c 

f - ^ v 

a ~ <}A 

dv 
dB 

c èc 

p F - A p F - A i-1 
o 

B . c 
v o 

B . c 

e B ( 

p F - A 
B * 

p F - A 
^ In (e B 

P F -A 

e B + i ) 

p F - A 
. B 

+ l ) ( e 

p F - A 
B 

v>'-A 

+ 1 ) 

1_ 
c 

f = i v = ( e B . - c 
v Jvo 

+ 1) 

(5) 

16) 

0 

o obs c a l e 

a nd A a , Ab , Ac and Av a r e the p a r a m e t e r r e s i d u a l s . 
o 

The a d j u s t ed p a r a m e t e r s w i l l be found by s ub s t i t u t i ng p a r a m e t e r 

r e s i d u a l s ob t a ined f r o m f o r m u l a (5) in to f o r m u l a (6). 

The p r a c t i c a l e x a m p l e s of t h i s a d j u s tmen t m e t h o d a r e shown in 

f ig . 16 . In the u p p e r r ow , the c a l c u l a t e d v - v a l u e , the d i f f e r ence b e ­

tween the o b s e r v e d v - v a l u e and the c a l c u l a t e d v - v a l u e and in the 

l o w e r 4 l i n e s the a d j u s t ed p a r a m e t e r s A , B , c , v a f t e r e a c h i t e r a ­

t ive c a l cu l a t i on a r e g iven . The r - v a l u e ob t a ined wi th the f i r s t a p ­

p r o x i m a t i o n for the p a r a m e t e r s i s 0. 9612 and i s l e s s t h an 0. 995. 

But t h i s va lue b e c o m e s 0. 9986 by r e p e a t i n g the a d j u s t m e n t s t h r e e 

t i m e s . 

Th i s c u r v e f i t t ing c a l cu l a t i on i s a t t h i s m o m e n t not ye t f i n i shed . 

The a d j u s t m e n t i s , h o w e v e r , con t inu ing on the s a m p l e s u s e d in t h i s 

p a p e r . 
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According to above mentioned cons idera t ions , it is c l ear that 

the equation (4) p roposed in this paper will be applicable for the de-

sorption curve on the l oamy-sand soil with an accuracy of cons ide­

rable height. 

Moreover , it is possible to calculate the constants A, B and c 

in equation (4) by a s imple computer p rog ram and to e s t imate 

roughly the c-value from the re la t ions with the soil mois tu re c ha r ac ­

t e r s and the soil t ex tu re . 

But this conclusion only is based on a few kinds of soi l , so it is 

n e c e s s a ry to investigate the applicability to more kinds of soil . 
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Appendix 

Fig. 6. pF>-^( ) curves c 
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alculatcd by uaiiig pF - A + B~inT( v ) " c - 1 j 
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JLRRATA ^ NOTA 825 ) 

page 

page 

page 

page 

page 

page 

page 

page 

2 line 1; JAoJvbOi^ 1973 ) is JAUUSUJ* ( 1973 )° 

line 9; -Jf/̂ r is P/ij 

linell; V-^"^ is W-»oo 
r -c 1 

line 23; eq.(3) 6ead; lntt=A+aln[(P/P, )-lj 

3 in subscript Fig.l; write : Kig.l Example of 

desorption curve obtained by plotting the 

p£-value along the vertical axis and v/v0-

value along the horizontal axis. 

4 line 5; &nd is by 

in Tablel, line 5; 0.9997 is 0.9977 

5 line 14; insert between v-value and is: 

and the observed v-value 

6 in subscript irig.5; eqaution is equation 

in Jfig.5; write on vertical axis: 

pr,- 1,2,3,4,5,6 

in pig.3; 8.5 is 28.5 

7 in sf±s.h{2); x= U [ t-£ ")-1 ] i s x=ln [(v/vj-l ] 

in jfig.^V2J; write .on vertical axis; 

pi--, 1,2,3,^,3,6 

in Table 2, line 4; 0.80 is 0.8Q 

in subscript Table 3; kr ) is \Tf ) 

in Table 3, line7«; 0.9754 is 0.995>+ 

' ; " last line; 2.02835 is 2.02885 

page 11 line 11; ^ table 2,3 and 4 ) is needles? 

line 19; table 4 is table 3 

page 12 line 8; value (cv) ) is value) (C,,) 

8 

o 

in Table 5, line 4 

line 5 

line 6 

42.59 is 42.29 

37.04 is 39.04 

32.37 is "2.39 

0.R5 is 6,^5 

/ 

/ 



Page 12 in Table 5, line 7; 34.81'is 24.01 

0.69 is 4.69 

37.35 is 27.35 

39.63 is 29.63 

line 8; 35.03 is 25.03 

line 11; 4.3 is 4.2 

pace 13 in Fig. 8; a v(S is AVPF/S. 

in subscript Fig.8: ( A V pF 1.5) is ( ̂ v̂ ,.*- ) 

page 14 in subscript Fig.9: 

graphical method 

' : equation (4) • ' 

—. - - numerical method 

• experimental data 

page 15 in table 6, line 5; O.56 is I.56 

page 17 in 'Fig.10; Write on horizontal axis of upper 

graph; 0.2, 0.4, 0.6, 0.8, 1.0, v/ve 

in lower graph; 44.29 is 41.29, 3.4/ is 3.99 

page 22 in subscript Table 10; v̂/-\̂ )pF is lv/\j)pp 

_Jpage 23^ l i n e 19 ; I P. 52 ) is { p. 21 ) 

in Fig. 14; r=0.8798 is r=0.8998 

page 26 in upper row on Fig.l6(l); v is v 

page 27 in upper row on Fig. l6( 2 ) ; line 6; -5.27 is -5.29 

page 29 line 1; eq.(5) 

itM. iôXb lo^c ï » ü »si \X> 
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f jr. fif» ce. te, * v. er. 

i s 

l i n e 1 0 ; 

l i n e 1 1 ; 
i* 
i b" 38 
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Append ix 

page ^l) in subscript Fig. 6; write Fig.6 pF~(v/v„ ) 

curves calculated by using pF=~^»Bln] (,v/vj-l J 

in II-2; r=0.9^35 is r=0.9935 

in 1II-2; r=0.9967 is r=0.9957 • 

in XV-2; r=0.9980 is r=0.9930 

in Vl-1; r=0.93S2 is r-0.9982 

in VIII-1; r=0.^766 is r=0.9966 . 

page (2) subscript of Fig.6 is needless 

page {3) in Fig.7 

in II-2; 15.S9 is 15.09 

in H l - 2 ; 40.97 is 40.99 

in vlil_i; ,0.09 is 0.79 

in Vlll-'t; W . 5 is hi.3, -0.27 is -0.29 

in VIII-5; 7.25 is -O.25, -6.6k is -6.6O 

'17.S3 is 17.8O 

in X-l; 46.7 is 47.6 

in XI-1;- 42.4 is 42.2 

in XII-2; -O.99 is -0.79 

page {k) 

page K5) 

page (6) 

** Order of appendix sheets is mistake, so arrange in• 

.regular order ~ ' 
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