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DEFINITIONS OF SYMBOLS U3EJD 

Capacitance of the coaxial space in wnich the dielectric 

is contained 

The remaining capacity of the earth cell, excluding the 

dielectric space, hut including all other capacitances 

Total capacitance of the earth cell 

Dielectric constant 

Conductivity 

Outer radius of the inner conductor of tne concentric 

cylindrical condenser 

Inner radius of tne outer conductor of the concentric 

cylindrical condenser 

Length of the dielectric space of the cylindrical earth 

cell 

Reactance of tne auxiliary condenser 

Reactance of the auxiliary condenser and the earth cell 

in parallel 

Resistance of tne auxiliary condenser and the earth cell 

in parallel 

Equivalent series reactance of the earth cell alone 

Equivalent series resistance of the eartn cell alone 

Equivalent parallel reactance of tne earth cell alone 

Equivalent parallel resistance of tne earth cell alone 

Equivalent parallel capacitance of the earth cell alone 
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A DETERMINATION OF THE ELEGTRIG&i 

PROPERTIES OF SOIL IN THE STATE OF GEORGIA 

INTRODUCTION 

A considerable amount of pioneer work in tne study of 

the transmission of electro-magnetic waves over, or through, 

a conducting dielectric was included in tne classical re­

searches of Clerk Maxwell, Oliver Beaviside, and Sir J. J. 

Thomson. After it had been demonstrated that electric waves 

could be transmitted to appreciable distances over the 

earth's surface, much attention was devoted to the effect of 

the earth on radio, or wireless, conuunication. Sir Oliver 

Lcd^e, In 1899* de. lonstrated the application of classical 

electro-magnetic theory to tnis problem* A mathematical In­

vest!^;. tion of the propagation of electric waves along the 

earth's surface was published by A» Sommerfelcl in 19Q9i 

Since that time a great number of men have become interested, 

in the properties of the earth, and the effect sucn proper­

ties have upon wave propagation. These studies nave included 

the variation of the dielectric constant and conductivity 

with frequency and with the moisture content and temperature 

of the soil. 

In radio communication the electrical properties of 

the earth enter directly into the design of a transmitting 

installation. The conductivity and dielectric constant are 
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dominating factors in determining the effective service area 

of broadcast stations. The efficiency of a ^ood receiving 

station depends on good conductivity of the ground on which 

it is erected. The increasing use or shorter ana shorter 

wave lengths, with the consequent increase in the attenuation 

of ground waves, has emphasized the importance of obtaining 

accurate knowledge of the electrical properties of ground. 

The determination of ground resistance, nowever, is net an 

easy matter since frequency determines to what extent the 

ground acts as a conductor and to what extent as a condenser.. 

The conductivity and dielectric constant ®t the soil vary 

widely with frequency. A general statement that the ground 

acts toward electro-masnetic waves as an insulator (very high 

resistance) is not correct. Also, the general statement that 

it behaves as a good reflector is true only for a certain 

frequency range* Actually, both the conductivity and the 

dielectric constant must be taken into account to explain its 

behavior, especially when wave propagation alon^ the ground 

is of interest. 

In view of the importance attached to the electrical 

properties of soil and because so little work of this nature 

has been done in tae state of d-eor̂ ia, it seemed that the 

results of a study of this kind would be most interest! 

and useful to the radio engineers of this section. ,ts far 

as the author has }jeea able to ascertain from the literature, 

no one has attempted to obtain measurements of the electri-
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cal properties of soil over a wide range of frequencies and 

present the information obtained in a clear and usable form. 

Tt is, therefore, the purpose of the writer to ascertain the 

dielectric constant and conductivity of a number of typical 

samples of G-eorgia soil over a frequency range from 600 

kilocycles to 50 megaoyelee, and to present the results in 

tabular and graphical form. 
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THE METHOD AMD TECHKIQ.UE USED 

Several methods are indicated for the determination 

of the electrical properties of soil. The direct method 

consists of measurements m&4e on buried parallel wires or 

on a coaxial cylindrical condenser in which the soil bo-in̂  

tested forms the dielectric. In the indirect metnod tne 

forward tilt of the wave front with respect to tne normal 

to the ground is used for the determination. The direct 

method has been selected as the best method for the work 

undertaken in this paper because all of the measurements 

were to be made in the laboratory. This method is simpler 

and more convenient if an earth cell is used. The soil under 

investigation in the laboratory formed the dielectric between 

the plates of a coaxial condenser, and the effective cap­

acitance and resistance were measured at frequencies from 

600 kilocycles to 50 megacycles. 

The validity of tne method selected was shown by 

R. L. Smith-Rose. By a series of preliminary measure­

ments Smith-Rose showed that reliable results could be ob­

tained which were independent of the size and shape of the 

fixed condenser in which the soil was packed as the di­

electric. C. B. Feldman used such a method in his labora-

R. L. Smith-Rose, "Electrical Measurements of Soil 
with Alternating Currents", Journal of the Institution of 
Electrical Engineers, Vol. 75* 1934-. op. 8 5 - 237. 
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tory measurements on soil. Feldman used a cylindrical test 

condenser and determined tne conductivity and dielectric 

constant from measurements of effective resistance and cap­

acitance made with a Qt-Meter. In the treatment 'oy tne 

author the measurements were obtained using a radio fre­

quency bridge. 

Since this method had been selected, it was then 

necessary for the author to design an earth cell to contain 

the soil sample to be measured. A concentric cylindrical 

condenser (see Figures 1 and 2) was made usine.; a piece of 

brass tubing for the outer conductor and a solid brass rod 

for the inner conductor. The center conductor was support­

ed ~oy several polystyrene discs, and a brass plate closed 

the lower end of the condenser. Banana plugs were attached 

to the conductors to serve as leads, and a removable brass 

cap was fitted to close the upper end of the condenser. 

This having been done, it was necessary only to locate a 

convenient spot in the laboratory and set up the apparatus. 

The apparatus was set up inside a small bootn that 

was completely enclosed with copper wire mesh screening to 

shield the apparatus from other equipments in tne room. 

The apparatus used consisted of the following equipments: 

(1) Radio frequency oridge, G-eneral Radio Co. type 

20. B, Feldman, uTae Optical Behavior of G-round for 
Short Radio '.laves'1 , Proceedings of tne Institute of Radio 
Engineers, No. 6, Vol. 21, 1? 3. pp. 764 - SOI. 
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916-A 

(2) Radio frequency bridge, General Radio Co. type 

516-C (used for check measurements only) 

(3) Radio receiver, Hallicrafters "Sky Challenger" 

(used in frequency range from 600 kcs. to 20 mcs.) 

(4) Radio receiver, Hallicrafter "U.H.F. Communica­

tion Receiver" Model S-36 (used in frequency 

range 20-50 rues.) 

(5) Signal generator, Triplet Model 1632 (used in 

frequencies from 600 kcs. to 10 mcs.) 

(6) Signal generator, Ferris "Microvolter" Model 

18-FS No. 422 (used for frequency range from 

20-50 mc.) 

A signal generator was connected to the input bridge termi­

nals, and a receiver was used as a detector. Pictures of 

this arrangement are shown in Figures 3 and 4, and a block 

diagram of the set up appears in Figure 5» The earth cell 

was plugged into the "unknown" terminals of the bridge, and 

its effective reactance and resistance were measured. For 

frequencies below 30 megacycles the null was detected with 

a pair of earphones. This null was very sharp for frequen­

cies below 20 megacycles. For frequencies above 20 mega­

cycles, however, the null was detected with an output meter. 

The signal generator was shielded from the bridge and the 

receiver by a well-grounded piece of galvanized wire mesh. 

Great care was taken to see that each piece of equipment 
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was well grounded. Preliminary measurements made on the 

earth cell using paraffin as the dielectric (see appendix) 

showed the validity of the method used. The accuracy of 

this method was also checked using another bridge and oy 

measuring the effective resistance and reactance of known 

standards (see appendix), 'rfhen soil was used as the di­

electric and measurements were made, an effort was made to 

simulate natural conditions when the soil was packed into 

the cell. 
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DISCREPANCIES AND E?aOR3 IN tiETHOD USiiD 

As the frequency was increased, the position of the 

observer's body affected the measurements, and considerable 

care was taken to prevent the resultant errors, rfhile taking 

measurements the observer took care to remain in one place 

and to reduce to a minimum the movements necessary to take 

readings. 

Another source of difficulty lay in the reading of the 

reactance dial of the radio frequency bridge. There is no 

vernier dial on the equipment to atiaist the observer in 

reading this dial. The scale of the reactance dial is semi-

logarithmic, and there are few scale divisions at the high 

end. This scale is so crowded together at the high end that 

it could not be accurately read. It was difficult to obtain 

a balance at a frequency of 30 megacycles because of the low 

sensitivity of the receiver. For this reason measurements 

at this frequency are net reliable. 

Since it was thought that the cell and its dielectric 

sample might be voltage sensitive, i.e., that its reactance 

or resistance might vary with the voltage applied, care was 

taken to see that the output of the signal generator remain­

ed constant for all measurements. The cell, however, did 

not appear to be particularly sensitive to voltage as no 

measurable difference could be detected, when the voltage 

was varied. When a very sharp null could be detected and 
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the voltage was changed the null would be lost, but the null 

could be regained with an imperceptible jioveinent of the 

dial. It is "believed that the inability of the observer to 

read the dial with great accuracy obscured any error due to 

the variation of the input voltage. 

Due to thelimited ran^e of the bridge in the measure­

ment of reactance, 0 - ^000 ohms, an auxiliary mica cap­

acitance of about 50 imaf. was connected in parallel with the 

earth cell. The use of this capacitor made it unnecessary 

to make corrections for the reactance and resistance of the 

bridge leads, but it introduces another source of error be­

cause the incremental difference in the measured values were 

a smaller percentage of the total than they would be other­

wise. 

It was noted that it became exceedingly difficult to 

measure any dielectric loss at the higher frequencies (note 

Tables 6 - 9)i however this is easily explained.3 This re­

sistance is understood to be the small resistance, Rs, 

which may be imagined in series with the pure capacitance, 

Cs, of a condenser to account for all of Its losses, A very 

high resistance In parallel with the pure capacitance may 

also be used in accounting for the losses. The values for 

the pure capacitance for the series and the parallel resis-

^August Hund, Hifih Frequency Keasurernents. New York 
and London: McGraw-Hill Book Company, 1933. B* 286. 
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tances are not exactly alike, but are nearly so in most 

cases. It is the action of a high ohmic parallel loss resis­

tance and that of a low series resistance which is utilized 

in the determination of condenser resistance. The series 

resistance, Rs, also known as the equivalent resistance, if 

multiplied by the capacitive admittance,OJC, for many con­

densers practically gives a constant value for the entire 

high frequency range and is approximately equal to the low 

frequency value of £OCRs. The constancy of Co CRg explains 

why it is so difficult to accurately determine the equival­

ent resistance, R , at a high frequency. As the frequency 

is increased, R_ must decrease inversely with the first 

power of the frequency. Thus resistance values of a frac­

tion of one ohm may occur for the upper high frequency 

range. Even a high loss condenser may have an equivalent 

resistance that is very low at radio frequencies. For this 

reason it is increasingly difficult to determine the con­

ductivity at the higher frequencies of this undertaking.. 



16 

DEVELOPMENT OF A METHOD OF CALCULATIONS 

A number of assumptions have been made to simplify 

the work undertaken in this paper. Since the banana-plug 

leads were so short the effect of these leads has in part 

been neglected. Because a form of substitution method was 

used, due to the changing of the cell dielectric from air 

to soil, any error due to this assumption would be balanced 

out. 

All of the measured loss has been assumed to be 

dielectric loss because no other losses were detected. 

It was assumed that the lineB of current flow in the dielect 

ric coincide with the lines of electric flux in the cell 

and that they are entirely radial in the dielectric space 

regardless of the dielectric used. The empty cell was 

assumed to be a pure capacitance; while this is actually 

physically unrealizable, no detectable difference was noted. 

This assumption greatly simplifies the calculations, but 

introduces an error, especially at the higher frequencies.. 

The assumptions underlying the equations used for 

computation of the dielectric constant and of the conductiv­

ity are valid if the high-frequency distribution of current 

in the sample is the same as the low-frequency distribution, 

i.e., If the skin effect is small, 

The concentric cylindrical condenser may be consider­

ed as two condensers In parallel. The first of these con­

densers, G, was assumed to be the capacitance of the di-
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electric space, the volume containing the dielectric. The 

capacitance of this condenser is calculated using the co­

axial formula, 

0.0388 € jp / ./ 
C = LOG.. -X. ^V""'* L0$,o a 

where "b" is the inner radius of the outer conductor and "a" 

is the outer radius of the inner conductor. For the par­

ticular cell under examination this formula ^ives a value 

of G= 1.09 mmf, when air is the dielectric. The second of 

these parallel condensers, C0, includes all other capaci­

tances of the earth cell. We may then assume that the total 

capacitance of the earth cell at any time is given "by 

ct = c0+ ec 

Using the formula for resistance appearing in The 

Engineers\ Manual by Ralph G-. Hudson, an expression for the 

conductivity is developed,.5 

^'-^r'-H 
where p is in ohms per cubic centimeter. Since the liter­

ature is concerned not with resistivity per cubic centi-

R. G-. Hudson, The Engineers' Manual. New York and 
London: John tfiley and Sons, 1939. -340 pp. 

5Ibid. p. 207-
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meter but with conductivity in electro-magnetic units, this 

formula is converted to 

10-9 b 
R--^7VT LN a 

which for this particular cell reduces to 

CT" - ~ * 0.808 */0~/0 EMU 
AT 

The following formulae are given in the instruction 

manual for the General Radio, Radio Frequency Bridge, type 

916-A, for the case in which an auxiliary condenser is used 

o _ &(X«? 
Ms - (fo)Z + (Xe-Xa)2 

Xq[(/?e;
2+Xe(Xe-Xa)1 

~ (*& + (Xe-X«jl2 

In the above formulae, if Xa, or Xe, is capacltive the nu­

merical value substituted should have a negative sign. 

Since calculations of conductivity and dielectric 

constant were made from the equivalent parallel values and 

not from the equivalent series values, the following formu­

lae were developed for the conversion. Starting with the 

equation for the impedance of the series representation 

and equating it to the expression for the parallel ©qui-



valent we have 

Rp-J'Xp 

By rationalizing and equating the corresponding resistive 

terms and the corresponding reactive terms, tne following 

expressions are obtained. 

Rp = 

V -

(A/ * (XsJ' 
A 

The value of C0 for any frequency is obtained from 

the measured capacitance of the empty cell (see Table I). 
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CALCULATION FOR DRY RED CLAY AT ONE MEGACYCLE 

FOR DATA SEE TABLE I I I 

R- -

Ro = 

R- = 

Ho = 

R« 5= 

V'V 

6 2 . 5 ( - 2 7 2 0 ) ' 

T -

T5 p 

( 6 2 . 5 ) +{ 2720-2360) 

6 2 . 5 ( - ° 7 2 0 ) 2 

( 6 2 . 5 ) " + ( 3 6 0 ) 2 

62.5(7400000) 

3$ 06 + IPS 600 
62 .5 (7400000) 

133500 

3462 

X s = 

* s = 

^apHe)2-Xe(Xa-Xe)] 

Ue)2+(Xa-Xe)2 

2 7 2 o [ ( 6 ° . 5 ) 2 - 2360(2720-2360) ] 

( 6 2 . 5 ) 2 + ( 2 7 2 0 - 2 3 6 0 ) 2 

^ 2720[( 6 2 . 5 ) 2 - 2360(360) ] 

U ? . 5 ) 2 + ( 3 6 0 ) 2 

2720[ (3906) - (850000)] 

X s -

xs = 

*s = 

3906-1-129600 
-2720(846000) 

133500 

X g= -17230 

p 
(Rs)

?>(xs)^ 

R 

BB = 

% = 

R- = 

(34 6 2 ) " + ( - 1 7 2 3 0 ) ^ 

3462 

12000000+ 296000000 

3462 
308000000 
3462 

83900 

cr = 

cr = 

<r = 

0.808 _ io 
x i c r l u 

0.G08 

88900 
x 10-10 

9 .09 X 1 0 " 1 6 enu 

X P = 

* * > = 

X, 

X P = 

U s ) s + ( x g ) 2 

X s 

( 3 4 6 2 ) 2 + ( - 1 7 2 3 0 ) 2 

-17230 

12,000000 + 296000000 

-17230 
308000000 

-17230 

-17880 or Cv= 8.90 nmf 

C +=C^+ €C 

fc = 

e = 

Gt. - co 

6.09 

1.09 

8.90 - 2.81 

1.09 

=• 5.59 
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TABLE I I 

DRY 3A !DY HrT> 3 LAY 

TTO^O T X R X R 
i?R^i . --a - e e A s •'s ,xp 

M C S . OHr.3 OHMS om:G O I L . : OH?:G c : r o 

0 . 6 4 5 3 3 , 0 3 9 1 0 . 7 1 2 2 . 5 2745? G760 °8B50 

1 . 0 2 7 2 0 . 0 2 3 6 0 . 0 6 2 . a 17230 7 4 0 ° X7BP0 

2 . 0 17,60.0 1 2 0 0 . 0 2 8 . 0 ocnn 1965 10270 

5 . 0 5 4 4 . 0 4 8 5 . 0 9 . 5 4 3 4 5 7 ° 7 4 4 7 5 

1 0 . 0 2 7 1 . 0 244 . 0 4 . 3 2 3 8 1 4 ° 2 2 4 6 0 

2 0 . 0 1 7 4 . 5 1 2 4 , 0 2 . 0 1570 7 1 6 1595 

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

4 0 . 0 5 7 . 5 5 0 . 0 0 - 8 7 75 4 0 3 8 0 

5 0 . 0 4 2 . 0 5 8 . 0 0 . " 7 9 9 34 4 0 ? 

Rp C^ €0 £ CT-X 1 0 -16 

124600 9 . 1 8 G.77 5 . n.o 6 . 4 9 

B890Q 8 . 9 0 6 . 0 9 5 . 59 9 . 09 

51500 7 . 7 5 5 . 9 4 5 . 4 5 1 5 . 7 0 

24 700 7 . 1 1 4 . 3 0 4 . 0 4 r^O " 0 

15890 6 . 4 7 3 . 8 6 7 . 5 4 5 H . 2 0 

r r r - r , ^ 
' t i U 4 . 9 9 * . 7 P r- -j^o 1 0 5 . 0 0 

79 30 1 0 . 7 7 7 7 ° l- . 1 y>05 # o o 

3095 1 0 . 4 5 " . 0 4 • * ' 8 6 1 . 0 0 

4670 7 . 51 5 . 4 ^ / o r ]_ 7 J* ^ o o 

3 



TABLE I I I 

A W '>"r\ ^ T - v ^DTT 
.j . i . - v J ^ J J x J . i i. - - J . i_f 

FKE*}. 

••, ' n n 
- . 0 0 . 

0 . 6 

1 .0 

2 . 0 

5 . 0 

1 0 . 0 

2 0 . 0 

7 . 0 . 0 

4 0 . 0 

5 0 , 0 

X a 

OTS'S 

- e 

OHMJ 

v • L s V t r> j L i-> 

01 c 3 o:n.:3 OIILIS OH::3 

6C (J- * ]_n-16 

7 T? 

4 5 7 7 . 0 0 4 7 7 . 0 O^O.O 3520 7 9 7 3 7 9 n 0 7 r o 0 3 3 , 5 0 30*69 

2 7 2 0 , 0 1 6 5 0 . 0 5 0 5 , 0 S940 °C70 5760 5900 0 9 . 7 0 2 6 . 8 9 

1 3 6 0 . 0 9 3 5 . 0 2 0 8 , 0 n 1 ^ 0 1655 7 4 0 5 47^0 2 3 . 3 7 °0.56 

6 4 . 0 1^57 B57 1840 ~<-90 1 7 . 7 0 1 4 . 4 9 5 4 4 . 0 4 1 0 . 0 

2 7 1 . 0 2 1 6 . 0 

1 7 - . 5 

B 3 . 3 

5 7 . 5 

1 1 ? . 5 

6 5 . 3 

4 7 . 5 

2 4 . 5 

1 7 . 0 

p . O 

5 . 0 

4 1 . 0 7 5 . 0 2 , 0 

842 496 1 1 7 5 192C 14.0 .0 1 1 . 4 1 

4 8 5 4 0 1 317 98'"1 9 . 7 4 7 . 1 3 

23a 147 704 540 1 6 . 3 6 1 0 . 3 5 

2-0 7 12 ° 278 474 14 • 3 1 1 1 . 7 C 

206 84 241 590 1 7 . ? 1 1 1 . 1 0 

oo on 

^ 4 , 7 0 

l r . 9 0 

1^ .30 

1 0 . 5 0 

C. 54 

rx .4$ 

1 0 . 4 0 

1 0 . 2 0 

1 1 4 . 0 

1 7 7 . 0 

1 8 7 . 0 

3 0 0 , 0 

4 2 0 , 0 

8 1 8 . " 

1 5 9 0 . 0 

1 7 0 5 . 0 

1370 . 0 

j 
•J 



FREO.. 

MGS. 

0 .6 

1.0 

2 . 0 

5 .0 

10 .0 

2 0 . 0 

3 0 . 0 

5 0 . 0 

* 3 

OHMS 

1 5 8 . 3 

1 8 4 , 0 

2 6 0 . 5 

1 9 6 . 0 

168 .0 

1 2 2 . 5 

7 3 . 3 

5 2 . 0 

R---a 

OHMS 

535 .0 

4 8 0 . 0 

3 8 2 . 0 

2 3 4 . 0 

1 3 7 . 5 

7 5 . 0 

6 0 . 0 

2 7 . 0 

TABLE IV 

MOIST HED CLAY SOIL 
• 

£ p. % CP € C € CTKIO' 1 6 

OHMS OHMS UIF MM? BOT 

1 9 7 0 . 0 581 .0 134 .60 131 .79 121 .0 1 3 9 0 . 0 

1 4 3 8 . 0 551 .0 110 .80 107 .99 9 9 . 1 1 4 7 0 . 0 

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

4 7 5 . 0 398 .0 67.00 64 ,19 58 .9 2030 .0 

2 8 0 . 5 343 .0 56 .70 54 .09 4 9 . 6 2360 .0 

1 6 8 . 4 275.5- 47 .25 4 4 . 6 4 4 1 , 0 2935 .0 

1 2 2 . 5 149 .6 43 .30 4 0 . 2 9 3 7 . 0 5 4 0 0 . 0 

6 6 . 0 1 2 7 . 1 48 .20 4 6 . 0 9 4 2 . 3 6350 .0 



TABLE V 

MOIST MEADOW TOPSOIL 

FREQ.. * s " 3 X P 
T -V 

Rp CP ec £ < 3 ~ x 1 0 - l c 

MCS. OHMS OHMS OKMS OHIS m$ IZ'F TLTTJ 

0 . 6 640 1 3 0 0 . 0 3140 154 6 8 4 . 5 8 1 . 6 9 7 5 . 0 5 S3 

1 , 0 6 2 1 1 2 0 0 . 0 2 9 2 0 15 20 5 4 . 5 5 1 . 6 9 4 7 . 4 532 

2 « 0 598 1 0 0 3 , 0 2267 1300 2 5 . 1 2 2 . 2 9 2 0 . 5 594 

5 . 0 540 5 4 0 . 0 1 0 8 0 10 GO 2 9 . 6 2 6 . 7 9 2 4 . 6 749 

1 0 . 0 480 7,90.0 797 9 8 1 2 0 . 0 1 7 . 3 7 1 5 . 9 824 

2 0 . 0 3 4 3 1 7 5 , 5 4 3 3 845 1 8 . 4 15 .79 1 4 . 5 9 5 6 

5 0 . 0 210 1 0 5 . 0 2 6 3 5 2 5 2 0 . 2 1 7 . 1 9 1 5 . 7 1540 

4 0 . 0 142 7 4 . 6 182 3 4 5 5>1 Q 
-L » B 1 9 . 4 9 1 7 . 9 8340 

5 0 . 0 108 5 1 . 0 132 280 2 4 . 1 2 1 . 9 9 R O . l 2 r:9 0 

!\3 

on 



TABL] 

FRE^ . X a 

MOS. OBMS 

0 . 6 4 5 3 3 . 0 

1 .0 P 7 ° 0 . 0 

2 . 0 1 3 6 0 . 0 

5 . 0 5 4 4 . 0 

1 0 . 0 2 7 0 . 0 

3 0 , 0 1 3 0 . 0 

i j ' J • J o D . <î  

4 0 . 0 57 .5 

50 .0 3 9 . 0 

0 T . 3 OH! 3 

3 9 8 3 . 0 8 5 . 0 

2 4 0 0 . 0 5 0 . 0 

1 2 0 5 . 0 2 3 . 5 

4 9 0 . 0 8 . 5 

2 4 4 . 0 3 . 5 

1 1 7 . 5 1 . 5 

7 7 . 7 0 . 5 

5 1 . 5 

3 5 . 0 

DRY ITADO*: 

Xg Rg 

012.13 0HT3 

32000 5640 

1 9 3 6 0 3550 

10510 1770 

4 8 0 0 8 4 1 

2 4 3 5 3 7 1 

1203 160 

860 62 

494 

3 4 1 

VI 

TOPSOIL 

•P l lP 

33000 187100 

19980 109500 

10610 61900 

4950 28250 

2535 17000 

1224 9210 

864 12050 

494 -

341 _ 

C p € 0 

Wf W® 

8 . 0 3 5 . 2 2 

7 . 9 7 5 . 1 6 

7 . 5 0 4 . 6 9 

0 . 4 4 3 . 6 3 

6 . 2 8 3 . 6 7 

6 . 5 0 3 . 8 9 

6 . 1 4 3 . 1 3 

8 . 5 5 6 . 1 4 

9 . 3 2 7 . 2 1 

€ O"* 10" 

M U 

4 . 7 9 4 . 3 1 

4 . 7 3 7 . 3 P 

4 . 3 0 1 3 . 0 5 

3 . 3 3 2 8 . 6 0 

3 . 3 7 4 7 . 5 0 

3 . 5 7 8 7 . 7 0 

2 . 8 7 6 7 . 1 0 

3 . 6 3 

6 . 6 2 



TABLE V I I 

DRY MEADO'V T0F30IL TTTT ROOK CHIPS 

^ - J T ? ^ 
\ 1 1 -^ J T 

-*a 
^e Re X- Rs "S ^ GP 

6 0 £ r rxio -

. u 1 . I : 0 ... 0^'" OliKS 0 w 3 0HT~ CHTS 013*3 r 7 T 7 " •"T7 ^ " T r 

0 . 6 4 5 1 6 . 7 4 0 1 C . 7 6 5 . 0 7 5 6 5 0 5 2 1 5 . 0 7 6 7 5 0 243500 7 . 3 0 4 . 4 9 4 . 1 2 7 . P 5 

1 .0 r>noo 0 
m 

2 4 2 0 . 0 " 7 , 5 51550 7 0 4 n
 s 0 22^50 1 5 6 4 r ° 7 . * 1 4 . 4 0 4 . 0 4 5 . 1 7 

2 , 0 l^eo.o 1 2 2 0 . 0 1 8 . 0 1 0 4 3 0 1 6 7 0 . 0 10690 66750 7.^:5 4 . 6 4 4 . n G 1 2 . 1 0 

5 . 0 5 4 4 . 0 4 9 2 , 0 G.5 5060 7 0 ^ . 5 5150 371/^ri 6 . 1 8 •I 7 H 
»J » • / 7 . 0 0 2 1 . 7 0 

1 0 . 0 2 7 1 . 0 2 4 7 . 0 3 . 0 3 0 n 5 3 7 5 . 5 3050 2 4 4 2 0 •J . C i . 2 . 6 1 ° . 4 0 3 ? ; 10 

2 0 . 0 1 3 0 . 0 1 2 1 . 0 1 .0 1725 ° 0 6 . 0 174 5 1460C 4 . 5 6 1 . 9 5 1 . 7 9 5 5 . 4 0 

7 0 . 0 8 5 . 3 7 3 . 7 0 . 3 9S2 4 8 . 8 9 8 5 1 9 7 0 0 5 . 3 8 2 . 7 7 " . ] r 4 1 . 0 0 

4 0 . 0 5 7 . 5 5 2 . 5 - 604 - 6^4 - 6 . 6 0 4 . 1 9 3 . 8 5 -

5 0 . 0 3 0 . 0 3 5 . 5 _ 396 _ 796 _ P . 0 4 5 . 9 " 5 . 4 3 _ 

3 
-3 



TABLE V I I I 

DRY CORN FIELD TO PS OIL 

FRE^. Xa Ag Re xs *s xp Hp °P €C e O-xii 

MCS. OHMS' OHMS OHTS OHMS OHMS 0BM3 OHMS MMF MMF EMU 

0 . 6 4 5 4 1 . 7 4 1 5 0 . 0 1 8 . 0 48000 2 4 2 0 . 0 48150 955000 5 .50 2 .69 2 .47 0 . 8 5 

1.0 2 7 2 5 . 0 2 4 8 0 . 0 1 0 . 2 27560 1260 ,0 27650 604000 5 . 7 5 2 .94 2 . 7 0 1.34 

2 . 0 1362 .4 1 2 4 5 . 0 5 . 0 15550 7 2 3 . 0 15650 336500 5 . 0 8 2 .27 2 . 0 8 2 . 4 0 

5 .0 546 .0 4 9 6 . 0 2 . 1 5410 2 5 0 . 0 5420 117300 5 .87 • 3 .06 2 . 8 1 6 . 8 8 

1 0 . 0 271 .0 2 4 8 . 0 1.0 2920 1 4 0 . 5 2925 60800 5.44 2 . 8 3 2 . 6 0 13 .30 

2 0 . 0 1 3 2 . 5 1 1 5 . 0 0 . 5 868 2 8 . 6 868 26400 9 . 1 7 6 .56 6 . 0 1 3 0 . 6 0 

3 0 . 0 8 5 . 0 7 6 . 7 0 . 2 785 2 1 . 0 785 29350 6 .76 3 . 7 5 3 .44 2 7 . 5 0 

4 0 . 0 5 7 . 5 5 3 . 8 mm 824 - 824 - 4 . 8 2 2 . 4 1 2 . 2 1 -

5 0 . 0 3 9 . 0 3 5 . 8 - 436 • 436 m 7 .30 5.19 4 . 7 6 _ 

M 
00 



FREQ. X a Xe He 

MCS. OHMS OBIS OEMS 

0.6 4533.3 4083.3 " 36.0 

1.0 2720.0 2460.0 20.5 

2.0 1360.0 1235.0 9.5 

5.0 544.0 496.0 3.2 

10.0 271.0 248.0 1.5 

20.0 132.5 121.5 0.8 

30.0 80.0 73.3 0.3 

40.0 55.0 50.0 -

50.0 39.0 36.0 _ 

TABLE IX 

DRY FOREST TOPSOIL 

X s Rg Xp Rp 

OHMS OHMS OHMS OHMS 

48*50 S630.0 4P500 645000 

22300 2209.0 22500 227200 

13330 1118.0 13410 160100 

4640 280,5 4660 77100 

2915 207.5 2925 41100 

1456 111.0 1462 19180 

874 42.7 877 17830 

550 - 550 — 

468 (— 468 _ 

Cp 6C 6 (J-X10-1 

MMF I : T miu 

5.47 2.66 2.44 1.25 

7.07 4.26 3.91 3.56 

5.93 3.12 2.86 5.05 

6.82 4.01 3.68 10.50 

5.44 2.83 2.60 19.70 

5.44 2.83 2.60 42.10 

6.05 3.04 2.79 45.30 

7.24 4.83 4.4? -

6.80 4.69 4.30 — 

I 



TABLE 

DRY TOP 

mn* xa xe \ x
s
 R

s 
MCS. om:s OBMS OHMS OHKS OHMS 

0 . 6 4533 .5 4 0 6 7 . 0 5 4 . 0 39000 5030 .0 

1 .0 °720 .0 2 4 5 0 . 0 3 5 . 5 24240 3 5 4 0 . 0 

2 . 0 1355.0 1 2 2 5 . 0 1 6 . 5 12550 1764 .0 

5 . 0 542 .0 49?*0 6 . 0 5250 695.0 

1 0 . 0 270 .0 2 4 4 . 0 3 . 0 2497 319 .0 

2 0 . 0 125 .0 1 1 2 . 5 1 . 5 1107 148 .0 

3 0 . 0 8 3 . 3 7 6 . 7 0 . 9 926 136 .0 

4 0 . 0 55.0 5 0 . 0 0 . 6 542 71.6 

50.0 39 .0 3 4 . 0 0 . 3 373 15 .2 

X 

OIL 

S *p CP ec e- **10'16 

OHMS oin'3 II-IF MMF &-iu 

39600 307500 6 . 7 0 3 . 8 9 3 . 5 7 2 . 6 3 

24750 169 700 6 . 4 3 3 . 6 2 3 . 3 2 4 . 7 6 

12 BOO 91000 6 . 4 3 3 . 4 0 7 I D 
< • - L 

8 .88 

5350 4 0 4 0 0 6 . 2 1 3 . 1 4 2 . ^ 8 2 0 . 0 0 

2 5 3 8 19850 5 . 9 5 3 . 6 6 ^ . 3 6 4 0 . 7 0 

1 1 2 6 8415 6 . 2 7 4 . 4 5 4 . 0 8 9 6 . 0 0 

946 6445 7 . 0 6 2 . 5 9 2 . 3 8 1 2 5 . 5 0 

552 4 1 7 5 5 . 6 0 4 . 7 9 4 . 4 0 1 9 ^ . 5 0 

379 9*10 7 . 2 0 6 . 2 9 5 .77 8 6 . 8 0 

Cfl 

o 
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