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VED Height 2.25 m 152
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162. Radial Electric Field (Poorly Conducting Soil),
Frequency = 1.0 MHz, VED Height = 224.76 m 313

163. Radial Electric Field (Poorly Conducting Soil),
Frequency = 1. 0 MHz, VED Height = 449. 52 m 314

164. Radial Electric Field (Poorly Conducting Soil),
Frequency = 10.0 MHz, VED Height = 0. 00 m 315

165. Radial Electric Field (Poorly Conducting Soil),
Frequency = 10. 0 MHz, VED Height = 22.48 m 316

166. Radial Electric Field (Poorly Conducting Soil),

Frequency = 10.0 MHz, VED Height = 44.95 m 317

167. Radial Electric Field (Poorly Conducting Soil),
Frequency = 100.0 MHz, VED Height = 0. 00 m 318

168. Radial Electric Field (Poorly Conducting Soil),
Frequency = 100.0 MHz, VED Height = 2.25 m 319

169. Radial Electric Field (Poorly Conducting Soil),
Frequency = 100. 0 MHz, VED Height = 4. 50 m 320

170. Azimuthal Magnetic Field (Poorly Conducting Soil),
Frequency = 0.1 MHz, VED Height = 0.00 m 321

171. Azimuthal Magnetic Field (Poorly Conducting Soil),
Frequency = 0. 1 MHz, VED Height = 2247. 60 m 322
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Tables

172. Azimuthal Magnetic Field (Poorly Conducting Soil),
Frequency = 0. 1 MHz. VED Height a 4495.20 m 323

173. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency = 1. 0 MHz, VED Height a 0.00 m 324

174. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency = 1.0 MHz. VED Height a 224.76 m 325

175. Azimuthal Magnetic Field (Poorly Conducting Soil),
Frequency a 1. 0 MHz, VED Height a 449. 52 m 326

176. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency a 10. 0 MHz, VED Height z 0. 00 m 327

177. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency - 10. 0 MHz. VED Height w 0. 00 m 328

178. Azimuthal Magnetic Field (Poorly Conducting Soil),
Frequency a 10.0 MHz. VED Height a 44. 95 m 329

179. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency a 100.0 MHz, VED Height * 0. 00 m 330

180. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency a 100.0 MHz, VED Height z 2.25 m 331

181. Azimuthal Magnetic Field (Poorly Conducting Soil).
Frequency = 100. 0 MHz, VED Height w 4.50 m 332

Bl. Propagation Parameters for a1 = 4 S/m, K, = 80
(Sea Water) 341

B2. Propagation Parameters for a = 0.001 S/m, K1  80
(Fresh Water) 341

B3. Propagation Parameters for a- 2 x 10 - S/m, K,1  5
(Ice) 341

B4. Propagation Parameters for a I = 0.01 S/m, K 1 = 20
(Well-Conducting Soil) 342

BS. Propagation Parameters for a 10 - 3 S/M, K = 10
(Poorly Conducting Soil) 342
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Height-Gain Atlas for an Elemental
Vertical Electric Dipole Above a Flat Earth

i. INTRODUCTION

The purpose of this report is to provide practical information on the height

distribution of the electromagnetic fields from an elementary vertical electric

dipole (VED) above five flat, homogeneous earth surfaces representative of sea

water, well-conducting earth, poorly conducting earth, fresh water, and ice.

Over the last several decades the need for such data has grown, primarily because

of increased use of communication and navigation systems aboard aircraft. These

data also could be of value in assessing the performance of a vertical distribution

of VEDs.

Historically, the problem of the elementary VED above a plane, homogeneous

earth dates back to Sommerfeld. 1 Since then, numerous authors have given

mathematical expressions for the fields (for example, the work of Norton, 2,3

Wait, 4,5 Banos, 6 and King ), and extensive numerical calculations for the fields

as functions of distance along the surface have been provided (see work by Norton, 8

Terman, 9 Wait and Campbell, 10 Wait and Howe, 11 and Wait, 12). On the other

hand, much less attention has been paid to the height-gain functions. Some re-

sults are available for certain frequencies and distances (such as was obtained by

Norton, 8 Wait and Campbell, 10 and King et al 13' 14), while other data are given

in the form of universal curves which require the user to calculate appropriate

(Received for publication 3 March 1981)

Because of the large number of references cited above, they will not be listed

here. See References, page 333.
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quantities. In this report both tables and curves are given with parameters

selected for applicability to current AF systems.

Although strictly for an infinitesimal dipole, the data may be useful for

source antennas as much as a half-wavelength in size. These data no longer rep-

resent the true height-gain when the free-space radiation pattern of the source

differs appreciably from that of the infinitesimal dipole.

2. PRESENTATION OF RESULTS

This atlas presents height-gain data for each of the five representative earth

surfaces, and Table 1 lists their assigned electromagnetic parameters. The air

is assigned a 2 = 0 and '2 = (. 0003). 2 The magnetic permeability of both air and

earth is I u2 = 4f X 10 H/m.

Table I. Conductivity and Dielectric Constants
Adopted for Various Earth Surfaces

Type of Surface a1 (S/m) K1

Sea Water 4 80

Fresh Water 10 -  80

Ice 2 X 10 5  5

Well Conducting Soil 10 - 2 20

Poorly Conducting Soil 10 "3  10

The vertical and radial electric fields E z and E and the azimuthal magneticz p

field H 0 are given by Eqs. (Al), (A2), and (A3), respectively, in Appendix A.

The height-gain amplitudes are computed as the ratios

Ez(all z)/Ez(00, 0) (1)

EP(al, z)/Ez(00, 0) (2)

and

HB(all Z)/H (0,0), (3)
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where the normalization factor is either the vertical electrical or the azimuthal

magnetic field at the surface of a perfect conductor. On the other hand, the

height-gain phases are given as the phase differences

arg Ez(al, z) - arg E z(00 , z) (4)

arg Eo(O, z) - arg Ep (0, z) (5)

and

arg H,(al. z) - arg H (oo, z) (6)

between the fields at height z over the earth and over a perfect conductor, except

in the special case of arg E ( o, 0) which is indeterminate.p
Height-gain curves for sea water are shown for E in Figures 1 to 24 and for

E in Figures 25 to 48. Curves for H are not given since they are practically

identical to those of E z . The figure titles give frequency, downrange distance d,

and VED height. Each figure is composed of two plots: relative amplitude vs

height and phase difference vs height. The relative amplitude plot contains two

curves: one with the symbol X to indicate a perfect conductor (a 1 : ao), the other

with the symbol R) to denote the actual surface. The phase difference plot utilizes

+ and - to indicate that the phase leads or lags, respectively, the phase over a

perfect conductor. The computer program to produce the plots incorporated an

automatic routine to scale the amplitude and phase difference axes to within 3 dB

and 3 degrees, respectively, of the maximum value calculated, to make the fullest

practical use of the available space.

The height-gain functions also are given for E in Tables 2 to 13, E inz p
Tables 14 to 25, and H in Tables 26 to 37. The height interval is I percent of

the maximum height for the lowest 30 points, and is 5 percent for the remainder.

Height-gain curves for fresh water are shown for E. in Figures 49 to 72, and

for E in Figures 73 to 96. The height gain functions also are given for E in

Tables 38 to 49, E in Tables 50 to 61, and for H in Tables i2 to 73.

Height-gain curves for ice are shown for E z in Figures 97 to 121, and for
E in Figures 122 to 144. The height gain functions also are given for E in

p z
Tables 74 to 85, E in Tables 86 to 97, and for H in Tables 98 to 109.
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Height-gain curves for well-conducting soil are shown for E in Figures
145 to 168 and for E in Figures 169 to 192. The height-gain functions also are

given for E z in Tables 110 to 121, E in Tables 122 to 133, and for H in

Tables 134 to 145.

Height-gain curves for poorly conducting soil are shown for Ez in Figures

192 to 216 and for E in Figures 217 to 240. The height-gain functions also are
P

given for Ez in Tables 146 to 157, E in Tables 158 to 169 and for H in

Tables 170 to 181.
All of the values given in the above figures and tables lie within the ranges

of validity derived in Appendix B.
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s! Figure 1. Vertical Electric Field
si (Sea Water)i Freq. - 0.1 MHz. Dist. a 30km,

VED Height m 0. 00 m

1 2.0 0 3.00 -3-00 -2-00 -00 D B

PHASE 01FF (0EG) REL. A MPLITUDE DB)

Figure 2. Vertical Electric Field
(Sea Water)

Freq. - 0.1 MHz, Dist. * 30 kin
1w VED Height -2247.60 m

3 1 0 1 0 3 -1-00 -2,N -I . 3

PHASE OIFF IODEGi REL. AMPLITUDE (081
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Figure 3. Vertical Electric Field: \ (Sea Water)
! Freq. a0. 1MHz, Dist. 30 km,

VED Height *4495.20

'00 00 2-00 3.00 -6.00 T40 -2.00 010
PHAS E 91" (DEG) REL. AIIPL ITLDE 108:

Figure 4. Vertical Electric Field
* (Sea Water)

* Freq. a 0. 1 MHz, Dist. *300 km.
S - VED Heighta 0.00om
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SFigure 5. Vertical Electric Field

(Sea Water)SFreq. = 0. 1 MHz, Dist. 300 k,

VED Height =2247.60 m

V 1*.00 2.00 3.O0 -3.00 -2.00 -1 .00 O-10
PHASE OIFF (DEG) REL- AMPLITUDE (08)

;! E

SFigure 6. Vertical Electric Field
ij (Sea Water)

Freq. = 0. 1 MHz, Dist. = 300 km,
" ' " E VED Height =4495.20 m

\
I.-D 1'.00 2, 00 3.00 -00 -. 0 010

PHRSE 01FF (DEG) REL. AIPLITUE ()
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0 Figure 7. Vertical Electric Field
(Sea Water)
Freq. a 1. 0 MHz, Dist. *10 kmn,

* VED HeightO.00rm

SIF F DEC REL A PL ITUD O )

£ Figure 8. Vertical Electric Field
(Sea Water)

- Freq. a 1. 0 MHz, Dist. 310 km,
.- VED Height -224.76 mn

"o 0 0 00 010

tF 9 E R, t . P I WuOE 08
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LIS Figure 9. Vertical Electric Field

%'! (Sea Water)
S Freq. = 1. 0 MHz, Dist. 100 km,

1. VED Height 449. 52 m

00 oo 0 3.00 -6.00 -4.00 -2.00 o
PHS DIff I DEG I REL. AMPLITUD0E (081

S Figure 10. Vertical Electric Field
a' ~ (Sea Water)

S Freq. = 1. 0 MHz, Dist. =100 km,
I3 VED Height 0.O00m

3



S Figure 11. Vertical Electric Field
!Z (Sea Water)
S Freq. = 1. 0 MHz, Dist. =100 km,

:3 a~ VED Height= 224.76 m

*0-00 4.00 8.00 12.00-3-00 -2.00 10 OB
PHASE OfFF fGEGi REL. AMIPLITUDE (081

- Figure 12. Vertical Electric Field
2 (Sea Water)

! Freq. = 1. 0 MHz, Dist. =100 km,
S VED Height =449. 52 m

Wa.
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* Figure 13. Vertical Electric Field
!Z(Sea Water)
S Freq. 10. 0 MHz, Dist. =10 km,

IWVED Height0. 00 m

I)0 20 32.0 -3.00 -3.00 -1.0o0 -%i
PHASE DIFF (0E03 REL. M9PLITUDE (00)

* Figure 14. Vertical Electric Field
* ~ (Sea Water)

.- Freq. = 10. 0 MHz, Dist. 10 km,!VED Height= 22. 48 m

.'n '6-00 3*.0 -3 .00 -2.00 -1.00 0o
PHASE 01FF 0 D) REL. AMPLITUDE (08)
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! Figure 15. Vertical Electric Field
-.- (Sea Water)
SFreq. = 10.0 MHz, Dist. = 10 km,

:',VED Height = 44.95 maia!

2.0 24.0 36.0 -9.00 -6 n.0 -3.00 O n
PHASE OIFF IDEGI REL. AMPLITUDE (083

5 qs

-- Figure 16. Vertical Electric Field
*= (Sea Water)

Freq. = 10. 0 MHz, Dist. 100 km.
- VED Height 0. 00 m

8 '- ,

a 30 0 06.0 ~ 40-9.0' .6.00 -3.00 a. Do
IPHSE F FF OEG, REL- RMPLITUDE 10B)
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~ I ~Figure 17. Vertical Electric Field
(Sea Water)

SFreq. =10. 0 MHz, Dist. 100 kin,
u~VED Height 22.48 m

a 38, .0 11.0-9-00 -6.00 -3.00 0.5.
PH ASE 01FF a EG' REL. AMPL TUOE (08I

2

Figure 18. Vertical Electric Field
I - (Sea Water)

-- Freq. = 10. 0 MHz, Dist. =100 kmn.
VED Height 44. 95 mn

~.0 37.0 71. 10-.0 -0.0 -3.00 060o
PHA$SE 01IFFf DEG I REL . RIPLITUOE 108)
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- Figure 19. Vertical Electric Field
(Sea Water)
Freq. = 100. 0 MHz, Dist. 3 km,- VED Height = 0.00 m

I ,,_ _ _ _ _ _ _

0 o ' o . 69 -,,.8 -,k.00 -6.0 .
PHRSE OFf IOEGI REL. AMP4flUOE (O0i

Figure 20. Vertical Electric Field
° Freq. = 100. 0 MHz, Dist. 3 km,

0W VED Height = 2.25 m

PHRSE OIFF (OE~j REL. AMPLITUDE (08)
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Figure 2 1. Vertical Electric Field

.~(Sea Water)
SFreq. = 100. 0 MHz, Dist. z 3 km,

VED Height - 4. 50 mn

PHASE 01FF (0EGI REL. AIIPLITUOE f081

-~ ' Figure 22. Vertical Electric Field
-1(Sea Water)

aW Freq. = 100. 0 MHz, Dist. =30 kmn,
- VED Height 0.O00m

*b.@ *.o 116.0 174.0-NO -iO -10 0
PPIASE 01FF (DEG) REL. AIIPLITUOE lOBJ
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Figure 23. Vertical Electric Field
-! (Sea Water)

Freq. = 100. 0 MHz. Dist. 30 km,
VED Height =2.25 m

Cq* qm

* DE) 56.0-42.-0 *

S 56.0 DE0.0 -26.0 -14.0
PHASE 0IFF REL. AIIPLITUDE (08)

S I

Figure 24. Vertical Electric Field
~:(Sea Water)

9 Freq. = 100. 0 MHz, Dist. = 30 km,
wo at! VED Height 4.50 m

$U

1.0 $0.0 104.0 16.0-42.0 -21.0 -14.0 0.1
PHASE 0IFF IOEO) REL. AMPLITUOE (081
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; Figure 25. Radial Electric Field
-q s~(Sea Water)

IFreq. a0. 1 MHz, Dist. 1c30 km.,
a ED Height 0.00 m

.6 "'.1 040 10 -12. -42.0 -21.0 0.1
NHAM D1FF (0(0) AEL.- AMIPLITUDE 1081

Fiur 26._ _ Radial Elcrcil

(Se Waer

Frq z .1MzIDs.3 m

VE egt 276

Vo ' 40. -200 0.
PHRA"-'OIFF ~ ~ FiE0 "LIUE(0

1 gue 26 Raial lecric iel



S Figure 27. Radial Electric Field
*~(Sea Water)
j Freq. = 0. 1 MHz, Dist. =30 km,

VED Height =4495.20 In

Vo 11.0 22.0 33.0 -57.0 -30.0 -1,0O 0.1
PHASE 01FF (BEG) REL. AMPLITUDE (08J

aa

U U4

.0 v Uw 10-90 4. 2. .
PHS IFfE ) RE .APIUE(8
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Fiur 29_adaEetrcFil

(Se _ater

Figure 29. Radial Electric Field
2 (Sea Water)

~ E egt=24.0Freq. = 0. 1 MHz, Dist. =300 km4.

qv 3 E egt 452

Iq

27. 340 6. 630 -20 -1.0 o.l
PHASE 01FF 30(03 REL. AMPLITUDE (083
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Figure 31. Radial Electric Field
S (Sea Water)
~: Freq. = 1. 0 MHz, Dist. =10 kmn,
S VED Height =0. 00 m

0 43.0 66.0 129.0-63.0 -40.0 -01.0
PHASE DIFF (DEG) REL. AMPLITUDE (001

S Figure 32. Radial Electric Field
= s~ (Sea Water)

S Freq. =1. 0 MHz, Dist. =10 krn,
VED Height =224.76 In

.0- 600 2000 40.0 -20.o0 1
PHASE D(FF roErj REL. AMPLITUDE 081)
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Figure 33. Radial Electric Field~i (Sea Water)
'- Freq. = 1. 0 MHz, Dist. 10 km,

-. VED Height 449.52 m

* 3

. 3. 0 9 .0 99.0 -0.0 -90.0 -20.0 '

PHASE OIFF IDEG) REL. AMPLITUDE (08)

Figure 34. Radial Electric FieldS(Sea Water)

uW Freq. = 1. 0 MHz, Dist. = 100 kn,
VED Height = 0. 00 m

o 0.0 92.0 3S.0-02.0 -42.0 -za. O
PHASE OIFF (DEG) REL. AMPLITUDE (08)
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= Figure 35. Radial Electric Field
SL (Sea Water)
;I Freq. = 1. 0 MHz, Dist. 100 kmn,
Z VED Height 224,76 m

t'o 5. .0 0 S350-60.0 -4.0. -t0.0 "I
PHASE 01FF (DEG; REL. AMPLITUDE (08)

I ~ Figure 36. Radial Electric Field
~: (Sea Water)
S Freq. = 1. 0 MHz, Djst. =100 km,
!~VED Height 449.52 m

~PHASE OIFF (DG REL. AMLIUD (8
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Z 4 Figure 37. Radial Electric Field
I! (Sea Water)

Freq. = 10. 0 MHz, Dist. = 10 k1n,
VED Height =0 00 m

3I t

'o le.O 1I . 37*O 14.0-63.0 -42.0 -23.0 0.1
PHASE 0IFF (BEG) REL. AI'IPLITUOE DB r

I Figure 38. Radial Electric Field

ii (Sea Water)
Freq. = 10. 0 MHz, Dist. = 10 km,

VSED Height 22.48 m

.0 7.0 114.0 371.0-40.0 -40.0 -00.0 0.IPHASE 0IFF (OEG) REL. AMPLITUOE (06)
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Figure 39. Radial Electric Field
;(Sea Water)

3- Freq. = 10. 0 MHz, Dist =10 km.
'~VED Height =44. 95 m

* 11$.0 110.0 166.0-600 -40.0 -20.;0 .1i
PHASE OIFF (DEG) REL. AMPLITUDE (08)

j Figure 40. Radial Electric Field
S (Sea Water)

I I Freq. = 10. 0 MHz. Dist. =100 kmn,
3 W VED Height =0. 00 m

Vo 6.s0 7i.0 li4.0630 -42.0 -21.0 0.1
PHASE 01FF IOEGI REL. AMPLITUDE (08)
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Figure 41. Radial Electric Field

- (Sea Water)
Freq. = 10. 0 MHz, Dist. = 100 km,
VED Height = 22.48 m

S , ,6.0 1,17.0-63.0 -42.0 21.0 o1
PHASE 0|FF (DEG) REL. AMPLITUDE (08)

Fl
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S Figure 42. Radial Electric Field
-. * (Sea Water)
' Freq. = 10. 0 MHz, Dist. = 100 kin,

w1 VED Height = 44.95 m

U

10 . -I ,3-2 .

ic0 . On12010.0 -42.0 -20 0.
PHASE O1FF tOED) REL. AMPLITUDE (063
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a= K

; Fiure 43. Radial Electric Field
(Sea Water)

2' Freq. = 100. 0 MHz, Dist. = 3 km,
*, VED Height =0.00 m

V. H 2j.0 60 89.0 -63.0 -42.0 -21.0 0-1
PHASE OIFF (DEG) REL. AMPLITUDE (OB

S Figure 44. Radial Electric Field
(Sea Water)I! \ ~ Freq. = 100. 0 MHz, Dist. = 3 km,=. VED Height =2.25 m

I.,Is

.o . 62.0 71.0 -63.0 -42.0 -2l.0 4.
PHASE OIFF (DEG) REL. AMPLITUDE (00)
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:1 Figure 45. Radial Electric Field
(Sea Water)

* Freq. w 100. 0 MHz, Dist. 3 kr,
. VED Height 4.50 m

0 60.0 0.0 -60.0 -40. -20.0 0 .
POIRSE OIFF 'DEG, REL. mpT UDE fool

j Figure 46. Radial Electric Field
(Sea Water)
Freq. = 100. 0 MHz, Dist. - 30 km.

WI W VED Height = 0. 00 m

\a

b!o .0 2.0 ".0 -62.0 -46.0 -23.0 0.1
PHASE OIFF (DE G REL. AMPLITUDE (08)
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- Figure 47. Radial Electric Field
-! (Sea Water)

i* Freq. -- 100. 0 MHz, Dist. z 30 km,Wo VED Height =2.25 m

10.0 30.0 07OS?.0 -60.0 -40.0 -23.0 0
PHASE 01FF (DEG) REL. AMPLITUDE (08)

- Figure 48. Radial Electric Field
(Sea Water)
Freq. = 100. 0 MHz, Dist. = 30 Ian,

Z'- VED Height 4.50 m

a )
0.0 23.0 40. -i S.0 -72.0 -4.0 2.

PHASE 0[FF (DEG) REI . RMPLI TjD)E 1
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S Figure 49. Vertical Electric Field
~2 3- (Fresh Water)
- ~Freq. a0. 1 MHz, Dist. z 30 krn,

SVED Height .O00nm

PHASE 01FF (0EG3 REL . AMPLITUDE (08)

= ~ Figure 50. Vertical Electric Field
-2 (Fresh Water)

j Freq. = 0. 1 MHz, Dist. =30 km,
VED Height 2247. 60 mn

Vo .006 6.00 24.00-6-.00 -4.00 -'2.00 0-30
PHASE OIFF foEGI REL. AMPLITUDE (08)
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t Figure 51. Vertical Electric Field
(Fresh Water)

SFreq. = 0. 1 MHz, Dist. =30 km.
'v, VED Height =4495.20 mn

PHASE OIFF OG)50 REL. AMPL ITUDE (081

S

S Figure 52. Vertical Electric Field
1- (Fresh Water)

S Freq. = 0. 1 MHz, Dist. =300 km.,
3WVED Height 0. 00 m

31.06 0. 00-120 -OO -00 10aPHA SE 01FF 06EG . REL. AMPLITUDE 1081
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S Figure 53. Vertical Electric Field
(Fresh Water)
Freq. = 0. 1 MHz, Dist. =300 km,
VED Height =2247. 60 m

0~ "8.0 58-0 6710 -Qo.00 -040 -4.00 aAd
PHARSE OIFF (DEGI REI. AMtPITUDE 10)

Frq = 0.1Mz it00 m

3 3

3o i io 6. 1-0 00 40 -30

PHS 3IF(E ) RL AP UE(8
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* .. Figure 55. Vertical Electric Field
at (Fresh Water)

*~Freq. = 1. 0 MHz, Dist. lo 10 m,
WI : VED Height =0. 00 m

b0-0 21.0 42.0 63.0 -12.00 -6.00 -4.00 Oh5
PHASE 01FF [DEG) REL. AMIPLITUDE (00)

3 Fiue5.VrialEeti il

3I VE egt 2.7
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4 Figure 57. Vertical Electric Field i

m- (Fresh Water)
11 Freq. = 1. 0 MHz. Dist. 1 0 krn,
i VED Height =449.52 m

o -16-0 U-0 4-.0o-9-00
PHSEDIF DG) REL. R"lPLITUOR (08)

~ Figure 58. Vertical E~lectric Field
: (Fresh Water)

' Freq. - 1. 0 MHz. Dist. =100 kmn,
IVED Heigt z 0. O0

' 7
fo:

Figur 57. ertial.ElctricFiel

PHASE DIFF (DEO} REL AMPLITUDE (00)
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- W Figure 59. Vertical Electric Field

IEs (Fresh Water)

' Freq. = 1. 0 MHz, Dist. 100 km,
WVED Height 224. 76 m

.. ". /
',O 3-4 . 0 -30.0 -600 -400 O.

PHASE OIFF (OEO) REL. AfPLITUOE (08)

S 62

Figure 60. Vertical Electric Field
a { Fresh Water)

' Freq. = 1.0 MHz, Dist. = 100 1cm,

WI /VED Height =449.52 m

a I

a!

I . ..

b.o IS.o W o 5,.0 -07.00 -,,.0 -. 00o 0.0
•P 9ASE OIFF bOEG) REL. AIIPLITUOE (081
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* * Figure 61. Vertical Electric Field
(Fresh Water)

SFreq. a10. 0 MHz, Dist. *10 km.,
I VED Height :0. 00 m

35. "'1 $7.0 -30.0 -200 -0 .0
PHASE DIFF (DEG) REL. AMIPLITUDE (001

* Figure 62. Vertical Electric Field
!(Fresh Water)I ~Freq. a10. 0 MHz, Dist. =10 km.

Vs s~VED Height =22.48 m

V0 0 0 2.0 ".0 20.0 -00.3 -00.0 -10.0 a.PHASE DIFF tDEG) REL. AMIPLITUDE 108)

63



'Freq. = 10. 0 MHz. Dist. =10 kmo,
VED Height =44. 95 m

q ,

U/ U

S Figure 63. Vertical Electric Field
S (Fresh Water)
SFreq. = 10. 0 MHz, Dist. =100 m,

,~VED Height 0 4.9 00

- -

.0 O U.0 57.0-27.00 -15.00 -5.00 0 0
PHASE DIFF (DEO) REL. AMPLITUDE (08)

6 Figure 64. Vertical Electric Field(Fresh Water)
SFreq. = 10. 0 MHz, Dist. = 100 km'n

Wg VED Height 0 .0O0 in

•. O 4.5 60I.0 513.0 -41.0 -35.0 -47.0 c
PHASE 01FF (OEO) fl[L. AHPLJTOE (00|
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SFigure 65. Vertical Electric Field
-3 !. (Fresh Water)

SFreq. = 10. 0 MHz, Dist. =100 km,
q VED Height =22.48 In

b.0 21.0 42.0 63.0 -48.0 -32.0 -16-0 0.
PHASE 01FF (DEG) REL. APLITUDE (083

I ! Figure 66. Vertical Electric Field
S (Fresh Water)

-' ~Freq. = 10. 0 MHz. Dist. =100 km,
SVED Height 44. 95 m

'ba 16.0 N.0 57.0 -80 -32.0 -16.0 0.1
fPHASE 01FF IDED) REL. AMPLITUDE (DO)
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- .. Figure 67. Vertical Electric Field
(Fresh Water)
Freq. = 100. 0 MHz, Dist. =3 kn,

3 VED Height 0.00 m

o 30.0 60.0 0.0 -39.0 -26.0 -13.0 .
PHASE DIFF (DEG) REL. AMPLITUDE (DB)

SFigure 68. Vertical Electric Field

(Fresh Water)
-: Freq. = 100. 0 MHz. Dist. 3 km,

'' VED Height 2.25 m

* 5e

21 .0 40 .0 63I.0 -36.0 -ZS -26. ,10 6.

PHASE GIFF IDEG) REL. AMPLITUDE lOR
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J - Figure 69. Vertical Electric Field
-- (Fresh Water)
SFreq. = 100. 0 MHz, Dist, 3 km,

I .. VED Height = 4.50 m

S :i

i'o "9.0 1 -.0 61-a 140 -24.0 -uSO01 .,
PHASE OIFF (DEG) REL. AMPLITUDE (06)

T

8 Figure 70. Vertical Electric Field
-~(Fresh Water)

= Freq. = 100. 0 MHz, Dist. 30 krn,
VED Height 0.00 m

I

a
3,, *

t.0 0 .0 20.0 .0.0 -60.6 -- 0.0 o.v
PHASE OIff (DEOG REL. AMPLITUDE (08)
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Figure 7 1. Vertical Electric Field
(Fresh Water)

Fe.=100. 0 MHz, Dist. 30 km,
IrVED Height =2. 2 5m

1 3.
S .. 630-s7.0 -3. . 7. ML TD ( 0

PHASE DIFF (OEQI REL. IPTUE(8

Figure 72. Vertical Electric Field
(Fresh Water)

3- Freq. 100. 0 MHz, Dist. 30 kmn,
I VED Height 4.50 m

~j3 9. 3 0 61 -a1. -36.0 -,15.0 ol
PHASE DIFF 10EGI REL. AMPLITUDE (081
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"," Figure 73. Radial Electric Field
-3 ~ (Fresh Water)

""Freq. = 0. 1 MHz. Dist. a 30 kin,
r '' VED Height 0. 00m

.6.0 1 .o 1' .0-1.0 -42.0 -t1 .0

PHASE OIFF (OED) REL. AMPLITUDE (00)

* 8

9

\

"', Figure 74. Radial Electric Field
- (Fresh Water)

". S Freq. = 0. 1 MHz, Dist. = 30 kin,
- VED Height 2247.60 m

U\
S S-

. 1 1.0 10.0 , .o-,.0 -40.0 -00.0 o.
PHASE 0IFF (DEG) REL. AMPLITUDE (001
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S Figure 75. Radial Electric Field
-s ~: (Fresh Water)

S Freq. = 0. 1 MHz. Dist. =30 km,
VED Height =4495.20m

bc S0 70.0 105.0- 67.0 -36.0 -k9.0 0.1
PHASE 01FF DGEG) REL. AMIPLITUDE IDB)

VED Hegt0.0

Vo 3,1-21 .

SI RS 3IFIE) RL RpLIUE(
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Fiur 77 ailEeti il

(Fes Waer
Frq = .1Mzait 0 m

S Figure 78. Radial Electric Field
~: (Fresh Water)
S Freq. = 0. 1 MHz, Dist. =300 km,

Wa 3W VED Height 42475.60 m

%a

44 6.0 10.0 166.0-60.0 -40.0 -20.0 0.15
PHA SE 01FF (DEC) REL. AMPLITUDE (001

1.71



Figure 79. Radial Electric Field
s - {Fresh Water)

Freq. = 1. 0MHz, Dist. 10 km,
"..VED Height =0. 00 m

It a

aI

11.0 42 0 54,0 126.043.0 -42.0 -21.0 01
PHASE DIFF (DEG) REL. AMPLITUDE (OB)

! Ii

S Figure 80. Radial Electric Field
- . (Fresh Water)

2! *Freq. = 1. 0 MHz, Dist. = 10 km,
SVED Height 224.76 m

* Is

t-0 62. 104 -0 166.0-40.0 -40.0 -20.0 0.!
PHASE 0IFF (DEG) REL. AMPLITUDE (08)
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* Figure 81. Radial Electric Field
.. (Fresh Water)

- Freq. = 1. 0 "fHz, Dist. 10 krn,
VED Height 449.52 m

5 0 10."0 1'0.0-60.0 -,0.0 -20.0 .3
PItiE DOFF OEG) EL. AtPLITUDE 108)

3 8

Figure 82. Radial Electric Field
(Fresh Water)

i . Freq. = 1.0 MHz. Dist. = 100 km,
V ED Height = 0.0 m

Vo -4 451 .--'-0 .. 0

PHRSE OIFF (DEG) REL. AMPLITUDE (0 31

73
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Fiue8.RdalEeti il

Frq = .0MzCit 0 m

Figre 4.Radial ElcrcField
S (Fresh Water)

o- Freq. = 1. 0 MHz, Dist. =100 km,
* ! VED Height 24.762 m

oia 400 00 40.0-40.0 -40.0 -20.0
PHASE 03FF (DEG) REL. AMIPLITUDE (DO)

q 74
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Figure 85. Radial Electric Field
S (Fresh Water)
S Freq. - 10. 0 MHz, Dist. *10 km,

VED Height u0. 00 m

V. U0 64. WO. -43. -2.0 -21.0 0.
PHASE 01FF ID0EGI REL. AIPLITUOE (08)

S Figure 86. Radial Electric Field
S (Fresh Water)
* ~Freq. a 10. 0 MHz, Dist. *10 km,
S VED Height .22.48 mi

42 .0 64.0 126.0-60.0 -40.0 r-22. 0 o
PHASE 01FF (0EG1 REL. AMPLITUDE (00)
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Figure 87. Radial Electric Field
(Fresh Water)
Fr eq. - 10. 0 MHz, Dist. 10 km,

*VED Height 44. 95 m

i.0 41.0 94.0 144.0-g0.0 -40.0 -;;o 0.8
PHASE 01FF I DEG) REL. AMPLITUDE (08)

3 3* Figure 88. Radial Electric Field
(Fresh Water)

-sFreq. = 10. 0 MHz, Dist. C100 km.
S VED Height 0. 00 m

P14ASE 01FF (OEG) REL. AMIPLITUDE (001
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= ~ Figure 89. Radial Electric Field
! (Fresh Water)

Freq. z 10. 0 MHz, Dist. =100 km, 1
s~VED Height z 22.48 In

.0 7 .0 117.0-99.0 -46.0 -23.0 0.15
PHASE OIFF (0E03 REL. AMIPLITUDE (08)

! Figure 90. Radial Electric Field
;(Fresh Water)

-u u Freq. = 10. 0 MHz, Dist. =100 km,
I VED Height =44. 95 In

bVo 46.0 It .0 In."-66 -44.0 -22.0 0.1
PHASE 01FF (OWD) REL. AMPLITUDE (08)
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j Figure 91. Radial Electric Field
(Fresh Water)

SFreq. = 100. 0 MHz, Dist. =3 kmn,
W !~VED Height -0. 00 m

AT ____ ___ 0.

PHASE 01FF (DEG) REL. AMiPLITUDE (08)

3 X

Figure 92. Radial Electric Field
(Fresh Water)

; Freq. = 100. 0 MHz, Dist. =3 kmn,
o~VED Height =2.25 rn

.. 40.0 90.0 IfOo-u.0 -40.0 11 .0 0.1
PHASE 01FF (DEG) REL. AMPLITUDE (001
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Figure 93. Radial Electric Field
a. (Fresh Water)
-"Freq. = 100. 0 MHz, Dist. 3 krn,3 VED Height =4.50 m

Is

1.0 42.0 04.0° ' '  .. 0-,,0.0 -40.0 -2.0 . !

PHASE 0IFF (OEC) REL. AtPLITUOE (O)

Figure 94. Radial Electric Field
(Fresh Water)

-' ~: Freq. = 100. 0 MHz, Dist. =30 krn,
VED Height 0.00m

$ II

. 20.0 64.0 71.0 -78.0 -02.0 -20.0 0.PHASE 01FF IDEO) REL. AIPLITUDE IDB)
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Figu're 95. Radial ElectricFil

j (Fresh Water)
SFreq. = 100. 0 MHz, Dist. =30 km.

VED Height 2. 25 m

V. 3. 7 .0 .17.0-7S.0 4-20 -26.0 0.1
PHA1SE 01FF (OEr REL. AMPLITUDE (00)

S Figure 96. Radial Electric Field
- I (Fresh Water)

!S 3- Freq. = 100. 0 MHz, Dist. =30 km.
-~VED Height 4.50 m

TW

II

3o 50 j32

P1iASE 05FF (DEG) RL . AMPLITUDE (00)
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S Figure 97. Vertical Electric Field
-s ! (Ice)

S Freq. =0. 1 MHz. Dist. =30 km,
3 WVED HeightO.O00m

PHASE 01FF (OEG) REL. AIIPLITUOE (08)

(Ie
Frq .1Mz.Ds.3 m

Vo a. 300 4. 3-0 -1-0 -. 0 G

PHS Figur 98.O Verica Electric Field

8-1 Ie
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SFigure 99. Vertical Electric Field
- (Ice)
SFreq. = 0. 1 MHz, Dist. = 30 km,
= VED Height 4495.20 m

8 3

'o • 220 44.0 88.0O -40.00 -8.00 -4.00 O .h

PHASE 0IFF (DEG) REL. AMPLOTUDE (08)

8

1 3

3 3

4- Figure 100. Vertical Electric Field
: (Ice)

SFreq. 0. 1 MHz, Dist. =300 km,
VED Height = 0.00 m

°.o 400 6.0 400.0-4.0: -20.0 -44.0 0.

PHASE DIFF (DED) REL. ArPLITUDE (08)
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-- Figure 101. Vertical Electric Field
a.u (Ice)

Freq.= 0. 1 MHz, Dist.= 300 krn,
VED Height = 2247. 60 m

" I

. 2 0 03.0 -36.0 -24.0 -12.0 '

PHASE D[FF (DEG) REL. RMPLITUOE (OBI

_0 SE D S1. -

3 8

3 1 3

11 ~ Figure 102. Vertical Electric Field

1 i (Ice)
' Freq.•: 0. 1 MHz, Dist. = 300 krn,I VED Height =4495.20 m

I.o 27.0 04.0 61 .0 -30.0 -00.0 -10.0 o0.t

PHASE 01FF I0ED1 REt. AMIPLITUDE (083
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jFigure 103. Vertical Electric Field
~:(Ice)
SFreq. =1. 0 MHz, Dist. lo1 km,
2=VED Height =0. 00 m

0o 30.0 60.0 0.0 -"30 - 020-a. .

PHASE DIFF (DEG) REL. AMPLITUDE (11B)

Fiur 104 VetclEeti il

S(Ice)
SFreq. = 1. 0 MHz, Dist. 10 km,

VED Height =224.76 m

20.Z0 40.0 60.0 -27.00 -16 .00 -9.0
PHASE O[FF (DEG) REL. AMPLITUDE 1DB)

84



j ~. Figure 105. Vertical Electric Field
(Ice)

;I Freq. = 1. 0 MHz, Dist. =10 km,
VED Height= 449.52 m

.0 25.0 60.0 75.0 -21.00 -14.00 -7.00 0-10
PHASE 01FF (OEGI REL. AMIPLITUDE (08)

j Figure 106. Vertical Electric Field
38 (Ice)

SFreq. =1. 0 MHz, Dist. =100 kmi,
*~VED Height 0 00 In

0- 31.0 62.0 93.0 -51.0 -34.0 -17.0
PHASE 01FF IOEG) REL. APLITUDE (08)

85
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Figure 107. Vertical Electric Field
(Ice)

..~ Freq. = 1. 0 MHz, Dist. 100 km,
SVED Height = 224.76 m

F 1 0 M
1.0 22.0 44.0 8.0 -41.0 -30.0 -10.0 0

PHASE OIFF (OE) REL. AMPLITUDE (08)

86

3, 3

I £

U U

' ii Figure 108. Vertical Electric Field

s (Ice)
Freq. = 1.0 MHz, Dist. = 100 kmn,

=',8: VED Height =449.52 m

0 7.0 14.0 11.0 -20.0 -0J.2 -10.0 .
PHASE orrF tOEO) REL.. AIIPL,.TUOE (08)

86



Figure 109. Vertical Electric Field
(Ice)

* Freq. 10. 0 MHz, Dist. 10 km,
VED Height = 0.00 m

$io 0.0 00.0 00.0 -5t .0 -34.0 -t?0O ,
PHRSE OIFF (OEGI REL. AMPLTUCE (01

I

, Figure 110. Vertical Electric Field
!. (Ice)

, Freq. = 10. 0 MHz, Dist. 1 10 km,
VED Height =22.48 m

I Lo

I . *** 3

W44.0 4 .0 140 -S0.0 -15.0 0.8
PHASE OlFF (OEO) REL. RMPLITUOE (08)
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- Figure 111. Vertical Electric Field
(Ice)

! Freq. = 10. 0 MHz, Dist. 10 Im.o
!~VED Height =44. 95 In

a

.o* ,.; . ' ,, *, . ,. ~
~. i 40 6. .0 0 2-3.0 -13.0 O.s

PHASE OIFF (OEO) REL. AMPLITUDE (08)

Figure 112. Vertical Electric Field
(Ice)
Freq. 10. 0 MHz, Dist. 100 km,
VED Height = 0. 00 In

*I L

'.0 31.0 63 .0 63.0 -70 .0 -461.0 -24.0 0
PHASE DIFF (DEG) REL. AMPLITUOE (083
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Figure 113. Vertical Electric Field:s: (Ice)
Freq. 10. 0 MHz. Dist. 100 kmo

V , VED Height = 22.48 m

22 '.0 44.0 06.0 1640 -44.0 -22.0

PHASE 01FF IDLG) RtEL. AMIPLITUDE (130)

Figure 114. Vertical Electric Field
(Ice)

S Freq. =10. 0 MHz, Dist. 100 km,
SVED Height 44.95 m

.0 27.0 44o oi.. -64.0 -44,0 -to.0 0
PHASE 0IFF WEG) REL. AMPLITUDE 109)

89
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i igure 115. Vertical Electric Field

Freq. = 100. 0 MHz, Dist. =3 km.
!VED Height -0. 00 m

IiL

PHASE OIFF IDEDI REL. AMPLITUDE (08)

j ~ Figure 116. Vertical Electric Field
(Ice)I

SFrucj. 100. 0 MHz, Dist. =3 km.
VW ED Height =2.25 m

Yo 2.0 44.0 a40-4. 3. - js00.

PHASE DIFF (BEG) REL. AMPLITUOE (081
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i Figure 117. Vertical Electric Field
(Ice)

-- Freq. = 100. 0 MHz. Dist. = 3 km,
"., VED Height 4.50 rn

1. 27.0 54.0 51.0 -51.0 -34.0 -7.0 0.

PHASE D!FF (rEGI REL. RffPL IrUDE (08)

3 Figure 118. Vertical Electric Field
S- (Ice)

Freq. = 100. 0 MHz. Dist. = 30 km.
VED Height = 0.00 rn

' o .' -I . c
l  

270 .lwa 1.0 012.0 03.0 -SI.0 -54.0 -27.0 .
PHRSE DIFF (DEO) REL. AMPLITUDE (06)

91
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SFigure 119. Vertical Electric Field
-' ~C (Ice)

SFreq. =100. 0 MHz, Dist. =30 km,
a~VED Height 2.25 m

F Fgre 120. Vertical Electric Field
-s ~: (I Ce)

SFreq. = 100. 0 MHz, Dist. =30 km,
WIS VED Height 4. 50m

i5.0 27.0 5.0 60 -60 -4. -20
PHASE 01FF (CO) REL. AMIPLITUDE I 0O)
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;Figure 121. Radial Electric Field
III (Ice)

S Freq. = 0. 1 MHz, Dist. =30 km,
WIN VED Height =0. 00 In

~0 32.0 64.0 911.O -30 !4. -'*. - 1

PHASE OIFF DOEG) REL. AMIPLITUDE (001

;Figure 122. Radial Electric Field
-~ ~ (Ice)

I Freq. = 0. 1 MHz, Dist. =30 km,
W8* VED Height =2247. 60 I

-bi. 0o.0 li0. IgU.0-S0.0 -40.0 -'0.0 a .
PHASE DIFF (DEG) REL. AMPLITUDE (08)
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Figure 123. Radial ElectricFil

(Ice)Fil

-~Freq. =0. 1 MHz, Dist. =30 kin,
I- VED Height =4495.20 mn

q3

i- 43 "'

PHASE OIFF (BEG) REL. AMIPLITUDE (l

Figure 124. Radial Electric Field
.. ,~(Ice)

Freq. =0. 1 MHz, Dist. =300 km.
1. %~ VED Height .O00m

bVo To0 0. 76.0 -03.0 -42.0 -21. 0 0.1
PHASE DIFF IDEO) REL. AMPLITUDE 108)
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Z 2 Figure 125. Radial Electric Field
'"(I e ) V .

Freq. 0. 1 MHz, Dist. = 300 km,
SVED Height 2247.60

I% IIv
\ a

Vio $1.0 102.7 163.0-60.0 -40.0 -2.07 0.A
PHASE IFF (DEOI REL. AMPLITUDE COB)

3 3

I £ i Figure 126. Radial Electric Field
= (Ice)

9 Freq. 0. 1 MHz, Dist. = 300 km,
4- VED Height 4495.20 m

1. 60.o ,16.0 174.0-60.0 -40.0 -00.0 o.0
PHASE DIFF IDEO) REL. AMPLITUDE (08)
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3! Figure 127. Radial Electric Field
S(Ice)
SFreq. =1. 0 MHz, Dist. =10 km,
2~VED Height =0. 00 m

PHASE 01FF (DEG) REL. AMPLITUDE (08)

SFigure 128. Radial Electric Field
S(Ice)
SFreq. =1. 0 MHz, Dist. 10 km,

v~ VED Height =224. 76 m

b-0 40 1. 102.0-0.0 -60.0 -20.0 0.8
PHASE 01FF [DEG) REL. AMPLITUDE (00)
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Figure 129. Radial Electric Field!~(Ice)
Freq. 1.0 MHz, Dist. = 10 km,

, VED Height u449.52 m

S .o 60.0 o120.0 40-... -0. -9. 01

PHRSE OFF (DEG) REL. RPLTITUOE (OB)

* ,

Figure 130. Radial Electric Field

'Freq. m 1. 0 MHz, Dist. 100 kin
, • 3W VEDHeight 0.00rm

PHASE OIFF (E) REL. AMPLITUDE 108)

.0 30.0 60.0 60.0 -63.0 -4A.0 -. 0 0.

97
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;Figure 131. Radial Electric Field
(~ Ice)

SFreq. = 1. 0 MHz, Dist. loo0 km,
VED Height =224. 76 m

f1. £1.3 0.0 1.00. -0.0 -20.0 0.1
PHASE 01FF (DEG) REL. AMPLITUDE (00)

Figure 132. Radial Electric Field
S(Ice)
-- Freq. 1. 0 MHz, Dist. 100 km,

VED Height 449. 52 m
By

I B

PHASE 01FF (BEG) REL. AMPLITUDE (0S)

98



3 3.

Figure 133. Radial Electric Field-3 ace)
Freq. 1 10.0 MHz, Dist. 1 10 km,VED Height 0. 00 m

) .* 3 .0If e .0 -63.0 -41.0
PHASE OIFF (DEG) REL. AIPLITUDE (OS)

Figure 134. Radial Electric Field
(Ice)

. Freq. 1 10.0 MHz. Dist. * 10 km,
_ VED Height - 22.48 rn

%
'%

.o 6 1.0 l .o0 16.o-40o -40.0 .30.0 0.3
PHASE ODIF (CEO) REL. APLITUDE (0)

99
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SFigure 135. Radial Electric Field
S(Ice)

Iw~Freq. 10. 0 MHz, Dist. =10 km,
-VED Height -44. 95 m

P I APEI 0F F (1O'00 REL. iNPLITUOE (08)

iFigure 136. Radial Electric Field
-s ~ (Ice)

SFreq. 10. 0 MHz. Dist. 100 km,
SIV VED Height =0. 00 m

0 000 s. 1.

PMRSE IIF F (OE01 REL. AMPLITUOE 10S)

100

'WI.



* j Figure 137. Radial Electric Field
(I ce)

I Freq. =10. 0 MHz, Dist. 100 km,
VW VED Height =22.48 m

$1 s.0 lot. 1*1.o-75.a 1.00. .
PHASE 01FF 000) REL. A~mPL ITUDE (08)

* ~ Figure 138. Radial Electric Field
-3 3;(Ice)

SFreq. =10. 0 MHz, Dist. z 100 kmn,
WI *WVED Height =44.95 m

VI -4. 3 3

PHASE 01FF (CEO) EL. AMPLITUDE (001

101



j Figure 139. Radial Electric Field
(Ice)

SFreq. a 100. 0 MHz, Dist. =3 km,
SVED Height .00rm

i0 30.0 000 800-0. -49.0 -23.90 .
PHASE 01FF (DEG) REL. AMPLITUDE (083

Figure 140. Radial Electric Field
(Ice)

j Freq. - 100. 0 MHz, Dist. *3 km,
3VED Height 2.25 m

I"- ".

PHASE OfFF (DEG) REL. AI PLIfUGE (08)

102
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Figre 141. Radial Electric Field
(Ice)

SFreq. =100. 0 MHz, Dist. =3 kin,
VED Height 4.50 m

SFigure 142. Radial Electric Field
(Ice)

SFreq. =100. 0 MHz, Dist. =30 km.,
a~VED HeightO- .O00

3103



SFigure 143. Radial Electric Field
'2 Ic)
SFreq. =100. 0 MHz, Dist. 30 km,

;x VED Height 2. 25 m

50.0b- 00.0 -150.0-84.0 -63.0 - o. 0.1
PHASE 01FF (DlEG REL. AMIPLITUDE (00B)

SFigure 144. Radial Electric Field
2I~ (Ice)

SFreq. =100. 0 MHz, Dist. =30 km.,
a~VED Height 4.50 m

'b. 54.0 '0. l10- 50 0.0 -24.0 0
PSE 0 IFF ("0 Ea REL. MIPLITUOE (08)
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SFigure 145. Vertical Electric Field
!: (Well -Conducting Soil)
!Freq. = 0. 1 MHz, Dist. 30 km,

Ni VED Height 0.O00m

(Wl-onutn Sol

PHASE 01FF (CEO) REL. AIMPLITUDE (081

1105
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(Wel-C

Figure 147. Vertical Electric Field,ii (Well -Conducting Soil)

SFreq. = 0. 1 MHz, Dist. =30 km,
VED Height 4495.20 m

bo 3.00 6E 00 100-.0 1.0 -20 01
PHASE OIFF tOEG) REL. AtPLITUOE be)

S 1a

a 1 I

Figure 148. Vertical Electric Field\\(Well-Conducting Soil)

Freq. = 0. 1 MHz, Dist. 300 kin.
Big VED Height = 0. 00 m

I o3 *

V $.0 00 41.0 -3.00 -0.00 -. 00 0.10
PHASE tFf (OEG) REL. AMPL[TUOE (081

106
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% I Figure 149. Vertical Electric Field
~' (Well -Conducting Soil)

-~ ~Freq. =0. 1 MHz, Dist. =300 km,
w. a~VED Height 42475.60 m

PHASE OIFF (DEG) E.RPLTOE(8

10



SFigure 151. Vertical Electric Field
-3 ~.- (Well -Conducting Soil)

SFreq. = 1. 0 MHz, Dist. =10 kmn,
2 VED Height =0. 00 m

2x

1b0 6'0 60.0 76.0 -6. 00 -4.00 -. 0 0.50
PHASE 01FF f DE 0) REL. AMPLITUDE (00)

= ~ Figure 152. Vertical Electric Field
~-(Well -Conducting Soil)

%~ Freq. = 1. 0 MHz, Dist. =10 km,
,~VED Height =224.76 m

0 0O.0 40.0 s0.0 -2.00 -6.00 -,3.00- 610
PHASE 01FF IOEG) REL. AMPLITUDE (081

108



SFigure 153. Vertical Electric Field
S(Well -Conducting Soil)

,~Freq. = 1. 0 MHz, Dist. =10 kmn.
* VED Height =449. 52 mn

- t

PHASE 01FF (DEG) REL. AMPLITUDE (08)SI U

- *, Figure 154. Vertical Electric Field
Z (Well-Conducting Soil)

", Freq. = 1. 0 MHz, Dist. = 100 km,
VED Height =0. 00 m

" ____, _____ i

I.O -4.0 1 . 40.0 -24.0 -14.0 -8.00 0.
PHASE OIFF tOED) REL. APLITUDE (09)

109



_ Figure 155. Vertical Electric Field
.. : (Well- Conducting Soil)
SFreq. = 1. 0 MHz, Dist. = 100 kn,

VED Height 224.76 m

£

%*

/U
50 .0 l O 0 , M .0 -24 .00 - 1 .0 0 .0 0 0 3PHASE 0IFF (DEG) REL. AMPLITUOE (09)

3q 
Figure 156. Vertical Electric Field

-(Well-Conducting Soil)
i Freq. = 1. 0 MHz, Dist. = 100 kmn

a VED Height 449. 52 m

1 3

.0 42.0 64.0 12.024.0 0 -£6.00 -. 00 0.50
PHASE 0IFF (OEDI REL. AMPLITUDE (08)
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-; Figure 157. Vertical Electric Fielda- (Well-Conducting Soil)

Freq. = 10. 0 MHz, Dist. = 10kmin
VED Height = 0. 00 m

e 66-0 12,°-30 -2..o -. , o
PHASE .'FF OE ) IL. AMPLITUDE (O )

i Figure 158. Vertical Electric Field
; (Well-Conducting Soil)

- Freq. = 10. 0 MHz, Dist. = 10 km.
VED Height 22.48m

3 UZ

.0 27.0 54. o 300 -11.o - 1.
PHASE 0 FF O( O) REL. AMPLITUDE (001
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; Figure 159. Vertical Electric Field
(Well-Conducting Soil)
Freq. = 10.0 MHz, Dist. 10 kmin
VED Height z 44.95 m

/

.0 tie i,0 71.0 -Sit -24.0 -12.0
PHISE 0FF (OEW) REL. AfPLITUOE (051

Figure 160. Vertical Electric Field
- (Well-Conducting Soil)

: Freq. = 10. 0 MHz, Dist. 100 km,
! VED Height =0.00 m

: 4.0 ,0 k32.0-8 0.0 -I O 3 1
PHASE OIFF (OEGJ REL. RMPLirUOE (061
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Figure 161. Vertical Electric Field
(Well -Conducting Soil)
Freq. = 10. 0 MHz, Dist. = 100 km,
VED Height = 22.48 m

oP |NDFF fDED) .REL- AfPL I TUCE
" 

.1-08qq

S .**

l ii  Figure 162. Vertical Electric Field

i (Well -Conducting Soil)
" Freq. = 10. 0 MHz. Dist. =100 kin,
e VED Height =44. 95 m

.0 21.0 . 1.0 1.0 -4.0 -30.0 -t1l 0.1

PASE DIFF I04 ) REL. RPLITUOE 105)
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S Figure 163. Vertical Electric Field
-~(WeUl-Conducting Soil)
- Freq. w 100. 0 MHz, D~ist. *3 km,

- VED Height - 0. 00 m

PmSEDFF fOG 'REL AMPLITUDE (061o

Figure 164. Vertical Electric Field

-. (Well-Conducting Soil)
Freq. w 100. 0 MHz, Dist. =3 kmn.

-~VED Height 2.25 m

V0. wo. 32 .0 00.0 -44.0 -32.0 1. .
PHARSE 01FF fDECi REL. RIIPLITURE OBI
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SFigure 165. Vertical Electric Field
(Well -Conducting Soil)

!Freq. m100. 0 MHz. Dist. =3 km,
SVED Height 4.50mI

a

PHASE OIFF (BlEG) REL. AMIPLITUDE (00)

j Figure 166. Vertical Electric Field
to 2 (Well -Conducting Soil)

"I Freq. = 100. 0 MHz, Dist. =30 km,
aW VED Height 0. 00 m

1 .0 3 4. 1" -7.0 A4.T -40 .

PHASE 01FF (flEG) REL. AMPLITUDE (03)

b11



= Figure 167. Vertical Electric Field
-a ! (Well-Conducting Soil)

Freq. = 100. 0 MHz. Dist. = 30 km.
* VED Height =2.25 m

1,0 lco 32.0 4.0 -64.0 -4.0 -23.0 O.
PHASE OIFF (DEO) REL. AIIPLITUDE (OB)

Figure 168. Vertical Electric Field
- (Well -Conducting Soil)

Freq. = 100. 0 MHz, Dist. = 30 km,
VED Height 4.50 m

I L .

00 2. 41.0 72.0 -4.0 -4.0 -il .0 0.t
PHASE OFF (DO) REL. APIPLITUDE 1OB)
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q I
1!! Figure 169. Radial Electric Field
- (Well-Conducting Soil)
i Freq. a 0. 1 MHz. Dist. * 30 km,

VED Height * 0. 00 m

• . 0 UO I .O 110,0-4.0 -4t.0 -t.0 O,
PHASE 0IFF (0D0) REL. AMPLITUDE (00)

.3 p

j Figure 170. Radial Electric Field
- (Well-Conducting Soil)

Freq. a 0. 1 MHz, Dist. 30 km,
a VED Height =2247.60 m

3 Ii

£ 3f

,.o 4. ,.o 12..0-- -0.0 0
PHASE OFF (DOE) REL. AMPLITUDE lOB)
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* I~ Figure 17 1. Radial Electric Field
-u '~(Well -Conducting Soil)

E-Freq. =0. 1 MHz, Dist. 30 km,
VED Height =4495. 20 mn

PHS IF(BEG REL APLITUDE (08)

Fiue12 ailEeti ilWelCnutn ol

*MI A



;Figure 173. Radial Electric Field
v'_ (Well -Conducting Soil)

SFreq. - 0. 1 MHz, Dist., 300 km,
Wi *~VED Height =2247. 60 m

Vb 4 70 i.. 7.-00 4. 2.0 0.1
P14ASE D1FF (DEG) REL. nPLITUOE (08)

Fiur 17.Rda letiUil

3Wl-onutn Sol

Freq. = 0. 1 MHz, Dist. 300 km.
SVED Height =4495.20 m

PHASE 01FF f DE) REL. APL1TUDE '(0810
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f Figure 175. Radial Electric Field
!- (Well- Conducting Soil)

Freq. - 1.0 MHz, Dist. 10 kin,
f* VED Height 0. O0 m

£a

-O 0 00 0 .O O -' o 42 0 -2 G .

PHASE DIFF 100EG) REL. QMPLItUOE 1001

I i,

Figure 176. Radial Electric Field
- , (Well-Conducting Soil)
° Freq. - 1.0 MHz. Dist. 10 km,

IT VED Height = 224.76 rn

* I

$0 60.0 20-.0 ISIO.0-0.6 -60.0 -I00 ,

PHASE DIFF O..) RAEL. AMPLITUIE (08)
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(w __ ___cin Sol

Frq a .0MzaDs.1 m

Figure 177. Radial Electric Field
4 (Well-Conducting Soil)

!Freq. = 1. 0 MHz, Dist. =100 km,

!VED Height 44.520 m

V1. 1302 O 11.0 4200.0 - 40.4 --0.0 0 .PHASE OIFF (DEG) REL. AMIPLITUDE 100)

3 1



SFigure 179. Radial Electric Field!5 (Well-Conducting Soil)
i Freq. = 1. 0 MHz, Dist, = 100 km,
'x VED Height = 224.76 m

I * S°

'8.0 2,.0 '.o -1.0 -60.0 -40. -20.0 0.
PHASE 0IFF (DEG) REL. RMPLITUOE (081

I-

II

j Figure 180. Radial Electric Field

S(Well-Conducting Soil)
- Freq. = 1.0 MHz, Dist. = 100 km,

3s VED Height = 449.52 m

.0 3i.0 "7i.0 1041.0-60.0 -40.0 -200O. D

PHASE DIFF (OEG) REL. RMPLTTUOE (00)
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Figure 181. Radial Electric Field
(Well-Conducting Soil)
Freq. - 10.0 MHz. Dist. 2 10 km,
VED Height 0. 00 m

1..r n40 440 .0 -83.0 -42.0 -1.0 0.4

PHASE 01FF IDC REL. AMIPLITUDE (08)

B ,

* U%

Figure 182. Radial Electric Field
(Well-Conducting Soil)

*~Freq. z 10. 0 MHz, Dist. =10 km,
VED Height £22.48 mn

.0 41.0 0.0 *.0 40.0 -40.5 -20.0 0.1

PHASE D0FF 1D6E REL. AMPL TUDE (OS)
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;Figure 183. Radial Electric Field
(WeUl-Conducting Soil)

SFreq. z 10. 0 MHz. Dist. =10 kin,
,WVED Height a44. 95 mn

% %

b~a ii .0 ot.0 163.-m.0 -400 000 .
PHASE 01FF (DEC) REL. AMPLITUDE (081

1 3~ Figure 184. Radial Electric Field
(Well -Conducting Soil)
Freq. =10. 0 MHz, Dist. 100 km,
VED Height =0. 00 m

Va i 4. 0.0 70.0 -73.0 -00.0 -00.O0 -1.
PHASE 01FF bOEG) REL. AMiPLITUDE (08)
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a~ Figure 185. Radial Electric Field
S(WeUl-Conducting Soil)
SFr eq. = 10. 0 MHz, Dist. =100 km,
! VED Height 22.48 m

i8.0 40.0 60.0 It0.0-7t.0 .48.0 -44.0 0.1
PHASE DIFF (flED) REL. AMPLITUDE (08)

jFigure 186. Radial Electric Field
!.(Well -Conducting Soil)

ja ~Freq. = 10. 0 MHz, Dist. =100 km,
8W VED Height 44. 95 m

1.6 40. U.0 44.40 -00 -3.0 04
PHASE 01FF f ED I "IREL. AMPLIUE(8
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I Figure 187. Radial Electric Field
- (Well -Conducting Soil)
S Freq. =100. 0 MHz, Dist. =3 km.

WIVED Height .O00m

'bc 30.0 "0.0 000-0 . -4.0 -2.0 0.PHASE 03FF (DEG) REL. RHPLITUOE (081

S Figure 188. Radial Electric Field
(Well -Conducting Soil)

I ~Freq. = 100. 0 MHz, Dist. 3 km.,
~W VED Height =2.25 m

0 45.0 00.0 13S.0-63.0 42.0o -24i.0 0.1
PHASE 03FF (DEG) REL. AMIPLITUDE (083
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- Figure 189. Radial Electric Field
(Well-Conducting Soil)

-" Freq. = 100.0 MHz, Dist. = 3 kn,
WV VED Height 4.50 m

*4

* q
* * * *

.o 5 1.O i04.0 16*O-U.- -40.0 -30.0 0,
P1RSE 'IFF (BEGI REL. AMPLITUDE (08)

III

C Figure 190. Radial Electric Field
(Well-Conducting Soil)

SFreq. - 100. 0 MHz, Dist. = 30 km.- a VED Height = 0.00 m

I3

'. •3

,o i .0 S .0 67.0 -44.0 -W0.O -tiS . 1
PHASE OIFF (DEOi REL. AMPLITUDE 1O)
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SFigue 191. Radial Electric FieldIS(ell-Conducting Soil)
SFreq. =100. 0 MHz, Dist. 30 km.

*WVED Height =2.25 m

ba 4.0 e.. mou . -5.0 -27.0
PHA~SE 01FF (DEC) REL. AMPLITUDE (00)

LIS Figure 192. Radial Electric Field
S(Well -Conducting Soil)
SFreq. = 100. 0 MHz, Dist. 30 km,
u~VED Height =4. 50 m

8.0 6110 102.0 163 0-76.0 - .0 - .0 0.1
PMASE 131FF fOEGI REL. AMPLITUDE (08)
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Figure 193. Vertical Electric Field
4-~ (Poorly Conducting Soil)

s Freq. = 0. 1 MHz, Diet. 30 km,
VED Height = 0.00 m

14.0 00.0 4.0 -3.00 -. 00 -1.0 ,

PHASE OIFF (DE) REL- AMPLITUDE (OS)

Figure 194. Vertical Electric Field
\ (Poorly Conducting Soil)

Freq. = 0.1 MHz, Diet. = 30km.
\ VED Height =2247. 60 m

4 4

1. 10.0 0.04 30 -. 00 -4.00 -1.00
PHASE DIFF (DE0) REL. AMPLITUDE (083
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Fiur 195 Vertical ElectricFil
S(Poorly Conducting Soil)

xx Freq. =0. 1 MHz, Dist. =30 kmn,
VED Height 4495.20 m

%a

i~. 601.00 16.00 e0-00 -. 0 -00 .6PHASE 01FF IbEG) REL.. AMPrLITUDE (08)

Fi re16 etclEeti il

IL 3 u

S(Poorly Conducting Soil)
5 Freq. = 0. 1 MHz, Dist. =300 km,

'~VED Height 0. 00 mi

1.0 i.0 62- 0 lt.0-it.00 -6.00 -4.00 Zia
PHASE O(FF (O) REL.. AMPLITUDEC (06)
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- Figure 197. Vertical Electric Field
~! j (Poorly Conducting Soil)

i Freq. a 0. 1 MHz, Dist. = 300 km,
xi VED Height = 2247.60 m

0 3$.0 70.0 01.60-1.00 -".00 -4.00 0.0
PHASE DIFF (CEO) REL. AMPLITUDE (053

Freq =..1M',Ds. 0 m

3 U

3 3

1 1

/
:1 *~Figure 198. Vertical Electric Field

- I .- (Poorly Conducting Soil)
Freq. =0. 1 MHz, Dist. = 300 kin.

:=~ VED Height =4495.20 m

3 ,.

0. nl . 0 07. 0 ,-10i.00 -1o.00 -5.00 O, 0
PHASE 01FF (ODEOI AEL. AMPLITUrDE (063
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3 Fiue19 etclEeti il

Figre 00.Vertical ElectricFil
'~(Poorly Conducting Soil)
SFreq. = 1. 0 MHz, Dist. =10 kmn,!VED Height 02.0 mn

44- 260 62-0 13.0 -21.00 -14.00 -i.00 a-Do
PHASE OZFF (DEG) REL. AMIPLITUDE 100)

3132



SFigure 201. Vertical Electric Field
(oryConducting Soil)

Freq. = 1. 0 MHz, Dist. =10 km.
s~VED Height =449. 52 m

lb- 2.o 60. 76.0 -10w -12-00 -6.00 0-t
PHASE 01IFF (DEG) REL. AMPLI[TUDE (DO)

SFigure 202. Vertical Electric Field
(Poorly Conducting Soil)

SFreq. = 1. 0 MHz, Dist. =100 kmn,
!VED Height 0. 00 m

0- 60. 100.0 16.0-42.0 -21. -.. 0 0-
PHASE 01FF (DEG) REL. AMPLITUDE (08)
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- Figure 203. Vertical Electric Field- (Poorly Conducting Soil)

!'Freq. = 1.0 MHz, Dist. = 100 kmo
23 VED Height 224.76 m

3 3

I * * Ilo
a

20.0 T .0 67.0 49 -0.0 -14.0 ci
PHASE DIFF (DEO) REL. RMPLITUDE (081

*-. Figure 204. Vertical Electric Field
(Poorly Conducting Soil)
Freq. = 1. 0 MHz, Dist. = 100 km,
VED Height = 449. 52 m

S 3o

.0 27.0 640 -31.0 - O - 0oo -t1.0 .
PHASE 0IFF (CEOI REL. AIPLITUOE (081

134
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S Figure 205. Vertical Electric Field
.~(Poorly Conducting Soil)
S Freq. =10. 0 MHz, Dist. 10 km,

S VED Height =0. 00 m

' .0 P SE0F U.. W.0 -46.0 -32. -1.0 wo .O
P"AS DIF I EG) REL. AMPLITUDE (00)

Figure 206. Vertical Electric Field
*~(Poorly Conducting Soil)
*~Freq. =10. 0 MHz, Dist. =10 km.,

VED Height =22.48 m

WJI

3131
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* Figure 207. Vertical Electric Field
# (Poorly Conducting Soil)

- I Freq. = 10. 0 MHz, Dist. = 10 kn,
VED Height 44.95 m

/
*" I

-26.0 52.0 7.0 -39.0 -26.0 -13.0 0.
PHASE DIFF (DED) REL. AMPLITUDE (08)

II

a- Figure 208. Vertical Electric Field
' (Poorly Conducting Soil)

,m Freq. = 10.0 MHz. Dist. = 100 km,
VED Height =0. 00 m

a , _______

b- 33.0 8.0 6.0 -6.0 -44.0 -22.0 o,
PHASE 0IFF (DEO) REL. RMPLITUOE (08)
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Figure 209. Vertical Electric Field
4 (Poorly Conducting Soil)

Freq. = 10. 0 MHz, Dist. = 100 kn,
gI VED Height =22.48 n

I

3 .

o 46.0 36.0 07.0 -3s.0 "-42.0 -2, .0 ci
PHASE 0IFF (OEO REL. AMPLITUDE ID)B

* S

F igure 210. Vertical Electric Field

(Poory Conducting Soil)
Freq. = 10. 0 MHz, Dist. = 100 km,
VED Height = 44.95 m

31 . , . .' . * -

8D0 52.0 ?$.0 -57-0 -38.0 -19. . 0 .
PHASE IFF (DEO) REL. RPLITUDE (00)

137
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Figure 211. Vertical Electric Field
(Poorly Conducting Soil)
Freq. = 100. 0 MHz, Dist. = 3 km,

SVED Height = 0.00 m

Va 3. .0 62.0 33.0 -57.0 -30.0 -m3. a
PHASE '1FF IOEG) REL. AMPLITUOE (08)

x

i Figure 212. Vertical Electric Field
. (Poorly Conducting Soil)

Freq. = 100. 0 MHz, Dist. = 3 km.
. VED Height =2.25m

110 30.0 57. -51.0 -34.0 -17. O
PHASE OIFF (OEG) REL. AMPLITUDE (08)

138
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Figure 2 13. Vertical Electric Field
(Poorly Conducting Soil)

SFreq. = 100. 0 MHz, Dist. = 3 km,
_ - VED Height = 4.50 m

bSo260 -0. 16.0 -66.0 -32.0 -|i.0 O,

PHASE 0IFF IOEQ) REL. AMPLITUOE (08)

Z Figure 214. Vertical Electric Field
-s ! (Poorly Conducting Soil)

Freq. = 100.0 MHz, Dist. = 30 kin,
VED Height = 0.00 m

31.0 62.0 03.0 -16.0 -10.0 -6.0 0.1PHASE 0IFF (OEO] REL. AMPLITUOE (08)
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SFigure 215. Vertical Electric Field
S(Poorly Conducting Soil)

Freq. = 100. 0 MHz, Dist. = 30 kin,
W SW VED Height 2.25 m

39.0 m .-0 17.0 -72.0 -41.0 .24.0
PHASE 0.FF (DEGj REL. AMPLITUDE (DO)

Figure 216. Vertical Electric Field
' , (Poorly Conducting Soil)

"Freq. = 100. 0 MHz, Dist. 30 kin,
*W VED Height 4.50 m

2i.0 12.0 70.0 - .O -44.0 -22.0
PHASI 01FF (flEG) REL. AMPLITUDE (DO)

140
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" ,Figure 217. Radial Electric Field
",I! (Poorly Conducting Soil)

IFreq. a 0. 1 MHz, Dist. a 30 km,
VED Height =0.00 m

|' / I

%.0 ll.0 0 -. '0. 041.0 -42.0 - -1.0 0.
PHASE DIFF (BEG) REL. RMPLITUDE 1081

% 
3%8

* *~ Figure 218. Radial Electric Field
- (Poorly Conducting Soil)\" % 

Freq. • 0.1 MHz, Dist. 30 km.
VED Height 2247.60 m

U\

. ,1.0 0.o ,,,.o-U.0 -,.o -i0.6

PHASE 0IFF IOE O) REL. 
1
EPLITUOE (O5

141
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Figure 219. Radial Electric Field
I \ (Poorly Conducting Soil)

Freq. = 0. 1 MHz, Dist. = 30 kin,
,,,VED Height = 4495.20 m

• o so . 67. - ,,0 19.0 0.1PHASE 1IFF fOEGI REL. AMPLITUOE (08)

Figure 220. Radial Electric FieldU (Poorly Conducting Soil)
E-Freq. = 0. 1 MHz, Dist. =300 m,

0- VED Height 0. 00 m

•.. 1.0 700. 1 .0-," - -4.0 -,l .0 0.3
PPASE 01FF tOW) REL. ANPLITUDE fOO)
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w Figure 221. Radial Electric Field
- (Poorly Conducting Soil)
•Freq. = 0. 1 MHz, Dist. = 300 km,

VED Height 2247.60 m

Fu 2

VE Hegt4452

Io 4.0 6.0 2,,.0-o -40.0 -20.0 -o.
PHASE IIFF IDED) REL. AMPLITUOE 1001

3 3

.- 2 Figure 222. Radial Electric Field

~: (Poorly Conducting Soil)
, **. Freq. =0. 1 MHz, Dist. = 300 kmn,

~oE '
4  ~T6O~B , VED Height = 4495.20 m

°' . .

q-



SJ

3 %

S Figure 223. Radial Electric Field
_. (Poorly Conducting Soil)

- - Freq. = 1.0 MHz, Dist. 10 km,
VED Height = 0.0 m

t.0 2.o s'.o ,,.o -3.0 -42-0 -Ii. 0 .

PHASE OIFF (DEG) REL. AMPLITUDE (001

a

ta

3 a

C Figure 224. Radial Electric Field
(Poorly Conducting Soil)

2. Freq. = 1. 0 MHz, Dist. = 10 km.
VED Height = 224.76 m

..0 46.0 ,o 144.0-60.0 -0.0 -'0.0 0-1
PHASE O FF IOEO) REL. AMPLITUDE 10 )
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S Figure 225. Radial Electric Field
-a ~ (Poorly Conducting Soil)

S Freq. = 1. 0 MHz, Dist. =10 km,
1. V ED Height 449.52 m

11 -4. 2 a

2 2 Figure 226. Radial Electric Field
(Poorly Conducting Soil)

S Freq. = 1. 0 MHz. Dist. =100 km.
S VED Height =0. 00 m

b~ 2 4 0 0.0 -61.0 -42.0 -'21.0 0.1
PHASE 01FF (DEG) REL. AMlPLTrUDE (061
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i Figure 227. Radial Electric Field
:8 (Poorly Conducting Soil)
- Freq. = 1.0 MHz, Dist. = 100 km.

g1 VED Height =224.76 m

3 . 3

%$

.42 '0 04.0 125.0-60.0 -40.0 -2o.0 0.1
PHASE OFF (OEG) REL. AMPLITUDE (08)

3 3i

- Figure 228. Radial Electric Field
-(Poorly Conducting Soil)

Freq. = 1.0 MHz, Dist. = 100 km,
S VED Height 449.52 m

\a

6.0 T .O o0 . I .o-'o.0 -40.0 -20.0 o.1
PHASE OIFF (DEO) REL. AMPLITUDE (08)
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!! Figure 229. Radial Electric Field
~! ~ (Poorly Conducting Soil)
-\ - Freq. = 10. 0 MHz. Dist. 10 km.

*VED Height 0.00 m

a 29.0 .0 60 6. 6. -42.0 - .0 0.1PHASE DIFF (DEG) RE... AM PLITUDE (00)

2 Figure 230. Radial Electric Field
j,! (Poorly Conducting Soil)

I ~Freq. =10.0 MHz, Dist. =10 km.
i~VE D Height =22. 48 m

-0 4.0 Is -0 47.0~oo 4. -20. !PHASE 01FF (DEG) AEL. AMPLITUDE (08)

147



= i Figure 231. Radial Electric Field
i (Poorly Conducting Soil)
- Freq. = 10.0 MHz, Dist = 10 km,

s •VED Height =44.95m

11.o 5.0 1o 00 t6 .0-60.0 -40.0 -20.0 - D

PHASE D[FF IDEG) REL. AMPLITUDE (00)

-! Figure 232. Radial Electric Field
a (Poorly Conducting Soil)

Freq. = 10. 0 MHz, Dist. = 100 km,
8. VED Height = 0. 00 m

8L o " *0 .0 U8.0 67.0 -760.0 -0 -0 0.

PHIASE OIFF (0EGI REL. AMIPLITUDE (083
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i Figure 233. Radial Electric Field
(Poorly Conducting Soil)

_ Freq. = 10. 0 MHz, Dist, 100 krn,
1 € VED Height =22.48 m

mPHASE' }IFF (DE[G) REL. AMqPLITUDE (DB)

14

K Figure 234. Radial Electric Field

4 (Poorly Conducting Soil)
_ Freq. = 10. 0 MHz, Dist. = 100 km,

9 V VED Height= 44.95 m

l0a 46.0 66.0 14.0-81.0 -46.0 -24.-0 0.

PHASE OIFF (OEG) REL. AMPLITUDE (06)

149 |
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2 Figure 235. Radial Electric Field
(Poorly Conducting Soil)

j Freq. =100. 0 MHz, Dist. =3 km,
S VED Height 0. 00 m

0 30.0 00.0 20.0 -60.0 -40 -2.
PHASE 01FF (BEG) REL. AMPLITUD-E (SB0)

S Figure 236. Radial Electric Field
(Poorly Conducting Soil)

S Freq. = 100. 0 MHz, Dist. =3 km,
. VED Height2. 2 5m

'00 40.0 99.0 147.0-03.0 -42 .0 -21.0 0,11
PHASE 01FF [DEG) REL. AMPLITUDE 10B)
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-~Figure 237. Radial Electric Field
.~(Poorly Conducting Soil)

Freq. = 100. 0 MHz, Dist. 3 km,
- VED Height 4.50 m

66 "0 106.0 162.0-60.0 -40.0 -2000
PHASE 0OFF (DEC) REL. AMIPLITUDE (001

Figure 238. Radial Electric Field
-a ~- (Poorly Conducting Soil)

S Freq. = 100. 0 MHz, Dist. 30 km,
S VED Height =0.00 m

og o 5,1.0o -87. o -0 -m00 .
PHASE 01FF (DEG) RELV AMIPLITUDE (081
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i Figure 239. Radial Electric Field
2 ' (Poorly Conducting Soil)

S Freq. = 100. 0 MHz, Dist. 30 km,
. VED Height =2.25 m

l33 I-0
7 46.0 60 144.0-6.0 -64.0 -270 01

PHASE D[FF (DEG) REL. RiPLITUOE (08)

I

SFigure 240. Radial Electric Field
-a ! (Poorly Conducting Soil)

- Freq. = 100. 0 MHz. Dist. 30 km,
X. VED Height = 4.50 m

3 3

23.0 106.0 156.0-7?.0 -62.0 -26.0 0t
PHASE OIFF (OEGI REL. RIMPLirUOE (08]
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Appendix A

ELECTROMAGNETIC FIELD EQUATIONS

An elemental VED of moment Il in air above a plane, homogeneous earth rad-

iates transverse magnetic (TM) fields which can be represented in cylindrical

coordinates by the three components

-i2 o[ -ikD-n

E - ik 2 I1 70 [Co2 e ikD+r Cos 2 -) ik 2 R

-ik R1
+ (1- rM)F(w) cos 2  e (A)

-ikD 22

-ik 2 II r° 0
E 4 sln@Dcos Df -r sin kR cosR WR

e-ik 2 R ]

+ (1 - rM)F(w)AR cos -R e _T_ (A2)
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and
_k2 fik 2 D  -ik2 R

ik 2  i k2eH]

Pr = OSD M cs

+ (1 - rM)F(w) Cos R e (A3)

where E z is the vertical electric field, E is the radial electric field, and H is the7 p 4
azimuthal magnetic field. Each component is expressed as the sum of three terms,

corresponding to Norton's 3 direct, reflected, and surface wave representation.

Near field contributions and the exp (+iwt) time dependence have been omitted.

The geometry is given in Figure Al, where

d downrange distance along z 0 plane

h = VED height above z 0

z = field point above z 0

2 21/
D d2 + (h - Z)2 ] /

R d 2 + (h + z) 2 1/2

cos D= d/D

cos = d/R

sinVD = (h - z)/D

and

sin R = (h + z)/R.

The TM Fresnel reflection coefficient for parallel polarization,

rM (sin oR- R)/(sin 0R + AR)

where

[A I k 2\22 11/2

L2 (D
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is the normalized surface impedance. The propagation constant in the air

= Lc, (z > 0)

while in the earth

k (z < 0)

Also,

go 7 4r X 10 - 7 H/m = permeability of free space

= 8. 854 X 10 - 1 2 F/m = permittivity of free space
€o1/2

Y7 0 (A0/C impedance of free space

1 earth permeability

K 1 earth relative permittivity c /- °

a 1  earth conductivity

M2  air permeability

K2  air relative permittivity = c2/C0

w 29f, where f is the frequency (Hz), and

r 2. 997 ) 108 m/sec.

MEDIUM 2, z >0

( i'/.0 2 jo , E2 ) Ez

h -

MEDIUM I,z<O

Figure Al. Geometry for the Field Equations,
Showing the VED Source at Height h Above the
z = 0 Plane and the Three Field Components
Ez, E and 110 (Out of Paper) at Point 0 at
Heighe z and Downrange Distance d
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The attenuation function F(w), which accounts for the effect ot the lossy plane

earth on the surface wave terms, can be written as

F(w) 1 - i Vwew erfc (i V)(A 4)

where w, the so called 'numerical distance', is given by

W= 2oLIR (L R +sin oR) (A 5)

and erfc (i T) is the complement of the error function of argument iI,-U.

338



Appendix B

RANGE OF APPLICABILITY

Equations (Al), (A2), and (A3) may be derived from the approximate Hertz

potential

-ik 2 D -ik 2 R -ik 2 Ree

nz = e-"U--+ rM e --- ' -+ ( rM) e R

by multiplying lz by -ill /4?7r 0 o applying

Efl.f+k

k2 - 2-2

and then discarding terms in p-2 or smaller. Since the fields must satisfy the

wave equation

f2/A = k 2 A(31k 2  
(Bl)

the restrictions imposed by the Hertz potential approximation may be found by

inserting Eqs. (A1), (A2), and (A3) into Eq. (1) and studying the remainder terms.

It may be shown that these terms are negligible if
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- -- "- -°----- _, - - ---- ,.- - -.

sinqR << I (R 114 (32)"2

and

sin R + H 1 2 <1 (B3)

More detailed discussion of these approximations may be found in King. 7

Numerical values of the factors in Eqs. (B2) and (B3) for the five earth sur-

faces are given in Tables B1 to B5. These show that Eq. (B2) is satisfied for any

value of "R. On the other hand, since the phase of AR for a smooth, homogeneous

surface is confined within the range 0 degrees (for a nonconducting surface) to

+45 degrees (for a good conductor), Eq. (B3) can be satisfied only if both

«6 1 (134)

and

sin2 f <<  1 (135)

For all frequencies and surfaces considered, the tables show that Eq. (134) is

satisfied. Equation (B5) restricts .R to about 20 degrees or so, but in deriving

Eq. (A4) for F(w), the more stringent condition
7

(h + z)/d << 1 (B16)

is used, which further linits R to 6 degreesor less. Consequently, the criterion

adopted for this report is

(h + z)/d -. . 1I ( B 7)

It should be noted that Eq. (B7) is probably much more restrictive than necessary

since the surface wave terms rapidly become negligible compared to the (onmbina-

tion of direct and reflected terms as , H is increased. 13

The minimum distance for which Eqs. (A1), (A2), and (A3) are valid is of the

order of 10A, because the static and induction fields were neglected. Earth curva-

ture limits the maximum practical range. Norton 8 suggests the plane surface TM

equations are valid for distances d < 80 r-1/ 3 , where d is in kilometers and f is

the frequency in Megahertz. These restrictions on d combined with the criterion

of Eq. (B7) determine the trapezoidal areas shown in Figure 131.
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Table BI. Propagation Parameters for a 1 =4 S/m, 1 = 80 (Sea Water)

Ik 2 
k I ' 

.. 2 1 2

(Hz) Ik 2 1(m- I k I(m- R R 2

10 5  2. 10 x 0-3 1.78 1.18 x 10 - 3  . 10x 108

10 2.10 x10 5. 63 3.73 X 10 3  1. 93 e 10

107 2. 10 x 10-1 17.8 1. 18 x 10 - 2 6. 10 x 105

108 2. 10 56.3 3.73 x< 10 - 2  1.93 ,< 104i

1.

Table B2. Propagation Parameters for 01 0.001 S/rn, K 1 = 80 (Fresh Water)

-24 
2

f (H z) Ik 21(m - )  I k1 1(m -) 16RI kI A R 2 a 1 il

105 2. 10 x 10 - 3  2.95 x 10 - 2  7.12 X 10 - 2  2.77 x 103

106 2.10 x10-2 1.90x 10 -  1. 10x lo -  7.43 x 10 2

107 2. 10 x I0 - I1 1.88 1. 12 x 10-1 7. 16 x 10 2

10 8  2. 10 18.8 1. 12 x 10 -  7. 16 x 102

Table B3. Propagation Parameters for 01 2 x 10 - 5 S/M, K 1 = 5 (Ice)

f (H z) I k 2 ( -  1  Ik lI(m - ) Zl! 14Z 1 2 1 1 ,1 ] " 2 1

105 2.10x 10 - 3  5.21v10- 3  4.03 x10 - 1  15.3

106 2.10 10 - 2  4.70 x i0 - 2 4.47 x 10 "1 11.2

107 2.10 > 10 - 1 4.70 x 10 - 1 4.47 X 10-1 11.2

10 8  2.10 4.70 4.47 X 10 "1  11.2
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Table B4. Propagation Parameters for (y, 0. 01 S/rn, K 1  20
_______ (Well -Conducting Soil)_______________________

(H Z) I k21 ( in 
1  jk l ( in 

1  I a R I 1 ~ 2

10 5 2. 10 X10- 3  8. 90 x10-2 2.36 x10-2 7. 61(x10 4

106 2. 10 x102 2. 84 x101 7.41 x102 2. 4i x 0

10 7 2. 10 x 10- 1.09 1.93 )< 10- 1. 39 ,, 10 2

10 2.10 9.41 2.23 x 10- 9.02 -1 10 1

Table B5. Propagation Parameters for al1 0. 001 S/rn, K 10
(Poorly Conducting Soil)

(H z) Ik Ik km1) 1k (6 21R __l.

201 m - 3 1 - 2I T1 1 - 7 1 1

105 2.10 >(10 -3 2.81 Y10-2 7. 46 10- 2.41 10 3

106 2.10 /102 9. 53 Y10' 2. 20 101 9. 36 /101

10 7 2.10/y10-1 6. 70/x10-1 3. 13 10-1 3. 25 101

108 2. 10 6. 64 - 3. 16 /10-1 3.16 vI0l
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Figure 13i. Regions of Validity for the Flat Earth Equations: A) 0. 1 MHz,
B) 1.0 MHz, C) 10 MHz, and D) 100 MHz
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