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ABSTRACT

In this report we complete the presentation of the results of a study of the amplitudes
of the quasi-static electromagnetic fields produced in, on, and above the surface of a sea
of finite depth by vertically-directed harmonic electric and magnetic dipoles (VED’s and
VMD'’s, respectively) and horizontally-directed harmonic electric and magnetic dipoles
(HED’s and HMD's, respectively). In a previous report and publication we presented
numerical data for the fields produced on and above the surface of the sea by t'1e dipole
sources when submerged in the sea. We now present data for the fields produced in the
sea by the same dipole sources when they are either on or elevated above the sea surface.
The primary purpose of these computations is to determine the conditions under which
an electrically-conducting sea bed can produce significant changes in the fields generated
by the dipoles, as compared with the fields produced in, on, and above an infinitely deep
sea, for frequencies in the ULF, ELF, and VLF bands (frequencies less than 30 kHz). In
contrast to our earlier work, where we found substantial sea floor effects on the fields
produced by the submerged dipoles, and particularly strong effects on some of the field
components produced by a submerged VED, the present work shows that the fields
produced in the sea by elevated dipoles are comparatively little affected by the presence
of a sea floor. This result is in fact in agreement with our previously-derived criteria for
estimating when a sea floor effect is likely to occur: (1) the sea floor effects are most
marked in seas that are electrically shallow, (2) the largest changes in the fields occur
when the dipoles are located within one sea water skin depth of the sea floor, and (3)
there are essentially no sea floor effects when the dipoles are located more than three sea
water skin depths above the floor. These new data and results should prove useful in
studies of air-undersea communication at frequencies less than 30 kHz.
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In this report we use the abbreviation ULF (ultra-low frequencies) for
frequencies less than 5 Hz. Pc 1 geomagnetic pulsations are observed in the
upper part of this frequency range (0.2 - 5 Hz). ELF (extremely-low o
frequencies) is used to designate frequencies in the range 5 Hz to 3 kHz, and o
VLF (very-low frequencies) is used for frequencies in the range 3 to 30 kHz. OGS
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1. INTRODUCTION

This report extends carlier work in which we gave a broad description of the ultra-low
frequency (ULF; frequencies less than 5 Hz) and extremely-low frequency (ELF;
frequencies in the range 5 Hz to 3 kHz) electromagnetic fields produced on and above the
surface of a sea of finite depth by submerged harmonic electric and magnetic dipole
sources [Fraser-Smith and Bubenik, 1979, 1980]. As we reported at the time, the
purpose of this earlier work was to provide new, quantitative information about the
effects of a sea floor on the ULF/ELF electromagnetic fields propagating upwards from
submeiged sources. In addition to providing this information, our work showed that the
sea floor effects could be quite large under certain conditions, particularly at frequencies
in the ULF range and for a vertical electric dipole source. Among the many applications
of these earlier results, we pointed out two specific Navy applications: submarine
detection and undersea-to-air communication. The work we now report is particularly
relevant to the latter application; our results describe the electromagnetic field
amplitudes that can be produced in the sea, and the effects of a sea floor on these
amplitudes, for elevated (i.e., airborne) dipole sources, and thus the data are applicable
to an air-to-undersea communication link.

When combined with our earlier undersea-to-air results, these new air-to-undersea data
should provide much of the quantitative information required for studies of two-way air-
undersea communication links utilizing frequencies in the ULF, ELF, and VLF ranges.
Since radio waves with frequencies above the upper limit of the VLF range (30 kHz) do
not penetrate to any significant depth in sea water, the three frequency ranges
specifically covered by our analysis should include all of the radio frequencies that have
any practical application to communication with moderately or deeply submerged
submarines.

In addition to their communication and submarine detection applications, our earlier
data [Fraser-Smith and Bubenik, 1979, 1980] could well be utilized in geophysical
prospecting and in the derivation of effective sea floor corductivities. The new data
presented here are less likely to have application in these latter activities, because of the
much smaller relative magnitudes of the sea floor effects. However, there is a possible
application analogous to submarine detection, namely the detection by electromagnetic
means of the presence of overhead aircraft by submerged submarines.
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Table 1: Representative skin depths (for o, = 4.0 S/m)

y equency Skin depth Frequency Skin depth  Frequency Skin depth -J
g (Hz) (m) (Hz) {m) (Hz) (m) »

e
# -

10,000 2.52 100 25.2 1 251.6 o
8,000 2.8 80 28.1 0.8 281.3 :
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6,000 3.25 60 32.5 0.6 324.9 P
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4,000 3,98 40 39.8 0.4 397.9
2,000 5.63 20 56.3 0.2 562.7
1,000 7.96 1 79.6 0.1 795.8
800 8.90 89.0 0.08 889.7

600 10.3 102.7 0.06 1027.3

400 12.6 125.8 0.04 1258.2
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200 17.8 177.9 0.02 1779.4

100 25.2 1 261.6 0.01 2516.5
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This report also extends earlier work in which we considered the feasibility of air-to-
undersea communication at ULF using airborne loop antemnas [Fraser-Smith et al.,
1977]. The frequencies in this latter study were largely restricted to 1 Hz and sea floor
effects were only briefly considered; in addition, the sources of the ULF fields were
lim. »d to loop antennas, i.e., to magnetic dipole sources. In the present work all major
categories of dipole sources are covered by the analysis: vertically-directed electric and
magnetic dipoles (VED'’s and VMD's, respectively) and horizoatally-directed electric and
magnetic dipoles (HED's and HMD’s, respectively). Further, as has <lready been
mentioned, all frequencies in the ULF/ELF/VLF range are covered and information is
always provided about the possibility of sea floor effecis. Despite the limitations of its
field data, the earlier work is not superseded since its primary purpose was to use
representative ULF field data to assess the feasibility of air-to-undersea communication,
whereas the purpose of the present work is to present a wide range of ficld data for use
in such studies.

Our computed values of the ULF/ELF/VLF electromagnetic fields are presented in a
frequency-independent parametric form that has iwo features. First, all distances are
measured in units of the sea water skin depth s, which is given by

§ = (2/wpoa,)'/?, (L1)

where w = 2=z f is the angular frequency, #q is the permeability of [ree space (4r X 107
H/m), and o is the electrical conductivity of sea water measured in S/m. The second
feature is the use of a sea floor ennductivity o, that is measured in units of the sea water
conductivity 7. This approach enables the dipole field amplitudes to be presented in a
more general form than would otherwise be possible and it avoids the duplication that
would result from the use of specific frequencies. A minor disadvantage of the approach
is the need for a computation to be made to obtain the actual electric and magnetic field
amplitudes from the given field data, which are also in parametric form. However, these
computations are comparatively simple and can be made quickly on a hand calculator;
worked examples are included in a later section to make the conversicn process clear.
The same parametric approach was used in some of our earlier work [Fraser-Smith and
Bubenik, 1979, 1980], and further worked examples are given there. To assist further in
the computation, and in the interpretation of the data, representative skin depths for sea
water (we assume ¢, = 4.0 S/m) are listed in Table 1.

In our earlier computations for the undersea-to-air path, we used two different values




of the sea floor conductivity to show the effects produced by tae sea floor on the dipole
fields (specifically, we used o, = 0.10, and o, = 0.Clo,). If we had used the same
approach in this report, we would have had to include nearly 100 figures, which
appeared excessive. We therefore restricted our computations to one value of the sea
floor conductivity, namely o, = 0.1s,. While this restriction certainly limits the
quantity of our data, it is unlikely to seriously limit studies using the data because of the
reduced importance of sea floor effects for the air-to-undersea path. This is consistent
with our previous observation that sea floor effects are most pronounced when the dipole
sources are close to the sea floor [Fraser-Smith and Bubenik, 1979, 1980].

One other possible limitation of our data results from the restriction of the dipole
altitudes to the three values A = 0, 3.05, and 10.05. Because our work is primarily

g oriented toward air-to-undersea communication with moderately to deeply submerged
~ - receivers, the frequencies of most interest lie in the ULF and lower-ELF ranges, where
the skin depths vary from a few tens of meters up to many kilometers and the signals

can penetrate to considerable depths in the sea water before they become too attenuated
to be detected. For these skin depths the restriction of A to a maximum value of 105
does not seriously limit the range of applicability of our data. However, for frequencies
in the VLF range, a maximum value of 10.05 for h clearly restricts the altitude of the
dipcle sources to impractically low values for fixed-wing aircraft operation. Fortunately,
this is not a serious limitation, because at VLF the depth of any sea of practical
importance for air-to-undersea communication is likely to exceed 10 - 100 skin depths

and sea floor effects can be ignored (the sea water skin depth varies from a maximum of
about 4.6 m at 3 kHz down to 1.4 m at 30 kHz). The sea can then be assumed to be of
infinite depth and the VLF fields generated beneath its surface can be calculated with

little difficulty using comparatively simple expressions [e.g., Kraichman, 1976].

In the following section we list the field expressions for the four dipole types and

describe the method of calculation used to obtain the amplitudes of the fields (Section 2).
We next briefly describe the results of the computations, which are presented almost
entirely in graphical form in six Appendices and which comprise the major part of this
report (Section 3 and Appendices). Some of the significance of these results are discussed
in the following section (Section 4). A list of references (Section 5) and the six
appendices complete the report. In general, the format of the data and the notation are
very close to those used in our undersea-to-air work [ Fraser-Smith and Bubenik, 1979,

1980]. However, one una- oidable difference arises because of the interchange rce




and field point iocations. In our earlier work we use A to indicate the height of the field
point, or receiver, above the sea, and d is used for the depth of the dipole source in the
sea. In the present work h is used for the height of the dipole above the sea and d
indicates the depth of the field point, or receiver, in the sea. All the other symbols,
including D, the depth of the sea, have the same meaning as before.
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Figure 1: The geometry employed in computing the electromagnetic field
components produced at point P located at a depth d in a sea of finite depth
D (D2>d) by dipole sources located at an altitude h above the surface of the
sea. The electromnagnetic field components for two dipole sources are
illustrated in the figure. On the left are shown the E, F, and B¢ field

components produced by a VED source, and on the right are shown the B " N
B,B P and £, E E » components produced by a HMD source. ® . ﬂ
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3. FIELD C."LCULATIONS
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Figure 1 shows the geometry used in the field calculations; except for the interchange
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of the source and field points, it closely resembles the geometry used earlier for the
undersea-to-air link [Fraser-Smith and Bubenik, 1979, 1980]. A cylindrical coordinate
system (r,4,z) is used and the harmonic¢ dipoles, of moment m (magnetic dipole) or p
. (electric dipole) and angular {requency w (w == 2rf), are located at the point (0,0,W. The
se::a. surface is the plane z = 0, the sea floor is the plane 2z == -D, and the field
measurements are made at the point P (r,¢,-d), where D>d>0. The region z > 0 is air,
assumed to be free space, while the region z < -D is a homogeneous conducting half-
space of conductivity o / representing the sea bed. To simplify the notation in the field
expressions, the air, water, and sea bed regions have been labeled +1, 0, and -1,
respectively, and the surface and sea floor boundaries are correspondingly denoted by +1
and -1.

It may be noted that the HMD source in Figure 1 is directed along the z axis. This
particular geometry, which is also used for the HED, differs from that of Kraichman
[1076], who oriented his HED along the z-direction and his HMD along the y-direction.

The expressions for the electromagnetic fields produced by the VED, VMD, HED, and
HMD at the point P were derived by using a method adapted from Morrison et al.,
(1069], and Kong, (1975]. The same method was used in our earlier work to obtain the
field components produced above the sea by submerged dipole sources. The field
expressions for the four dipole types are:

1. Vertical Electrie Dinole

p ,‘00 i
| p [ . .
E= [ Fuaazax, (2.2) .
Mo [ . o
Bd’ = -‘;ﬂ /0 ]‘2‘\4 AdA. (2,3) "
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_lw/.tom - 9
Bo===h 7+kF2b>‘ d>‘
dbom 2
. B, o b +\ Fap N° d),
Hom <53
;! B. 2r Jo 7+>\F”">‘ dx.

3. Horizontal Electric Dipole

; pcos¢
Ep = — 2y [f Yo F3M>\d>~"“j£ ("/0F4M+(>“"70)F"E)l’>\]

2o,

__P.‘*_'_'l_‘é[/ (Yo =N Fig M\ + = / (YoFans + (N~ 'fo)Fzs)d\]

B =-22%% [T pynta,

% ’ 2mreg
: B,="°”2j:""’[f°°°7 % Renan [ (Fape = 2 +\F4E)dx]
B, = Hop00¢ [[m prd =2 [ (Fapg - _ AFM;)d\]
= ’—'%}M [ —i—rm AZdh,
4. Horizontal Magnetic Dipole
E = _3.‘?1%"};“_22 [ [ ;_.ﬁ Fap ) dx]
By = - lwﬂo;_"_r;ﬁ‘_)?fé [/ :f_,_{__kx EN AN == /:0 )\anx dx

. u)"poqm sing [
E, = LA A
z 27‘_0_0 0 FQM A dx)

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)
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2 __pomeos [ [ w0 2
{::::: By = - o [4/0 ot AFSEX dx — —/ F4EX dk] (2.18)
pom sin ¢
% Be = [ 5 aFe ‘“] (2.17)
_ pomeosg [ 1 3
B, = A — Rt (2.18)
ol
\ The following equations also apply
£ Fiy = Fiflg 004 Jy(r),
g Fant = Fifhg 0 1),
=
£  Fay = Fi a0 a(nr),
f Fong = Fifhy 08430 10,
g Fig = Fik e~(1044M) fo(nr),
Fap = Fifh "0 i),
Fig = F(ﬁ)[; e'(""‘”)"’)Jo()\r),
Fig = Fipp e= 04 W Ji(r), s
; SR
o
where E ;
\ Fifhy = (14 parrm) /(L= poirmaora),
Fith = (1 = poirm)/(L = p—iTrrpirm), ol
e :
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FEL = (L + p17E)/(L = p—r7Em1TE),

Fife = (1= p_128)/(1 = p_irEP1TE),
pirm = (Y1 = Yo)/(Y1 + Yo) e3¢,
p—irm = [(Y=y = Yo)/(Y=y + Yp)] e¥P0(4=D),
PITE = (21 = 20)/(Z, + Zo)] e~ ¢,
p=17E = ((Z=1 = Z0)/(Z-\ + Zy)) e*10(4=D),
Yo = (on + iwen)/m,
Zn = iwpo/n,
Th =N -k,

k2 = wipnen — fWpindn.

In the last of these equations the subscript n can take one of the three values 1, 0, or -1,
thus specifying the applicable region for the subscripted quantity. Thus ¢, ond o, for
example, are the permittivity and electrical conductivity in region n. Note that,
according to this notation convention, 0,=0,0p=0, and o) =0 The equations are
valid for all frequencies. However, in our computations we use the quasi-static
approximation (see p. 3-15 of Kraichman, [1878]), which is equivalent to neglecting
most displacement current terms. Thus, with the single exception of the ¢, occurring in
the expression for the electric field component Ez produced by the HMD, we set 6 =€
= ¢, = 0. This is 2 commonly used approximation that is applicable when the source-
receiver distance is much smaller than one free space wavelength. We discussed the
frequency range over which this approximation is valid in our 1980 report [Fraser-Smith
and Bubenik, 1980] and concluded that the field data only begin to become inaccurate
for frequencies above 30 kHz. The same arguments used in that earlier report are
applicable here and we conclude that our field data are valid throughout the
ULF/ELY/VLF frequency range.

The full field expressions given above were evaluated numerically using the same
computational techniques used in our previous work and, in particular, using the same
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techniques described by Bubenik, [1977]. Both the electric dipole moment p and the

a . magnetic dipole moment m are set equal to unity (p == 1 Am, and m = 1 Am?). For
: dipoles of arbitrary moment the field values given in the figures should be multiplied by
. the moment to obtain the corresponding field magnitudes. We use the milligamina as
) our unit for the magnetic field (1 my = 1 picotesla), and the electric field data are
i presented in units of microvolts/meter.
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: 3. RESULTS

The presentation of the results of our field computations follows closely the
presentation used in our earlier report on the fields generated in the air by submerged
dipoles |Fraser-Smith and Bubenik, 1980]. For the VED, these results consist of
amplitude data for the radial and vertical electric field components E, and E,, the

maximum electric field vector magnitude Epyyp,;, 80d the maximum magnetic field

vector magnitude Byr,, (which represents the azimuthal magnetic field component ’

' Bj). For the VMD, the results consist of amplitude data for the radial and vertical f*

magnetic field components B, and B,, the net electric field component Erorar (Which -

: represents the azimuthal electric field coniponent E¢), and the maximum magnetic field
_ '_‘.f:; magnitude Byr,p. Also presented are data for the three electric field components (E.,
”’ E¢, k), three magnetic field components (B, B¢, B,), the maximum magnetic field [

Eh magnitude Brypap, and the maximum electric field magnitude Eyqyp,; produced by -

the elevated HED and HMD along the two principal azimuthal angles ¢ = 0° and 90°, ',l;‘-::

Although it is not the primary purpose of the choice, restriction of the azimuthal angles

to ¢ = 0° and 90° simplifies the presentation of field data for the two horizontal dipoles [:

since not all of the possible field components are produced at each azimuthal angle, "

Specifically, only one of the horizontal electric components (£, and E¢) or one of the
horizontal magnetic components (B, and B¢) are produced by each of the dipoles when ¢

other of these angles. We use the notation Eynpizanrar OF ByorizonTay, for the non-
zero horizontal field components. Whether these latter components are radial or
azimnuthal can be determined quickly by noting the azimuthal angle and by referring tc
Equations 2.1 - 2,18, Alternatively, the form of the horizontal components can be
determined by reference to the following list of non-zero electric and magnetic field

= 0° or 90° and the vertical field components (E’a and B,) also vanish at one or the L-,'

quantities produced by each dipole type.

1. VED: P

o The basic field quantities are E,, E,, B, i
e Other field quantities are Epyr,;, EHORIZONTAL = E,, Brgra, =
. ByorizontaL = By L
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g 2. VMD:
! o The basic field quantities are £, B, B, :
= ¢ Other field quantities are Eqpqgrar = EyorpmonTar = E p
ByorizontaL = By BroTav:
' 3. HED, ¢ = 0°:

o The basic field quantities are E, E, Bd"

e Other field quantities are Eqgqay, Eyorizontar = Ep BroraL =
ByorizonraL = By
4. HED, ¢ = 90°:
¢ The basic field quantities are E¢, B, B,

o Other field quantities are Emqmar = EyorizoNTAL = E,, BroraL
ByorizontaL = By
5. HMD, ¢ = 0°:
¢ The basic field quantities are E¢, B, B,
¢ Other field quantities are Eqqpyy = B ORIZONTAL = E,, BroraL
ByorizontaL = By
8. HMD, ¢ = 90°:

¢ The basic field quantities are Er, E;' "

a Other field quantities are Exqprar: EHoRIZONTAL = E, Brorap =
ByorizontaL = By

Notice that there are only three basic electric and magnetic field cornponents for each
dipole category.

The presentation of field data is very similar to these used for the results of our
submerged dipole computations (Fraser-Smith, 1979, 1980]. For each dipole type we
first present a series of curves that give the actual fields prcduced by the elevated dipole
in a sea of infinite depth, i.e., without any effects due to the presence of a sea floor.
Next, we present additional curves that give the ratios of the fields produced by the

dipole in a sea of finite depth D to the fields produced under otherwise identical

.
O S TP S T T SOr S S S - -
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conditions in the sea of infinite depth. These latter curves provide an immediate
. quantitative indication of the presence or absence of sea floor effects, since the absence of
:_::Z a sea floor effect is indicated by a ratio of 1.0. The curves for the infinitely deep sea are
preseated for three dipole (i.e., transmitter) altitudes (h/6 = 0 (sea surface), 3.0, and
R 10.0) and for four receiver depths (d/5 = 0.3, 1.0, 3.0, and 10.0). These data are
‘ supplemented by the sea floor effect curves, which are drawn for four sea depths (D/5 =
i : 0.3, 1.0, 3.0, and 10.0). Only one sea bed clectrical conductivity is considered; the value
1 chosen, ¢ ;= 0.1 o, is intended to be typical of the values encountered in the first 1 km
r depth of the sea bed. The reader is referred to the work of Young and Coz, {1981], for
the results of some recent measurements of sea bed conductivity that support our choice.
Note that the subscript has been dropped from o, when this conductivity appears in the
ordinate labels of some of the infinitely-deep-sea figures.

The field data are presented in the foliowing figures:
1. VED; Figures 2 through 9 (Appendix 1).
2. VMD; Figures 10 through 17 (Appendix 2). ~‘
3. HED, ¢ = 0°; Figures 18 through 25 (Appendix 3). ' E‘E
4. HED, ¢ = 00° Figures 26 through 33 (Appendix 4). 3:-,'5355"3

5. HMD, ¢ = 0°; Figures 34 through 41 (Appendix 5).

6. HMD, # == 90°; Figures 42 through 49 (Appendix 8).

The same basic arrangement of figures is used for each dipole category. One small
difference occurs in the case of the HMD (¢ = 00°), where fewer sea-floor-effect curves

are shown. This difference is caused by the comparatively small amplitude of the E_ v
component. Since Eyopnonrar, = FEporan o & close approximation, the i_-. 1
El-l('.)RIZONTAL curves have heen omitted. By

To illustrate the use of these data, suppose the source of fields is an HED (¢ = 90°) R
transmitting at 1 Hz and we wish to know B, at a distance r/é§ = 100 and depth d/5 = L
0.3 for a dipole altitude h/s = 10. Our B, curves for the HED (¢ = 90°) give B, Xt= ‘
3.8 X 10 my.m* (Figure 27). At 1 Hz, 5 = 251.6 m and B, = 3.0 X 10" my for & unit
moment dipole and infinitely deep sea. Turning next to Figure 33, we find that the sea
floor effect (for ;= 0.4 S/m) varies from negligible (multiplication factor == 1) for a s=a -
depth of 1.0 or more sea water skin depths, t.e., for depths greater than about 250 m, .:

. 0 " \“I'I - L . . . . -
oo e e e \,'.'s‘ RN "‘;.‘.'.‘_ S e e e e e e e e e e C e e e T e e e e AT
“®a . L PRI At e Y Lt e e e ) oy L e e P | PR LI ‘. (PR | s,
. AR IR Y8 ) ¥ T I L I N I P A I e T L T AL SR RPN ‘. LSRRI R
o e e e R ...\.‘.‘.,..._..',h-‘._."_...,.‘.‘.‘.‘....,,....‘.‘._.,.“.,.~..~‘.'_._.‘.__.~ ot
B L Pl e Pl - v, TP TP S P T W T T YRS T B W Wik e, WIVD DT DR I WA T SR Lot aiss AP A AT AR SPY, Ty

RO




16 o

and doubles the amplitude of the field (multiplicatior actor = 2) for a depth D/s = 0.3, SRS
at which time our HED source, which is located at a depth of 0.3 sea water skin depths,
would be sitting on the sea floor. .
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In our studies of the ULF/ELF electromagnetic fields generated above a sea of finite
depth by submerged harmonic dipoles [Fraser-Smith and Bubenik, 1979, 1980] we drew
l attention to the differing power-law declines with distance of the field components

s

LA
oA
L AC N

B AR
-
ra

produced by the various dipole sources at large distances. The purpose of this -._-;f.i
compatisop was to identify the dipole types and field components with the greatest
potential for undersea-to-air communication. We finally concluded that the E, field

produced by an HED (¢ = 0°) was likely to be the most attractive electric field

component, 3everal different factors led to this conclusion, among which the inverse
square decline of the amplitude of the field component with distance (at large distances)

e

X

was perhaps the most influential. We now examine the large-distance variations of the
vatious field components considered in the present study, together with the effects of a
sea floor on these components, with the goal, once again, of determining whick dipole
types and field components are likely to have the greatest potential for communication
over long distances.

T
PP, A S

At horizontal distances greater than 105 the curves for the ULF/ELF fields produced in
an infinitely deep sea by our elevated dipole sources begin to decrease linearly with
distance (see Figures 2, 3 [VEDJ; 10, 11 [VMD]; 18, 19 [HED, ¢ = 0°); 26, 27 [LIED, ¢ =
90°); 34, 35 [HMD, ¢ = 0°]; 42, 43 [HMD, ¢ = 00°]). Because of the use that is made of
logarithmic scales, the linear decline implies a power law decrease of the fields with

S B

S
eatalelnla

B

PRSI 4
a T
Py

;'-i‘;f distance: the ficlds decrease with distance as r"", where the power n depends both on

ij?'.' the dipole type and on the electric or magnetic field component under consideration. As

3

% indicated above, power law decreases of this kind are also observed in the fields
. produced in the air by submerged dipoles. Further, they are in agreement with the

R A

L power law variations in approximate expressions for the fields that apply at large source-
. receiver distances |Kraichman, 1078; also see Bannister, 1984, for a new series of

formulas that apply at measurement distances greater than 105 from the source].

The values of n for the various field components produced in an infinitely deep sea by
our various categories of elevated dipoles are listed in Table 2. It can be seen that n X
' ranges {rom 5, implying a very rapid decline of the field quantity with distance, down to -;‘.tf?
3 2, implying a comparatively slow variation of the field quantity with distance. The A
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R

Table 2: Values of the power n occurring in the long distance variations
r™ observed in the fields produced in the sea by elevated dipole sources. An
asterisk indicates that no field component is produced.

; HED,  HED,  HMD,  HMD,

: VMD  VED $=0°  $=00° $=0°  $=90°

BroTaL 4 2 3 3 3 3

' BrotaL 4 2 3 3 3 3

? B, . 2 3 . " 3 _

B, 5 " * 4 4 .

i E, * 2 3 * * 3

{'1' Es 4 . * 3 3 . :
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distance variations corresponding to these powers of n are all in agreement with the
variations predicted by the approximate expressions for the fields tabulated by
Kraichman [1976] for large source-receiver distances.

Our primary interest is in long-distance air-to-undersea communication, for which field
quantities having a 2 distance variation are likely to be most suitable. However, we
recognize that there may be situations where a short communication range could be an
important requirement. Such a situation might arise, for example, during a naval
engagement, where good communication would be important on a local basis but where
it would also be particularly desirable that the enemy fleet (presumably more distant)
should be denied access to the communication signals. For such limited-range
communication the YMD appears to be the most suitable transmitter, since none the
fields it produces have an n less than 4 (Table 2), whereas ail vhe other dipole sources
produce fields in the sea with a smaller n.

Examining the field quantities with n = 2 in greater detail, we observe that they are
E_ (or, equivalently, EyonemonTtar) 20d B¢ (or, equivalently, Byrqgr,y) for the VED,

and E, for the HMD (g == 90°). These three field components would appear to have
equivalent potential for long distance communication, but we can conditionally dismiss
the E component produced by the HMD source because its amplitude is comparatively
small (over the distance range considered in our computations it is smaller than the E 5
component produced by the same source, even though the amplitude of the latter
component declines more rapidly with distance). This leaves the VED as the preferred
source for long-distance aic-to-undersea communication.

The conditionality of our dismissal of the HMD source for long-distance communication
follows from the difficulty of comparing the fields produced by elcetric and magnetic
dipole sources. We assume unit moment dipole sources wher. comparing the magnitudes
of the field quantities. However, there are maty practical differences between the
sources, which influznce the magnitude of the dipole moment that can be achieved, and
technological advances can also alter the situation. At present there is a possivility that
a very powerful HMD source might be developed (i.e., a rotating superconducting loop).
If such a development were to occur, our conclusion that the VED is the preferred source
for long-distance communication would need to be reexamined.

In our earlier work [Fraser-Smith and Bubeaik, 1979, 1980] we found that the fields
produced cbove the sea by a VED were subject to exceptionally large sea floor effects:
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under certain conditions the E_ field component can be increased by nearly six orders of
magnitude. Such large effects are not observed in our results for the elevated VED. Our
computations indicate that field enhancements by a factor of two are about the best that
can be expected at larger distances (Eypgpap, 804 Eyopizontar) 80d reductions of field
araplitudes to about half their original amplitude can also take place (Byqyr,y, and E,).
The sea floor effects are therefore not particularly marked and do not influence our
conclusion regarding the advantages of s VED as a transmitter.

Taken as a whole, our computations show that the fields produced by ail the dipole
sources are little affected by the presence of a sea floor except for the E, component

produced by the HED (¢ == 0°). In this latter case very substantial enhancements can
oceur for horizontal distances in the range 5 < r/§ < 100, provided the dipole is located
on the sea surface. However, once the dipole is elevated above the sea surface the
enhancements rapidly decline to the same order as those for the other dipele categories.
It does not appear that sea floor effects are likely to be a substantial factor in air-to-

undersea communication.

It is interesting to observe that the criteria we develuped in our submerged dipole
studies [Fraser-Smith and Bubenik, 1979, 1980] for estimating when sea-floor effects are
most likely to occur are also valid for the ULF/ELF/VLF fields generated in the sea by :
elevated dipoles: (1) the sea-floor effects are most marked in seas that are electrically )
shallow, (2) the largest chonges in the fields occur when the dipoles are located within
onesea water skin depth of the sea floor, and (3) there are essentially no sea-floor effects
when the dipoles are located more than threesea water skin depths above the floor. m
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. APPENDIX 1

. Field Data For The
VERTICAL ELECTRIC DIPOLE

N [PREVIOUS PAGE
N 18 BLANK

u‘ +
LY "
N

NS




24

v ., v
. .
Ve
.
L]
’ »
.
' ~N
T T T TF TPt T TR T e ey ey s
'
-3
' F o Q
= =
A‘ T J!
od -

e

E
X
3
E
E
]
E
3
i
E
3
i
2
106, , HORLIONTAL DISTANCE /&

L]
) "
[T

i,»\bhq

finitely deep sea by a ver-

dipole (VED) located on and above the surface of

m

[RRINS " W

S e M b b PN TR TR PYRET U ) NPT R TR WY TS N T

T L

mn an

(550 % w/at) (00 x (= « H1g30 vas) V043 0yg

Fr e 1 %

tance of the ampiitudes of the total magne®

ields produced

‘ LA LR LAae Al Ll AR A LR LSS LA L Lie ~ 17, ' »
Ny L —
. b ; J w
.
. o L
. . - ' sy
. 3 o Y L
L [ 4
! [ | g2
- - .
“ L la 2 'y Ega g
] ] g 2 )¢} ’
. ) Wl - .
- b E = o SN
[P EUWI TE TTI e PR T a .‘: %) g ":.".I
c: Al . d 3 et N ..‘.
"'. LAARE AR ing UARS ian ng ans WTTRrrpretprryrer o E [ S |." -
| ] 2 ey
“ R [ ]
"7 - g w— T .
h g ) o .
. d‘ WD e
v ] 173 o8
5 F 5 e b
¥ > -;
" 4 o —_ .
. F [ - Y,
H o 1 ~N :5”' a
v e\ " g v Sm
. o S I ']
:\' adabathya bl FPTVN PPUN TPUPE YOITE VO YU TP (PP TP PR TTW U A T4 TTR G TTUS FTNE TP VIR YOS TP W T %m : 5
) ~—
:l-‘ © - ~ ~ o ‘Y 7 \T - - - ~ - fr T * .L:
%:: (4% M) [y x (o = 11430 vas) WA%q10%001 .
.

. h.‘-i . .-l -h-.‘i‘.. h~. . " . '.- - o ..- .-.A "- -
S RN . . N
et e e et et e e e e R AL
LT N N R L %, W et T e M
LA R PR U ST MRS AP I, I I I



25

e I
LK)
I.‘
. I,u‘.(
o
s
b %) SRS ALD L L e A LA LML AL L S TG !
b ¢ e Y
I g — ) O
T 89w
,\;:‘. L o - W > U
o ] @ ®
- [ = Y=
'-.' 3 m L
e | E. =]
e 1 jo & 2 : :
" U L
L v e ] L0
:\‘l: RN T E TR T PR THE TPRU TS U WUW T Pu e e SR TS U N AN (17T WY TR TTUU PR TN Ta |T - “ %g
- QU
“,‘-' TP VT P TRT T T LA AR LR L MLAAMLAMLAAL MMM yerprT o E O'U%
~-"" o a. 1 w h
K. r ] | } ae _8 < 'g
‘ I 11 1.4 ERL
M ] b ] - g
' L =
P 1 ] B
W b 2 Ccyg
i ]1 i CR
0 ; [ ¥ e
.}
N £
[ [ e £ S : b4
':.'H . " [T TR TN TR TR TV T FENTWETING TP A P AW RR OE TTOu TEe R, “_A'_l"'
—~ - -, - ~ e [ - . = w - ~ [N o ’ L :gg
E" 101 Q Q>
S {5 4 » w/An) {09 x (@ w HidiQ V38)72)7T001 g % >
- $ov
e N b -
o - O 8.
h'.- SARSLALRE LARE LUME LA AR LAY AU (AR AARS LA LAMME AR AL ARME LABAR ALEME LARUS AI LA AL Lb i o prYYTT) N o N
.':." . b e 1 2 LD
- - 1t° Bwou
be J L J o [~4 g c:
y i SR
ot I 1 - _.J&}
< =
i 11 1o 2 223
‘. E Q
M [ i g = N
Ve P © 4 o g
- i 9 -
oy H ®x OO0
P VTOR WU WW TR TR VR TRUR YRIT VVIE VOUE VP VI P FVPIEFOUS THUR TS VPR WA PR WA il bun] T =EE
P
P RAMME AR AN S LS iy ol AR tas an s ins La MRS LRn s Las gt o) L TR, N .g " .g
b'..l u - b e .‘; g =
I < ™
¥ - § Ted
. o
- ) I 3 J L ] - 5 0
[ =29
-'.‘. L [ g L
" Vgt .
3 . LI, -]
A o [+ 1]
] 1F 1e T Mn
: r U r—r—
L b W= QO
© g S m s
I e 0 2
[TV YIS WU TPUS TP TN FETPRETIWE TATU R W T ' YT TP WL T AP W - Kond
(50« w/an) {0y x (= w W30 vas) WANOZLNOH; 0Ly,
- ®
e, s
-"\t \‘l.-.‘
£ang) [
l’:a I'-'L'-l
B )
" RN
" "
n-.‘ v
l..'l
o ‘.i
. ¥l . .

o N ) ~l.. ‘l "‘hl "
NAINN




T e¥e
« e v m-3-"

RARIEIE  TRUREM s

" peonRpoJlUl

st (@ yadap * Sc (°g = 3 A3LAL3INpUCD) 4003 B3S BuildNpuod A}|P214303]9 UPR UDBUM B35

deap A(a3iuljut ue jO 920}JNS Y] UO P3ILIO] (3IA © 49} 7 3Jnbij uL pajussaad ejep
piati 2143223 pue J13oubew 3y3 uiL padnpoud sabueys oy Burjeaysnijl ssaan)y "¢ 3uanbiy

974 TM1S18 Winozreon Piagy 9/3 TwyIs10 WinczTee Olagy

4 L 9 - 2 ] [ ] I 2 1 [ | il 4 t 14 |
R Bl L v ¥ e NI T Ty v v L T A*N'
3 L ¢ 3
s 4 b 4 } 1
[ 3t q+ < ¢ #T
] ot

! 001 it vt 1 2 - 1
[=]
- - - h lull- . u
E - 1 A
L 4 ‘ 4 2 L 4 3 4
- - [ q41 n'nl - B - 41
L i} 1 8 ]
E = 4 - -
3 [ co ] #c ] = [ oo J i ooe ]
o Laa s s taaa o 1 PP PP | 23 W ? La. lea s 2 L, fos s a g b F
o
- T T L4 ) ] P~ = T T Ty v—Tr—y uvn.l!lull-llal!""ll‘l«'lA_ =
- 00 - oy g T
11 o5 | = J } ro=TAe A_
b 4 =) 4 - -
1l ) = [ i1+ 4
. 1 - 4+ =z ﬁ . - ju )
o .
s I} } 3 ﬁ £0 = 56
4 - 4 - 5 - 4 -
1 t = “ooL .n.n/ 4 LA 9 ]
[ - ‘0oL "0°E it . 3 = [ 1t 01 1s

> - °
" ~—"01 L~ 5 -omee )| -on v’

dddecd
Ty
[T
[

o ines
R WU Y
-y
Lebcbmech

-

s
! 1} ] i
|
ﬁ

<4
ot 1 {eo-s LEl L o ] R o
_— 2 1500« 3 1L SO PP L PP ] PR P PR B APEPEEPUE TP PPN P

STTERL LT O L L AR T T R S R e L KR et A YA,

[(= » w1d30 ¥35) Y404/ (0 « nLasn vas) ¥401q]00gge

N

s
s
A l.u ‘.'-‘.

e
- .l.‘h
A,
I
1.

.
I-.
ial

LR

e
)

LW

\

vt
»
AN gt oy

.
e e
~

0
AN

~

-
.

v
.
' Wt
st

-
)

PRI
RN L
e

s
PR SN W Y

[
“ Sa
»
“u" .
LW &

o

N -l N ‘-» '.' -7. "-1 .
Vot
R R N
UL IR R I
A A A )

e,
L i )
e

» *
" .
Codlet

A
et



A aatalinuinsedroey e ol arat P S
P A, ¢ M

PR S N B

*paosnpcajur si1
(G yadop “So "p = 40 £31A130npucd) 400y IS Burlonpuod A({IL41I3[3 UP UBYM IS
daap A|331uULjul Ul JO IILJUNS 3Y] UD Pajedo] (3A © 4o} ¢ 3unbr4 ut pajuassud ezep
quauodwod piat} 21412213 2y3 ul paonpoad sabueyd ayy bupjeagsni|L saainy g aanbyy

271 Tw1s1a Wanozreim Plao s/ Ta1S10 Ninozeon Voot
z t 9 ez t o L z 1 ° oz v 0 =
v LA —rT Y ™ T z r ——Tv . 3 T T =
[ J [ , ]
L {1} . : j
4 iFf . Lo ﬁ :
t ool : ° ﬁ ;
| ‘\/\/\\’ 5
; 1F ] - 1 2
< L 3 P . S - =3
— 2.
o =
| - i | - “got W
= oot =
! 11 = ! g
It 4 = s >
a 1t .7 3 =
x f f g ] :
-4 = -
: z 2
- iV ] =] | 9 =
L om ] |} ve = | o1 1 7
aaa A - Baa a & _Jeas 3 P 1 1 P r4 - P a1 A s 1 o
o —
—r— ZW v T ———rr— —~ Y e r——] m.d_
£ f 171 oo=sm ) 5
=3 1 ] L 10 = “ofe 1 2
" - i ] >
= i~
= 4 ] ﬁ Ir =
@
= >
3 L 1t 9 =
= il
= - ‘0Dl ‘0°E 3
11
-‘eot ot 1 / : .
r Q ]
=

=001 ‘DL

£'9 = 2/0 1

€0 =3/P o

L o1 | Ea=3p o3h o1 ] ]
FLI[-LF[L Caa 1 o lza 2 2 2 2 s dca x5 3sa s -2 aa 1 Rae s 2 laszos ..N

v
-r

W e ——p—Y
PVt

L S S S o 2 aen ang

o e Te Te e %

PR




28

*paonpoajul st (g yidap «Sg {"g = ¥o A31AL3ONPUOd) 40O}

eas Bulonpued £1]eo14323[3 ue udym {p ¢ = 9/y) eas daap A|33LuLjul ue jo 3Jeidns

ayy aAoqe syjdap ulysS J93PM BIS 934yl PI1E30] GJA B A0} 2 aanb14 ul pajuasaad ejep
plal} 31417319 pue d1jaubew 3yl uy paodnpoud sabueyd ayj burjesisnjjl saAsn) g s4nbiy

/3 Ta1s1a ‘Winozreos Olsol 9/ TavasTa wimozreon Olsar
z t ° -2 1 ° . z ' 0 [ v 0 =

| R
TrT-r
|

|

0oL e

T T
'

T
L
T
"

L 10 = Sopo

bl

TTTY
Lddeod

-39l “0°E ‘0°1 = ¥/Q 3
e i j I
P 3 1t 1.

- "0"u1 "0°E - - ‘g0l "0°E ‘o7t - %/0

~

{(= « Hidda vas) PL04y/(q « Hiazn yas) W0y 0tp0e
~

[(= « uid3a v3s) WE0g/(a « Hudan vas) WAlig)0tagn

Ty
{

.

-]

d

[}

-

.

Q

d

™
\
ABLIEn A

t'e

T

v
TV T
m~

| 0t [ co -2 o3 [ 01 4 L eo-om [T
T




IR
o¢
"A.

“p v,
l.~ “,‘ o~
S
‘I ‘.-
Ly

-padnpodiur st (@ yidep “So {°g = 3o £31A110npuUCI) 40O}
pas bupjonpuod A1|eo123o09(9 UR UdYM (0 f = 9/4) vas dasp A{31LULjuULl UP JO I2BIARS
3yl aacqe syjdsp ulyS JIIPM PIS IJ4Y] PIILI0| (Q3A © J0j ¢ unbL4 up pIJUISIAG eIEp
juauodwod pial} 51437319 3yl uL paodnpoad sabueyd sy Surjeaisniyr seaany -7 asrbig

-\:“

.
.

v
1‘

\'&'.‘.‘U.-n»'l
RNY

"
\¢
o

Ty W
u'-t"'
o

9/1 TMe1s10 Wimzreon Va0 o/1 Tuyisie wamozreon ®logy -..u-u-u
e
2 1 0 -2 t c + 2 1 ° -z t F - .......u
r T T — T~ = ¥ - ¥ -~ T ~—r—TrT T z au.hNJ
s i1 ] | it ] L
A it 1 ! 11 ]
u ] 4 5
3 ] ﬁ -4 b - m - n.“ -
s o |} [T | i1 ,
b - -5 . p - -
j a ] [ - 11 -gor 5
- 4 4 4 =
] i) <, i h
ﬁ -] f - ‘a°ot B X 5 -~ .~ =
5 o-ot [ o -]
3 % s 4 = L {1t p ~
: 1t 1 % 3 1t ] 5
- it 0 T 2 1t i, Z
[ m )
o L 1} : 2 - it 1 b
] i1 § 2 ! it ] g
| o0l | o€ ] = | oot ! o ] 3 ’
PPN TP FOUPIIE. i AR PRI PO, 1 . PPEPEIPIEE PP PP ﬁ.. P P Y PP I ] - o]
& 2 p "
Vv T T T 14 ly ¥ —yr T T F H./a. »!
] foe-n 1 = L 1 Foe-m 1
L I L vo="orfo 9 > L 1 10 = "o p E
3 4 W 4 m | p p =]
4 it 1 = - it 3 =
ﬁ : 4 "
| i | §
ot | e R it R
”lll./\w ; \\||| - ~woee | b -covicorcor-vm 3
[ [ _ 1, [ 1t b 3, -
. a
! ¥ n\ﬂ -"eol ~ 4 . N I S =
- it . - ot 1} X
g 1t -cop 6ExE ] - it ]
- 41 F qt - 4 F 11
y
[ 11 ﬁ 11 4
[ 01 * £o=p m ol 1 {co-om L
2 Jeca 4 taaa 2 7 aa r 2 Paa 2 _Baa s 3 r4 2 1 PR | 3 PEPE TS | PEEDS IPU SIS F4
s
gy
Ry
cOE
. By
RN
e
e
i
A
» . . B . . . .‘.....
R ORI - L e RIS - O . T I T
Aty . : ’ R T L P




30

b

-

plo14 JL41092 pue di1j3ubew 3yy ui padnpoad sabueyd ayl burleaisnijt saAIN)

“paanpoaguL st (g yadep “Sc (g = 3o £1tA1320puod) Ja00(4
©as Gul1onpuod A|1e2La3239 ue uaym (001 = 9/y) eas dasp A[ajluLjul uR 30 IdBJJNS
33 dAoqe syldap ulys Jdjem eas ud] pajedo} g3IA ® Jo3 Z auanbi4 up pajussaud eyep

/1 zis1a wimozvaon ®too

z 1 ° 2 t 0 t-
=TT ¥ A ¥ L -
E
b 1
r 1}t i+
1
- - \\ - g9y \\
0

0oL o't

- 1 F 31
oot 9E
'] 1 . — 1 2
— T e T L
go1 =¥

1'e = oo

- 4 41~

- 0oL ‘vt \| .

= "0"0L *¢'E ‘0L = ¥/0

Ill\

ot

ot ]

e e ) IR AR N AR R N

[tm 2 HLd30 vas) V403,00 w Higso vas) VA0L3)0lggy

2 ey e o 3
NP N PR

»

v/ 39001510 Wimozaon Oso

-g 94nbr4

z 1 0 - 2 1 0 -
T ¥ T b
i 17 ©
oot 9°€
[
- - ‘070t
[ 3t 3,
oot 4 [ ¢ 4
. 1 3 h I P uN
v T L T T Nl
1 ] r0°0L = ®/w
1 4 1o - mb\un
. I 1
ot 1 f
S €0 - %/a
.
L 0t 0
- ‘0701 ‘0°¢ -'0°0L "0t
! it Ju
ot €0 =97 ="}
1 N Lax o o Pes o 2 Becx o )

. ‘v » S i eSS
3l . ..'n PRI AP PORPEF oF i

Clm « 11d30 ¥35) ¥40q/(a « wLag0 vas) V0Lg)0ipgy

‘.

.
atiad

o
O]
-
SO
Aala d o

.
-
alad

-
S
o

»
A s

.
A0

-~ v [
’ .
T
CaX e Cada vty oS

o
e
-
Yataats

s




Y Lt -

a0
Ve !
RSP g W
g3 XY Iﬂ'\.”. g
<. nth!n \-&-alu '

“paonpoalut st (g yidsp “S¢ 1°g = 30 A11A110NMpu0d) .Joo0)}
eas Buijonpuoz A1eoL435919 ue uayM (p-Ql = 97/y) e3s dasp AjajLuljul ue JO JdIeJuns
3yl odAoge syidap uijys JajeMm IS Ul pajedo] (IA © 404 ¢ anbid ut pajuasaud eiep
Juauodwod pjaL) 21437313 3y} ui padnpoud sabueys ay3z burjeaisnp(t saAungy -g aunbry

vr2 Tm1sia wiwozron Vlagt o/2 Tvic1e wisozrraos Olao
2 t o 2 1 ) + 2 1 ) 2 1 o =
~— o — T - T T -— - — z-
ﬁ ] A
H it 1 s 1 ik
oo ot
!
ﬁ _ —_— \.. \n.o.a_ ] m
T U °E
- - g0t 1 =
= 00t ot 2
- -4 ~
— Q
2. 1 =
[ 1t k) P L 1t 3y =
— w Lid
™ - = 1 =
(=] 2
E. -
ool o€ = oot v 2
A ) 3 i 1 a fh!- . ) I3 2 La N - s 3 A 'y Las P — N -
e po4
Y —prr T — r = = T NI ¥ -t T [ =
o 01 = s/ Z
[ 0701 = o/ 1 = e_.z-mx g
| t-0 - *ofo oy ro = "ore 1 g
i [ g } 3
1 i 2 1 it v %
x n
; . 1 ) “
£0 = ¥/0 = } m
o et e ‘90K "0°E “0°1 = 948 3
P —— oo “0'e | =00t ee ot 13
\J

- ‘g0t ‘0°E

[ €0
3 y 4
4 it e i It I
oL €0 ~ 85 [ 0t 1 €0 =% QA
Laa 2 2 Sa.a_a P— A A2 | 3 [ Py a N ~i 1 e PR A L2 3 i x N

l'l.l

e

Sy

.A-cnl

=

o

.'lll

e

L

e

f
* Yoy 7
..

ok

. ANDIRORTS. L. R AP PN RO POAODSOEE A e T P T A N L  BY T T e A S e v ......
B 3 AR S PRI B Pty RSO - WA PPNt s e <4 M...........‘..... 7



33

APPENDIX 2

1
P )
e e e e S

L

Field Data For The -

VERTICAL MAGNETIC DIPOLE

. L - h\
- " L . .
LR .
SIS By S L I




34

“eas ayl
J© 9JB4ANS Y} JA0Qe pue uo pajedo| {GWA) @lodip dijaubew dpucuwuey paldasip L||ed o

-1343A ® Aq pas deap A1a3ilutjul ue ui pasnpoad spiars (WL0L3) o1a70312 pue (VL013)
s132ubem [e7031 3yl o sapnii(due 3y} JO IDULISLP ]PIUOZLJOY YILM uorierdep g 34nbiy

91
$/4 IMYISI0 WINOZTNON = 901
9/1 301510 “Wiwozreon Disor
2 1 [} | a4 1 o -
4 ] 0 - 2 i 0 -
T T T T 39 4 T 1 F T T 3 %
E I 3 [ 3 1k — m
3 3 3 it 1,
w \ 08t F - 3 m
1 0E—] 3 O iz
L 3 3
1 " F 3 ]
3 E 3 E u.o
9 E 3 Ps 3 3
1 3 _ 3 3 = K4 o
E 3 |0.M E 3 3 l..m :
3 3 - 3 3 iy = [
: a ] > L
1 E 3 3 .|N. 3 4 % 3 m .....u-
P 9 »
E 3 E 39 w 3 E m 49 1\.w. -...nnM
> - - - 3 el Y
F oot 1§ ot E = L 070t E o't E N oa%
] F p
a P P AP P APIPEEMEE PPUPEEPIEE VPSP 8 m 3 1 . 1e 2 s dxs s s a9 9 W --u-““
Pyt
T T T T 9- “ T T = ~—r—TT r—V— m@l N -Ln.--k
E 3 -~ F m E. . LA -\uhh
[ - 3 " x r \I
3 o 3 ERR 3 ir = Sy
1 = i 3 =
— = o
B i~ =2
3 ] =
- 3 3
a 4 y
g 3 0
- 3
1
3
[
3
3




“eas a3yl
40 22B4uNS 3Y] SA0QE pue uo pajeddj [gwA) 3]udlp d13subew dluowiey pIIBLLp L((ed
-1343A © Ag ®3s dogp A(aliviLjul uve 41 padnpoad Zg pue WINCII¥OHZ sjusuoduwod piais
J139ubew o3 ay3 3o sspniL|due 9yl JO JJUPISLP [RIUCZLAOL YILM UOiBLJIRA ~ ([ aLnbrg

~ Y7 | - 0l
/2 33151 WaNozzEem 3 TVLSIO TWINC: TH0H 907

z H 0

—TT Ty

~
-
e
T

sz ian ans o
Y

.
.

A
. e

A

35

%y

LGAE ARS LB A LEE ahe . ins 4k e
(YR TR TG O U

L“l‘

]

a

-~
FYPERN

L
r

v T T — —rr v 19—

YT
N

© v HLd30 vag) TNCTINM, D0

(g ) Lo « (=« hgaa vas)"e10l0n

(g = M) [y

T T,

I AT AT ¥

0°0!

ARG ALAE LS ne LAkl i

o
q
(
Seadallai

wr
LA RS L RE L ias s

v

"

I

o[
FEVSY N

T
=]
d
-
Lt

L
|

L]
€0 =P
PUPEEPRE TP RPE | Y

.

P T T -
g Y
TR R PR MIXY AP PR



Pkl

PR

" paINpoLIUL

st (g yadsp <So |"g = #0 £11A132npuod) J400ij Pas Bulonpuod A(|@ILJIID|I UR UIYM BIS
dosp A1s1LuUijut Ue JO IDTZANT Y3 UC PAITIO] GHA © J40; g 2anbL4 ul pajuasaud ejep

PloLd di2153|3 pue oijaubew ayy ur paosnpeid ssbueyd ayl bupjeaisnifi ss2an) -Z| 24anbyry

o/4 IWWISI0 WIRGZIEOR “la 73 3593s7e amortnon Olsot
z L ° - 2 ' 0 - z 1 0 - oz 1 ) r
rer—— 1 ’ . = v —— r T =
A - -
3 it 3 S N 4 1
! A - 11 = w0 \ SN " [ \
(1] v ———3 0
— ] < - -
V||Il\ﬂ ool Il\/ g [ m < 0°ct 1 /.\ [ S g
V m £
f . F . “ ¥
s 1t 1 3 3 ] g
- itk 3 = 2 it i 2
© = A =
A p ) g ! Z
I = | ] 2
ol 11 o0 3 [ oo1 11 o< 3
ﬁ L 1 L I ] 3z M-.. ¢ 1 L FIPEPUNIPIEIN FIF VTS S PU RPN Ry .
h=d
- —r—r— ——re——r——z S _vi< . . r——r—— = 2
03=3/m g AR E
10 = “ofdo M E 1 1 to="uh ] N
w 3 L 4 g
-~ E B 3+ o 5 17 ir =4
5 3
3 i 17 2
A N N m
A g Ty AL BN T 1 o~ ] .
—— 7 lﬂ\\ Y X-rm
"t \ ot 1
ot \ “ . .
- J Feo-wa 4 - 3 1
r . L 1 3
ot L cos9n oa a1 wx g =op A ]
AP PP PPN .W.[l?l.FF-l;'F-L'.IN _— Tioa s = e




37

P )
r S
.l»..P..L

TpI3NpCAuL Sl

{9 yadsp *Sp 1°g = o £A31A133npucd) iooid 2as Bui1onpuo2 A}1B21430919 U2 UIYM 23S

daap A(331uLjul UR 0O IIVIJNS IY] UO PIJLID] QWA B 40§ |i 94n5I4 U1 pajuasada eep
jusuodwod pjaty S133uben ayy uL paonpoud sebueys ayz Buijeagseyir ssaany o sunbig

/4 TavisTe “wimorreon Mgy s/a TWvesT0 owereon ooy e
z 1 o | k4 1 ] [ 2 i 0 - 2 1 ¢ t .\
~—r——T v r = T v 4 —r rr = . 2
R
3 4 4 ﬁ 1 3} 4 .4.
| | | &
A ]
4 3 - L 4 .n /
4 3 ﬁ. i+ E 4 P Pt
] —\ oDt ! —\ - 5 o
1 >y ™ . i I ?ﬁlm&ﬂ |0mw -. \~
= (ﬂ e Y
" S o
- H S e
g ] 2 { ¢ { i 8 e
[ ] 4 ] s [ @ 1 = <
. p ﬁ 4 L > - 4 | 4i = T
'.\ull \1|0I “I ‘]
3 4 - X ] = v
== -yl
| ] = ] L l = e
L o0t 3 ¢ = | o01 - 1 [ e =2 e
e f32a 3 Caaa Baes o las. z w AP TIPS PPUIPE. B SR YOI NP . © I
o L
—rrr—r—prr—r Ty = = —r T e — rer r = = oo
el . x W
| [ 30=2m = 1 — e.o M“uu 3 m s
- {1 F to- Sopn 4 > 8 i 3 to- W ‘.ﬂ. |
L . i1t u 2 ; +« } . b o
11t 4 3 4 & S
4 1 F v W [ 3 F go=38 3= & A
- !ll
- » F ]
* Iw\ > 4 / m -A~ ch
3 s b ] o
s = ot - .-d- # g ooy [/ 1t J\ / ] m.q. )
: Vol - el S - .
1 ° ~ 4 N cnens om ¥ 0 2 2]
01 £ - (R Y IR Xy =
! | \ : 3 : 1 A
- .l DD
ot 1 21 E 3 4 L s
4 3 F 4 4 4 “r s
2 1t 1. w R i A
] €0 - o/ :
- it 1 By
4 L 4 E ﬁ .n.--4
ot } €0 = o/p Wia - .

aa s s da Py




-pasnpoajut si (@ yidap <Sp 1’0 = 3 A31A:20nDu02) 4001}
eas Gurionpuod A[[eJ14339]3 ue uaym {¢°¢ = ¥/4y) eas dasp A1@1letjul ue 10 3dB}u4ns
ay3 aAoge syjdsp ulys JI1PM BIS 33y PIaJedo| QWA © 104 01 auanbiL4 ui pajuassad ejep
pigLd 21412812 pue di1jsubew 3yl ul paonpoad ssbueys ayj burjeaysniji ssA4n) "yl 2unbig

274 Nis18 Winezmeon Ol 9/1 swwisT wiwazreos Olocy
z 1 3 | S 4 1 1] I 3 . c - 2 1 4 -
™ T - ~——§r T P T 1T —prT T P

beekcodoeands

| |
- -

0
e — =
TR R . £ ot 1 =00 e ]
901 ¥t > g
| = It ]
- =3 - b <
p = - - -
- & 3 % 1. W) 3 F 3
w b
3 S 4 > - b -
32 4
= | i
o6t ] 6t = L 0°01 it [ 3 B
s Tie s s o o ] e s o Bazr o Ss:: o 37 N Ly . 1a: . ! = i Adaa o z
=
r— T + T ¥ = m T T ﬁ . T z
=
3 0E =~ 1 = - 1 T .
] o = “ops m...., : } 1 1e-ers ]
- 1 ¢t 3
- 4 F 4 = : 1 F I+
= 1 1 4
x
" - - 0Dy AL
| " 1 F — 4 } 5
3 - ‘0oL ‘0°F - ‘G0 OE =9 = J\/ 1 m—— 1
[ F3 ;. 4 [ Y °

- ——
——— = X
1 9 | ri o
- ‘G0t “0°E = 9O

4 1

*
4
T
b
-
oy
| TR YIS PRI
Y

[lw » #2d30 v3s) 400y (g o wigan vas) TVL0Lg10Lgpy

Rt
.
M)
R
LRSI

s
(SRR
L)
.\

. - Ll .

L YL I T T Y
O
P AT T T Tl Y
-‘J“hh-"“-'l."

)

L e

v o
b




."1..41-

| S gy
S ¥, e, enxc Tee
- ¥ a~ErI~® 2 e
rronyee

B T U R A LN

*padnpoajul st {Q yadsp “So |-g = 40 A21A130npu0d) JoG|4

ees bui)onpuod A|ed143d9|2 ue Udym (Q-¢ = 9/y) vas dasp A|ajLuULjul ue 40 3Jeydns
3yl 2A0qe sydsp ulyS J33PM BIS 334yl PIa1EI0} (WA © J40) |} dJnbLy ul pajuasssd eep

JuRuodwod piaty dijoubew yj ui paonpouad sebueyd ayy buprjeasnpil SeAdm) -G du4nbiy

o/2 Tawisia ‘wimozruon ey

2 t ]
F2 t o e z 1 0 o2 1 ) +
L] T M J T & ¥ T T ™ B &
s |
s # 3
| ] - |
- 1 F 4 [ 1k ] -~
- - -
! - ] -0t | g 570t o -
[ ] S
L] ] S
oot ot 1 ]
L g 2
L 3 41 - [ 1 F 41 =
a | ] = =
') z 1 &
= ﬁ =
o0 ] ot :m. oot - -] oe m
Y P TPY PR PO PR a1 s+ Baa e s Hag s 3 2 - PRI PN PO xcex a_taa a 2.l 3 o 2 -
= f=d
T T —rTrr 1 1 ra = —r T r—r—rrr T T = =
L - L 0t -3m Z
o€ - w.._ = o2 Sop g
| {1 | (0="cpo > p 170= offo B
| =] L =
[ =
L # - 1 = - # - # - W\l
LA o
i | =<poL “oE = ¥/0 1 = ot - o 3
- *g"0L ‘D€ | i ~—— ] =
1 - rd “o Ola T 1° :
—— o1 : LA
o1 0 | - ‘oot 0 | - 3701 “0F = §/8 bE
4 1F 1 L . 14
L 1 L
| | s 5
L 01 Eo=9/

. ....n.
2 ' fe e e Ts s O
-t . -




40

s . 3 )

-padonpoazut St (g yidep So °p = 30 A11A119npu03)

J400j3 22S BULIORPUGS £{{®21410319 ue usym (D Q| = 9/4) eas dasp A[ajrurjul ue jo 3Idey

-ans ay) aaoge syidap uijS Ja19°M pas u3l pa3e2o} (WA © J0y gl a4nbij up pajulsaad eyep
ubew sy ul padnpodd sabueyn syl Suijeslsniil S9AAn) "9 aJunbi4

.
[~

[y

i
P11} DLJ43I3{d pue 3113

/1 Tw1sie Wisozreon Olagy o/ 291529 Wamozreow Ologa
2 t . - 2 1 » = z L 0 -2 1 0 -
T T ¥ T e T T L T =
3 it i 1 it i

. - ﬂ =00 | ™~ ] ~N. - ‘ool Ao

0 5 = - : z
[ 0oL ee 1 = 01 ot Z
2, 2,
A ™ - 4 =)
- —
4 = 4 -3
L 3 > s 4 3
1 it i, # 1 it v E
= w
| ] ! 2
k=) =
! g2 !
oo ot ] 3 oo L ot 3
1 2 2 PP H 1z = PP PO PP | . x 2a 32 -
=2 - =4
—r—— —— T r = = ™ T T T = <
Bd -~ =
3 L j 3
1 foor=9m S 001 = o/n =
- Sordo W.) Sopo p .
1{'° ] ] re- ] z
4 4 b 4 »
4 it Ir = L it 1 =
-] 3
— i —
| | = 3
L »
- g0 "0°E ~-o0L OE ] s :

g 1 e - 3
o1 €0~ /8 ot £e -
] 4 1
J 3 ]
[ ] u 31 - p L 3
o1 ] £0 =9 an ot ] £e = op an |
FPUPPEEE PUUPEE I PP U 42 3 3 Bes a2 Vas e 3 2 1 1 " 22 PRI ISP S | z
...u..-. oL ....“..‘.” RRNG. & I ..n el & e, P o e PRI TAERRS



41

g SO

e 5 e

SRR TEVEAI

T oeogormeaway »u .
. - . [ L N ok oA
Ll L al b ettt T

-paonpoajur st (g yidep “So 1°g = 4o £31A170npund) Jooiy
eas Buijonpuod K}[ed1410319 ue uUaym (p Q[ = 9/4) ©as daap A[3jLluljul ue jo 3adrejans
Y2 aAcge syidap uLys Jajex BIS UI] Pajel0] (WA € J40j {{ d4nbij ul pojudsaud ejep
Jusuodwod piaty dljaubem ayj uyl paonpoad sebueyd ayy buirjedisnyil ssaan) -~y unbiy

B

el

o

273 D13 wimszrvow oo 23 Taw1s18 mowozreo Saoy o

e,
2 1 ° [ 23] 1 . v 2z 1 0 2 1 [ + T
T T e z — T T T z .-“Mv.\

1 : EY

] ] ] o

i ] 1 faduls

. .* [ 11 L 1¢ 4+ 2
] e

.y
ST

% oot ar .o
- - 0oL — {1 5 o uM
2 1o 3 o tp
] - =001 = |
i 001 e — 1 2 224
= . B Y
2, 1 1 W. St

r . 1 = - iF i = [
| [ g £ 355
> p -un-u
m o ., .ﬂ

oot L ox = oot o z v
s, oo a2 Veas o 3 MPEPEPU P ] F4 - PP | 1 2 sz 3 2 z - n-\.!h
) pod P ']
—— T T — T T T = e —T T T T - > l-nlksl,.
ot = A |

r fo N [} . s
[ xR, = 0D = v/w m A

i1 ves"oh > ro = “or'o g 2
2 [ ] o
F = [ = -l
B 1 - e = - i1t 4 ™ Pl
= -] o
] : ] bt . I

= RN
s oL | . = e

-3l ¢E - e NE o — £0=8/8 EJ St
[ ] p 2071 ° . e
i ~ 0oL *0E - 01 *0°E = )
v w v e ] . LA

i o= o

oG

; 1t Ca
E 1t # 1 4 it it e
- -.I.INIL-

ﬁ . i' ‘I.

i o2l

"t 0 =P an 01 L €0 = o | P

L | Pt Y 1s 1 2 A3 a2 13 1 — ~ 208 a 1a 2. 1 1 ) IS — ~ WQIl.lu

Y

x

, .vb»nl

S

e v ® e~
R A




., 43

. APPENDIX 3

Field Data For The

HORIZONTAL ELECTRIC DIPOLE, ¢ = 0°

e
“ ,'-’:5"‘1
* (e
A 1y
O Vi)
. \ ' .;\'u
e , .i'.nﬂ
-

\
V

Aol -
\.". L"—_n'
L Wt
L3 -
Ll PREVIDUS PAGE “
e I8 BLANK ot
o [
.n.‘l ’-"Al
.7 P
D-'.| "- L]
- W

4

.“"‘I.u.O
o ,‘.:‘.\ RN

“ A\

Y ‘I
. l“\v“ W
OO Y

e



44

ror

PR

.
'.: ~ = 4=
4, MR AR B LALLEE LA AL i MLUALE GRS AAR LAmE el Lons LANE LD S LA BN LU MRS A Y - O
‘ © D e
[ oo U WV
~ =-8 (3
4 4 o (1]
d L d - g - 't
EL P
3 1 5 a
¢ 110 R
' 4
.’ 4k {1e T £
; " 335
L v
' ° s £a
2
& RS UTTAIT WIS WEEER VIR RN FETRE W YRS T R e - g -8
W Y 3 o
" AR LARE AN Lna | LuARR AR . N =) -~
° V-
o " -] % 3 fﬂ
: J- & ool
. I 1 ] E [ -
- s Q@
[
[~ 1]
> - 5 - G
“l " ke L -2 = 8 Q
. = : geog
. - ﬂ i =r— 5
X -
[, N YOV YPUS YWUR YRR YOS WPIPS YOI VIR TV TR RS EuY Y PRETER TR I T W TR TR, ) You o= -
w ™ - . ~ @ o + $ » - ) ~ ° o 1 9 o 'S % E
0 )
\ (8 % W/An) [99 x (s « W1430 v25) 40110 byoy 230 2
A gyt
§ SESS
» " Q. 1=}
N .- ™
Pt R R
X F"r""v'  amaLas s e g L] o =
L 2 BITS
. ‘ Ip
I e Y= o =
l Q 5
" Y N~ O =
; ' T &0 >
v -2 o Vg
. s e.g o
- ‘ . Suwew
N - Qe
N Kl E L]
. B a 2 0 - “
a -
YO Y INYWw T i : L.E ﬁ
. QO =
5 pree ey re— i Toge
X k 2 [ : i S pos dd G
! U O
3 [ 3 : Ky D2
o 2] 4 F g- Rl
X + [ oD
- ‘ o Dy e
: j 1F wBg Y
il
A o
v, SmoLs
. PR TTEY (PUS YU W [PTIT TYITE YOUE YOI P FPU PPN YO N St it et .?v N
Q - - L4 ~ o “l‘ T 'f L] - [V
& (00 ) [,9 x (= « Hig30 v38) MAOLg)0lygy

Pairiet]




R G ot oo P I
T it BRI

. - = ¢ -~ Pl

L N i PR > T - B - a R R A . ) .n,uulnn,.-.,-n T. . .n.- LA
ERRIAY PRI BRI F IR Pa e Ml SR LY AT IE Dol R AL S I A : 3 E . . o e, PRI RO DA DL DS

*o0 40 ($) iEyjnapze ue Joi uaaLh aue spiaLs syl -eas 9yl 0
3JejaNs 241 240G pue uo pIeiol (AIH) apodip J14303{2 Siuowaey paisaJip L|jejuoz
-1a0y B Aq eas dadp A|ajluljut ue ul paonpoad 73 pue TVINOZI¥OHy sjuguodwos platl

31477312 0M] 24l 40 S9pniiidwe Sy3 10 2JURYSLP [RIU0Z:A0Y y11A uvoijerdep ‘gl d4ahid

Z [} z i 2 [ Sl 4 1 5 [ 4
T T T T .-
2 / . 3 0-¢"am 3
3 E i+
E 3 E F
3 3 3 i,
3 E E
- 3 1 i
” 4
3 i 3 1 =
] 1 1 —or—]2 =
5 w : F
1 > 9 9 2
F - u.' - - = 9 ¥ =
p g L o
E 3 E > 3 3 3 =
n ] a b 3 =
< 3 ] p = 3 3 p5
p o ] =
3 m F oot E 0t 3 “
- x g ™
't ) - 2 1 " g g
3 =
T - ~ T T p T T ] -
3 = 1 FI 3 LA
e 1t x
i = 3 i o
i = 3 i X
3 a E =
1T - 5
3 a s
n"d x
1y ~ / 3
E 3 ~
EF) 3
F 1
EPS 1
3 3
3 [
E DY 1
o= ?m 3 3 o1
1 2 ig AP -._
)
e
-I.-l.
.- n'
-t
-n ll
o
...-
- £
-.-Ii
'-.
-\.ﬂ
T
e
«
..‘w
» -
» > - a S a3

2

L YR T T g s e e Ty A ST ALY L
. R . - eta’a PPN P AN A L I P ) W




e A
* (RN S I ]

RN M ey

. * . - . .

\
-

*o0 40 {2) 3ajbue jeyrnwize
ue qe paonpouad spiary ayl o3 Kidde sabueyd eyl 530§ -pIdnposlui St (@ yidsp
*Sp {°p = #0 A11A139NDUOD) J00i} ®as HulldNpuad A|[B3141I3 |3 UE UBUM 293 dasp ALy
-1lUl uUe J0 3JPJANS DY} UO PIILIO] (3IH Ue 4o} g| 34nbiy ul pajuasasd e3vp praiy
J14379 |9 pue d13aubew 3y3 ur paonpoad sabueyd 2yl buLjeagsny(L SaA4m) Q7 JJnbidg
Lo
o nh
ey
l.- .-~ 4
i
22 Tow1510 Wimezraon Olagy o7+ TMNSTa Teomozrads Olagn ........”
-2 t 0 2 1 o - ] L ] -2 1 3 v RN
rer T T v T T o T T — T T J|.—~l .-M...n‘\.
11 ] B 1 o
L 3 L L S
it A s i1 M A
2 1t k. 3 it . T
! ] 1 o1 | ~ o€ * u..”..
A~ N 7 AL B —\ ] \ \\IJ._ o
ll\q ~— N\ —] S \V2l - | N~ - S ot
1 ot 1} o = 1 1 . : g .... ;
! ] 1 g [ 1% u g
E it ¢ # 2 it v B e
O ™ w AL
~r 1t E = . 4 r 1 = g
] ] -] ] ] e
L o0t i ot i = L o°0t w L3 ] 3 ey
AP P PEE FPUPEEPUE I P P - R " 1 Teas te-ax o 32 - o
ey — e — & W T e - yrv —rer—— W ..-.n-.
I =5 g 1 o0 =8/ 1 g Ky
s L 17 = "o/ = I 1 15=5%4 | #_ s
1 1t - ; 1 ], ¢ w
r ir ir = - i}t iv = ek
] 1t N - ] i 2 e
. -0 ‘0 . Pt
1 <001 “0- it - 3ol ‘0f 3 h L] "y
L =001 0K | X [ 2 +
i N L > 1t > / do s A Am = -
- ot iF 1 - ] 1
3 “ S 4 - £°0 = ma( 4 . .n. .
[ 3 - £0 = /0 3 1 L I ‘-..-'\‘..
b 4 b - b E . P ..~.-iu
L 0 ] W to - P p-%cm | L 01 1§ co-om 0=¢ me | .
Pas & 2 das. s o 2422 o 7 N A 1 b F) (asn 2as fia s o 7 . 2 1 L iz L

r o . i - L Cil e N RS L - T P - S . P N



47

juauodmod piat) d1J123[3 3y ur pasnpoad sabueyd syj bupjeaysajyr saadn)

~

2/2 I¥N1SIC WINOIINON 907
= 2

T

|

A AR

o
4
o
4
4

\

~

w

~

7 - 11 # - po1
L il ]
3 3BV} 3
- - F -
s {4t .
5 1% 3
[ ; ! ;
oo 11 ]
[ b I ¢ oE ]
3 1t 3
s ] 1
o0l it o¢ A
A Sax = e = __a s a 132 o r ia e » Py
L T r—ryY * T Y
e u
| - o0l A | -soL
s it ]
e 11
9 it L 8 7 I
i 11 o= "0 ]
L i1t ]
! 2! it e =ve
E iE E
- 4 £EQ =/
l ot 1 ¢ o =9 ‘N
3 tee s .. . 3k S fese o 3eaa o ]

Lo ..un...\;q KX o ..
. R R BRI R N A
. . . . - -

S RS IS PP A IR et e talals

In

Ciw v HLa2a v353%9/{0 » HLa%a v2s)3)0000y

o0 40 ($) ajbue

{eyjnuize ue je pasnposd spiaij ayy o3 A{dde sabueyos ay3l jeyz 330§ “padnpoajul St (¢
yadap “So -g = 40 A31A139npuod) ao0ops vas Buionpuod A[1eIL4]I3|3 ue uAYM eas dalp
A311utjul ue JO 3JviJNS JY} U0 PaIeI0| (G3IH ue 20j g d4nbiy uL pojudssad ejep

"1 a4nbLy

z L s -2 1 ) -
s L
! !
: it E
- - a0t
\h —~ A 1o
S
V—_
o ]
E it i,
L 4 4
| oot 11 o¢
f 1 L 7 [, 1 1 N
d T L A v T v T
[ 1 [ oo-om 1
s 1 1 i9-5p
3 il ]
] it
- -gogoe 1§ | 001 “GE 1
: A LI 1N t 4,
{ (_ - e.?\ ~M\.
- L) 4 F 4
[ I F to=«vn 1
L 11 ]
ol M | to-om 0-%mm
' 1 1 — (o2 &« - Jax 2 las s F4

W
WO
e

.

W wg

[(= o Hid30 vas) WINDZEIOH, 1 | g1 g3 yag) TYANOZINOH 01y,
..'. l-.- -
s
‘0

St
o o

™

n '.."_. i~

AFOR
RN

R A R

-

Ve et

.f“

L

N

o
Wt

POy W

ate L
PN A R Y

PN

. U
L0, et et a,

.
e .

ol

'IPl

]
LR

"l
o

B
LK)

-

N,

&y »
AU L A
u o ‘(\. - N,

o

f

. N
N N'.‘_J"u'.._'n‘?

L]
L)




‘o0 40 (¢) atbue peyjnmize ue je paonpoad spja1s 3yl o3 KAjdde sabueys ayr 1ey1
ajoy ‘padnpoajul st (g yadep *So |'p = #0 £31ALIONPUOD) J0O[} ©aS bu13onpuod
A11e21a10912 ue wayM (0°¢ = 9/4) eas dagp A1a}iuLjul ue JO 3DRJUNS 3Y] 2A0qQR -
syjdap uiys Jojem £as 334y} Paledof (3 ue aoj g| 34abid ul pajuasaud eiep plaly
3141733 pue d13aubew ayy ui padnpoud sabueyd syz bupjedgsnifi sda4n) °g¢ aanfLy

o/ Tew1sTo Wimzieon Yo - 71 ONIS10 wimoziees Voot
z t [ -z [ s - 2 1 0 [ 1 ° -
—T S 1 T T3 T = T Y T T =
1 {
[ 3 3 3 [ 3 a 1%
1 4 1
oot e
- - 001 N I ~— 1
2 R
- -
B - -o0t | =2
001 .23 = 3
R | F
=3 =
= ] ]
- . 1 = s 4t o Z
0 @ n
~r 3 = =
] 2 g
0oL st ! =3 oo oE 3
" PR AP [l FIPEPEEPEES PIF PR PO z » 2 i At P ' X 2 .
= =
T T T T z I.W\ T T = T = LIW\
i 1 oF - M 1 = oE = o/ S
18 = “ofo ] = -p = “cAo =
= - 10 = =
1 ] Z
E > =
[ 1 F 1 o o 1 f Je -
=2 =
- -
! | ] 3 5
= =
! ] ] - 01 i -
-“0°01 ‘0°E | -*001 D€ = ¥/ ] L —— N — ||.\./|\\\|nal. Z :
[ 1 19 5 .
— o L] R
i | e g — =*0°01 “0°E ~'g-eL "0F ‘071 = ¢ .
I o1 e ] oA
o oat
[ ] ] ol
9 8 9 4 P =]
o it I d it 1 <A
9 E S R
- Ll
h
L 071 y
s , , 1

R IURALE SRR & IR FoRr el SV




49

ERERE S W B R . . X o

....y.. . . . . . ......
LT Ll S . ‘ , m .p-. -.... .
PEENENE VRS AL P R ) U ¢ [ R PR S AP . LAY TR R RSP R - ca b

4

4 .

‘o0 30 (¢) 9bue peyynwize ue je pasnpoud spiaty 9yl o3 Ajdde

sabuey> ayl eyl 210y -padnpoajul si (@ yadep SO "0 = 30 A31A170mpL0od) H00O|} ©3S

Huyjonpuod A1e214373 |9 ue uaym (0°¢ = 9/4) e9s dasp A93trurjul ue jo adejans 3y3

aAoqe syjdap uLys JII1BM BIS I24Yy] pale30| (IH ue J0j 6! 34nb1{ uL pajuassad ejep
juaucdwod piaL} 21431293 ay3 ui padnpoad sabueyd aypy Burjeagsnpil svaan) "¢z s4nbig

St
W, N

.

"
“y
"y

.

a

v/2 Iavisie wimzreon O'oon . 72 ANISI0 Winoz o Olag -y
» - LA
z L ° 2 1 ¢ T : 1 ° LA : ° = rk
T T T T F-a T T T T = -.\
.
s it 1 L it e
oot o€
! 3 l\/\'ll { . -
W 4 o [ - - = Q,— 1, lw
[ =]
- =g oL -
— i o-ot ot 5
=
1 ] =2 =
t | = g
~ =
it 1 il - 1t 1c =
= =
= ] . =
1t 2 - g
oot 11 ot 3 Joo 0E 2
ss s » Nza s s Racz 1 M h P2 - s, 1 L ' 1 2 .
=r =2
——r—— T . . = < T T T = I
-~ e =
ﬁ [ o€ =om z . oe - M\V g
ﬁ o - Soptn | > | | 10 ="oF0 | 5
b s E =
Y s ] 3 Z
. 1 I £ - 1 F i 2
o1 . - ] o
A L | o] = 2
X Z
.||\/\\|| , - o0 e [ =cg0L0E - W0 ES
3 [N 3 [ »” .
o P P g Q '
- g0l “0'f ] - 501 ‘0E =8 | ———— ] =
118 E0
[ 1 |
. L 1t 1 ﬁ. i r B
L ot L co-w 0= ¢ am |~y ﬁm.o»te 0=9CH
ﬁ 1 : | PR PO . ¥isa o z I IPPEN P | 1e 2




59

‘o0 40 (9) afbue jeyjnuize ue je peonpoad spiairj ayy o3 Ajdde sabueyd ayy eyl
ajeN -paonposjul st (a yidep €S0 ;"0 = 30 A31ALIONPUOD) JCO'Y BIS DLIIINPUOD
£11e21430213 ue vaym (-0l = 9/4) ©as deap A|ajluljul ue 30 IIRJUNS YT dAoqe
sy31dap ul}s J23°M P35 U] PIIeI0| dJH U J0j g[ 241013 ul pIruasaad esep paL;

31439919 pue dLjaubew ay3 ut paonpouad ssBueyd syz Eurjesysn|i s9Aany 32 aanbLy
/4 vIsio wisorson ¥'so; v22 TvIsT) wamozimon Olagn
2 L 0 - 2 v ] = ? ] 0 - 2 1 0 t-
v ™ Fnantni o o F T g Y ™ -
- it 4= - it 1+
! oo o't
- - 0701 ]
0 0
5 - - ool
N N 2 ]
0ot ot MJ ]
g ]
[ I & # 1 W\J [ 3 b E
g
] r
6oL e | 001 . “ { } ot - 5 u“
Iz n-
—T Vv~ T T ”NI m T T ﬁ T T A—N|
4
001 = 24 ] 06l = 94
A i-0 = So/to W\.N 19 = Sofde
) s ]
L it v = E it 1
3 ] |
Ll t ] °|— -
] : ) €9 - 9/0
- 00l ‘0°E =00t “TE "L = ]
) 0
- ‘601 “U'E L =001 ‘0°E "0t |
oL
! €0= "% !
] 1
4 it 1 a 1 F it
1
7 | [
[} 4 £0 = 9/p ER R ] oL | ec=-ep PR e ]
~ s ¢ 2 las a2 Jaa o s—as. 1c¢0 2 .2 laa o 2 F L-...... L *N

[im = HLd36 vas) M40a/(0 = Hla30 vas) Vi0Lg10logn

Teva

LS




K-n.. Pl A AP 38

"0 30 (¢) s{bue [eqinaLze up Je padnpouc SpIaIL Y3 03 Ajdae
-paonposjui st (g yadap *%o0 i°g = dc A11A1300pU0D) A0O |4

sabueyd ayjz eyl 930

eas burjonpuod A[(ed143d319 ue uaym [p°0i = 9/y) eas daop Ad1tutjul ue 10 IH2INnS
3y} IA0qe syjdap ulyS J91PM BIS U] POIESO] QIH ue 403 51 34nbLg ur pojussauad ejep
"Gz a4nbiy

v
Ll

.

Juauodwod p|31j 1420918 aYyy ar paonpoad sabueys aur Guijeaisnil saasn)

o/2 yisie Winazoeon Olegy

[ . N
QP CNIEPLILP STy

= *0°01 ‘¢°€

AU

- ‘D81 0%

[4 t ] - 2 L ] -
T — T b Iy Iy -
9 3 L 4
901 ot
b -
29
- ] = “poL
- - 'I = N
m
(31 oE M
2. 2 1 1 F4
T T 3 T v F
_ . ]
H o'oL = o/
W 1 | 10="50p 4
1t 1
- 1 F 4+
f o
. £0 = v/0
e

[(w » Hid30 v35)"3/(0 = Hia30 v35)%30tnon

P

- 1 .
LY S gl

z s [ - 2 3 ¢ =
—T T ;] LA b b3
g it i,
- - 30t 3
lo
g0t ot |
L . - qt
3 3
oL E L33 1
[P 1.4 2 7 A a1 1 2
————rrrr . - _ =
{1 toot=9e4
L B i0-= wb\b
| s
- 3 ¢ 1+
=00l ‘9°E - a0 oL ‘oL
b]
oL {1
€0 = ¥0

{(= » HLa20 vas) VINILINOHG ) o y1g3q vag) TYAHOZIHOK,10Lyg,

TaTNTLN

o
LA

"
)

V0

7
]
L

.
)

-~\-~,



APPENDIX 4

o

Field Data For The

HORIZONTAL ELECTRIC DIPOLE, ¢ == 00°

T
s QLANKAQE

. RR SRS N I‘v..‘.“'. .'...v..“.‘—.._- AT A ._—’1_:~-|v-.~-
K v ) Sl " W e T CORRI _'n“A'..
\ e .\‘1",‘ A .p". A “-.“L PaCI JATRRDY .':',‘u(‘n ‘-x"{\,"-'~
Nt A T AR A e, W Y SV RIS TS N W)



54

40 ajasans a3}
-1dcy e Ag eas daop A(d3luiiul ue ui painpead spiais (1V1013}
s1jeubem (307 3Y4] 10 SapmijdwR 343 JO IDULISIP |PIUOZLL0Y YIIM LOLIRLIRA

Y/

\BAARS LAS LIRS aas Las ns

P

(5 » w/AR) (0,9 n (= v Hidd0 vis) WA04310n07

“o06 3¢ {$) 2|bue poyrnmiz2 e 20) udAlf aue Spiaij 3yl
aa0qe pue uo paIPd0f {Qg3IH) 2iodip dS14129(s Jludiiey D23334ip L) 1P1udz
31432319 pue {TylClg)

*Pas sy}

*. . 94ANDLY
/2 Tmyss1s warnew Mooy
z i 2 S ] 1 8 T
= T ¥ . - T 19
3 m N B
F mT
W/ 3 i
3 3 FES
3 3
. Dtm P -4
k / mo
1 0 3 3
3 E _ 3
b &0 “N
E

It

Laai s o
IR
[T TP P = RPN TRt

YPTTRR TRu
"

«

\f

T

(U« Aw) [,2 % (v« HLdzg vis) Wi0g)0lom

¥

PSR TIV VTN VTR PR G TP T "YU U TP Ty

Ll




55

‘006 30 ($) o9tbue peyjnwize ue uaoi uaarb ade splary Iy
370J4NS 3Y1 IA0QP pUR UO PIILI0; {(IH) [odip J14IIF{d JLuouuRy pa3ladLp A{[euoz

“¢3s 3yl jJo

-1doy ® Ag ®9s daap Ajd3turjui ue ui paonpoad Zg pue WINOZI¥OHg szusuodwos plary

J113udel 041 943 JO sSapniijdee 9y3 30 IJULISLP [PIUOZLJIOY YIEM UOLIRLIDA

v/3 Trensie woezieor Yooy

(U Mt 10 x fe o HL20 v15) P00 Y01

"2 3uanbyy
9¢3 TEVISIE Dawczreon oo
z 1 v T 1 [ =
- - 5 T o A
3 1¢F -0 ar

Lalinde Al AR LA AR A o

T

(4 M) [0 w (w x HLd10 y35) ANOLINORg Dinyy

x_m e~ i s
P I S A




56

006 30 (9) '
91bue (eyjnmize ue je pasnpodd spiar) 3ayy 03 Ai1dde sabueys ayj eyl 230N .ku:co...m:.w
st (g yadop “So g = 30 A11A1120pu0d) 4001} @3S Buijonpuod A([ed14103|2 ue uUldYM Pas
doap A]91LULJUL UP JO BDBJANS Y] UO Paes0} (IH ue Joj 92 I4nbiLj ul pajuasaad ejep
P19t} 21430319 pue 313aubem sy}l ul paonpoad sabueyd ayj buirjealsniji S’AaN) -gz 24nbL4

o/3 Imasie wpsziem dlag: /s Tamis1s wimazreon Olagy
z 1 . oz 1 » - 2 1 ° - 2 t 0 =
vr T Fre———r -r T T Tt +—r—T Ty ot Tre T f
- b - *
[ 1t ! [
b - - - -
F iF 1+ ﬁ = I 4 I
- > -+ - 4
! ] ﬁ ool ] of
S - E - -ggn / \|I|||
1 _ /<\\1 S LI
oo ot 3, 2
L 4 3 - - 3 3 =
! ] =S i1} g
- 1t f. z 3 it J. Z .
r ™ o 2"
| . g ] g -
4 = 2 S
L = ! -
L oo | ot ] = . ] ot ] = Jux
2 A 2 P | - b rd = a &0 . i Lo z L] T
=2 o .-..-nu
Yy T T ¥ r Mvnd v T L v T rr—r—rrrr—r = MU -.»-lo-
0 =M 1 z [ aauwﬂ. | 7 Y
L - s, 4 - 3 L 10 = "ofn — REARES
[ [ ve- e 1 § s 11 ] = .7
e I F I g 4 b I 4 I+ = ..,.-
= h '
L p E P = -
- - - -
I i1 I | A S
” 000t § | o CTNeE = “ \.\Iw E oy “e =
N .- ., - B .pye
| o1 oot'st | | 001 “0°E
+ k
£0 =9/ 1 s ]
4 It 1 L b < 1,
b 4 4 ¢ 1
[ o1 11 co-o» 06-0-am [ ot [ £0-9p 5% mm
Boa s o foeas a aas o Iaa.y_ s Asza__a ¢ Py L 7 Las ' N 2

I P A R T ros = s - R RS - TR RIS R .- e o-n. s o - e o - PSP —



57

ue 3e paonpoad spi3ij syl 03 Adde sabueyo ayz jeyy a0y

006 30 {®) 21bue jeyjnmize

-pasnpoajui si (g yiden

<Sp 1°g = 30 A11A17onpuad} 100ty eas Duljonpuod A([ed143333 ue usym was davp
A[911ULjul ue JO 3JRJANS Iy} UO paed0| OJH ue 40} sz 34nbir4 uL pajussaud ejep

jusuodwod piaty dt133ubew 9y ut pasnpoad sabueyd sy3 BuriealsnijlL saAun)

- ‘o8t

2 1 o = Z 1 2 T
T T — T —rvr

b : 1t )

b 4 - 4

4 it ]

Avmbhcdmnsemmshin

L oot 4
s i1 ]
[ oo1 I o¢ )
’ 1] da s o 3 L, A ) P b Pw 3

. r —— —rrr—r

1 1} oe-mm 4
E Ll 1'® = nb\uh 4
a 3 E
3 ’ - -
4 - Py - a - - -
AvE ocl . 00 WE

. ) L €0 =3P

\um\\\v

E R :

PP

62 2anbry

v
deded s F

0°E
f - ‘901 ]
} 9 b of 4
E oo —, 3 L, Baas s 2 3
v Trr vy

((w = HLd20 v38)79/(0 = HLa30 vis)*a10'gon

f 00 = 9/
10 = oo

£ =34
01

L ot

- ‘0oL ‘8t

PO PP

- 0oL ‘0t

£ =5/? D6 = ¢ ‘am

las a s Lis s

O .h‘ h‘ a
NI
W

P
B
N ]

- .

o BA

= V'

e -l

= e

= s *a fe

S e
e

= T r

~ .

=] el

> A

pois P ]

-4 ¥

™

> et

= -uc\i,

™= el

= .

= A

= PAEN
. %

- e

=2 e e On

»

> .o

= Sl

z £,

= NS

= LA

o -

= .

m s e

o

o

>

o

-

-

=

E

-

1

=




58

Adde sabueyd 3yl jeyl ooy
eas buijonpuod A|jed14129]2 ue uayM (p g = 9/y4) oS dasp A|331uLjul ue jo 3deyJns
ay3 oAoqe sy3dap uLyS J433eM LIS IIJY] PIFEI0:i (IY uR J0j 97 3Jnbry ul pajudsaad elep

“o06 30 (9) 9bue {eyjnmize ue 1P DIINpOLd SpaL} BY] 03

z 1 0 vz 1 ° +
o — v T F 3
A 1t ]
3 3 ﬁ I
N L p
A - -g'm
i oo | ot
[ 001 ] oe
¢ 1 1 7 1 1 2z
¥ Ty d T T E
+ 1 tor=om
[ 4 Lte= mn\uh
- s I 1
17 1
] -voroe | [ -0 pE=-24 ]
[ RN
2 S °
- ]
I b r|J|\\.'|I|...
| oL 1 13 T
L 4 ]
[ 11I ]

- 1t 3
ot [ c0=om 06 - ¢ ‘gm ]
es o o Jan e faa ] Cas I PR PP 3z

............. 3 I L o R

[(e o H1d3 v35)W0a/00 o Hidag vas) WAOLy)0lygq

pPi214 d1431792 pue dijaubem ayy ui pasnpoud sabueys ayy bupjeazsny|t saiaun)

2/+ 3PN1510 WamozTeon Olagn

*PIINpoaIUL si (g Y3dap “So |- = 3D A31Aijonpuod) Jooyy

“0¢ aanbi4

4 1 [} - 2 L 0 -
*{ T T T ﬁ. T —T ¥ Trv >
L 1+ Je
0oL 0E g
4
o
- =00t
[ 3 " 4 1
]
ool [ 0E
2 X X 2 1as 3 12 1 i N
— Frr-r — . =
0°E = M
170 = Sofp
3 1 F 1+
i €0
T [}
-‘0°0L 9°F -070L “0°E = ¥/@
2 it 1,
| o1 ﬂ £0 = S/ «06 = ¢ "@Mm
LES 1. 1 2 Bas 2 2
. o e T RN - I .-o.uan-nl.. -.- s u‘q Ll .\1

[(w = Hi1d30 v35)™A0g (0 o H1gag vag) WAOLg1Olyg,

T

t
]

e T
R CIRY T SN PR

v

L) - Ty 7S
R, f T Ty N e o T



59

‘006 30 {¢) d|bue jeylnmize ue je pacnpoid spj3ry 3yj o3 Kjdde

sabueyd ay3 jey3 sjoN -padnpoajur st (g yidsp *So g = do A11AL10NpUOd) 40O} IS

buryonpuos A jeo1430913 ue uaym (g = 9©/y) ©as dasp A[31LUijul UR JO 3DBL4NS By}

3A0GR SY1dap uLyS JIJPM ©IS IIUAY] PIIEI0] (JH ue 40j /7 3anbLq uL _uwu..mmw.a elep
juguodwod piaij dijasubem ayl ur paonpouad sabueyd ay1 buijeaisnyjl saaun)y - | a4nfly

o73 Twnsia WomzTeor Ysg) o/1 Dwisia amozizee Olson
z ' o -2 1 ° . z i ° oz L 0 .
T — d —7 —yTTT = T T T T -
1
[ b . L I tr I
1
| 0-el 0t
- - zot g
: 0 o o
~——— — - - =
sol oc - o0 z ,
(=3 —
Ilu ~ .
ﬁ : : &
— = e
- 3 L 1 'n.Il 4 4 < I3y = Lt \ul
= = "2
f = _. 1 1 m . -ui -l
[ { 5 - { = P
[ 001 ot | 2701 - o o L
x » L]
L | PP PR Fes v o 20y, 4 v NPT ) - by o 1 | PPN [ PEMEPEEP SN PIPEY 4 - NN
e =] « &
T T * T P !w P e ¥ T T = I nn-..--,-\" +
- £ =9/ = I 0°F = 2 g o,
] -9 = Soptn > L 10 - %0P> ] = b
[ R | ! =5 A
: 30 ﬁ 7 e
L 3 - 1, = r p 4 - m
* L s
- = 0t 2
1 1 E T LM €0 =
-oovee { | -“G0L *0°E = ¢ z
I ——— e ° - 1%
- s g - eg-al ‘0E - ® =
ot | —_-" & | T 701 0E | 0oL "0 - %/
F ‘. | |
it : -
[ ] [
ﬁ h ‘\ 3y - w - u 1
. !
L ot [ co=-57 . o6-¢-gm | [ ot £0=0om OF = & G
PP TP PR ™ 2 " PR PP fas 2 LN r.uf\. s PIPRE AP PSPPI PUE 1 F4
. »
KNPTGIS: - NN, YIRS ¢ WEICP AN | A PO A A S e ] SRR B RY  SRRRARI Y  DAA
A i : ; = « P . :



BAAFY S SR
ST

&
\)
Y

ok

I..
) “
SO
VY]

o

"o06 40 ($) 3|bue teyynuize ue je paosnpoud Sp|aLj ay3l o3 Ljdde sabueyo ayi jeyy

LY

ajoq “pasnpoagur st (@ yidap <So g = 30 A31A11°npuod} a00p4 eas Burisnpuod s
K11eo1430912 ue usym (0°CL = 9/4) eas daap A(a1tutjuL ue jo Idejuns 3yl sAoqe s
syjdap ULNS J33BM B3S U3] PO1EIO] (3JH Ye 40} 9z 4nbL] ul pajuasaad wlep pioijy s
JL4323[@ pue dtjaubed 3yl ui paonposd sabueyos ayy burjzeuaysny|t ssaany g asanbry S
e . d
R
o
X
$/3 INNISI0 WINDZTEON D_g._ /2 TANISHS WINOZINON 0_8.._ .....H--” o
o » B
z L a Ll 1 ° - z t 0 - 2 t o + .........
v T T —yr T P —r T T ~T LA Z- (AL \h
el
x
[ ﬁ ] 7
1t 1+ F 1 i b
oo | o°E
- - ‘0l
{0 - o
- - - ‘g0t 5
ooL o 2 mv..M
o [ 1T7 11 ms' - 41 ¢ I m.u.:
0 S = | s
s “ 2 - u.
. ool ot ) 3 col oE ] 3 v
s PNPEEPSEE PP T " N 1z w N . PN PN 1 1z nnu H..u\”s
N T N | T T P fN\ T T — T = e b M u. \!4_
i L o001 = /9 E] -
? oL = o/ S > <4
‘ 2 it Je M d 1t 1 £ .m
A , 1 3 1t 13 g
u - | LAY L < =90 “ S .u.
: i - - 0°BL0°E ! - ‘goL “0°€ ‘01 3 ] - = 7
b - 1 = {1 81y ° y Je gl
: 0 = g0t *3g | =*0-p1 “0E Tl
H ot ] 1 oA
: it €3 =34 1 PR
] [ 11 SgSg
a it 1. [ it 1. o
: 11 . 1 g
. ot ] €8 =0 o6 = ¢ “gm ﬁ 1 y | co-m 06 = 3 ‘am K
- APEEEE PP P 1 L. 1 -teaa . d7 AP PONIEPUEE PP B ¢ I PPN PORPR | A..
ARO[ RSN . SRS SN




B L P SRR
s 4 T T -

- o F % ERE) .lnl .
AL D WY VLIS L N

006 46 () ajbue (eyjniize ue je padnpoud spiaty 3ay; 93 Ajdde

sabueud ay3 jey; 3oy “padnposul St (q yidep °So "0 = 3o A31LAL3ONpuod) av0|4

eas Buiyonpued K| jed14312919 ue uaym (9-91 = 9/y) eas doap A[231uLjul ue 10 3dRJanNS

3yl aAanqe syjdap ul)S JI1eAM ©as uUI] PIFedo} gIH e 40 sZ 34nbi4 ul pajuaswud eIPp
queuodwod p(at} orjaubem 3y ur padnpoad sabueyd ayy Buleaysniil S9A4n) "gg I4nbiy

o/ Ten1s1e 1wz reon ¥lagy

2z 1 (] 2 1 ] + z L ° ] 1 ° 1
—T — T R4 - v T AR T T M -
4
- -5 - ] [ o ﬁ —
- 2
oot o€
4
. - -0 <
lﬂv
o 0 2,
- = 0701 =
oot 0t - 2
o —
1t ] » g
! g, 2
! it E O} it o
—_ - @
) 3 ] s g
| | g
ool [ o¢ = o-o1 ot E]
PR I PR Fe e o 2 Pzies 2 . PSP | PR | — 8 ias b4 «
o o
= T —yr T T > -m.ﬁl\ y B T —— - uMU\
00l = 9N ry { loo=-m 1 -] .
10 = “opo > 10 = oo = <7
o = .
3 , L ] 2 =
" 17 1 = [ 171 1 = <
» Vv > e
= L £0 = v/0 m e
P - nat 8 = N
. =tonet 001 "OE , — i3 s
LJ
o1 - 070l ‘0E =001 "0c = R
91 1t 1 \w-.-
©0 =~ 2/ e
2 4 <3
ﬁ ; 1 s
- 1 F J s it ' h ...\.
M
L E ..d-‘-
! ] ] . ons .- A
L ot ] €0 =9 o6 = & “T:m L £0 =2 06 = ¢ ‘@ K
P 3 e e o 2 12 a2 Pl 1. A S — 1 X4 8 x 1 a - AL 2 |
L 1 1 1 N 1 1 1 1 N l-
N
. 1
h
‘el
A
‘I nl
174
2
l.
[ TR L e ..

P oy

i

R R L

DY R A A
e T Y1 a e
S, L




> - 63

| | APPENDIX 5
¥ Field Data For The

HORIZONTAL MAGNETIC DIPOLE, ¢ == 0°

PREVIOUS PAGE
s 1S BLANK




64

.

-

P

a

)

.l

.

.l

n

0

.‘I

.t

Y Lok A Al il AR AR AR AR sl aad AR o adl ot

.

] d

"' ]

4 2
-

e .
h 3
1 ! \
- b N
"
\
;... b
b L L
. e
e 3
I
¢ r L)
b L
T TRE TN WWE TEE TER TS TEW T
'L
» ARE MRS 0t ML Sl LA san o LAARE A ARS LBA LARE BN AR Lag LabAS Ay o an
.
8 L
» [ = o
o, © )
- P
- o
. X {1t J
" L
W .
L
™
o - b L) -
I
3 s
[ N
° £
» 2
YO T i TN TR WU TUR TTER TR 'THE T (W TN VTR TN 1Y ‘hllml TN TUY "TRU TP N TTUU WP Ty
, - - - ~ Y Y % ¢ = ™ - ~ o v t %

(5u x w/an) [o,9 x (= « WLd30 vas) WEOL; 000

RabME A i Ll ol L LA AR LA
o
o
) d
Q
L - -
F
L
"
i )
b
FETTHN TR TR PR TR TN TR R TR THW TRR T TUW TN IO (W TR TTHY " BN VSN TN TN ) U AT YTEN TTRE Ty
ARLaasasaEs L Lo L e e T T R TR PP TR T
o
7 a
a m
F L}
bl
3 p b
E S 1
o
e b
r a
. @ 4 b LI
b
[ ow s -
a -
L
5 - ]
b 4
Ad bl i bas v dudabay s PU YUY WY i bl L FTUNSTON TN T | 7% P WY TTHE TYU TRy a1y

o - - w < (Tl T

‘fd e

(g * M) (¥ x (= = HLd20 351 A0bg)Diggn

L ~ L]

e

N

o

LY
ST
N L)

196, MORTZONTAL BISTANE /3

L3G, o, WORT7ONTAL DISTARCE rf&

RORLEANA
R

.
A

.

infinitely deep sea by a hori-

le (HMD)} loczted on and above the surface of

(%]
o
[N
[
(2]
-]
B
jn
-]
8
-]
=~
p]
[T
.
© o
Qaﬂ) (=]
o Y=
= Q
-
= &
R
;-] 7]
= e
[ o
= [ =
= = (1]
w "
-—
<
°CPEE
QO o
2303
TR
-HLSIN
in & O
™ ™
T Vo S
'ﬂum
ERTS
-
£ Yo @ Y
=] =
N O
L [
~ &85
2505
=0 E e
A=) o
SGE"
- g W
[ i -]
-y i
4-’8-8‘!“
M pem ol G
~ D O
[N [V )
M'ULE
e
1~ e ]
o _— .
o e w
M aLpm )
O-_Sw
Vo
o == Q)
I 0L
Nt N 4t
g
L.



s
S A eSS R PRIl Y IR
T e” B

N..mnn“

"0 30 (¢) 91bue jeyyjnmize ue 4G usAlb due spiaLy Yy - eIs Iy3 0 e

30RJUNS 34] BA0qR pue U0 paI3edo] (QgWH) 3fodip dijaubew Sluouuey pajdaALp A||eIU0Z L
-1a0y ® Aq eas deap A(21iutjur ue ul paonpoad Zg pue TWINOZIHOHg syusuodwod piaty
o139ubew oM1 Sy} JO sapniljdwe 3y3 JO 3JURYISLIP [PIUOZLJIOY YILM UCLIBLARA °“GE 34ndDL4 .

M

.
- W

n."‘;!..\.-‘\‘u'
RN

o/2 IMNISIO WINOZIHON 6_8.- 9/2 TNISIO WINOZINOR a._g._

»

DA

.

~
Q
-
&
~
o
T
A

v
‘.
“

PRETTRUToRe Te I

o
ik i
]
AT
Vot
v
LN

[T TPRu P E TR

PV TP P TR PP PP

s
‘

LR AR S Al ot AR L o

65

i-'
-

s
WP TR WARE T Y
PPN TRRE TYUP I PP TTU W

™~

ool

bbb il
-

aamanay e tay Lag ey Lot Ll
o
s.
-~ ~
DA
O e
St :‘.al"u )
Y, W NN W W e W

L L Y

DRI
Ol
¥,

PP T Ty
b bl i,

"
‘e

RS

(W« M) [ w (w o Higa0 ¥35)7917 V007

MBS AAE ink e ias i al

atalelala

(g M) [0 % (= o HA30 yas) MIKOZINOHG 01y

TP U TEU PN TRy Y Tt

<
TPTrETyPT

~N
MLab

-
.
’

u,
LN
[ PSS NS Y

WP EETT IR
o
FUEY WU T

l."
~

MRS ARE LIRS ing ink . ion iakoins ing o8 ks a
Lo

A_a laa s a0 a

O

R
ot Nl
Ya%¥ate" ot

.
*a
.

D)
LRI

G
AR

.
.
.

“

.

’

.

L]
e e
Attt
D
ANty
LRI




o0 30 {d) 2ibue jeyinuwze

ue 1@ paorpoad spaiy ayy 03 Ajdde saduz: 9y3 eyl IFON “p3dNpodlLl st (d yidap

“Sp |°g = 30 KA11A1ON7U00) Joc)d eas Buplonpuod A11ed1432219 uR udym eas dasp L(331u

-11UL UR JC 3304unS Y} UD pIILIO] OWH Ue 4o} p¢ 34nbLy ul pajuassuad eIEp piij
s14379|3 pue dpjoubew ayi ur pasnpoud scbueys ayj Burjedisny{Ll S9Aan) "9¢ auanbiry

o/4 TRVISTO Timozzuom Plagy /3 3aevasi0 Tyaozieon laod
2 i ) -z t 0 + 2 L 0 -z i 0 IS
M v T s T T o T T — —————— T r——r——
4 P - P - 3 'W =34
4 | | L
| . 1 |
- ] 9 gol I.].\./ o
] \ s
9 e . —— 9
b aer ]l‘/\./l\‘l - P =
a¢cr ; oF | 8 | 1 - 070 B
2, %
4 ™ 4
[ it 1 2 [ g
3 > 3 ) >
2 it j Z : i L
6 [
© 1 g = ﬁ 3 g
1 { Z 1 8
[ 031 o€ ] = 0ol § Loe ] =
L, . Lasr s a2 . x PP 1 32 - i I I L J2 a
s o
rrr—r—r—yree YT T T T TV b |n/4 T T v T T r—perTr—y IM
P o0 =om S b 070 = o/ 1 =
W 10 x "oftn = 10 - “ofo =,
=
] s q 4 ] g
— 3 ﬁ - = - 1 r # e o
| ) 3 ] ] 2
s L L]
= 0oL *0°¢ T =tooL o ] = Z_ 00 =
g ] A : ! CHTAN
\— o 0 N 0
Iv\\ ‘ " ‘ <ol 0t .ot 0t |
“—%0 = o/0
: ] M
< Ik # 1 9 4 3
] L i
1 L it |
oL E €0 = o/p LEX A ] g} { § go=9¢ 0= ¢ ‘ol
PUFEEPUES PUPE S PO h PEIN POSMEPEES PORPEES | ] —v T P a—las 1 PN PP PRSI F 4

s AR




AR
et

A

<,
R0

Lo

LAY

.,

ey
.

e
e ?
lvo
u!h-
P

e tar et \-'. (R,

67

a

« {{3&
L - -
[ ' 1| < ]
i d
! 27N = \
] s 4

”m

' it 9 3
! 4 -] r
] .

Sodo hdd ol " Far o i | WOt " " 1 ey lL PRy A | oy o
Y p——— T o e b - oy S —pr e g v
" ~a ] E a 1

F el ] -
r » & L} [ 3 6_
0 (-] » W 0o -y
2] - e 24 b 4
f G L
[ e >=" 1 [}
L] ]
4 ~ " &
w a 1
o T 3 -1 o -] J
- 1
g 1
Sen s n Llaa " e 4 1 o PN ke A 12 "
~N - o -T r:l 0.4-‘-' :- L, -L—\Jr
[{ « HLd30 Vi$)¥0/{0 « k1430 v3$)7 )" ogn
o pmmpyo S——— o - S S—
a j o
[ = ' g
L & ;
3 5 41 T J
L g e
F 4 t3 . 3
r ] ' 2
A ] dd b A Lt dond, S + - | N A A L " A {
eyt e cmep ey mypoeey oty v R B e b o
~ [ ~e i } =
Q L5 I ~ \
[ ] L
2 e {‘5 J - i
SPA 5
2 L IIQ.
=Y ) ? 1 .
. g ] < lq
; i g |13
£ 4 ]
e a A Anadh . T Wy | STt . Py Jode, A b
~ L -} T 'T' o~ - o T t]l
[(= » HLg30 vag)WANOZINONG /¢ yy 30 yag) WANOTTHOHG1Olgg,
DL AL VL ."-“". . ek Ma Y tL b s, ss )
o A ‘"‘.m{ “' . ‘ . o :.A'.‘ ':"'“".."':"-.('-'.' .: I ‘:'- “‘. .I.'-'
I_.anL e .A\J-'i‘. A, ...l ':L._. \“.’A"‘n e "-'n“;‘ ) .u‘:. ORI

LW l_..!.‘( S_-l

.,

<

196y, MORIZONIAM. T:STARCE r/6

106, HORTZONTAL DISTARCE r/5

At
vt

-

.
-w

D
(28]
[+}]
-
Fn
(=]
-
i
S
oo
ww ) .
V] )
AR
43 Y
eV o
[
" T =
L e b=
~ & @ Ev
o) LS
z L
[T e —
e o
I DU
g Ve
-
L.
,'.', ."'.-’.

p
thal

initely dee
0.1 og. depth D)
imu

1

field component
in

d at an az

ic

Q,
-

ity of
Yelds produc

iv

{conduct
he f

Note that the changes apply to t

ically cenducting sea fioor

a ges produced in the magret
for an HMD located on the surface of an

Curves illustratina the chan

A"“'A'-.A’L

' ‘(:_ l_ ." -~




T Ot W
T .

‘.G 30 ($) ajfue jeyjnwrze ve je padnpoud spiats 3y 0} A|dde sabueyd a3y
-paonpoajul st {Q yadap °So |'g = #0 £31AL130npU03) JoO|3 €IS buljonp

-602 AL1P314333 (3 UR JRYM (G € = 9/y) e3s dosp A[ajiuljul u2 JO 3IVLINS Y} IAOGE

£4109p U1YS AIIPM €IS IIUY] PIILIO| QWH U 403 p¢ 34inbij ul pajuasaud eiTp pi3Ly

21430319 pu2 d13aubvw 3y} ui paonpoad sabueyd sy3 BuLleJISN}]L SIAUN)

. .
IBY3 2390\
9/s Twm1sid Winocreom Moy
2 1 ° + 2 1 ° -
r——— v - T
t~ T p
3
|
- - ‘9D
e N —— ]
oo 8°E
. 3 ]
@
2 ]
. oot 1} o
1 1 3 @ 2 2
. r T ~T v v
. 1t ee=9om
* ] 19 = o
- 0701 *0E | -*0¢1 “0E - M5
. .~ -.—\MT
o1 ] - £0
; [ 91 1| eo=am 0= oM
P U 1 2 1 ¢ l 'S
|-. ||||| — s _ ¢ e m & - —r ¥ e~ - " . WEERT . _ 4 v _. 7 EOE

e s x e < v A EEN,.-a - 30 TR

[{w « HL420 va5) WAOLay(g o Hpgan vas) ¥AOLy Olpgy

972 weyas10 mczreon ooy

8¢ aunbiy

z i o 1 [ -
- T T ™
i
i
- 001 o't
s N\ \\‘\I LY ——
A% /\
] - - ool
L 9 01 ot
' 1 I A Py P 1 " 1-
——r—T — v *
I 0L = ¢/ 1
L 1’0 = Soptc E
N oL £e
. \ TN
N ..\Kﬂu ﬁ
s - ‘031 ‘OE o
=00 0°E = 90|
oL £€C = P c=¢ ‘oM ]
faa ' + 2 PRI Y 1 3

~

y

'T

Fim = uLd30 v35: Y400y (0 « wigia vas) WOl Olgpn

PR
-
Y

AT
S

R ALY
alat.a

\
DRI

'
YN

e h“
el
o

.
o




69

L)
OO

ALala i o4, 8

‘o0 46 ($) 91bre (eyjrwize ue 3o padnpouad spiaty Ay} o1 Aydde s

sabueys 3yl eyl I3cy  "paonposjul st ] yadap “So 1°g = 30 A3LAL3D0pUOD) 4004 ©IS :
Bug3onpuas £11e21230012 ye uaym fp g = 9/u) eaT doop L[a3tuljut ue jo 3jejuns 3yl
3a0qe syjdop ulyS 1337M ©IS 33143 paIPu0]| GWH v2 20§ G¢ 34nbij uy pajuasaad zrep

Wy et
-

PN

~ S
e

- _ . o~
1uanodwod p1aty dijatbea sul ul pasnpoad sabueyds syl Buijesgsnijl seaun) ¢ aunbig o
x.u
N- n.-ﬂ
. e
. St
o/2 TINISES oo Tyt /2 TawISIa NOZEIw SlagT AN
R
2 4 a - 2 1 [ [ z Y 0 2 1 9 [ .......m
~ v —r 5 i T F 3 - —rr—r -+ ~—r—r—TTvr Tz .‘.-.nu._
] A
5 3 i1} 1 ..”...”..oh
a it 1.. 3 it e e
] *. -A.-OAIL.
| 1 S
L - =00 F 7ol T||\/\.[ oE - SR
b 1 ~ 14 —] 8 Y
0 0 N] RNt
= [ 1] I ¥ o
o e o 2 L
9 E = L F 1 ~ N .-h'u
] m = 3 g N
3 4 ¥ 1 l”r [ 1 F 41 I.N. - cnnn
[y - “e A
| 2 ! ! £ LA
| ] ] ] IR g A
ﬁ I o 2 | eoL L o: 3 .U_
PSPPI TP tega s 1 PP 1 PO " e 2 2 %32 a2 2 tea.z_ = PR 1 " 2 - "5 e
2 = -
T Trrv T 4 T b cu” T T T ¥ & W_W .-- Vv:-“u
1 1 0°E = 3/4 & 1 1 6T =SM s
10 = Sofo = ! 10 = “orte ] .
- 4 = | = -
=] [ = 2
9 2 F d W L it a5 1\&# R
] B | * g
1 . = i 2 Y
1 =001 “o°f - 5701 “0°€ = g "\ N, oL I [\ t'e 2 “‘.......u
L 9 o L i 1 - %
o N 2 - ‘wi
- o't v/\ e - eemt tpe % = : M- o
- ‘g0l *0°E S nu
- . - ='0°01 ‘0°E = Y Ol
a it 1. : 3 o
H -4 - — ’ N H §
] L
Tl
: y
ot €0 =9 0-%an P ] €0 - o 0= om b

L 2 22 [ lea o a 1.y . 2 | MU VPR PURPE. B 2, o 1 3




70

X o T % T T
A R T

d * «
T A KR
2 s L
A <
e e Ey s v,
PR R I et
ettt e -
a2 v

‘o0 40 ($) atbue (eyinmize ue j3e padnpoad splaty 3yl o1 Ajdde sasueyd Iyl eyl
2j0N -paocnpoajul si (@ yrdap *So |"g = 30 AILALITipucd) 004 eas buryorpuod
AL|eoL43d9 @ ue uaym (9 0l = 9/4) ess daap A|31LuUijul ue JO 3Ide}aNS 3Yy] 3Aoqe
syjdap uLlS 493BM P3S UD) Pa32I0| GWH uP Joi g 34nbij ul pajuasauad eiep pialLy
J143139 (9 pue di13aubew ayjl ur paonpodd sabueyds ayl buijeajsngjL saaany -Qp aJ4nbry

« "
- *

vow e e

R

-
-
P
.
s
1]
|
.
«|
t
.
i
.
»

[l + w1daa v35) ™40 « nia30 vas) WE0Lg Clggy

242 TWISIG WINOZYI0N 00T . /2 DaN1ST6 Wiwozruon laon
z t ° - 2 1 o - 2 t 8 -2 t o
\ 5 — v = — T T v
H
|
- - - w ~| - - -
| ool 0
- - oot R \\||||, J\"l
2
- 4 \V
- e - 2 - - ‘g0l
ool [ X3 =
r u by g
[ 1 4t .V..) L i1F
i g
g m
o0t ] ot = 001 : ] (33
b oo o, Lo . w 7 3 e . e .
=2
T s - . . = = v T . .
,aa—-m.i S [ ] 0701 = ¥/
0 = *oftr E ] 10 = *oPs
i g 1
4 1t i = 4 it
! ! 3 ! ]
W 7t : ! ot £0 = 2/0
-ancoe § |} -0"01 ‘g L 1 \q\lll .
: = \ N —
F— sy {¢ 7
N ot - *p°0L “0°E < -0 01 "0
51 < €0 = s/8 ]
! ]
[ ] L 31 X u [
oL ] £0 =2 o =% ‘am | i L'n] £0= 97 o= &g
MPIPEEEE VIS POUP L B PRI PR PRI |} PP | e o _la- . Las s Laa 1. .




71

RIS O

"o0 30 (¢) o|bue feyjnwrze ue je padnpouad spiaty syl o1 A(dde

sobueys ay3 3Byl 230N °Ppoaanpoazul st (g uyadap ¢So g = do A11A170Npuod) 40013
©as Gur3onpuod A[|RI1J41I3|3 ue udym (gL = ¢/y) ©as daap A[3qLuljul ue 30 Idejans
3y} 3A0ge Si3dap ulyS JIJEM IS UI) PIJRI0] (MWH ue J0f g a4nbLy ul pojuassud egep
jquauodmod piatl d132ubew ay3 ul paonpoad sabueyd ayj buprjeaisnpit saAan) -y dunbrg

v
e

-
el

"y
Aa

9/1 ws10 wimozraoe %lsor o/4 TN1ste Womozreon Olag
z 1 ° 2 t ° = 2 t 0 -2 1 ° -

T T T —F = ~T~ T T T 2~

M

o
Cud, .
~ . .
LA
a® e L
YA T
e? S NI

+
r.a
v,
ot

] [ 4} 0E
] | A .

- ] - CRY
oot oc

oot - g 9t

38

A

2 a Bae a » Baaa 4 PRI FIPEPEPEES PPt z

— T r——Jrr T T b

L)t
oo

1 001 = N

1o - mu“ 0oL = 9/

| ] 10 = “ops E

o
e ‘\hn.

-.“
ER )
L3
L

T
s,
.
e
.
3
vy

[(w = HLaaa v35)"0/(0 « 1430 va5)%a)%'001
Q

|

er.n = 9/a A

=00l "0 “eL

- 0oL "0t = *0°01 “0°€

P

o vw e
.
-

[(w o Hid30 vis) VANOZINOHG () o iy 3q vag) TVANGZIHOHG)OLy sy

“
0
a®alate

- Y— ] D - <001 "0E
to-s/m

E
Kk,
Ry

L
'

o
Y

- ..\:~'~| ' l\\

LA €0 =9 0=¢‘an o1 €0 = 0x=¢ ‘am

A Eaa: 3 _%ea o g 2= x s %a4a s 3 2 2 PEPEEPEES PUEPE T TN

1‘.'
-

“ 1 ads 2

R T N BN A S |
. ... .."\-"‘!--.' '
- L ‘
AREHES LN

»

AN . FSEPIIC  CONICI I




B 73

W - APPENDIX 6

Field Data For The -
. HORIZONTAL MAGNETIC DIPOLE, ¢ == 90°
; . "Elg'aoff,&‘“




LR g O 3-8
SE S PO

3 PRI PSR

» . > L] i

‘006 30 (¢} atbue [eyanuize ue aoj uaALb aae spisiLy vyl -ess ayg
40 9oe4uns ay3 IAoqe pue uo paje0| (GWH) Iiodip di1jaubew SLucuwaey pajdauLp Ai[ejuoz
-L40Yy © Aq ess doap A23tuljut ue ul paonpoad spiais (IWi0Ll3) oruyoaga pue (VLOlg)
s1jsubew (2103 8yl Jo sopnil|due 3yl SO BIURISIP |PIUOZLIACY YILAM UOLJRLIRA “gf 34nbrg

74

95 33neisie omzison Olagn 972 3wvisia aeazieon Pleo
4 L 0 - 2 1 0 | 3 F4  } L] t+ 2 i ] [
v T . T T o- e T T 39
3 _ex 3 k 1 . 1
3 06 = ¢ “om 3 3 06 = & ‘O
] E . 3 3 iy
3 3 - m 1 3
3 {- 1 i
3 3 3 3 1
E 1o 1 3 io
3 3 3 3
m 2 c 3 1k I
E E =z 1 it 3 =
3 s 3y = 3 F I 3 o Fy =
E . 2 [ . . =
3 i § 3 ik i 3
: i = ; 1 ] =
3 13 = 3 ik 1
q 3 > it ] »
E o¢ m =3 E om 1 ¢ ot 4 z
-4 e » o - -
ee s 2 lasa a8 » 38 2 FPEPEEPUE POUPEEEE PIN " P PP PP § M
.
Ty T 19 4 T » L
3 ik 3 - 3 3
-9 - x
3 1t I = i =
3 F I 3 . 3 - 3 =
3 i i 3 1.- 2
3 it F = A >
3 3 3 >
3 3 4, o E
E 3 m 3
E 3 42 z
3 3 3
3 : 1 ’
3 o 1§ 3
3 1B - K] 9
3 1 E ¢ E
E 0y 4 £0 = 9/p 4
k. Iy 2 a a 1 1 s a 7Tl a 'l e L A X 1 P ‘
i s T e, - PR = Sl g S PP L M It e~ PP . LI PP IS IR oD A N -




75

Wt
foat
el
IR
"

.
-

"
w
.

“o06 30 (%) 3bue {eyinwize ue a0} uaAib aae sjusuodwos ay] -eas syl jo
32844NS 3y} IAoge pue uo pIedo (GWH) drodip dS1yaubew Spuouiey pEIAULP A|[BIU0Z
-ldoy e Aq eas dedp Ap3iutjul u2 ui paonpoud Z3 pue TVINOZIYOH3 sjusucdwoed piary

°/3 Twis1a WisznsH Tsg

At

[ § ° | 4 L ] | o
K 3 ) oal..'.i
, , m
3 o
9 1t
3 it
m it
3 1t . 3
3 m. 3 1
3 M w :
3 1t 3
1 1k 3
3 3 3
L o {1} o ]
2. A v A A [ - 2
Ty —r—— -
3 it 3
3 1% E
E i3 1
F F
X
3
3
1 3
3 * 1
w it oo ]
1 i 3
3 1% 3
E o it co = F
e P ) st B & “ a__das a o Baa -

(58 ¥ wAm [o,0 ¥ (w » Kidd0 vi5)*3)% "0

3141339 OM3 Y3 JO Sapnl|duwe 3] jo DOURISIP |PIUOZIJOY YILM UOLIPLIRR “gp 24nbig

9/ TANVIEIG Waoz1sod Olag

\aama iins L

z 1 L = 2 1 o [
v ¥ T L AL S RS L S S 9-
F I 3 06 = ¢ “aa M
3 3 -
3 3 w
: i
1 3 1
1 it 1a
3 it (
i m ] o0 ,
i it vE
3 4 .- 3
3 n 3 umc
E 0-01 1 E o
ot s s Bais a8 3 FPEFS PAPEPEEIN PN g
S Ty e

[Sgu x W/AM) (0.9 x L= = HLd30 va5) WANOZINOH 0Ly

PP PPN PP

T e e e
o o e e <

+

L

.

L] - -
S L

-

o8 4T
»
N

e

v
.

-

3 D

Ja

5

A\
[y

.
.
la

- "-.:. u_‘:.\ e
l‘ .- |-'
AN

o
tf

T,
2%

"u
-
I“
a“n

Ll
»

-
W™

e,

e
B

R
o

!
1
al

)

* .
D)

. *

W

\
~
t
i

.
N

() .'-‘:‘;. o

,




. B ‘“ ~ ¢
etz s - .
R e A A P PO ..

LD RS PR A I RSANEUE DR 2

. . . * ] "

‘206 30 (¢) ajbue jeyjnuize

ue je paonpoad spiaty ay3z 03 Aydde sabueyd 3yj eyl ajoN -paINPOAIUL Si (@ YyIdap

*So |°p = 30 £31A130npu0d) 1004 ©as Burlonpuod Ajed14379(2 ue udyM €35 dadp KIriu

-1JUL UR JO 3DBJUNS Y] UO PaeI0| (WH UP 40} 2p d4nbij ul pIjuasaad elep piaLy
J14323 (9 pue dtjaubew 3yl ui pasnpoad sabueys syl bupjeaasnijl SsAun) " danbly

$/3 3a1sta wimzram Olepy

v/+ Ivas19 Neamozreon Vlac

z t ° -2 1 o v z L ° -2 t 0 -
T r T T -~ T Y T T e
L I |
! 1 ] ! 4
L 1 ] |
L I h ﬁ 1 1+
¥ 4
4 4
[ - 1t = ‘oo ] ] oe ,
o
— — _— = - 0 5
0 oL ot ] = ! oot B8
A 2,
L p ™ 3 [
g f [ | £
4 I & 3 Z_ b 1% I =
<] = 3
7 < - »> * - »
ﬁ . 4 N 4 m 4 S m
ool ] 0t ] 2 o0l {1} e 3
4 N N i L N 2 . lea s ' 2 M P -
g ©
—r -~ T T ~— ~— - T —— - e r——j = 3
1 oo = 9/ 3 L 00 = 9/% { 2 el
S S vo-? ] ;o
| vo="of = i I} vo=Zors i = 4
u b 4 s 4 b e
4 1 3 g d it ir = NS
3 3 7
4 I E x 1t h = * 55
\ . . el
} 4 < 2 L 4 } 4 2 a's
war-ee 1| 1 & 3 o1 11 ro-w0 1 2 e
1 =001 “0°E [ ="0°0L 70t ] 1 1t oL 1 s
- o - 0701 ‘0" «0°01 “O°E -
| o1 4 4 3 oot "oe 1t 4 ]
£6 = 9/0 A
g it ; 1 it 1,
L 4 L . 4 } 4 3 . 4
L oL 1 } o= 06 = ¢ ‘BN | ot { } zo=2ep o06 = ¢ ‘oM J
bas o las o 1aa s L, 2 x [ PPEPUP | A Saa s 3 deaa o 37

LR A
LI LN




77

" e gt oy Ty | mmepp—y— jamp vy N Y—————
e 1 2 1
I2 8

- ! !
. . 4 b a o
. 3 d
4 [ R a
3 5: ‘. b
’ X s il .
-
S
i - ]
3
‘ A b e Ld o e Al ok [Wareww Adanadhe A b tdads A dnds e [ -
p———y vy r S ann &2 s T y
\
" ) 9
1
' o a e L
L] LR | - <
© v
L ~ 3 - %‘} » o 4
| ® o
. - ] @ ]
1 []
3 ' 1-] w
% - EAN . ]
ol | - 'i b . p
'S o L3 <
i i I R
r Y b e 4_1 Jods YT T W Lotocdrarde e
~ ~ ° T wo - T ]

[(w » Hid3d vISH*/(0 « HLdD0 v35) 317000

Lx'u mmtu_ BISTANCE r/&

ty of =

to the fields pro-

ivi

iocated on the surface of an

ea floor (conduct
Note that the changes apply

thal angle (¢) of 90°.

the vertical electric field

i
L]

ing

Figure 43 for an HMD

n

electricaily conduct

G
introduced.

is

data presente

3
F)

Curves illustrating the changes produced in

component (Ez

Zinitely deep sea when an
0.1 og, depth D)
duced at an azimu

Figure 45.
in




78

‘006 30 (9) a(bue [eyjnuize ue je paonpoud spiais ay3 03 Aidde sabueyd ayy

jeyl 30N -paosnpoajut St (4 yidsp *So y°g = 30 K31A130npuU0d) 40014 235 Burionp

-u03 A|}e314309]13 ue udym (P ¢ = 9/Y) eas daap A1931uULjut ue 30 IDILJ4NS Y] IAoGe

syjdap uLyS J93EM BIS JJYy] Ppajedo] (WH ue 404 2¢ aanbiL4 uL pajuasauad el12p P31}
J14323]9 pue d131aubem ayy ul pasnpoad sabueyd 3yz bugjeaisni|t SIa4n) “9¢ 34nbiy

o/4 Ia1STa Winozruon s 21> Tamisie wisozrvon Plany
z 1 ° - 2 1 0 - 2z t ] -2 1 0 -
¥ ¥ T T - Y —r T — =
]
L i F 1+ d 1t 1
] L f
i | 901
. ————~— 1 b 5T ]
-1t -“on1 [ , &t
0 c o 5
- -4 - " = ap-
oot e = - 1 - 001 =
| =) =
” 1 g g
d I F d1 E < 1F n z
- “r
{4 1 ¥ £
L g | B
0oL 1 (X3 =3 L oot : ot =
m. 1 1s 2 Pl ] 2 14 P z - N 1as PEEES PRI 1. PP | 2 F4 =
= - =
— T v~ T T F m T T T T T - -
£ =
1 oe=cw ] = 0t -9/ 4 =
10 = Sopto -H.N | 19 = Sofc J.H
= [ g
9 3 - 4+ =) [ p [ + 2
=
5 = ! =
f - - -
11 ] : . . 1
1 ~vooe |} =00l ‘0°E - 2/0 ] = D LD B S——— o ] =
—— o 16
1 Y 1
[ ot o = g0t *0°E - 0701 “0°E 01 = §/a
, 1t “
: 1t 1 d 1t 11
1 L co-o/p 06 = & o8 0 €0 =W 06 = ¢ ‘om |
b 2 1 b B APPSR PO PUSPEEES § 3 I . ' N 1,
R i FAEIIRE - PPN I Ay S e n e - R ST IR DRI PP 3 P TP



“o06 30 ($) ajbue {eulnLze ue je pasnpoad Spiat} 3yl o3 Ajdde sabueyd ayy

1Py3 930N °padnpodjul Si (g yY3dap “So 1-g = 40 A31at1onpuod) 4o00is eas buiidonpuod

A1jes1472912 Ue UM (9 E = 9/y) ©as dodp A|231ULJudL UR JO 3DBLUNS 3Y] 3Aoqe syidap

LS J27eM B35 924yl PaleI0} (QWH YR Joj gf 34nbiy ui pajuasaad ezep {Z3) jusuodwod
PI1J 3141799 {PO1149A 3y} uL paonpoud sabueyd 3yl burieagsniyi SsAAn) 74 dunbyry

/3 Iwnesie winozrvm Oleoa
z t 0 -z 1 " -

- ] - ‘g0l

-
(=]
Ilu
[ .
i 1t 10 =
9 “w
~ <}
=
0°0i oE =
2a 2 v Fay g o la: s 5 L s P P A SIS IR s z -
e
¥ ¥ T T Nl y
H o = o/ =
10 = “orbo 2
] 2
] 4 b
- B - 1t x
| oL | :
(3] kA
‘ '|||{\\\I|'| ]\\\\II —

s - o E

IS

- ‘070l "0°€ - ‘0°Ct "0 01 = v/0




AT T e A RIS F ENR R B P
‘006 30 ($) a(bue jeyinwize ue e padanpoad Spisli 3y 03 Kdde sabueys ayy 3ey3
210§ - paJnpoajul St (g y3dap “So 1°p = 30 A11A11ONpU0D) Jooyy IS Bulionpuod ;
11821432919 e udym (p 01 = 9/4y) ©as daap A|a1LuLju; UR jO IDBJUNS Y] IA0qe
syidsp UL)S J43)BM BIS UIJ PIILI0| QWH UP 404 gy 34nbig uL pajuasaad ejep piatd
5141939 pue d139ubew ayl vl pasnpoad sabueyo oyl burjeaism)ji suAan) -gy 34nbLj
/3 3rvis10 Wimozreon Olson 271 TWVESI0 WinoZraon Oz
Z 1 ] - 2 | 0 | o r4 L G c 2 i B o
T s — T T 2- T T T T P
: 1t .o qr L it 1=
! : ) ] o
L 4 } o°ot L3 .
f - ] - Qg | E K
L ° 4 o
s - - ‘001 = .
ﬁ oon 1t o 5, mm..
] g ] g .
o i 171 1" d..m. i 171 1 1m ~
© 1 1 > 1 z .
0o ] oE 3 L 001 : % o w.
PENEPP ISP PUPEPY —t. 2 2 M | P P L1ay 1 4 "
T T T T = |M../..\ T T T ) A W
[ 0-01 = 2/ g =] 00t = B/ =]
10 = wv\ﬁn 4 w\..-.: | to= wc\tb .N\}
[ 1 Lt . W ﬁ.. “ [ I+ W
1 . . . oL | €0-9a .
- 0701 “0°c | - *8°0t *0°¢ ‘0"t — ] =
] 0 PR o
- "g°01 ‘0°E 1 - ‘G0l 0°E
ot £°0 = %/8 il . .
u [ u 4 4 -
: i i, ! it 1t
] 3 ] ] ] -
mc._ [ c0=m 06 = ¢ ‘om o1 } leo-m 05 - Gl o
Coisa 8cs a2 taes_a o 1 S fas a4 z das o 2 3 e + 2.4 822 g Je -




il
Bl !
R WO

‘006 30 (¢} 9(bue (eyjnwize ve je pasnpoud spiaij dy3} 03 A|dde sabueyd ay;

eyl 230N -padnpoajui si (g yidap *So |°g = 30 £21AL1IDONPUOD) 400 €IS LULIINPUOD .
AL1edot43o212 ue uaym (0L = 9/u) eas dasp Aa1iutjui ue Jo adeyuns ayi aroqe syidsp o
ULYS JOJEM ©IS uUd} Pajed0] QWH ue 403 g 24nblj ul pajuasaad ejep (Z3) jusucduwos
PI2L4 J14309(3 [BI1149A 3yl ui paonpoad sabueys ay3 SulIRLISN|[L SBAUN) “§p anbiy -y

/2 Tuisic wimoziuon Olegy

H 1 0 - 2 1 [ -
T ¥ T T &
[ E I 8 1
o001 [ %3
¢
- =00t
|
[ 3¢ 'E
—
= | 1
0oL w [ 23 M
L, 1 L I x 2
T T v v >
{
{ * 0°gL = ¥/
i o = *ofe
L I It
. [ €0 = %0
I.jl-; 1 Q
=001 "oE | ‘06t 0E
: jc ﬂ n
[ €0 = <06 = © ‘ou
L PP P PEPUREN PP T T h4

[(= + HLd20 ¥38)73/(0 - waa3ad vas) %220 p0n




DISTRIBUTION LIST

No. of No. of
Organization Copies Organization Copies

[ — -- .... 4,,
e e o’

ER I L . e tele
s . - et
At [ C e 300

Director Naval Research Laboratory
Defense Advanced Research Information Technology Division
Projects Agency ATTN: J.R. Davis 1

R S S I
=l e

ATTN: Project Management 2 4555 Overlook Avenue, SW
GSD, R. Alewine 1 Washington, D.C. 20375
" STO, D.D. Lewis 1

PR SRS

T

RGN MORCNICSMEMAEY JcecE
'.‘-.v.l" N P .

1400 Wilson Blvd
Arlington, VA 22206

Defense Technical
Informaticn Center

Cameron Station

Alexandria, VA 22314

Office of Naval Research
ATTN: Code 222

Code 414

Code 420

Code 425
800 North Quincy Street
Arlington, VA 22217

Office of Naval Research

Resident Representative

University of California,
San Diego

La Jolla, CA 92093

Office of Naval Research
Resident Representative
Stanford University

Duraud Building, Room 165

Stanford, CA 94305

12

Pud bt s s

Assistant Deputy Undersecretary

of Defense (C%)
ATTN: T.P. Quinn
Pentagun
Washingion, D.C 20301

Naval Ocean Systems Center
ATTN: Library
K.L. Grauer
C.F. Ramstedt
Y. Richter
271 Catalina Boulevard
San Diego, CA 95152

Naval Electronic Systems
Command
ATTN: PME-110-112
PME-110-X1
Department of the Navy
Washington, D.C. 20360

Naval Underwater Systems Center
New London Laboratory
ATTN: P. Bannister
A. Bruno
J. Orr
E. Soderberg
New London, CT 06320

Naval Surface Weapons Center
White Oak Laboratory
ATTN: J.J. Holmes
P. Wessel
Silver Spring, MD 20010

David W. Taylor Naval Ship
Research & Development Center
ATTN: W. Andahazy

P. Field
Annapolis, MD 21402

Pt et b et

ot e et




DISTRIBUTION LIST (Continued)

No. of No. of
Organization Copies Organization Copies
Office of the Assistant Secretary Naval Air Development Center
of the Navy (R, E&S) ATTN: J. Shannon 1
ATTN: J. Hull 1 Warminster, PA 18974
Washington, D.C. 20350
Naval Ocean Systems Center
Naval Ocean R & D Activity ATTN: R. Buntzen 1
ATTN: D.L. Durham 1 C. Fuzak 1
D.W. Handschumacher 1 P. Hansen |
K. Smits 1 271 Catalina Boulevard
NSTL Station San Diego, CA 95152
Bay St. Louis, MS 39522
Director
Naval Oceanographic Office Defense Nuclear Agency
ATTN: OE. Avery 1 ATTN: RAAE 1
T. Davis 1 DDST 1
G.R. Lorentzen 1 RAEV 1
NSTL Station Washington, D.C. 20305
Bay St. Louis, MS 39522
SRI International
Naval Air Systems Command ATTN: D.M. Bubenik 1
ATTN: B.L. Dillon 1 J.B. Chown 1
Washington, D.C. 20361 J.G. Depp 1
R.C. Honey 1
Naval Intelligence W.E. Jaye 1
Support Center 333 Ravenswood Avenue
ATTN: G.D. Batts 1 Menlo Park, CA 94025
W. Reese 1
4301 Suitland Road R. & D. Associates
Washington, D.C. 20390 ATTN: C. Greifinger 1
P.0O. Box 9695
Naval Postgraduate School Marina del Rey, CA 90261
Department of Physics
and Chemistry Pacific-Sierra Research Corp.
ATTN: O. Heinz 1 ATTN: E.C. Field, Jr. 1
Monterey, CA 93940 12340 Santa Monica Blvd
Los Angeles, CA 90025
Naval Coastal Systems Center
ATTN: R.H. Clark TASC
M.J. Wynn 1 ATTN: J. Czika, Jr. 1

Panama City, FL 32407

i

1700 N. Moore Street, Suite 1220
Arlington, VA 22209

REPRODUCED FROM

" BEST AVAILABLE COPY ~ -




DISTRIBUTION LIST (Continued)

Organization

No. of No: of
Copies Organization Copies

Naval Weapons Center
ATTN: R.J. Dinger
China Lake, CA 93555

Johns Hopkins University
Applied Physics Laboratory
ATTN: L.W. Hart

H. Ko
Johns Hopkins Road
Laurel, MD 20810

La Jolla Institute
ATTN: K. Watson
La Jolla, CA 92407

EG. & G.

ATTN: L.E. Pitts
P.O. Box 398
Riverdale, MD 20840

University of Texas, Austin
Germagnetics and Electrical
Geoscience Laboratory
ATTN: F.X. Bostick, Jr.

Austin, TX 78712

Commander

Rome Air Development
Center/EEPS

ATTN: P.A. Kossey

Hanscom AFB, MA 01731

University of California

1 Scripps Institute of Oceanography
ATTN: C.S. Cox 1
La Jolla, CA 92003

Lockheed Palo Alto Research
1 Laboratory
1 ATTN: J.B. Cladis
W.L. Imhof
J.B. Reagan
M. Walt
3251 Hanover Street, Bldg 255
1 Palo Alto, CA 94304

p— pmt et et

Chief
Air Force Technical
1 Applications Center 1
HQUSAF
Patrick AFB, FL 32925

Commander
Air Force Systems Command 2
Andrews AFB, MD 20331

Commander

Air Force Geophysics Laboratory

ATTN: Technical Library 1
Hanscom AFB, MA 01731

REPRODUCED FROM
" BEST AVAILABLE COPY




