Cohen, Dippell and Everist, P.C.

Before The
FEDERAL COMMUNICATIONS COMMISSION
Washington, D.C. 20554

In the Matter of )
)
Revitalization of the AM Radio Service ) MB Docket No. 13-249

Reply Comments
on Behalf of
COHEN, DIPPELL AND EVERIST, P.C.

The following reply comments are submitted on behalf of Cohen, Dippell and Everist,
P.C. (“CDE”) and is in response to the Notice of Proposed Rulemaking released by the Federal
Communications Commission on October 31, 2013. CDE and its predecessors have practiced
before the Federal Communications Commission (“FCC”) for over 75 years in broadcast and
telecommunications matters. The firm or its predecessors have been located in Washington, DC
since 1937 and performed professional consulting engineering services to the communication
industry.

The undersigned is licensed as a Professional Engineer in the District of Columbia and
has been in continuous employment with this firm or its predecessors for over fifty (50) years.

There are many worthwhile comments which the FCC should consider and if necessary
issue further notices of proposed rulemaking. One of the comments raises the issue of minimum
radiation efficiencies. Attached is an article by Ronald W. P. King entitled, “Electromagnetic
Surface Waves”. The article introduces the factor of ground conductivities on the vertical

radiator elevation patterns. This article and approach to determine elevation patterns from
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standard vertical radiators may be helpful in the FCC continued deliberations on AM service
improvement.

These reply comments provide an update by supplying the analysis under the heading |
“Interim Technical Steps To Revitalize AM Broadcast” on Page 6 and the infroduction on Page 7
of this firm’s comments. The submission made to the Technical Subgroup of Radio Advisory
Committee, dated May 10, 1988, is the basis of this firm’s comments on Pages 7, 8 and 9.

The Commissibn is to be commended for the undertaking of such a timely and necessary
task.

Respectfully Submitted,

COHEN, DIPPELL AND EVERI P.C.

Dondld G. Everist
President

DATE: March 20, 2014




TO: Technical Subgroup of Radio Advisory

Committee
FROM: Donald G. Everist
SUBJECT: Mathematical Representation of

Probability of 10% Skywave Signals
Appearing at a Location Simultaneously

DATE: May 10, 1988

_ The following is a mathematical representation of the
-:p;obability of multiple 10% skywave sgignals simultaneously
appearing at a location., This document is a result of John
Reiser’s @pecial effort and contribution. The following
formula has been utilized: ‘ '

e LK n-k

= ni/k!H k)1 p(-p)™ %, 0 k n.

WHERE ;
P is the probability
n is the independent trials
k is "successes”
c is

For eight total possible events with a single probability
of 0.1, the probability is:

Probability Probability
Rumber Of Exactly Of 1 to X or less
Of Events X Events Bvents Occurring
0 0.430 -
1 0.382 0.382
2 0,148 0.530
3 0.03 0.562
4 0.004 0.567
5 $.0004 0.567 .
0 {4.00002 0.567
7 0.0000007 0.567
8 0.000000009 . 0.567



For eight total possible events with a single probability
of 0.5, the probability is:

Probability Probability

Number Of Exactly Of 1 to X or less
Of Events % Bvents Events Qccurring

0 0.004 -

1 0.031 0.031

2 0.110 0.141

3 0.219 0.360

4 0.273 0.633

5 0.219 0.852

6 0.109 0.961

7 0.031 0.992

8 0.003 0.995

Assumption: The eight total events are independent
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Electromagnetic Surface Waves

Ronold W. P. King

Gordon McKay Laboratory
Harvard University
. Cambridge, MA 02138

1. Introduction

Electromagnetic waves that are guided along a bound-
ary between two electrically different media are called sur-
face waves. Actually there are a number of types of such
waves with quite different properties. Among the best known
are those that travel along so-called surface waveguides, like
dielectric-coated, corrugated, or otherwise modified mefal sur-
faces. These are not lateral waves. Surface waves along the
smooth boundary between two dielectrics with permittivities
€; > €, occur in the less dense region 2 when the angle of inci-
dence in region 1 exceeds the critical angle, The incident field
is then totally reflected in region 1 and there is no refracted
field in region 2. However, the boundary conditions require the
plane wave that travels parallel to the boundary in region 1 to
extend into region 2 where its amplitude decreases exponen-

tially in the direction perpendicular to the surface and to the
direction of propagation. This is a true surface wave in fegion 2
but it is not a lateral wave.

B

When a vertical electric dipole with the electric moment
Ih, =1 Am is erected on the earth or sea for radio communi-
cation, as shown in Fig. 1, the electric field in the air is often
represented in the spherical coordinates r, ®, & in the form:

_twp eikar )
Eg = 4,”0 (1 + for)sin @, (1)

where © is measured from the vertical axis, r is the radial
distance to the point of observation, and

N%cos® — (N? —sin? ©)1/2

2
NZcos© + (N2 — gin® ©)1/2 @)

Jer =

is the plane-wave reflection coefficient. N is the complex in-
dex of refraction. The wave pumber of the earth or sea is
ky = B, +ia;, = wlpole, + fo,/w)}/?, that of the air is
ky = wlpgey)¥2. The magnitude of Eg is shown in Fig. 1
for sea water, lake water, and dry earth. Also shown is the
: feld when region 1 is a perfect conductor (N — co). It is
‘geen that since from (2} f,, = —1 when @ = #/2 for all fi-
‘nite values of N, Eg = 0 along the entire equatorial plane.
- On the other hand, with the perfect conductor f,, = 1 when
© = x/2, so that Fy has a maximum. Actually, the field
is not zero over any of the media represented in Fig. 1. The
formula (1) is incomplete. -‘The field of the vertical dipole is
not a plane wave and the boundary conditions on the tangen-
tial electric and magnetic fields are not satmﬁed (as are. pla.ne
:___iwa.Ves) by an: mmdent and. reﬂected ﬁeld in the ajr: and ‘a re-

) f}'a.t_:te_(_i ﬁeld in tl;g _earth or sea. A surface wave with unusual '

properties is also required. The complete field was derived by
Sommerfeld {1}, In its association with radio communication
over the earth, the associated surface wave was called the Nor-
ton surface wave after K. A. Norton [2], [3] who pioneered in
its approximate evaluation and graphical representation in the
manner illustrated in Fig. 2. In more general occurrences it is
known as a lateral wave.

2. Vertical Dipole in Air on the Surface of the Earth
a. The Field in the Air; Radio Transmission

The complete field of a unit vertical electric dipole (electric
moment Ik, = 1 Am) located in the air (region 2, z' > 0)
at a height d over the surface of the earth or sea (region 1,
z' < 0) consists of the three cylindrical components E,, E,,,
and By. At (p,2') in the air it is accurately given by three
integrals [4, eqs. (29)-(31)] of which the following one for E,_,
is representative:

Region 2

Eo

z Region 1
(earth, k,)

1. Perfect Conductor
2.Sea Water

3.Lake Water

4. Dry Eerth

'F:gure 1 Far ﬁeld of vemcal dlpole, not 1nch1dmg the lateral wave. .
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wink? o eivas’ .
Bl =t [T e, @
where N = kiv; + kfy, and 4; = (k] - A2 with § =1, 2.
This formula is equivalent to the expressions -of Sommerfeld
[1], Bafios (5], and others who express the components of the
field as unevaluated derivatives of the Hertz potential. Subject
to the inequalify

k3> k3 or |k} >3k, (4)

the integral (3} and those for the other components have been |

evaluated with the following result for E, .

Eyolp,2) = ng'(P’z’) + E;,.(p,z’l + .E"f._.r(p,z'), (5)

where

Who ke, |(Rp 1 ¥
Ed o,z afy [ f — — . — —
2arlon) = 4"’"2 [( oo kz":i;)

2 —d\*fik, 3 &
() (%)) @
1 1 1 271
is the direct field of the dipole as if in au infinite medium at
(Os d);
Who "‘a"z[(ik_z_l_;'
~4r kz ry 12 kyrd

d+d\*fik, 3 3
"(fz)(:‘z‘zéﬂ (65)

is the field of an identical image dipole at (0, —d); and

E2z'(p3

ESLx' (p2") =

_WHg cik,peik,(z'-f-d)’/zp
2nk,

BE) e e

0.1 1 10
' Numerical Dlsiance p

100

Flsu.re 2 Decay of. gmund wave. intensity wnh ra.d;al chstance gascon- . il

tamed in nu.mencal distance p = |p| exp{:b) fk:q/Zk’ (Norton’s graphs)

= [pz + (z' _ d)z}uz’ ry = [pz +(zl + d)ﬂ]l,'z,
2=z, ‘ (7a)
P=(R+ Z' + D)*/R, (7b)

= kip/2k3, Z'=kis'[2k;, D =kid/2k;; (7¢)

o0 eii
= e
-/; vart ®)

Here, C,(P) + 5, (P) is the Fresnel integral,

F(P) = 3(1+1) — Cy(P) — i8,(P)

The field on the boundary 2’ = 0 when the dipole is alse
on the boundary, i.e., when d = 0, is:

EI:'(F!O) Ezz'(p‘lo) Mkc; 'kapg(kﬂﬁ 1)’ ’ {9)
where . 7
__thy 1 f
glkzp, k1) = 2 B2 Fpp?

k3( 2 —iR

- Ex—(@) e " F(R). {10)
The quantity R = k3p/2k? is the magnitude of the well known

“numerical distance” of Sommerfeld In (10}, the first three
terms are the field in the equatorial plane of a z'-directed unit
electric dipole in air. They are dominant in the near field where
R < 1, since there the Fresnel-integral term is negligibly small.
They constitute the entire field at all radial distances when
region 1 is a perfect conductor with o, = oo, k; ~ oo, since

_then the Frespel-integral term vanishes identically. In the far .
- field defined by R > 4, the 1/p term in (10} dominates among

the first three so that the field over a perfect conductor reduces
to the familiar form

fw Eo cik,p

2w s {11)

For alt other types of media, the Fresnel-integral term assurnes
the following far-field form:

Eyr(p,0) ~

K Y2 x ik, ki
L2 f A —3 (R) = -2 1 12
kl (kzp € ?(R) P kgpz T ( }
. 5o that the complete far field becomes
' 2 Liksp
Eyur(p,0) ~ ~ 2280 £ (13)

2xk3 g%

Thus, along the air-earth boundary, the far field has the form
1/p?* and not 1/p. It is determined by the Fresnel-integralterm
in which the 1/p part exactly cancels the 1/p far field (11) of
the dipole with image. The vertical electric field given by (5}
and along the boundary by (9) is that used in all radio com-
munication over the surface of the earth or sea when both the
transmitter and receiver are on the surface. The field patierns
are like those in Fig. 1 except that with finite ¢ they-do not
vanish when © = /2 but reduce to the relatively small value
given by (9). :

b ‘The' Fleld in the Ea.rth or Sea, Commumcatlon w1th Sub- &

ma.rmes

. The field at 'faan;:-‘;ais_e;a;;s;?a;gaa;&'.s:;;a_

;ﬂié!ﬁhéé#rﬁ. .
* {region 1, z > 0) due to a vertical dipole in the air on the sur-
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face of the earth or sea is of importance in communicating with
submerged submarines. For this purpose the radial component
of the electric field is most useful. It is given by an integral
similar to (3) and has the following integrated form:

w . .
Elp(n": z) = “‘éﬂ_ikol e'k"e'k’pf(kzpi ky), (14a)
where
sy =2 L BTN cinr
2Py 1) = P p2 kl kgp € .

Since the far-field form of the Fresnel integral given by {12} ap-
plies when E > 4 and since with it E,,(p, 2} decreases as'1/p%,
it iz advantageous to select a frequency for which the desired
range of p is in the intermediate zone in which the Fresnel-
integral term is small and the 1/p term in (14b) dominates.
This occurs when

1< kgp < |k /R3] (15)
The guantity 20log,q |E;,(p, 2)| in this range with p = 5,000
km is shown in Fig. 3. For each depth in the ocean there is
an optimum frequency for a maximum received signal. This
decreases as the depth increases. In the frequency range from
20 to 30 kHz—used by the Navy transmitter at Cutler, ME—
the ‘optimum depth is seen to be in the range from z = 10 to
z = 20m. As the depth increases further, the magnitude of the
electric field decreases very rapidly, In order to communicate
with submarines at greater depths, lower frequencies must be
used. This is not practical using vertical dipoles.

Vertical Dipole in the Sea; Conductivity of the
Earth’s Crust

3.

An interesting application of the vertical dipole near a
boundary and the lateral waves it generates is to the measure-
ment of the conductivity of the oceanic crust (region 2, z < 0).
For this purpose the dipole is located in the sea {region 1,

z > 0) at a small height d above the sea floor or it is extended
from this all the way to the surface of the sea [6]. Measure-
ments are made on or at a small height z above the sea floor,
The preferred quantity to be measured is the magnetic field
at very low frequencies. This is given by an integral similar
to (8). It has the following integrated form:

Byy(p, %) = BYylp, 2) + Biy(p,2) + Biy{p,2), (16a)
with

d = _Fo gk (R 1\(p

Biy(p, %) =" 1 ‘(rl rf)(rl)’ (16b)
i o Fo ik, (k1 1N (p
m(p,z) T dn e ( T2 "%) ("2), (16c)
L __HoKE ke (erd) ik

Bry(pr2) = —5 25 & Vel f(kyp, k), (16d)

i

whete 1y = [o? + (2 = 7]/2, r, = [p? + (2 + )7 */%, and
flkyp,k,) is defined in (14b). The direct field of the dipole is
given by (16b), the field of the image dipole is given by (16c),
and the lateral wave by (16d). Note that when the source
dipole is in the denser region 1 and the point of observation is
on the boundary surface z = 0, the image field is the negative
of the direct field, so that the lateral-wave field Bﬁ,(p, 0) is the
entire field.

In practice measurements are made at extremely low fre-
quencies and within relatively small radial distances where
the Fresnel-integral term is negligibly small and the significant
magnetic field is

By4{p,0) = B1L¢{p10)
1\ koo ikd
— je*Faltat 17
P pz) a7

The application of this formula 7] to actual measurements
made on the sea floor [6] iz illustrated in Fig. 4. The dipole
extended from the surface to the floor of the sea—a distance

-200
m Field at surface,. @— _——& __-—-=To
kol
£ -300
Py o -~ -
< s w0
o400
o - --o-- |ocus of maxima
5
s] - .
R 500 18, (o~ (k|67 BOKE cay: d
I PR R I T S
- £=5,000km,01=35 S/m, £,,280 2{m)<100 \ 80\, ~ 60 i
'560 L btttk L g 1 gl L
001 0. 1 0 100

Frequency in kHz -

- -Figlﬁ'e 3. "Radia! electric ficld at-depth z and e = 5,000 km-due :to'vgrt_i_cs'i!_ electric dipolc in airon thg:'_sufface of sea .
water as a function of the frequency, with z as parameter. N

7
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Figure 4. Magnetic field measured by Edwards, et al. and field catculated
from lateral-wave formula; dashed curve includes correction for reflection
from rock layer below. f = 0.125 Hz; o, = 2.85 §/m, ¢; = 0.4 8/m, &
= 0.0 8/m; Dy = 640m, D; = 600 m.

of 640 m. The sea floor consisted of a layer of sediment 600 m
thick over rock. The conductivity of the sea water was known

to be 2.85 S/m; the conductivities of the sediment, oy = 0.4

S/m, and the rock, g5 = 0.01 S/m, were determined by ﬁttmg
the theory to the measured points.

The Horizontal Dipole near a Bbundary between
Sea and Air or Sea and Oceanic Crust

4.

a. The Dipole in the Sea or Earth

When a unit electric dipole is located in the earth or sea
parallel to the air surface or in the sea parallel to the sea fioor,
it generates a comphcated electromagnetic field that includes
all six components: E,, E,, E, snd B,, B,, B . 18]. "The

 largest component of the elesctnc ﬁeld is E for whlch the exa.ct._‘_

mtegral in reglon 1 is [8}

= —2ko RETEIAR
By {p,$,2) = ~ ikl cosg| | {kiJo(re)
-~ (A%/2)[Jo(3e) — J2(Ae)}} .
Xyt —dly da
+ [ 1n@/I500) - 7200)
— (K} P [21,)[To () + T2 (A0)]}
x eimlztd) ) dA), (18)
where
kfyy — k3 Y2 — M
= ey P= ' 19
Q= o+ ki, T2+ (102)
= (kI =M%, j=1,2 (19b)

The corresponding integrated formula, subject to k3] > |k !
or |k = 8lky| is |9):

Ey,(p,¢,2) = EL,(0,9,2) + B (p¢,2); 220, (208)
where
E kl i ik,ry 20b
? (0, $,2) = 2 kz cos ¢ P_2+F e (20b)
is the direct field and P
4 4
Wik o :
Ef(pyd,2) = — 2”‘;:; cos ¢ g(kqp, ky)eFarehuls+d)
(209

is the lateral wave. The magnitude of this field in the form
20logy, | B, ,(p, ¢, 2)] is shown in Fig. 5 together with the mag-

100 . — [Epl = lc iR +rpeFl| iC=— ;::‘z—
=:\ /ICP;!-'IIP ——cRy] =} - elkrfpetz-a12 [’-\ l‘” .
A
i mnne JCRy| < [CoitrEsYgiN2P [—--3-—',}| ’
i e |CF | = [Ceitrtze? 'Lz / lthh talzuﬂ
50+ X {E"Cz(kszZis‘lﬂ[‘z'-Sz(Ilzprkfl;}] -
o
A | f=600MHz ©1=3.58/m; & =80; e
St \ Ky =129.4 +ig4)m™ J
SR S R ]
& -
8 T~ |CPa f~ 14 Range of
- e o 2 (4
o - oo "—7:~ — g ——— ‘1E1Pl-"|/pz —=*0
o 0 \ IcFi~1p - tAsympioric Field
[ :
s -\ ‘ﬁ.\lCFl"VP -
| Ronge of v
18 1t~ 1453 --—-u---x---Ronqe of I~ lpy ===
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J— | 3
L TR el \icR ~E%F/p2 kop = /Kyl
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0.01 005 Ot o5 1o 50 10 z s
p in meters g

Flgl.irc 5 Radia.l electric field near surface (z ~ 0, ¢ = - 0) of unit hdrlznn—
tal elecmc - dipole at depth d Qin sea - water, (Referrcd to 1 V/mate =
4.1 m)
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nitude of its principal parts. Noie the three ranges with ap-
proximate 1/p3, 1/p, and 1/p? radial dependences. The other
five components have corresponding formulas [10], [11].
(20c), g(ksp,k;) is defined in (10). The associated field in
region 2 is [12):

__ Wlo kg (ke 1Y &,
By (p,9,2) = _Zvrkle 1 cos¢(r0 rg)e 2o
k
x [i+ —2{1+Q)], (21a)
ro k
where ry = (0 + 22)1/% and

6= i(zyrR)I/’e-'(“—z)“/R?[(R — 2)?/R); Z <0, (21b)

with B = k3p/2k} and Z = kZz/2k,. F(P) is defined in (8)
with P = (R — Z)?/R. The field (21a) is shown in Fig. 6. The
observed minima occur near 2’ = —z = p Re {k,/k,).

‘The field (20a-¢) in region 1 is seen to consist of a lateral-
wave term and a direct-field term. When region 1 is earth or
sea, the attenuation of the direct field is so rapid that the entire
field at even moderate distances is due to the lateral wave. In
region 2 the field includes a spherical wave that travels outward
in all directions in the half-space z < 0 and a lateral wave that
travels radially close to the boundary z = 0.

1) Communication with Submarines

One or more horizontal dipoles or better, a parallel ar-
ray of NV horizontal insulated traveling-wave antennas [8], [13]
arranged a short distance d below the surface of the ocean
[14] provide a suitable radiating system for communicating by
means of lateral waves with submarines. The effective electric
moment of the array over that of a unit dipole is NIh,, where
I is the current and %, the effective lengih of each element |14,
eq. (43)]. Such an array can be designed to provide signifi-
cant fields at depths of 50 m or more at frequencies which are
optimum in a range near 1 kHz.

2) Ezploration of the Oceanic Crust

Horizontal dipole antennas of appropriate design [13], [15]
are used on the sea floor for the geophysical exploration of

the oceanic crust. For such applications [16], [17], low fre-
quenc:es are used for which we; weg € ¢y, 50 that

~ ({wpoo,)/? and ky ~ :w,uoaz)lllz Also the radial dis-
ta.nces involved are within the range |k,p| < |k, /ks|%, s0 that
the Fresnel-integral term is negligibly small. Of primary inter-
est is the field in region 2, the oceanic crust. This is given by
(21a,b) and the associated other five components. Knowledge
of the depth of penetration of the lateral wave into region 2 is
of primary importance for the correct interpretation of mea-
sured fields. This has been studied in terms of the locus of
the Poynting vector [12]. Sample graphs are in Fig. 7 which
indicate that the lateral wave follows a shallow logarithmic
contour from the source back to the surface. The maximum
depth of penetration for the radial distance of transmission g,
i8 21, = (03/0,)%p,/2.718. Note that the ratio of the hor-
izontal to the vertical scale in Fig. 7 is 10 to 1. Evidently
the depth of penetration is quite small compared to the radial
distance of transmission. This is of significance in the interpre-
tation of measurements of the electric or magnetic field made in
the sea. Models of the oceanic crust that consist of horizontal
layers with different conductivities produce upward reflections
that contribute to the measured field in the sea. However, this
is at most a small fraction of the total field [12)} which consists
primarily of the lateral wave.

3) Lateral Waves in an Anisotropic Region

Lateral waves are also generated by a horizontal electric
dipole near the sea floor when the oceanic crust is well approx-
imated by a half-space that is anisotropic in its conductivity.
Specifically, the vertical conductivity o5, may differ from the
horizontal conductivity o,, = ¢,,. Integrated formulas for the
six components of the lateral-wave electromagnetic field have
been derived [18] under these conditions and applied to the
determination of the conductivity

oy, O 0
oy = 0 o, O (22)

0 0 Toz

of the earth’s crust. This is accomplished by comparison with
the measurements of Young and Cox [17]. These and the the-
oretical results are shown in Fig. 8.

100

¥ Tlllll!l ¥ Iillllll T

ol
o=
05 C—

b4 é

2 E

2 q

E 2

|

Sl

A

oy

llllllli |

1 llllIII IIlI!II’ 1

lJ.lIIlII 1

1 IIITTI‘ r T VTTT

-]

20 10g,6 | Epp(p,0,2)] in dB

Illllli 1 i1t il

o5 o™ _.é_ 51 2

_p.in meters

5

10 20 S0 100200 9500 00

F:gm'e 6 Radlal electrlc ﬁeId it.air due to a umt honzonal clectuc dxpole in: salt watcr (a, -_—- 3 5 S/m,'eu.'— 80) a\‘.

depthd— 7mm,f GOOMHz

9




IEEE Antonnas and Propagotion Scciety Newsletter. December 1986

Distance p, in km between transmitter and receiver

47.25

9.45 189 2835 378
' H g i 3 ! | -
1 1 ] 2 1 I g
o ] i v _ : $
S II oA A Ry S
'\‘\-.."' __________ o o T e - - —
S - - - (z=0,p=py
08\ N, TSI I LT
N S ]
£ Sz
A \\ SP
£ 4L N . _
yy \\ 5=5S, oy
£ N o =4 5/m
§ A . — g, =004 S/m |
15} . ----0,=0.004 S/m
\
2'ee /-%%-pfn(,o/po) ‘\‘\‘-Zr'n=3Pm= Sp, /e
o t J 1 |
0 10 20 30 40 50

Radial Distance g in km

Figure 7. Locus of Poynting vector for field of electric type in half-space model of lithosphere; k; ~ imp.,a,)%, k2~

Guporn¥; £ = 1 Hz. Atz = 0, 815 = {s2/5) S3g and Sig = Saz.

b. The Dipole in the Air

Lateral electromagnetic waves are also generated by the
currents in a horizontal electric dipole or traveling-wave an-
tenna when this is located at a small height d over the surface
of the earth or sea. Such an antenna is actually an eccentri-
cally insulated antenna [8, Ch. 1} lying on the surface of the
earth or sea. The radial electric field generated by it is given
by (20ac) in the earth or sea and by (21a,b) in the air with
d ~ 0. On the surface z = 0, the lateral-wave field for a unit
dipole is

witoks
2mk3

where g(kyp, k) is defined in (10).

E,(p,0) = E3,(p,0) = — cospglkyp, k) (23)

An important type of antenna for radio communication
and over-the-horizon radar is the wave antenna or Beverage
antenna. This consists of a long horizontal wire over the earth
terminated at each end in a suitable resistor so that a traveling
wave of current is maintained by the driving voltage. The
properties of such an antenna for transmitting lateral waves or
for receiving them are analyzed in [19].

A second application of the horizontal-wire antenna over
the earth is in remote sensing. The lateral-wave field generated
by a horizontal antenna lying on the surface of the earth travels
along that surface in the air and continuously diffuses vertically
down into the earth. If the properties of the earth change
as in the presence of a reservoir of oil or a vein of iron ore,
the incident field is reflected or scattered back to the surface
where it can be detected by a receiver that is systematically
moved over the surface [20}, {21]. In this way a two-dimensional
pattern of the boundaries of the scattering object or region can
be constructed.

5. Conclusion

. Vertical and ‘horizontal electric dipoles near the surface

"between electrically different half-spaces excite lateral waves

that trave!l close to the boundary. They have unusual proper-
ties in that their amplitude decreases with radial distance in
three steps. There is 2 near-field range bounded by k;p < 1
where the radial field decreases as 1/p°%, an intermediate range
bounded by 1 < kgp < Jk3/ki| where the rate of decrease is
1/p, and finally a far-field range bounded by (k3 /K2 < kqp

where E, decreases as 1/p%. This entire radial dependence is i

muliiplied by the exponential etkar If k, is real as for air, there
is no exponential attenuation. Tf ky = B, + fo; is complex as’
for the rock in the oceanic crust, there is an exponential at-
tenuation in addition to the decrease in amplitude due to the
1/p®, 1/p, and 1/p® ranges. The lateral-wave field of elec-
tric type, consisting of E,, B, and B,, penetrates region 2
only along shallow logarithmic paths before returning to the
boundary. The lateral-wave field of magnetic type, consisting
of B,, B; and E;, penctrates more deeply along paths that
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are almost semicircular. The field of magnetic type hasno 1/p

range as does the field of electric type. Owing to. these prop-
erties, the lateral-wave field has numerous useful applications
some of which have been outlined in this review.
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IEEE Press Publishes Selected Papers
in Multidimensional Signal Processing

The publication of Selected Papers in Multidimensional
Digital Signal Processing has just been announced by
The TEEE ﬁress, BBk publishing division of the
Institute of Electrical and Electronics Engineers.
Edited by the Multidimensional Signal Processing
Committee of the IEEE Acoustics, Speech, and Signal
Processing Society, the book is a volume in the IEEE
Press Selected Reprint Series.

The field of multidimensional digital signal
processing (MDSP) is becoming increasingly important
due to the confluence of a number of trends. As
sensor and processing capabilities grow, multi-
dimensional processing finds natural applications in
such areas as 1image processing, geophysical signal
processing and sensor-array processing. Multidimensional

Digital Signal Processing is a collection of 41
carefully chosen papers that summarize the
state-of-the art in multidimensional digital signal
processing (MDSP) theory and the apphcatmns of MDSP
to signal reconstruction, image processing,
geophysical signals, and sensor-array processing.

into nine parts: 1 - Digital
Filter Design; 2 - Multidimensional Spectral
Estimation; 3 - Systems; 4 - Signal Modeling; 5 -
Reconstruction; 6 - Image Processing; 7 - Geophysical
Applications; 8 - Sensor-Array Processing; and 9 -
Image Analysis.

The book is divided

Selected Papers in Multidimensional Digital

Signal Processing {Order number PCO1990)
contains 496 pages and is priced at $45.95 ($34.45 for
IEEE members}. The book may be ordered postpaid from
the IEEE Service Center, 445 Hoes Lane, Piscataway, NJ
08854-4150. Make check payable to IEEE. A $2.00
bitling charge is added to all non-prepaid orders of
under $100.00.

Feature Articles Solicited
for Newsletter

Tapan K. Sarkar
Co-Assoc, Editor, Fealures
Daept. of Electrical and

Computer Engineering
Syracuse University
Syrocuse, NY 13244-1240
(315} 423-3775

Arlon T. Adams

Co-Assoc. Editor, Features

Dapt. of Electrical and
Computer Engineering

111 Link Hall

Syracuse University

Syracusa, NY 13210

(315) 423-4397

The editorial staff of the AP-5 Newsletter con-

tinues to actively solicit feature articles which
describe engineering activities taking place in
industry, government, and universitles. Emphasis
is placed on providing the reader with a general
understanding of the technical problems being ad-
dressed by various engineering organizations as
well as their capabilities to cope with these
problems, If you or anyone else in your organ-—
ization is interested in submitting am article,

. We_ encoutage. you to contact. Tapan K. Sarkar to
to discuss the appropriateness of the l:opic._

Please address all correspondence to Prof. Sarkar.

} Guggenheim Fellow and in the same year received the

Introducing George W. Swenson
Feature Article Author j

George W. Swenson, Jr. is Professor of Electrical
Engineering and of Astronomy at the University of
I1Tinois at Urbana-Champaign, where he was for many
years the director of the Yermilion River Observatory
and designer of its two large radio telescopes. He
has served at different times as Head of each of his
academic departments. From 1964 to 1968 he was on
Teave from the University to serve as Chairman of the
VLA {very larae array) Design Group and as Manager of
the VLA Project at the National Radio Astronomy Ob-
servatory (NRAQ). With A. R. Thompson of NRAO and
J. R. Moran of the Harvard-Smithsonian Center for
Astrophysics, he has recently coauthored a major
treatise: "Interferometry and Synthesis in Radio
Astronomy"” (John Wiley-Interscience, New York, 1986).
His principle research publications have been con-
cerned with radio astronomy observations, radio o
telescope design, correlator arrays and image syn-
thesis, and radio propagation. Prior to joining
the Univesity of I11inois in 1956, he served on the
faculties of Washington University, University of
Alaska, and Michigan State University. He received
his technical education at Michigan Tech, Stanford,
M.I.T., and at Wisconsin, from which he received the
Ph.D. in electrical engineering in 1951, He is a
Fellow of the IEEE and of AAAS and a member of the
National Academy of Engineering. In 1984 he was a

Citation for Distinguished Service to Engineering
from the Uriiversity of Wisconsin.

Used and Qut-of-Print Books
and AP-S Transactions

Robert W. Scharstein would 1ike to purchase a copy
of the following books:  Smythe, Static & Dynamic

Electricity, third edition; Schelkunoff,
Efectromagnetic Waves; Morse and Ingard, Theoretical

Acoustics. Contact him at Clemson Unijversity,
Efecirical and Computer Engineering, 102 Riggs Hall,
Clemson, SC 29634-0915; (803)-656-5914 (work};
(803)-654-4770 (home). Ross Store would like to

purchase a copy of Morse and Ingard (please contact™™

Dr. Scharstein first), as well as D. S. Jones, Thé
Theory of Electromagnetism; Jasick, Antenna Handbook
{én_oTder edition); and would be interested 1in_any

- books dealing. spec1ﬂca1i_y with dielectric anténnas.
“You ‘can ‘contact Ross at 1446 Vista Claridad, La JoHa,

12

CA 92037;. .(619)-450-4343 (work)..




