
Meetings 

Electromagnetics of the Sea 

Recent advances in electromagnetic 
wave interactions with the sea were 
examined at a North Atlantic Treaty 
Organization Conference in Paris from 
22 to 26 June 1970. The conference 
was divided into two distinct parts. The 
first part, designated Radio, included 
discussions of electromagnetic phenom- 
ena at all radio frequencies, from ex- 
tremely low to ultrahigh. The second 
part, designated Optics, included dis- 
cussions of all electromagnetic phenom- 
ena in the infrared and visible wave- 
length ranges. 

In general, the technical contributions 
at the meeting were oriented toward 
fundamental analytical studies and 
understanding, rather than engineering 
feasibilities and systems aspects. This 
emphasis was appropriate in view of 
the nature of the subject and the pre- 
vious state of knowledge. There were 
few physical oceanographers present, 
so the hoped-for interactions between 
oceanographers and radio physicists 
were not possible. Nevertheless, the dis- 
cussions were useful and stimulating, 
even though the participants were 
mostly radio engineers and physicists. 

The opening paper, "ELF Propaga- 
tion" by J. Galejs, was a summary of 
the present state of knowledge of iono- 
spheric propagation at extremely low 
frequencies. This was relevant, since in 
any long-distance communication be- 
tween submerged terminals, the energy 
path by necessity must involve propa- 
gation via ionospheric reflections. He 
reviewed the fundamental formulations 
for earth-ionosphere propagation which 
are available in the literature. This ma- 
terial served as a suitable backdrop for 
subsequent papers where the ionospheric 
propagation mechanisms were consid- 
ered to be understood. Galejs also con- 
sidered the nature of the atmospheric 
radio noise, and he pointed out that the 
major sources of natural radiation in 
the ELF range are lightning discharges. 
These sources can be used to investigate 
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the attenuation characteristics of the 
propagation channel. 

The complexities of nighttime propa- 
gation in the earth-ionosphere wave 
guide were stressed by Galejs. It turns 
out that the F layer is important in de- 
termining the attenuation rate in addi- 
tion to the well-known dependence on 
the D- and E-layer profiles. It was curi- 
ous that, in spite of these complica- 
tions, average isotropic models give re- 
sults which are in fair accord with ob- 
servations. 

In the same paper, Galejs introduced 
the topic of the influence of sea rough- 
ness on the ELF field received at depth. 
The departures from the simple expo- 
nential law were attributed to the in- 
fluence of the bottom surface, while the 
fluctuations of the signal were related 
to the surface characteristics in the 
vicinity of the submerged receiving an- 
tenna. 

In the following paper entitled "Pro- 
pagation of EM Waves across Land/Sea 
Boundaries," J. R. Wait considered the 
general problem of surface wave propa- 
gation across a coastline. A new exact 
solution for the idealized two-dimen- 
sional model was used to discuss the 
problem in a general context. For ex- 
ample, it was shown that the often- 
used assumption that reflection from 
coastlines could be neglected did have 
some justification. It was emphasized 
that exact solutions for simplified situ- 
ations have a great value in establish- 
ing the validity of the approximate 
formulations of more complicated (that 
is, realistic) situations. In the discussion 
it was pointed out that the results have 
a relevance to prediction of errors in 
phase navigation systems over inhomo- 
geneous land and sea paths. 

The final paper in the morning ses- 
sion was entitled "Propagation of 
Acoustic or Electromagnetic Waves in an 
Inhomogeneous Sea-type Medium with 
Rough Frontiers" and was coauthored 
by M. F. Verheghe and A. Wirgin 
(Institut d'Optique, Paris). Wirgin pre- 
sented a comprehensive theory for 

wave propagation in stratified media 
with wrinkled interfaces between the 
layers. A rather involved perturbation 
analysis was used which appears to con- 
verge if the surface slopes and undula- 
tions (for example, wave heights) were 
small. Also the physical-optics approxi- 
mation was used to allow for the inter- 
actions between the layers. Apparently 
the lengthy analysis was used in studies 
of thin film optics, and the authors ap- 
parently considered the possible rele- 
vance to the ocean only quite recently. 
During the subsequent discussion, it 
was discovered that Wirgin's technique 
may have a definite application to the 
more realistic sea-wave HF backscatter 
problem, but further examination of 
the matter is needed. Wait also won- 
dered if the implications of "Rayleigh's 
hypothesis" in problems of this kind 
should not be explored. However, Wir- 
gin felt that the use of nonrigorous 
wave functions were justified for gently 
rippled surfaces. 

The session on antenna problems was 
begun by R. Gabillard who gave a 
review on "Radiation of EM Sources 
Placed in Absorbing Media," co- 
authored by P. Degauque and J. R. 
Wait. The paper contained a critical 
summary of past work including an 
annotated bibliography which contains 
over 400 references. Some of these are 
early papers on electrical prospecting 
which apparently have been overlooked 
by most present-day workers. The prin- 
cipal part of the review contained an 

.outline of dipole radiation theory for 
both homogeneous and stratified ab- 
sorbing media. Numerous graphs are 
included for convenience of applica- 
tion to field calculations in seawater. 
Considerable attention was given to situ- 
ations where displacement currents 
play a role. Also, the importance of ac- 
counting for the insulation in antenna 
power calculation was stressed. Hope- 
fully, the French version of this review 
paper prepared by Gabillard and 
Degauque will serve as a useful guide 
to future investigators in the radio as- 
pects of electromagnetic waves in the 
sea. 

Unfortunately, the second paper by 
Gabillard, Degauque, and Fontaine was 
not given. This work would have dealt 
with communication between submerged 
antennas via a path through the crystal- 
line basement below the sea bottom. 
This important topic was not discussed 
at all during the conference. Also, many 
other significant accomplishments of 
Gabillard's group at Lille were not 
given adequate exposure at the meeting. 
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Two papers by Bouix followed in this 
 session. The first one dealt with the 

- formal theory of integral equations in 
determining current distributions on 

for PLASTIC finite length antennas in homogeneous 
media. The second paper was concerned 

with the influence of a reflecting 'sur-- 
sa fe ty face on the field of a dipole in an other-- 

wise homogeneous media. The paper 

ro d u c t seemed rather classical, but it may pro- p S vide analytical insight. 
The final paper in this session, by 

G. Franceshetti, dealt with "The In- 
* fluence of Excitation Gap on Antenna This is one Performance." The main point of the 

paper was to establish the validity of 

of our quasi-state formulations in low-fre-- 
quency antenna radiation in conducting 
media. On the basis of the oral presen- products 
tation, it appeared that the actual anal-- 
ysis was only carried out for spherically 

we shaped antennas with azimuthal gaps. 
hope As expected on intuitive grounds, the 

you never use... static results are valid provided the 
antenna dimensions are reasonably 
small compared with the skin depth in 
the conductor. In principle, the results 
can be generalized 'to other geometries, 
but much additional work needs to be.. 
done. The experimental work described 
was carried out in a scaled model tank. 

I In the discussions, Wait emphasized the 
,,, importance of accounting for induced 

I polarization effects of metal--electrolyte 
interfaces. This can be particularly 
troublesome at audio frequencies. 

The session on transmission was sup- 
* posed to have been initiated by a paper 

entitled "Transmission of Radio-corre- 
EYE WASH SAFETY STATION lated Low Audio and Sub--audio Fre-- 

quency Signals 'through Sea Water." 
I The paper, with five authors, was with- Chromatronix Model 200 UV Photometer 

U& combines a linear absorbance range up Mug drawn for unknown reasons 'by the to 3.0 O.D. with very low noise and drift--- 
sponsor (U.S. Army, Fort Monmouth). less than .0004 OD. Measurements can 
The abstract indicated that transmission be made on any of ten absorbance ranges 

Yuu HAD experiments between shore and boat (from .01 OD. full scale to 5.12 O.D. full 
were carried out at a distance up to scale) or on a single 0 to 100% transmit.. tance scale. Recorder outputs of 1 my 
1.6 nautical miles. Apparently, 'correla- -and 10 my are supplemented by a 0 to I B ETTER tion of radio and conduction current ma output, which will drive low--cost gal-- 
signals was to be undertaken with a vanometric recorders. Two interchange-- 
view to improved range coverage, able plug--in flow cells are available: an 

HAYL IT "Surface Wave Propagation from 8--it I cell for micro-column analyses and 
a 32--id cell for monitoring preparative 

parations, density--gradient centrifuga-- 
DY VLF Arrays in Polar Seas" was the so 

title of a paper given by A. W. Biggs. tion and electrophoresis. This paper dealt mainly with mixed- -Free new technical bulletin. A technical 

CASE! path effects for ground-wave propaga- -bulletin describing the use of tion over high--latitude terrain which is tlve UV detectors in liquid chromatogra- 
semi-empiri- -phy is yours for the asking. Please ad-- highly inhomogeneous. The dress us at 2743 Ninth Street, Berkeley, 

See your local supply house. cal formulation of Millington was used California 94710. Phone (415) 841-7221. 

Send for NEW 84 page catalog 970. to estimate the gross nature of the 
For your FREE copy write Dept. E--12 expected field variation of coastlines 

between sea and arctic land. Surface 
BELART PRODUCTS wave effects in polar ice, and all the 

PEQUANNOCK, N. J. 07440 complicating factors such as brine con- -C H R 0 MAT R 0 N I X 
Circle No. 108 on Readers' Service Cord tent, pore volume, and surface rough- -CIrcle No. 118 on Readers' Service Card 
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ness, were also considered. The design 

of antenna arrays using up to five ele-- 

ments was described. The paper mdi-- 
cated that many unusual and perplex-- 

ing effects could be expected. 

The final paper in the session, pre- 

sented by R. Lindquist, was entitled 

"Some Results in Connection with a 

Search for Maximum Underwater LF/ I I 
VLF Coverage." This paper described I I I 
a simple method to determine fields in 

seawater (in the seas around Sweden) 

from a fixed VLF station on land. The 

distribution of salinity and the coast-- 

line geometry was considered in the 

analysis. The final results displayed the 

frequency and range dependence for a 

wide variety of cases. No new analytical 

approaches were needed, but the author 
demonstrated a deep understanding of 
the problem and a capability to adapt 

knownmethodstotheproblemathand. I * * 
ThesessiononVLF/ELFelectronic . I . . .1 . I .11.1 

noisecon'tainedagroupoffourpapers  - 

on naturally occurring signals in the ' .1 I .11 tell 

ELFrange. One, byH.L. Konig, dealt ii II S ' . . . . I . . 

with the mechanical and electrical de-- 

sign of magnetic and electric dipole . I 

receiving antennas. The results should 

be of considerable value to experiment-- 
ers and many practical hints in the con- 

struction andoperationwere generously  , , * 

supplied. The second paper, by G. Mat 

tern, dealt with a rather qualitative dis- -. I . . I . 

cussion of VLF radio noise during a sea ,, , I * 

voyage between Germany and Ecuador. 

The noise was recorded with a 500-hz 

to 5-khz bandpass receiver using, ap- -* I . . . . . 

parently, a vertical whip antenna. It was 

concluded that, for below 400N lati-- 

tude, the principal contribution to the 

noise was lightning discharges in Afri-- 

can and South American storms. The 

third paper, by E. Selzer, dealt in a 

very general fashion with the problems 

of doing EM noise studies at great 

depths in the ocean and in freshwater . . .1.1 I . . . . I . II 

lakes. Manyintriguing aspects, such as I I I I I II I 

hydromagnetic propagation and ocean . . I . I . I . I I I 1 ''' 

bottom noise, were briefly mentioned. . . . . . I . . I I . I . I I I 

Thefourthpaperonnoise, byE. F. II Il I . I I I ' 

Soderberg and M. Finkle, was a success-- 

ful attempt to correlate measured ELF . . . ' I . I I . I I I 

noise fields at the surface and beneath 
the sea. The experimental results were . I I 

consistent with a straightforward theo- 

retical calculation using a plane-wave 
and homogeneous half-space model. 

The session on HF/VHF backscatter 

was probably the highlight of the whole 

conference. The contributors repre- 

sented the leading workers in 'the field, 

and the audience was in a position to 

appreciate the impact of the results. 
Again, however, 'the lack of participa- -Circle No. 26 on Readers' Service Card 
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n from physical oceanographers was 
noticed. for Simultaneous Concentration or Evaporation 

It was very fitting that the first paper 
**"W"*' '4iEE' 'MInutes was given by D. D. Crombie who, in 

had first identified Bragg-type 
resonant hackscatter as the principal R'i.auh"uiw EVAPO - MiX mechanism in determining the reflected 
ground-wave HF signal from a rough 
sea. Crombie's paper (coauthored by 

For the evaporation of multiple 
f..lf the' 8uehler' \ J M. Watts and W. H. Beery), dealt 

with the spectral characteristics of the 
Rotary EvaPo-Mix is indisperisabte. it Doppler-shifted backscattered signal. He 
evaporates .direct!y from test tubes ' attributed differences from 'the "simple 
or centrifuge tubes and is suitable for theory" to four factors: (i) nonlinear 
evaporation of acids, bases and or- ' interaction between the waves causing 
ganic solvents, The Rotary o-Mix ' the coherent backscatter and the rest of 
is equipped with a temperature-con- the sea spectrum; (ii) changes in phase 

..boperated velocities depending on wave amplitude .Veiled water bath it may (thpt is, Stokes effect); (iii) drifts 
with an efficient water aspirator or duced by the wind; and (iv) tidal 
mechanical pump drifts. 
Another outstanding feature of the An important contribution to this 
Rotary Evapo-Mix is the swirling ac- session was a theoretical analysis by 
tion in the test tubes which increases D. E. Barrick who used a boundary 
the surface exposed to vacuum thus perturbation treatment for interaction 

... increasing the speed' 'of evaporation.'"""'.of an electromagnetic ground wave and 
the rough sea surface. The results pro- 

LER BU.CULER.INSTRUM.ENTS DIVISION vided a quantitative estimate of the 
.C NUCLEAR-CHICAGO  effective ground-wave attenuation for .INSTRUMENTS 00.ARLE &G3.an HF ground wave on a rough sea. 

Also included in his analysis was the 
27 SIXTEENTh .STREEI. PORT LEE,. NEW.JER5.EY, .074a4. 

' ' special case of backscatter, and here his 
Circle No. 115 on Readers' Service Card results were consistent with earlier cal- 

culations of others. 
A third paper in 'this backscatter ses- 

fl SAMPLE OF S H A N DON'S sion was given by W. H. Shonfeld, who 
considered a semi-empirical analysis of 

F ii L E 
OUTSTANDING microwave backscatter (that is, clutter) 

from the sea. Parameters such as range, 
CELLULOSE ACETATE FOR ELECTROPHORESIS wind, wave height, and antenna height 

were considered. 
Make your own comparison test. Use Shandon Celagram cellulose A rather controversial paper was 
acetate strips and you will make the fastest, clearest electrophoreto- given by R. K. Moore on the use of 
grams ever. With Celagram you save time, improve results and simplify radar to determine oceanic winds (up to 
evaluation. Moreover, because multi-micro methods enable multiple so knots). He suggested that the scat-- 
samples to be run on very small strips in a fraction of the time normally tering coefficient at centimetric wave-- 
taken, Celagram is actually cheaper to use than paper. Look at these lengths is a well-determined function of 
advantages: no tailing of albumin . . . minimum background staining wind speed and, with 'the use of satel- 

distinct separation of alpha-globulin, beta1 and beta2 fractions... lites, this should open up a new field in 
rapid separation of iso-enzymes . . . and sharper separation of glyco- -oceanography. During the discussion, 
proteins, lipoproteins, hemoglobins and enzymes. however, it was pointed out mainly by 

Send for literature, price list and free sample envelope containing J. W. Wright (Naval Research Labora- 
6 Celagram strips 25 x 120 mm to Shandon Scientific Company, lnc., tories) that, for high wind speeds, the 
515 Broad Street, Sewickley, Pa. 15143 (Pittsburgh District), situation is very complicated. Thus wind 

speeds may not be deduced easily from 
____________________________________________________________________ such microwave data. 

_______________________________________________________________________ In his paper "Doppler Spectra in 
Microwave Scattering from Wind 
Waves," J. W. Wright used a laboratory 
wind--wave tank and obtained Doppler 
spectra on vertical polarization at X-- 

__________________________________________________________ hand (3.2 cm) and K-band (1.25 cm) 
for depression angles between 150 and 

PITTSBURGH * LONDON * FRANKFURT 800andwindspeedsbetween2.25and 
8 in/sec. By Fourier-analyzing optical 

Circle No. 106 on Readers' Service Cord 
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data, he was able to obtain two-dimen- 

sional slope spectra of the wind waves. 

light box He concludes that microwave scatter-- ing from low--speed wind waves (in 

a short fetch tank) can be satisfac- 
torily accounted for by low-order Bragg 

or strrer Doppler bandwith is a kind of inverse 
scattering. Wright conjectured that the I lifetime for the Bragg resonant wind 

fl wave. This suggestion, attributed to ' "' " "' " ""' ' ** .* b o th . Crombie, means that the currently ac-- 

views by oceanographers on 

wind waves are incomplete at best. 

There was no rebuttal from any physi-- 

cal oceanographer in the audience! 

An unscheduled but useful presen- ' I 
tation was given by L. Wetzel on the 

signal characteristics received beneath 

a rough ocean. He compared several 

different models proposed on earlier 
occasions. 

A round-table discussion on the  

Radio papers was held. An edited ac-- 

count of this is being prepared by A. W. 

STIR-LIGHT Biggs. It served as a useful mechanism  K V 
to extend the discussions which followed 
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