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PREFACE

The present bilbiography on electromagnetio phenomena in the
ELF-range and related fields is a new edition of the one published
in September 1962. Before the previous bibliography was published,
no known compilation of papers in this important field of research
had appeared since 1953, This fact was rather surprising when
seen in the light of the great efforts in this field during the
IGY and other international and national investigations, The
previous bibliography soon became very popular and the stock has
been depleted for a long time, The present one has been prepared
with the purpose to fill this obvious need and to bring the previous
one up to date.

Al though the bibliography emphasised ELF, it was necessary
to cover the frequency regions below and above this range, The
research during the recent years has shown a strong interdependence
between the phenomena measured in a frequency range of 7 decades
below 30 kc, The coverage of the ranges outside the ELF has
been extended somewhat, and quite a number of papers published in
the period 1952-1962 have been added, Thus, the new edition gives
a more complete picture of the state of the art than the previous
one, This policy also reflects some of the suggestions made by
several readers of the previous edition, The drawing on page 1ii
shows clearly the overlapping between ranges of interest and the
more or less arbitrarily defined frequency ranges, It also
indicates the confusion in the names and abbreviations used for
the phenomena under investigation, This confusion can make the
proper grouping of papers rather difficult, In many cases a
paper falls within the frame of several groups and, in which oase,
a cross reference is made, Generally a given paper is, however,
placed in that group which corresponds to the main objective of
the paper., The groups have been selected relative to subjects
and not to frequency range. In the author index at the end of
the bibliography reference is made to parts and pages,

The bibliography covers unclassified literature and is based
on information available from the abstract literature, the former
U.S. Armed Services Technical Information Agency (ASTIA) indexes
and bibliographies, company reports, references in published papers,
etc, Physics and Electrical Engineering Abstract numbers and
ASTIA numbers (AD) are given where they are known, Abbreviations
of the journals are as shown in the January 1962 issue of the
BElectrical Engineering Abstracts with a few minor exceptions,
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Whenever available, abstracts are given. This increases the
volume of the bibliography considerably; however, it greatly
increases its value. As a space saving measure some of the
abstracts have been shortened - also in those cases where they
are taken directly from the abstract literature.

The author wishes to express his acknowledgment of the
great help he has received from Mr. John Graham, Head, Technical
Information Office, and from Miss Valerie Termini, Secretary,
Electromagnetic Research Group, in preparing this bibliography.

LA SPEZIA, October 1964,

L, Brock-Nannestad
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PART 1



PART I

PROPAGATION OF EM WAVES, SURFACE WAVES, IONOSPHERE

SUR LA PROPAGATION DES ONDES ELECTROMAGNETIQUES DANS LES MILIEUX
STRATIFIES

Ann, Phys, (France), July-August 1948.

F, Abelds

No abstract

ELECTROMAGNETIC ENERGY TRANSMISSION AND RADIATION
1960, $14.50, text, ed. $12,00, Wiley,
R.B. Adler, L.J, Chu, R,M. Fano,

NAVIGATION RECEIVERS FOR USE IN RADUX VLF-LF NAVIGATION SYSTEM

AD 51 325; 2l1st July 1953, Hastings Instrument Co,, Hampton, Va.,
Quarterly interim development rept., March-June 1953, 10 p., illus,
P.W. Albro,

No abstract

FREQUENCY VARIATIONS IN NEW ZEALAND OF 16 KC/S TRANSMISSION FROM GBR RUGBY
Nature, Vol, 177, No, 4500, Pgs, 178-179, 28th January 1956,
A.H. Allan, D.D, Crombie, W.A. Penton,

The recording of frequency variations in the GBR signals as
received in New Zealand has been started, Diurnal variations are
shown and are less than those recorded on WWVH,

LONG-PATH VLF-FREQUENCY VARIATIONS ASSOCIATED WITH THE SOLAR FLARE OF
23RD FEBRUARY 1956

Phys, Abstr. 304/1960; J. atmos, terrest, Phys, (GB), V. 10, No, 2,
Pgs 110-113, 1957,

A.H, Allan, D.D. Crombie, W,A, Penton

The frequenoy and phase variations of GBR on 16 kc as received
in New Zealand during the solar flare of 23rd February 1956 are
described and compared with the effects during a normal flare, The
difference is attributed to the cosmic-ray increase accompanying the
23 February flare,

SUDDEN CHANGES IN AMPLITUDE AND PHASE OF 16 KC/S VERY LOW FREQUENCY
RECEIVED IN NEW ZEALAND

EE Abstr, 2649/1964. Nature (GB), Vol. 199, 582-3, 10th August 1963.
Ao Ho Allan

A short note confirming results previously reported (Abstr, 7715
of 1963) on anomalous reception of GBR signals on 31st May and 25th June
1962, Although the disturbance was noted on 16 kc¢/s it was not
observed on 18 kc/s thus making a general ionospheric disturbance
unlikely, Evidence shows that the transmitted signal was normal,
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LIGHTNING AND THE PROPAGATION OF AUDIO FREQUENCY ELECTROMAGNETIC
WAVES

Phys., Absir, 2451/1957; Uspekhi fiz., Nauk (USSR), Ve 60y Ho: 3y
pgs 369-E89, 1956.

Ya L, Al'pert

The difficulties are first discussed of treating theoretically
the problems which arise with the 300-30,000 cps propagated in a
spherical waveguide, one wall of which is the ionosphere of not-too-
well-known properties and the other is the "perfectly" reflecting
ground. Lightning sets up em waves of low frequency in a burst of
atmospherics. Results obtained in determination of the shape, and
the harmonic analysis, of atmospherics are discussed, also variation
of the velocity of propagation of such waves with wave-length.

COMPUTATION OF THE FIELD OF LF AND VLF RADIO VAVES OVER THE EARTH'S
SURFACE UNDER NATURAL CONDITIONS

Radiotekh. Elektron (USSR), Vol. 1, No. 3, Pgs 281-292 (March 1956).

In Russian. For translation, order from LC or SLA, mi $2.40, 60-

14028. See Tech. Translations, Office of Tech. Services, Washington, D.C.
Ya L. Al'pert.

Results are presented of theoretical calculations of the propa-
gation over the earth's surface, of electromagnetic waves in the 500-
30,000-cycle range with allowance for the stratiform inhomogeneity,
of the ionosphere and for the dependence of ionospheric conductivity
on frequency. The pole equation is solved for the selected model of
the ionosphere, and thus the wave numbers of the discrete spectrum of
waves forming the field at the point of observation are calculated.
Analysis of the "interference co-efficient" has shown that the phase
and amplitude of the field vary in a complicated irregular fashion in
relation to distribution and frequency. Graphs were constructed for
the relationship between field intensity and frequency for various
distances in the 500- to 10,000- km range. Field intensity measurements
knovn from the literature and also results from other experiments are
compared with the theoretical computations. A good agreement is found,
even to a umber of details,

VELOCITY OF PROPAGATION OF ELECTROIAGNETIC WAVES AT AUDIO FREQUENCIES
Zhurn, Eksper, Teoret, Fiz. (USSR), Vol. 33, Pgs 1305-1307 (November 1957).
Translation in Soviet Physics JETP, Vol. 6, Pgs 1004-1006 (1958).

Ya L. Al'pert, S.V. Borodina

This note describes an investigation covering the frequency range
1-30 kc based on waveform analysis of thunderstorm discharges at dis-
tances of 800-3,100 km. Experimental and theoretical values deviate
significantly below 3 kc, at which frequencies the model of the ionos-
phere used in the calculations may be inappropriate.



THE VELOCITY OF PROPAGATION OF AUDIO-FREQUENCY ELECTROMAGNETIC WAVES.
EE, Abstr. 3132/1960; Radiotekhnika i Elektronika (USSR), V, 4, No,2,
pgs 195-201, February 1959.

Ya L, Al'pert, S.V. Borodina

The results of a determination of the phase velooity of propagation
of e,m, waves in the 10-20 ko range are given, A method of harmonic
analysis of atmospherics and their phase charaoteristics was used.
Comparison of the results of theoretical calculations with experiment,
taking into account the non-homogeneity of the ionosphere and the
dependence of its conduotivity on frequenoy, show good agreement, Wi th
decrease in frequenoy the phase velocity becomes larger than the velocity
of e.m, waves in free space, The results enable the effective conduo-
tivity of the lower ionosphere to be determined, (English summary
PB 141106T-13, obtainable from Office of Technical Services, U.S. Dept,
of Commeroe, Washington, D.C., U.S.4.)

SYNTHESIS OF ATMOSPHERIC FORMS AND THE EFFECTIVE PARAMETERS OF THE LOWER
IONOSPHERE AT LOW FREQUENCIES

Radiotekh, Elektron, Vol, 4, No,2, Pgs 202-211 (February 1959).

In Russian, Translation in Radio Engineering & Electroniecs, Vol.4, No,2,

pes 65-77 (1959).
Ya, L, Al'pert, D.S. Fligel

The results of theoretical calculations of the form E(t,r) of
atmospherics and their comparison with signals received at distances of
r~500-3,000 km from the source are briefly described. Theoretically
values of an effeotive oonduotivity previously obtained using an
ionospheric model in the form of transition layers, oharaoterized by
the relationship of eleotron density N to the number of collisions
V dependent on height X , Were used, The close resemblanoce of temporal
variation of theoretically synthesized signals E(t,r) to the observed
ones is noted,

CHAPTER ON LONG WAVES FROM BOOK "IONOSPHERIC PROPAGATION OF RADIO WAVES"
Nat, Bur, Stand, (USA), translation 5-60, August 5, 1961,
Ya L, Al'pert

No abstraot

WAVE PROPAGATION IN STRATIFIED MEDIA FOR NORMAL INCIDENCE, AND ITS
APPLICATION TO CIRCUIT THEORY, ELECTROMAGNETIC WAVES, OPTICS, ACOUSTICS,
WAVE MECHANICS, AND TO MECHANICAL AND ELECTRICAL QUADRIPOLE NETWORKS,

EE Abstr, 1754/1954; Ann, Phys, (E. Germany), V.13, No, 1-5, pgs 1-43,

1933,
K, Altenburg, S, K#stner

The above phenomena in the one~dimensional case have the same two
simul taneous first~order linear partial differential equations (or
simultaneous difference equation) with constant coefficients, for whioh
the general periodic solutions containing 3 complex constants, are
obtained for a homogenous (or discrete) medium, The transparenoy,
refleotion (and normal modes) for a set of finite layers (or disorete
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elements) are treated by & matrix method, Appliocations include anti-
reflection films, transmission lines, ooncentric Lecher lines, tunnel
effect, vibrations of infinite ohain of coupled mass points, eto,
Analogue computers for one type of system are discussed in terms of a
system more amenable to experimentation, 67 References,

ABSORPTION OF AUDIO-FREQUENCY ELECTROMAGNETIC WAVES TRAVERSING THE
IONOSPHERE IN THE MAGNETO-IONIC MODE

Phys, Abstr, 17972/1962, Bull, Res, Coun, Israel, Vol, 11C, No, 1,
Pgs 1-18, April 1962,

C, Altman, H, Cory.

Typical absorption ourves for magneto—ionic propagation were
oalculated for various geomagnetic latitudes and various values of solar
zenith angle, The feasibility of communication with satellites beyond
the direot line of sight is evaluated, and the oonneotion with "whistler"
and vlf noise radiations is shownm,

COMMENTS ON "PENETRATION OF THE IONOSPHERE BY VERY-LOW-FREQUENCY RADIO
SIGNALS - INTERIM RESULTS OF THE LOFTY I EXPERIMENT"

EE Abstr, 13944/1963. Proc. Inst, Blect, BEngrs, (USA), Vol, 51, No, 1,
250, January 1963,

C. Altman, H, Cory, J,P, Leiphart,

It is pointed out that the condition @ = O, where & is the inolin-
ation of the wave normal to the geomagnetic field, taken by Leiphart et
al, in the paper quoted in the title (Abstr, 10101l of 1962) is
Justifiable only for regions of field-aligned ionization, which are not
typical for the D layer, I+t i3 further shown that vlf radio waves
will propagate with least absorption when © has a variety of wvalues,
depending on latitude, height, etc, but always © >0, In reply,
Leiphart oonfirms that the assumption © = O provides only a rough
epproximaticr,

GEOLOGICAL AND GEOPHYSICAL CONSIDERATIONS IN RADIO PROPAGATION THROUGH
THE EARTH'S CRUST

EE Abstr, 1230/1964., IEEE Trans Antennas and Propagation (USA),

Vol, AP-11, No, 3, 369-7T1, May 1963,

L.A, Ames, J,W, Frazier, A.S. Orange,

Geological and geophysical oonsiderations applioable to radie
propagation through the rock strate of the basement oomplex are
presented, Information on eleotrioal charaoteristios of rocks based
on laboratory measurements on samples is shown to be misleading beoause
in situ conditions are very difficult to analyse and reproduoce, The
oomplexity of the basement geology adds to the difficulty of predioting
in situ rook oharaoteristios pertinent to radio propagation, Folding
and fracturing of the strata, variegated rock types and the anistropy
of rook resistivity cause the aotual propagation path loss to be wvastly
different than that predioted on the basis of a simple geological
model, This conclusion is supported by the available experimental data,
Deep resistivity measurements made from the surfaoe indioate that base-
ment strate will have resistivities of the order of 103-10% ohm-meters.
over most of the United States,
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RECEPTION OF SKYWAVE SIGNALS NEAR A COASTLINE

EE Abstr, 11306/1963,  J. Res, Nat, Bur, Stand, (USA), Vol,67D, No,3,
325-30 (May-June 1963)

J.B, Andersen

An experimental investigation was made on the influence of
ground inhomogeneties on the reception of skywave signals, especially
the influence of the conductiviiy contrast near a coastline, This
gives rise to a rapid decrease in field strength near the coastline,
as is well known from groundwave mixed path theory, Comparison with
theory is given, Influence of diffuse reflection from the
ionosphere is also considered,

THE FIELDS OF ELECTRIC DIPOLES IN SEA WATER, THE EARTH-AIR
IONOSPHERE PROBLEM

AD 253 1303 University of New Mexico, Albuquerque, New Mexico,
Technical rept, BE-44, February 1961,

W.L, Anderson

The theory of extremely low frequency radio propagation from
vertical and horizontal electric dipoles in a half space, separated
by an infinite slab from another half space, is discussed and applic-
ation is made to the specific case of the sea water-atmosphere-
ionosphere problem, with dipoles located in the sea water, Eaoh of
the media is assumed homogeneous and isotropic, When attention is
restricted to the frequency range 1 to 1,000 cps, integration in the
complex plane leads to consideration of the pole corresponding to the
TEM mode of transmission and two branch cut integrals, One of these,
(that giving rise to propagation of energy along and in the ionosphere)
is found to be important in the case of the horizontal dipole,

RADIO AND THE IONOSPHERE
Phys, Abstr. 24030/1962, Nature (GB), Vol, 195, 225-6 (21 July 1962)
E, Appleton C

A general account is given of the history of our knowledge of the
ionosphere, of the methods of studying the ionosphere using radio-
frequency signals, and of our present state of knowledge of the various
ionospheric layers,

PHASE-MEASURING EQUIPMENT FOR VLF PROPAGATION INVESTIGATIONS

EE Avstr, 5498/1960; Electronic Technol, (GB), Y 37, BosT, Per 2525,
July 1960

G.E, Ashwell, C.S. Fowler

The equipment described was developed to investigate the phase
difference between the signals from a single very low frequency (vlf)
transmitter received at two sites simultaneously. A reference
frequency at each site was derived from the pulse recurrence frequency
of the transmissions from stations of the Gee navigational system and,
by using it to change the frequency of the received vlf signal, an
audio-frequency signal was obtained which had the phase characteristics



of the vif signal, The a,f, signal from one station was passed over

a telephone line to the other station where the phase differenoce was
measured between it and the local a,f, produced in an identical manner,
The long-term accuracy of measurement was i?° of phase in the frequenoy
range 15-20 ko and the short-term accuracy, for periods up to 30 minutes,
was better than i}o of phase, One station was designed to be mobile
and satisfactory operation of the system was obtained with reoeiver
separations up to 400km,

THE IONOSPHERIC PROPAGATION OF RADIO WAVES OF FREQUENCY 16 KC/S OVER
DISTANCES OF ABOUT 540 KM,

Proo, IEE (London), Vol, 99, Part 4, No, 3, Pgs 250-9 (July 1952),
W.C, Bain, R.N. Bracewell, T.W. Straker, C.H. Westoott

The paper describes an investigation of the ionospheric propagation
of waves of frequenoy 16 ko/s over a distance of 535 km, It represents
an extension of other investigations in which the propagation over
distances of 90 and 200 km was studied,

OBSERVATIONS ON THE PROPAGATION OF VERY LONG RADIO WAVES REFLECTED
OBLIQUELY FROM THE IONOSPHERE DURING A SOLAR FLARE

Phys. Absir, 11616/1954; J. atmos, terrest, Phys, (GB), V.3, Pgs 141-52,
April 1954,

W.C., Bain

A discussion is given of the general appearance of anomalies in the
field of GBR (16 ko) during solar flares, when observations are made at
distances from the transmitter of 400-500 km, It is shown that the main
effect is due to a sky wave refleoted once from the ionosphere varying
in phase but not in amplitude, An explanation of the size of anomaly
found at these distances is given in terms of two layers below the E
layer of the ionosphere, The layer which is usually the lower of the
two is that normally responsible for oblique incidence propagation, and
the other is that whioh is affected by the solar radiation during a
flare, The timing of the oblique inoidence anomaly is also discussed,

A value of T0km for the apparent refleotion height of the layer respons-
ible for the reflection of 16 ko radiowaves at oblique incidence is obt-
ained with the aid of the field strength changes noted during these anomalies,

THE POLARIZATION OF VERY LONG RADIO WAVES REFLECTED FROM THE IONOSPHERE
AT OBLIQUE INCIDENCE

Proc, IEE (London), Vol, 103, Part C, Pgs 447-448 (September 1956)

W.C, Bain, C.B.I. Glass

A study of some additional evidenoe has been made to determine the
polarization of radio waves reflected from the ionosphere at 16 ko/s
over a transmission path 540 kmr long, The ratio between the amplitudes
of the vertical and horizontal eleotric fields is found to be appreoiably
greater than unity, the mean value of the determinations made here being 5,




OBSERVATIONS OF EARTH-IONOSPHERE CAVITY RESONANCES
Nature, Vol, 188, Pgs, 638-641 (19th November 1960)
M, Balser, C.A. Wagner

Careful observations of extremely low frequenoy atmospherio radio
noise (5-35 c/s) made on 27th - 28th June 1960, at Lincoln Laboratory,
have revealed a power spectrum with a maximum at 7,8 o/s and several
successive smaller maxima at higher frequencies, This is in keeping
with the theory of resonant modes for the concentrio spherioal cavity
bounded by the earth and the lower region of the ionosphere, Moverover,
the applioation of the theory to the derivation of the fundamental
frequenoy from the higher modes yields wvalues greater than 7,8 c/s, in
agreement with the higher Q (and hence smaller downward shift of the
resonant frequenoy) appropriate to the higher modes,

VLF REFLECTION FROM THE IONOSPHERE IN THE PRESENCE OF A TRANSVERSE
MAGNETIC FIELD
Phys. Abstr. 15164/1960; J, atmos, terrest. Phys, (GB), V.16, No, 1-2,

Pgs 37-45, October 1959,
N.F. Barber, D.D. Crombie,

The refleotion coefficient is found for waves that are inoident
on a sharply bounded ionosphere and have their eleotrio wvaotor in the
plane of incidenoe, The earth's magnetic field is assumed to be
horizontal and perpendicular to the direotion of propagation, Hence
the analysis is appropriate for propagation round the magnetic equator,
It is found that the reflection ooefficient for waves incident from
the west is numerically greater than that for waves incident from the
east, when the angle of incidence is large,

SURFACE WAVES
EE Abstr, 2691/1953; Instn, Eleot, Engrs (GB), Paper No, 1482, 13 p.,

1953.
H.M, Barlow, A.L. Cullen

The paper is an attempt to present, in the simplest possible terms,
a unified pisture of the theory of various forms of surfaoe wave and
a olear physical interpretation of their behaviour, The Zenneck wave,
the radial cylindrioal surfaoe and the Sommerfeld-Goubau or axial
surfaoe wave are eaoh discussed and shown to represent basioally one
and the same phenomenon, The link with the Brewster angle, for whioh
a wave incident on a surface suffers no refleotion, is clearly established.
The trasition from a TAM-wave supported by a parallel-strip transmission
line, with metal plates olose together, to two Zenneok waves independ-
ently supported by the plates, when these are separated by a very large
distance, is demonstrated, The effect of bends in the supporting
surface is considered, and methods of reducing radiation are explained,.
Finally, the prinoiples governing the launching of surfaoce waves are
surveyed with'partioular reference to the Brewster-angle approaoh,




SURFACE WAVES: A PROPOSED DEFINITION

EE Abstr, 4139/19603 Proc., Instn, Elect, Engrs (GB), V. 107B, No,240,
May 1960

H.E.M, Barlow

Defines a surface wave ag one that propagates along an interface
between two different media without radiation, such radiation being
construed to mean energy converted from the surface-wave field to
some other form,

NOTE ON "THE EXCITATION OF ELECTROMAGNETIC SURFACE WAVES ON A CURVED
SURFACE"
EE Abstr, 627/1961; Inst, Radio Engra (USA), Trans,, V, AP-8, No, 4,

po 4499 July 19600
H,M, Barlow

No abstract

VELOCITY OF A PLANE ELECTROMAGNETIC WAVE IN A LOSSY MEDIUM

EE Abstr, 1838/1963

Proc, Instn, Elect, Engrs (GB), Vol, 109B, No. 46, p. 335, July 1962,
H.,E.M. Barlow

Wave propagation in a lossy medium introduces an ambiguity into
the definition of group and energy velocities%ﬁgg B For the lossgless

plane wave this gives both the phase and energy propagation velocities-%; 5
With the introduction of loss, the energy and phase velocities are
equal, but the signal-velocity differs from them,

BOQK REVIEW:; "RADIO SURFACE WAVES" by H.M, BARLOW & J, BROWN
Proc, IRE 50, 2150, October 1962,
Reviewed by J.R, Wals

No absitract

THE WAVEGUIDE MODE THEORY OF RADIO WAVE PROPAGATION WHEN THE IONO--
SPHERE IS NOT SHARPLY BOUNDED

EE Abstr. 8284/1960; phil, Mag, (GB), (Eighth Ser,), Vo, 4, Pgs 1068-81,
September 1959

D.W, Barron

The propagation of radiowaves to great distances oan be treated by
considering the spaoce between the earth and the ionosphere as a wave-—
guide and discussing the properties of the various waveguide modes,
Previous authors have generally assumed that the upper boundary of the
waveguide is a sharply tounded homogeneous ionosphere, A method of
calculating the mode characteristics for any horizontally stratified
ionosphere in which the electron density and collision frequency vary
with height in some arbitrary prescribed manner is described, The theory
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is given in full for a flat, perfectly conducting earth with no
magnetic field, and its extension is outlined in an appendix, Results
of some calculations carried out on EDSAC 2 are given, The effect on
the waveguide modes of ohanging from a sharp to a gradual boundary on
an otherwise homogeneous ionosphere is investigated by oonsidering a
variation of eleotron density (N) with height z) according to the law

N - Ny (1 + tanh B (z-h))

using a range of values of , and mode characteristics are also
calculated for an ionosphere in which the electron density inoreases
exponentially with increasing height, The effeot on the waveguide
modes of changes in the parameters of the exponential model, and the
difference between the modes for vertical and horizontal polarization
are described,

LIMITING CONDITIONS FOR THE ELECTROMAGNETIC FIELD ON THE SURFACE WITH
AN ARBITRARY VALUE OF DIELECTRIC CONSTANT,

EE Abstr, 4774/1961; Radiotekhnika i Elektronika (USSR), V.5, No,3,
Pgs 389-92, March 1960

F.G, Bass

A mathematical theory of the subject is given which as far as
possible is in general terms, It is shown that approximate limiting
conditions applied in existing theories of e,m, wave propagation can
be derived from more general ones,

STUDY OF THE PROPAGATION OF ELECTROMAGNETIC WAVES THROUGH LITHOLOGIC
FORMATIONS

AD 33 5763 Final Progress Report - January 20, 1951, December 31, 1953,
C.A. Bays and Assooiates, Ino,, Urbana, Illinois,

This is a report of a study of electromagnetic propagation
through, along and over stratified rocks and other earth materials,
Electromagnetic fields, excited by standard broadoast stations, were
examined by means of continuously recorded intensity traverses which
indicated definite correlation between field intensity and the 1ith-
ologio nature of the configuration of underlying earth and rock
materials, The orientation of these electromagnetic fields exhibi ted
local variations that were correlative with geologic features at
depths as great as 600 feet, In these studies, topography, soil types,
and depth to indurated rock had little or no influence on electro-
magnetic fields, Lateral electromagnetic propagatiom 300 feet below
the earth's surface was accomplished by transmitting a signal 2,200
feet between drill-holes, Attenuation was great and the received
signal was weak, An analysis involving the theoretical aspeots of
eleotromagnetic propagation through earth materials is presented,
Several wave types that might exist in and over such materials are
considered and the results of this study are presented in graphical
form, A rather extensive annotated bibliography of material relevant
to this study was compiled and is included in this report,
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PROPAGATION OF PLANE ELECTROMAGNETIC WAVES PAST A SHORELINE

EE Abstr, 3018/1953; New York University (Washington Sg, Coll,) Math,
Res, Group, Res, Rep, No, EM-46, 64 pp., July 1952,

J, Bager, S.N. Karp,

The problem of propagation of electromagnetio waves over a land
sea surface is treated, In particular the field is considered which
arises from the diffraction of a plane wave (or ground wave) whose
direction of propagation is normal and whose magnetic vector is parallel
to the shore-line of a land-sea surface, The sea is treated as a
perfect conducior, and at the air-land interface the customary impedance
boundary condition is imposed, Mathematically, the problem of determin-
ing these fields involves the solution of a two-part boundary value
problem for the time-reduoed wave equation, Exact integral representa—
tions of this solution are obtained by means of technigues allied with
those of Wiener and Hopf, Far field approximations are found in both
the illuminated and shadow regions, Conditions are given which ensure
the uniqueness of the field, In addition, some comments are made
regarding the possibility of coastal refraction in our formulation,

PROPAGATION COF PLANE ELECTROMAGNETIC WAVES PAST A SHORELINE

Phys, Abstr. 16067/1962, J. Res, Nat, Bur, Stand (USA), Vol, 66D, Fo, 3,
Pgs 319-34, May-June 1962

J. Bagzer, S.N. Karp

The problems of the diffraction of homogeneous plane waves and
ground waves by a linear shoreline in a planar land - sea surface are
discussed, The direction of propagation of these incident waves is
assumed perpendicular, and that of their magnetic vectors parallel, to
the shoreline, A%t the air-land interface, the customary impedanoe
boundary cordition is imposed while the sea is treated as a perfect
conductor; atmospheric and ionospheric effects are ignored, Exact
integral representations of the solutions are presented, In the oase
of homogeneous plane-wave excitation originating over the sea, the
integral representations are employed %o obtain expressicns for the
geometrical optics field and for the far—-field form of the remaining
scattered field, transition regions included, The possibility of coastal
refraction is discussed,

SOME UNUSUAL RADIO OBSERVATIONS MADE ON 23RD FEBRUARY, 1956
Phys, Abstr, 949/1957; J, Atmos, Terrest, Phys., V.8, No, 4-5,
Pgs, 281-6, May 1956,

J.S. Belrose, M.HE, Devenpori, K, Weekes

All records of sky-wave signals showed clearly the effeots of the
solar disturbances at 0345 U.T. On 70-300 ke, a very strong absorption
was noted which decreased after 0420, On 16ko, a decrease of refleotion-—
height of between 7 and 8 km occurred, with little change of amplitude,
Conditions remained abnormal throughout daylight hours, but recovered
during the ensuing night,
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PROPAGATION OF VERY-LOW FREQUENCIES IN THE EARTH IONOSPHERE SYSTEM
Phys. Abstr. 7766/1962; Ann, Geophys., (France), Vo. 17, No, 4,
Pgs 370-3, 1961,

R, Benoit, A, Houri

The spectrum of electromagnetic energy emitted by distant spherics
was measured between 11 and 8000 ops using their statistical character-
istics, The spectrum can be interpreted by considering the couple
earth-ionosphere as a resonant cavity for ultra-low frequenoies, and as
a wave guide for frequencies around a few kilo-cyoles,

SOME REMARKS ON THE WATSON TRANSFORMATION AND MODE THEORY
Radio Sci, Journal of Research NBS/USNC—URSI, Vol, 68D, No, 1,
January 1964, Pgs 59-66

Leslie A, Berry

The Watson transformation, which is the basis of VLF mode theory,
is reviewed, It is shown that the disappearance of the line integral
E"continuous spectrum") depends only on the properties of the earth

for a homogeneous ionosphere). Thus, the integral is interpreted
just as in the classical groundwave case, i,e, it represents the waves
which have re—entered the air after travelling through the earth,

The limitations of the seoond-order Debye approximations have
been discussed vaguely beforse, Actual calculation in specifio cases
shows that the attenuation rate of the first mode is in error by 60%
ko/s, 25% at 10 ko/s, and 15% at 8 kc/s when the Debye approximations
are used for all wave functions,

It is not possible to deduoe effeotive parameters for the
homogeneous ionosphere from consideration of the attenuation rate
alone, It is suggested that simul taneous consideration of attenua-
tion rate and phase velocity will remove ambiguity and an example
calculation is given for 10,2 ko/s. The regulting model ionosphere
is at a height of 65 km with (wW,)~ 1,2 (10?),

EFFECTS OF THE IONOSPHERE ON VLF NAVIGATIONAL AIDS
J, Res, Nat, Bur, Stand (USA), V, 65D, No, 6, November-December 1961,
W.T, Blackband

Long range navigational aids could be devised using VLF trans-
missions, The propagation of suoh waves is controlled by the lowest
level of the ionosphere, The small ohanges in phase velocity whioh
aooompany the diurnal ionospherics changes have been studied using
ground monitor stations, Preliminary measurements made in an airoraft
show internal consistency in fixing of about 1 nautical mile at ranges
of 5,000 to 6,000 miles,
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POSSIBLE PROPAGATICN OF VERY-LOW..FREQUENCY SIGNALS BETWEEN RUGBY
AND ROME THROUGH THE IONOSPHERE

Phys, Abstr. 17968/1962; Nature (GB), Vol, 193, Pgs. 863-4,

3rd March, 1962,

W.T. Blackband

Most measurements of the diurnal phase change of 16 kc/s
signals from Rugby receiwved at Rome show effects which fit the
generally zccepted waveguide mode or geometrical optics theories
of prorpagatcrs of v.l,f., waves between the earth and the lower
boundary of the ionosphere, On some occasions (e,g. mid-November
1960), the diurnal variations were 4 or 5 times greater than normal
and the plot of rhase against time is of the same form as that for
meteor burst rate observed on the Janet system, It is suggested
that at these times propagation follows a path which penetrates to
an appreciable extent into the lower layers of the ionosphere.

ON THE RECEPTION OF ELECTROMAGNETIC WAVES
Phys, Abstr, 16545/196i5 Proc, Roy. Soc. (GB), V. A261, Pgs 1-3,
11th April 1961,

H. Bondi

The energy that can be obtained from an electromagnetic wave
by a localized receiver is conesidered for the non-harmonic case,
If the currents in the receiver are chosen so as to maximize the
amount of energy obtained, with conditions implying that the
receiver is quiescent outside a finite interval of reception, then
there exists a well--defined maximum, For a limited interval of
transmission, this maximum depends closely on the length of the
interval of recepticn, If the restriction on the receiving current
is relaxed, then there exist circumstances in which the wave theory
considerations mist be supplemented by allowing for induction effects,

REVIEW OF THE PRESENT STATE OF RESEARCH OF THE PROPAGATION OF VLF
ELECTROMAGNETIC WAVES, - ;
Radiofizika (USSR), Vol, III, No, 1, Pgs 5-32, 1960, Translation,
News of Higher Education Institution, Ministry of Higher Education,
USSR, Radio Physics Series, Vol, III, No,, Pgs 1-80, Office of
Technical Services, UsS. Dept, Of Commerce, Washington D,C,, 14th
Pebruary 1961, 0TS é1-21270, $5.00,

S.V. Borodina, Yu K, Kalinin, ets,

The present status of the research on the propagation of long
and very long electromagnetic waves is discussed, In the first
part are considered theoretical problems and results are given of
the calculations on the propagation of electromagnetic waves with
allowance for inkomogeneities in the ionosphere, and for the finite
conductivity and spherici4yof the earth, The second part details
the fundamental results of both direct and indirect experimental
researches, carried out over a wide range of frequencies (approx,
from 10 cycles to 50 kc.)° These results make it possible to judge
the distinguishing features of wave propagation in this range and
their practical utilization,
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At fregueénoies upward of 3, ko, good agreement is observed between the
experimental data and the theoretical calculations, A need is noted
of the development of a general theory of propagation of super-long
waves with allowance for the effective sphericity and the finite
conduotivity of the earth, particularly for frequencies lower than 3 ko,

There is a bibliography of 109 items,

ON THE PROBLEM OF THE PLANE OF PROPAGATION OF THE HORIZONTAL
ELECTRIC DIPOLE

EE Abstr., 5592/1957; J. Phys, Radium (Franoe), V,18, No, 7,
Pgs 453-4, July 1957.

G, Boudouris, D, Ilias,

A method, other than the classical one making use of the Hertz
veotor, is given for a more rapid solution of the propagation problem
concerning the field radiated from a horizontal electric dipole over
a flat earth, By means of this method, the problem is reduced to
the previous cases which are supposed as known, of the vertical electrio
dipole and the horizontal elementary loop,

THE WAVEFORM OF ATMOSPHERICS AND THE PROPAGATION OF VLF RADIO wAVES
PeWer Bowe

See Part V, page 350.

IONOSPHERIC IRREGULARITIES CAUSING RANDOM FADING OF VERY LOW FREQUENCIES
J, Atmos, Terrest, Phys,, Vol, 11, No, 2, Pgs 90-101, 1957, Similar
material appeared in Prepublication Papers, NBS-IRE PGAP Symposium

on the Propagation of V.L.F, Radio Waves, Boulder, Colorado, 23-25
January 1957, Vol, III, Paper 28

Ser Bowhill

The prooess by which random irregularities in the ionosphere cause
random fading in a refleoted radio wave at the ground may be divided
into two partsy the scattering process within the layer which builds
up an inhomogeneous field in free space immediately beneath it, and the
diffraction process by which this field propagates to the earth's sur-
face, possibly changing in form as it travels,

The extent of this change is evaluated by finding the oorrelation
ooefficients for three pairs of quantities measured experimentally at
75 and 150 ko/s frequenoy. These ares

b the amplitudes of the first and second reflections;

§a§ the signal amplitude at two horizontally separated receivers
c the amplitude and phase of the first refleotion,

The diffractive changes are found to be considerable, but the wave emerging
from the layer is probably modulated in phase rather than amplitude,
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A study of the variation of fading speed at 75 ko/s with height
of reflection appears to confirm existing ideas concerning the presenoce
of small-soale irregularities above & oritioal height in the lower
E-—region,

STATISTICS OF A RADIO WAVE DIFFRACTED BY A RANDOM IONOSPHERE
EE Abstr, 3482/1961; J, Res, Nat, Bur, Stand. (USA), V, 65D, No. 3,
Pgs, 275-92, May-June 1961,

Svo Bowhill °

For some purposes, particularly in oonneotion with the study of
the random structure of the lower ionosphere, using very low frequenoies,
it is neoessary to find the detailed statistioal properties of a random
signal diffraoting in free spaoce, Mathematioal tools for evaluating
these parameters have been developed, and are applied in this paper,
Allowance is made for the effeot of spherioity of the wave incident on
the ionosphere, and anisotropy of the irregular variations of signal is
permitted, The oase of oblique inoidence of a wave on the ionosphere
is also considered,

AN EXPLANATION OF RADIO PROPAGATION AT 16 KC IN TERMS OF TWO LAYERS
BELOW E LAYER

Phys, Abstr, 11593/1954; J. atmos, terrest, Phys, (GB), V. 2, No, 4,
Pgs., 216-25, 1952

R.N. Bracewell, W.C. Bain,

An ionospheric model consisting of two ionized layers below the

normal E layer is postulated in an attempt to aoccount for observed
features of the propagation of 16 ko radiowaves over distanoces of 90
and 535 kn, These observations suggest the existenoe of more than one
ionized layer below the E layer, The lower of the two postulated
layers refleots very long waves over 535 km range, but over 90 km this
layer is penetrated and the waves are refleoted from the upper layer,
The field produced by a transmitter at distances up to about 300 km

is oomposed of the ground wave plus waves refleoted one and more times
from the upper layer, At 535 km, waves from both layers contribute to
the total field, especially the wave refleoted onoe from the lower layer
and waves reflected more than once from the upper layer, New experi-
mental data for 535 km are interpreted in terms of this model,

- 14 =



THEORY OF FORMATION OF AN IONOSPHERIC LAYER BELOW E LAYER BASED
ON ECLIPSE AND SOLAR FLARE EFFECTS AT 16KC

Phys, Abstr, 11594/1654; J. atmos, terrest, Phys., V.2, No, 4,
Pgs. 226—35’ 1952

R.N. Bracewell

The height of reflection of 16 ko waves from the ionosphere at
steep incidence was carefully obserwved during the partial solar
eclipse of 28th April, 1949, and a symmetrical anomaly was found,
This observation, and the observed effects of solar flares, are
shown to be incompatible with the theory that reflection takes place
from the bottom of a Chapman layer, An alternative mechanism is
proposed whose essential feature is the removal of the restriction
in the Chapman theory that the eleotron density should be negligible
compared with the density of ionizable particles, The resulting
theory is worked out, In the extreme case of virtual exhaustion of
the supply of ionizable particles in the top of the ionized layer,
an increase in the incident ionizing radiation simply lowers the
lower boundary of the layer, The consequences of this sort of be-
haviour are in agreement with observation as regard (i) the eclipse
effect, (ii) the effect of solar flares and (iii) the diurnal
variation of height,

THE IONOSPHERIC PROPAGATION OF RADIO WAVES OF FREQUENCY 30-65 KC
OVER SHORT DISTANCES

EE Abstr, 347/1654; Instn, Elect., Engrs., Monogr., No, 84, 9 pp.,
15 December 1953

R.N. Braocewell, J, Harwood, T.W, Straker

The paper desoribes experiments carried out at Cambridge on waves
of frequenoy 30-65 kc reflected from the ionosphere at steep incidence,
The phases and amplitudes of two linearly polarized components of the
downooming wave were measured with reference to the ground wave, The
results for frequenoies of 30, 43, and 65 ko are considered in turn,
and compared with the results for 1§ ke, The main conclusions were as
follows: (a) The day~to-day wvariations of the downcoming wave were
greater at the higher frequenocies, (b) The change of height of
refleotion in passing from day to night was about the same for all the
frequenoies, (¢) In summer, the amplitudes bty day and night were
very different, except at léko, (d) The polarization at all the
frequencies was approximately circular, lefi-handed and constant,

The height of reflection of waves of frequency 30ko was determined by
using the frequency-change method of Appletor and Barnetti,



A SURVEY OF SOME PROMISING METHODS FOR THE STUDY OF RAY -PROPAGATION
IN A GENERAL MEDIUM,

Abstract in Symposium on Whistler Propagation,

Programme of Joint URSI-IRE Meeting, Washington DC,

4th - Tth May, 1959, P, 28,

J.J. Brandstatter

This paper will attempt to give a survey of some promising
methods for the study of the propagation of rays in non-homogeneous
anisotropic media, Based on an extension of Hamilton's principle,
the ray path equations are deduced together with certain properties
of the associated wave normals and surfaces, The latter provides
an aid in the study of refraction and reflection, partioularly in the
ionospherio oase, I+ is shown that by the extension of Hamilton's
principle stated above, the concepts of dispersion and group velocity
appear quite naturally, For the study of dispersion, a perturbation
method developed by the author is presented, Finally, it is indiocated
how a field thecry, that is, a diffraction theory, may be constiruoted.
Some of the proceeding has already been applied to the study of
whistler path phenomena and further applications are already in
progress,

THE THECRY OF PROPAGATION OF RAYS IN AN INHOMOGENEOUS AND ANISOTROPIC
MEDIUM

Final Letter Rept,, Pt, I, Contract AF 18(603)-126, SRI Projeot 2241,
Stanford Research Inst,, Menlo Park, California, December 1959,
AFCRC-TN-60-138,  AD-233 108,

J.J. Brandstatter

This is the first of two reports covering the work done on the
theory and application of ray tracing techniques to whistler propaga-
tion in the outer ionospheres. (Part II is Computation of Whistler
Ray Paths by I, Yabroff.)

The theory of the propagation of rays in non-homogeneous media
has received considerable attention in recent years, The developments
in ray theory for anisotropic media have not paralleled those for the
isotropio case, The best formulation of a compact theory for the
study of ray propagetion in non-homogeneous anisotropic media was
given in a paper by J, Haselgrove in 1955, The origin of the formulation
and method of approach has its »oots in Hamilton's classical work in
optics and mechanios, However, Haselgrove's paper was so conoise that
it prompted many questions on tihe derivations and their wvalidity,
Consequently, we, in an attempt to understand and apply the results
of thie work, were led to develop the background theory and final
equations, starting from first% principles,
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PROPAGATION OF (ACOUSTIC) WAVES IN A NON-UNIFORM WAVEGUIDE

Mcust, Zh, (USSR) V,6, No, 3, Pgs 284-91, 1960, Soviet Physics-—
Acoustics V,6, No, 3, January-Maroh 1961, Pgs 335-9,

L.M. Brekhovskikh, V.A, Eliseewvnin

A waveguide is considered whose properties vary along the
propagation path, For a speoial case, the problem of propagation
is solved both exactly and using the ray approximation, The
present theory oan be used in the analysis of long-distance propa-
gation of acoustio and eleotromagnetic waves in natural waveguides,
Possible generalizations of the results are indiocated,

THE EXTENSION OF SOMMERFELD'S FORMULA FOR THE PROPAGATION OF RADIO
WAVES OVER A FLAT EARTH, TO DIFFERENT CONDUCTIVITIES OF THE SOIL.
EE Abstr. 409/1955; Physios (Netherlands), V. 20, Pgs 441-60,

August 1954,
H. Bremmer

The influence of non-homogeneous soil conditions on the propa-
gation of radio waves over a flat earth can be investigated with the
aid of an integral equation based on Green's theorem, This equation
applies to all types of distributions (also oontinuous) of the conduc-
tivity and of the permittivity of the earth; it is essentially
identical with the integral equation considered by Hufford for the
propagation over irregular terrain, The speoial solution for two
adjacent regions of homogeneous electrical constants oan be treated
numerioally with the aid of two different expansions for the field
near the separating boundary and for the field far beyond this
boundary; the rigorous solution of the integral equation proves to
be identical with the oorresponding expression derived in a very
different way by Clemmow, The solution for three adjacent homogeneous
regions oan be obtained by solving the integral equation by & similar
method,

APPLICATIONS OF OPERATIONAL CALCULUS TO GROUND-WAVE PROPAGATION,
PARTICULARLY FOR LONG WAVES

Inst, Radio Engrs (USA) Trans,, V, AP-6, P, 267, 1558,

H, Bremmer

No abstract
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APPLICATIONS OF OPERATIONAL CALCULUS TO GROUND-WAVE PROPAGATION,
PARTICULARLY FOR LONG WAVES

Trans, IRE, PGAP-6, No., 3, Pgs 267-72, July 1958.

H, Bremmer

All results of the approximate diffraction theory dealing with
the propagation of radio waves around a smooth spherioal earth (surrounded
by a homogeneous atmcsphero) oan be derived from a one-~dimensional
integral equation originally discussed by Hufford.

This equation oan be sclved in terms of operational caloulus whioch
leads, first of all, to the well-known residue series, In this treatment
the Sommerfeld theory for a flat earth appears at once as a limiting
oase; moreover, analytio expressions for correction terms accounting for
the finite wvalue of the earth's radius are easily determined, Finally,
the equation in question oan alsc be used for the extension tec inhomogeneous
soil conditions, without negleoting the earth's curvature,

THE SURFACE-WAVE CONCEPT IN CONNECTION WITH PROPAGATION TRAJECTORIES
ASSOCIATED WITH THE SOMMERFELD PROBLEM

Inst, Radic Engrs (USA), Trans,, V., AP-7, Pgs 175-82, 1959,

H, Bremmer,

Both the continuous-wave solution and the pulse solution of the
Sommerfeld problem can be represented as multiple integrals which descoribe
ocoperating contributions propagated along oontinuous sets of trajectories,
The latter consist of a number of rectilinear sections that connect the
transmitter and the resceiver, The propagation velocity along each
section is in acoordance with the oorresponding medium, The velcoity along
section lying in the earth's surfaoe is that of the well-known surfaoe wave,
Transient phenomena at the receiver start after the arrival of a main pulse
along the trajectory comneoting the transmitter and the receiver in acocordanoe
with ordinary geometrio optios, ignoring surfaoce-wave effeots, Pulses along
trajeotories containing a surface-wave seotion may arrive earlierj however,
their joint oontribution then cancel each other until the arrival of the main
pulse,

MODE EXPANSION IN THE LOW-FREQUENCY RANGE FOR PROPAGATION THROUGH A
CURVED STRATIFIED ATMOSPHERE

J. Research NBS, Vol, 63D, No, 1, Pgs, 75-85, July-August 1959,

H, Bremmer

This expansion is parrioularly useful when oonsidering ionospherio
propagation at low frequencies, The complex problem dealing with two media,
viz, & homogeneous earth and a surrounding stratified atmosphere, leads to
intractable expressions, However, as the influence of the earth may be
accounted for by an approximate boundary condition at the earth's surfaoe,
the problem is then reduoced to that of the outer medium only, The oo~
effioients of the mode expansion for this simplified problem will be derived
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taking into account the earth's ocurvaturej however, the latier
proves to be negligible under wvery general conditions, The
expansion to be derived is wanted in particular when studying the
influence of a gradual transition in the eleotron density with
height at the lower edge of the ionosphere,

THE PROPAGATION OVER AN INHOMOGENEOUS EARTH CONSIDERED AS A TWO-
DIMENSIONAL SCATTERING PROBLEM

Reprinted from "Eleotromagnetio Wave Propagation" published by
Academy Press, 1960,

H, Bremmer

This artiole deals with a two—-dimensional integral equation for
the distribution of field-strength across a flat inhomogeneous earth,
The equation is based on an approximative boundary condition, which
accounts for the looal distribution of the eleotrical oonstants, An
infinite series representing the solution is interpreted in terms of
soattering effects, The result applying to a speoial situation (two
homogeneous regions separated by a straight boundary) is oompared
with that derived from the conventional one-dimensional equation whioh
constitutes a saddle point approximation of the above two-dimensional
equation,

PRELIMINARY STUDY OF PROPAGATION CHARACTERISTICS OF LOW-FREQUENCY
COMMUNT CATION

Mathematical Note 181, Mathematioal Services Unit, Boeing Scientific
Researoh Laboratories, Seattle, Wash, 6th Ootober 1957,

R.L. Brook, R.C. MoCarty

This mathematical note constitutes a final report made in
conneotion with a study to determine the feasibility of a reliable
long-distance communication system operating at the very low frequencies
(VLF) or low frequenoies (LF), This preliminary study was formally
undertaken in late January 1957, The phase of the study reported here
pertains principally to the effeots of atmospheric noise and regular
and anomalous propagation charaoteristios of the medium at these
frequenoies as they are related to the feasibility of a highly reliable
long—-distance oommunication system, The material presented here is
to be considered as supplementary to that given in Math, Note No, 166,
Memorandum 2-7716-75, and BAC Documents D2-1466 and D2-2302,
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THE EFFECT OF SUNRISE ON THE REFLECTION HEIGHT OF LOW FREQUENCY
WAVES '

Can, J, Phys,, 32, Pgs 90-8, January 1954.

S.,B, Brown, W, Petrie,

It has been found that when radio waves of frequenoy 16 ko and
somewhat higher are transmitted over distanoes of 540 km, the phase
and amplitude of the reoeived signal ohange suddenly about 1 hour
before ground sunrise at the mid-point of the transmission path,
This effect results from a lowering of the night-time reflection
height 95km to the day-time wvalue of TO km, By oonsidering the
geometry of the'situation, it is apparent that the prooess of photo-
ionization of atmospheric molecules cannot produoe the obsarved
effect since the relevant wavelengths are absorbed before reaohing
the 95 km height, On the other hand, eleotrons may be removed from
negative oxygen ions by visible and near infra-red radiation whioh does
reach the 95 km level prior to sunrise, The problem is then to deter-
mine the intensities of the relevant wavelengths at the 95 km level, and
to oompute the rate at which eleotrons are released from negative ions,
It is shown that the pre-sunrise effect at 95km is readily explained
as a negative lon phenomenon, and the rate of fall of refleotion
height is discussed.

THE PROPAGATION OF A RADIO-ATMOSPHERIC
Phil, Mag,, V, 42, Pgs 1-19, January 1951,
Ko Go Budden

The author shows that if one surfaoce of the wave guide is an
imperfeot conduotor, then all the modes inoluding the zero-order mode,
are heavily attenuated below a oertain oritical frequenocy. There are
two modes where amplitudes are muoh greater than those of all other
modes, and these both give an osoillatory response to a lightning
flash at a great distance,

THE PROPAGATION OF VERY LOW FREQUENCY RADIO WAVES TO GREAT DISTANCES
Phys, Abstr, 7804/1953; Phil, Mag.,, 44, Pgs 504-13, May 1953,
K.G, Budden,

In discussing the propagation of v,1l.f, radio waves to great
distances, it is convenient to treat the space between the earth and
the ionosphere as a waveguide, This treatment is applied to some
experimental measurements made on signals of frequenoy 16 ko, over
distances of 340-3640 km from the sender, It is shown that the
measurements can be explained in terms of the four least attenuated
waveguide modes, If the earth's magnetic field is negleoted, and the
ionosphere is assumed to be sharply bounded homogeneous, ionized medium,
then it is shown that the helght of the boundary is 69.1 + 0,5 km,
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A RECIPROCITY THEOREM ON THE PROPAGATION OF RADIO WAVES VIA THE
IONOSPHERE

Proc, Cambridge Phil, Soc,, Vol, 50, Part 4, Pgs 604-613,
Octover 1954,

K.G, Budden

The reciprocity theorem for electrical systems that include
a radiation link was believed to be true only when the media within
the system have dieleotrio oonstants that are symmetrio tensors,
This condition is not fulfilled by the ioncsphere, so that the
reoiprooity theorem is not generally applioable when the radiation
link includes cne or more refleoticns from the ioncsphere, I+ is
here proved that when the ionosphere is horizontally stratified,
and when the path from transmitter to receiver is in the magnetio
meridian (north-south and socuth-north transmission), the reciprooity
theorem applies (a) when the transmitting and receiving aerials
both radiate or reoceive waves whose electric vector is in the plane
of inoidenoce, and (b) when btoth aerials radiate or receive waves
whose electric vector is horizontal, Further, (¢) if the electric
vecter radiated or received is horizontal for one aerial and in the
plane of incidence for the other, then there is reciprooity in
signal amplitudes, but the phase changes for transmission in the
two directicns differ by 180°, These results are wvalid for any
law of variation of electron density and collision frequenoy with
height, They are based on a "full-wave" theory, and therefore
apply to all frequencies, They are unaffeoted if the path includes
multiple reflections and if allowance is made for the curvature of
the earth,

THE "WAVEGUIDE MODE" THEORY OF THE PROPAGATION OF VERY-LOW FREQUENCY
RADIO WAVES

Phys, Abstr, 8033/1957; Proo, Inst, Radio Engrs,, V.45, Yo, 6,

Pgs 772-4, June 1957.

K.G, Budden

Relates to the theory in which the propagation of wv,1l,f, radio
waves is treated by regarding the space between the earth and the
icncsphere as a waveguide, Its purpose is %o answer some oriticisms
of earlier papers by Budden (Abstr, 7804/1953). The earth is assumed
to te a perfeotly conducting plane, and the ionosphere is assumed to be
a homogenecus medium with a sharp bocundary, In general, there is no
unique way of assigning numbers to the waveguide mcdes, The numbers
are usually assigned by continuity with the case where the ionosphere
is a perfect conductor, but this methecd fails for some values of the
height and the conductivity, If the produot of the height and the
conductivity is less than a oertain critical value, the attenuation
for the zero order mode has a maximum at scme frequency, and there-
after decreases as the frequency increases, as was found by Budden,

If the oritioal value is exceeded, the attenuation for the 2Zero order
mode inoreases indefinitely with increasing frequency, as was found by
Wait, and Liebermann,
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THE INFLUENCE OF THE EARTH'S MAGNETIC FIELD ON RADIO PROPAGATION BY
WAVE-GUIDE MODES

Phys, Abstr, 7756/19623 Proo, Roy, Soo, 4 (aB), V, 265, No, 1323,
Pgs 538-53, 1962,

K.G. Budden

A general theory of radio propagation by wave-guide modes is
given, which simultaneously makes allowanoe for the gradualness of
the lowest part of the ionosphere, the earth's ourvature and the
earth's magnetic field, The method involves solving differential
equations satisfied by the matrix admittance or matrix reflection
coefficient variables, The mode condition, excitation faoctor, and
polarization of the waves in a mode are derived by evaluating the
residues of a series of poles of a oontour integral, The earth's
curvature is allowed for by the method of the "modified refractive
index", thus avoiding the use of cumbersome spherical wave funotions,
This also permits the replacement of a point source by a line source
with consequent further simplification of the mathematics, Formlae
are given which have been used for computations described elsewhere,

SOME EXPERIMENTAL RESULTS CONCERNING NON-RECIPROCAL EAST-WEST VLF WAVE
PROPAGATION

Radio Science Journal of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January 1964, Pgs 17-18

B. Burgess

Experimental data oollected in recent years by Crombie (1958), and
Reder et, al, (1962) and theoretical work on VLF propagation by Wait
(1960) have given strong evidence to the faot that VLF propagation
is non-reciprocal in the east-west and west-eazt directions,
Experimental data relating to this topic are at present sparse, This
paper presents some experimenial results obtained during the past
two years which will substantiate the existing evidence as to this
non-reciprocal propagation,

PROPAGATION OF VLF WAVES UNDER DISTURBED CONDITIONS

Radio Soience Journ, of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January 1964, Pgs, 115-6,

B. Burgess

The very stable phase properties of VLF wave propagation over
great distances are being currently censidered or utilized for
worldwide frequency comparisons, time synchronization, and long-range
radio navigational aids, All these uses rely on very stable properties
of VLF propagation, and hence a knowledge of disturbed propagation
conditions, their cause, and understanding is of practical importance,




PROPAGATION OF VLF WAVES OVER DISTANCES BETWEEN 1000 AND 3000 KM
Radio Science, Journal of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January 1964, Pgs 15-16,

B, Burgess

The study of the propagation of very-low-frequenoy radio waves
over distanoes lying between 1000 and 3000 km will provide valuable
information regarding the propagation characteristics of such waves
and the physical properties of the reflecting walls of the earth-
ionosphere waveguide,

This paper will deal mainly with the diurnal phase variations
of VLF signals reoeived over these distances,

EXTREMELY LOW-FREQUENCY RADIO PROPAGATION IN AN INHOMOGENEOUS
IONOSPHERE

EE Abstr. 2666/1964, Nature (GB), Vol, 199, 581-2, 10th August 1963
R. Burman, R.N. Gould,

Exact solutions of the wave equation in the zero-order mode for
waves propagating in the earth-ionosphere waveguide are determined
for a linear refractive index profile, The results indicate that
the attenuation of e.l.f, waves may increase as frequency decreasses
at the lower frequencies — a result in agreement with some experi-
mental measurements,

ON THE PROPAGATION OF VERTICALLY POLARIZED ELECTROMAGNETIC WAVES
IN A HORIZONTALLY STRATIFIED MEDIUM

Phys, Abstr, 3142/1964., J. Atmos, Terrest., Phys. (GB), Vol, 25,
543-5, September 1963,

R. Burman, R.N. Gould

It is pointed out that the differential equation describing
wave propagation in a stratified medium is solvable for linear
exponential and hyperbolic refraotive index profiles for vertically
polarized waves, Solutions are given for these three cases, Earth
curvature may be allowed for by the usual methods, Murther tabula-
tion of the Whittaker functions may be necessary in order to apply
the derived solutions, The results have significance in the theory
of elf and vlf propagation,

- B3 =



RADIO COMMUNICATION WITHIN THE EARTH'S CRUST

EE Abstr, 1172/1964, IEEE Trans Antennas and Propagation (USA),
Vol. AP-11, No, 3, 311-17, May 1963,

C.R. Burrows

Discusses four methods of eleotrical communioation within the
earth's ocrust, Mode I may be described as similar to propagation over
the ground, exoept that the rogk dieleotrio substitutes for air as the
propagation medium and the under surface of the overburden takes the
place of the earth's surfaose, Mode II results when the Q of the
propagating medium is small so that the aerials must be modified, whioh
also results in a modifioation of the propagation formulae, Two other
modes are considered for conditions where the depth to the good
dielectric basement rock is prohibitive, Mode III is indioated when
the overburden is a highly conduoting layer, It makes use of "d.o.
signalling" with vertioal aerials extending below the surfaoe layer,

Mode IV is indicated when the overburden is so thin that it does not
provide an effective conducting plane, It makes use of "d.c, signalling"
with the aerials consisting of a pair of vertioal conduotors insulated
from the thin layer of higher conduotivity, but making contaot with

the medium of intermediate conduotivity, hence, generating a horizontally
polarized wave, Distances and information rates are given for these
modes under various propagation oonditions,

OBSERVATIONS ON PHASE STABILITY OF SIGNALS FROM NBA (18 KC/S) PANAMA
AS RECEIVED IN NEW ZEALAND '

EE Abstr, 1739/1964. Proc, Instn, Eleot., Fngrs (GB), Vol,110, No, 11,
Pgs 1928-32, November 1963,

G,J, Burt

An analysis of observations made over a period of a year shows that
the phase chanrges cf the signals from NBA as received in Lower Hutt,
New Zealand, have a diurnal pattern but with considerable day-to—day and
seasonal variations, It is concluded that, as recorded at present,
the signal is not sufficiently stable to be used as & referenoce for
standard frequensy measurements, A suggestion is made for improving
the reception of the signale for frequenoy-comparison purposes,

RADIO WAVES IN ROCK NEAR OVERBURDEN-ROCK INTERFACE

EE Abstr, 1229/1964, IEEE Trans Antennas and Propagation (USA),
Vol, AP,11, No, 3, Pgs 336~8, May 1963,

J, Carolan, Jr,, J.T. de Bettensourt,

An account is given of a theoretical investigation of radio wave
propagation in a rock medium situated below a highly oonducting plane
boundary overburden, due to a vertically polarized eleotrio dipole
source immersed in the rock near the boundary, Exoluded from this
disousslion are propagation modes in the rook guided between plane
boundaries on top and bottom, Just as with dipoles in air above
a plane ground, the rock wave can be considered as the result of a
"direct wave'; & wave "reflected” frem the overburden and an "interface
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surface wave', Rock with complex phase constant K; replaces air
with real phase constant £, . Of interest is the variation with
depth below the boundary of the fields in the rock, analogous to
"height gain" for fields in air, Of importance is the effect of
the relative refraotive index of overburden-to-rock, A sample
calculation is given for a one-mile path assuming typical eleotrical
constants for the rock and overburden media, At the v,1,f, of
interest, loss tangenits in the media are large, These results may
assist in determining whether or not a received signal is due
predominantly to a rock propagated wave or to a possible "up-over-
and-down" mode,

VLF PROPAGATION MEASUREMENTS FOR THE RADUX-OMEGA NAVIGATION SYSTEM
EE Abstr, 4905/1959; Proc, Inst, Radio Engrs, V, 47, No, 5(I),

Pgs 829‘39’ Ma.’)’ 19590
C.J. Casselman, D.P. Heritage, M.L. Tibbals,

Describes special v,l1,f, propagation measurements in connection
with a feasibility study of a long range ravigation system, Round -
trip single-frequency measurement of phase stability was made between
Hawaii and San Diego on frequencies from 10,2 k¢ to 18,2 ke in 1 ko
increments, During 15th to 23rd January 1958, the standard deviation
of phase stability on 12,2 ko was 4 .« sec daytime and 5 <« sec night-
time, One-way two-frequency transmissions were monitored ir San
Diego and Washington, D.C., to determine the phase stability of a 1 kc
difference frequency for pairs of frequenoies from 10,2 ko to 18,2 ke,
Data analysed at time of submission of this paper (10,2 - 16,2 ko)
indicate limitations of the itwo—frequency system for lane identifioa-
tion (resolution of cyclic ambiguities corresponding to one period
of the oarrier frequenoy)o The techniques used to instrument these
tests are considered somewhat unique, Data reported herein are
general and applicable to any propagation situdy, The data being
collected are leading to a better understanding of the mechanism of
v.l,f., propagation,

ON THE ROLE OF THE PROCESS OF REFLECTION 1IN RADIO WAVE PROPAGATION
Phys, Abstr, 16041/1962, J, Res, Na%, Bur, Stand (USA), Vol, 66D,
No, 3, 273-84, May-June 1962,

F, du Castel, P, Misme, A, Spizzichinc, J, Voge,

Neture offers numerous examples of irregular stratifioation of
the medium for the propagation of radio waves, A study of the process
of reflestion 1in such a medium distinguishes between specular reflec-
tion and diffuse refliection, The phenomenon of trans-horizon tropo-
spheric propagation offers an example of ihe application of such a
process, neoessary for the interpretation of experimental results,
Other examples are those of ionospheric propagation (sporadio-E layer)
and propagation over an Iirregilar ground surface (phenomenon of albedo)°
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PROPAGATION OF AUDIO FREQUENCY RADIO WAVES
Nature, V, 177, Pgs. 930-3, May 1956,
F.W, Chapman, R.C. Macario,

No abstract

VLF PHASE PERTURBATION ASSOCIATED WITH METEOR SHOWER IONIZATION
7. Geophys., Researoh 66, 379-383, February 1961.
C.J. Chilton,

No abstract

THE AFTERNOON HUMP IN THE DIURNAL VARIATION OF ATMOSPHERICS ACTIVITY
ON 27 KC/S

Phys, Abstr. 2209/1964, Indian J, Pure Appl, Phys, Vol, 1, No, 7,
Pgs 256-9, July 1963.

M.W. Chiplonkar, R.N. Karekar

The phenomena of "afternoon hump" and "sunset dip" observed
in the diurnal variation of atmospherios activity on 27 ko/s, are
discussed with reference to the data obtained at Poona during 1958-59,
Two basic variations are oonsidered: (a) the diurnal variation of winter
months and (b) the afternoon hump of summer months, Any type of observed
diurnal variation can be explained by them either individually or by their
superposition, The processes by which these basio variations may be
produced are also discussed, It is concluded that though the diurnal
and seasonal variations of thunderstorm activity and their geographical
distribution play an important part in the production of the afternoon
hump, the late oocurrence of sunset rise in winter and presence of
sunset dip in summer suggests that the role of the ionosphere is of no
less importance,

RADIO PROPAGATION OVER A FLAT EARTH ACROSS A BOUNDARY SEPARATING TWO
DIFFERENT MEDIA

Phys, Abstr, 4934/1953; Phil, Trans, A, V, 246, No, 905, Pgs 1-55, 1953,
P,C, Clemmow,

A theoretical investigation of the phenomena arising when vertioally
polarized radio waves are propagated across a boundary between two homo-
geneous seotions of the earth's surfaoe which have different oomplex
permittivities, The problem is treated in a two-dimensional form, but the
resul ts, when suitably interpreted, are valid for a dipole souroe, In the
first part one seotion of the earth is taken to have infinite conductivity
and is represented by an infinitely thin, perfeotly oonducting half-plane
lying in the surface of an otherwise homogeneous earth, In the seoond part
the restriction that one of the earth media should be perfectly conducting
is waived, A condition, usually met in practice, is assumed, namely,
that the modulus of the complex permittivity of eaoh section of the earth
is large. Approximate boundary conditions are then likely to be valid,
and their introduction makes possible an analytioal treatment on the
same lines as before,
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RELATIONS BETWEEN THE CHARACTER OF ATMOSPHERICS AND THEIR PLACE OF
ORIGIN

EE Abstr., 5214/1957; Proc, Instn, Radio Engrs.,, V., 45, No, 6,

Pgs 804-6, June 1957.

J. Chapman, E,T, Pierce

I+ is shown that atmospherics originating from geographical
localities are systematically different in character, even when the
distances of propagation are the same and there is no reason to
anticipate appreciable dissimilarities in the ionospheres along the
respective propagation paths, Detailed and precise information is
given of how these "geographical" effects may be traced by recording
and classifying types of waveforms, It is also shown that the effects
are apparent for observations of atmospherics at fixed frequenoies
between 0,65 and 27 ko. No attempt is made to assign a reason for
the geographical phenomena, but the most promising approach would
seem to be by considering differences in the conductivity of the
earth's surface, and in particular, those between land and sea,

PHASE VARTATIONS OF 16 XC TRANSMISSIONS FROM RUGBY AS RECEIVED

IN NEW ZEALAND

EE Abstr, 3251/1958; Proc, Instn, Elect, Engrs, Paper 2562R, publ,
May 1958, V, 105B, Pgs 301-4.

D.D. Crombie, A, H, Allan, M, Newman

The results of approximately one year's measurement of 'the
diurnal phase Vvariation, in New'Zealand, of the highly stable 16 kbt
transmission from GBR g4re given and discussed, 'If it can be oon-
sidered that the signal is receivéd by 'the short great-circle path,
the observed phase variations appear to bé¢ in accordance with
propagation via the TMOl—mode which exists between parallel, plane
metallic sheets,

DIFFERENCES BETWEEN THE EAST-WEST AND WEST-EAST PROPAGATION OF VLF
SIGNALS OVER LONG DISTANCES

J. Atmos, Terrest, Phys, Vol, 12, Nos, 2/3, Pgs 110-117, 1958.
D.D. Crombie

An early suggestion by Round, Eckersley, Tremellen, and Lunnon,
that VLF signals received from the west are less attenuated than those
from the east is investigated. The original evidence, together with
further experimental data, gives strong support to the hypothesis,

The outline of a possible explanation of the effect is given,

= B =




ON THE MODE THEORY OF VERY-LOW FREQUENCY PROPAGATION IN THE PRESENCE
OF A TRANSVERSE MAGNETIC FIELD

EE Abstr. 6953/1960; J. Res, Nat., Bur, Stand, (USA), V.64D, No, 3,
Pgs 265-7, May—June 1960,

DoDo %Ombie.

The effeot of a purely transverse horizontal magnetic field on the
propagation of wvery-low frequenoy (v.l.f.) waves is oonsidered,
It is shown that the magnetic field introduoes non-reoiprocity,
and that for the propagation along the magnetio equator, the rate
of attenuation is less for west-to—east propagation than for east-to-
west propagation,

REFLECTION FROM A SHARPLY BOUNDED IONOSPHERE FOR VLF PROPAGATION
PERPENDICULAR TO THE MAGNETIC MERIDIAN

Phys, Abstr, 5484/19623 J, Res, Nat, Bur, Stand, (USA), V, 65D, No, 5,
Pgs, 455-63, September-October 1961,

D.D, Crombie

There is experimental evidence that signals propagating from
west—-to—-east suffer less attenuation than from east-to-west, Barlier
workx treating the case of non-reoiprooal propagation along the magnetio
equator is extended in latitude, The non-reoiprooity shown by W RI
for highly oblique propagation along the magnetio equator persists
when the refleotion point moves towards a magnetio pole, but at

the pole itself hrI is reoiproozal, To a first approximation
4 Rl is reciprooal at all magnetic latitudes, The conversion
coefficient IR s L R |l , are greater for east-to-west

propagation than for propagating in the opposite direotion, exoept
at a magnetio pole where they are equal,

NON--RECIPROCITY OF PROPAGATION OF VLF WAVES ALONG THE MAGNETIC EQUATOR
EE Abstr, 9181/1963° Proc, Inst, Eleot, Eleotronios Engs (USA), Vol,51,
No, 4, Pgs, 617-8, April 1963,

D,D, Crombie

An explanation for the non-reciprocity of vlf propagation along
the magneiio equator has been given by Barber and Crombie (Abstr,
151644 of 19603 J. atmos, terrest, Phys, Vol, 16, Nos, 1-2, Pgs 37-45
(Cotober 1959))° They implied that the reason for the reduoed
refleotion for waves inoident from the east was due to inoreased
dissipation of wave energy in the ionosphere, In this note Crombie
states that this is no longer believed to be true, that the absorption
coeffioient in the iorosphere is independent of the direotion of inoi-
dence, and that the non-reoiprocal refleotion is balanced by & non-
reciprooal transmission coefficient at the ionospheric boundary,



PERIODIC FADING OF VLF SIGNALS RECEIVED OVER LONG PATHS DURING
SUNRISE AND SUNSET

Radio Science Journal of Researoh NBS/USNC-URSI, Vol, 68D,

No, 1, January 1964. Pgs., 27-34.

Do Do Crombie .

Data on the periodic ohanges in amplitude and phase of VLF
signals received over long VLF paths is examined, It is concluded
that the variations are due to multimode propagation in the night-
time portion of the path,

INFLUENCE OF THE TOTAL ECLIPSE OF THE SUN ON 15TH FEBRUARY 1961
ON THE TRAVEL TIME OF VERY LONG WAVES

Phys, Abstr, 16588/1961;5 CR Aoad, Soi, (France), V, 252, No, 16,
Pgs 2387-9, 17th April 1961,

B. Decaux, A, Gabry, J, Lachatre, J, lLucas,

The phase and amplitude of the signals from two standard low-
frequency broadcast stations, and atmospherios at 2Tko, were observed,
Effeots during the eclipse are desoribed and it is shown that the
eolipse produces night-time propagation conditions,

RAPID CHANGES WITH SEASON IN THE DIURNAL VARIATIONS OF THE TIME OF
TRAVEL OF VLF WAVES PASSING WITHIN THE ARCTIC CIRCLE

C.R. Acad., Sci, (France), Vol, 257, No. 3, Pgs 722-4, 17th July 1963.
In Frenoh,

B, Deaaux, A, Francds, A Gabry,

The changes can be explained by oonsidering the changing pattern
of solar illumination of the path,

SOME PARTICULAR OBSERVATIONS ON DIURNAL PHASE VARIATIONS OF VLF
TRANSMISSIONS RECEIVED IN PARIS

Radio Science Journ, of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January, 1964, Pgs 21-25,

B, Decaux, A, Gabry

Observations made in Paris, Franoe, of the phase of various
frequency stabilized VLF t{ransmitters are reported, Descriptions
are given of the seasonal dependence of the diurnal phase shift on
an arctic path, effects following solar flares, effeots of two solar
eclipses, and observation following the high-altitude nuolear
explosion of 9th July, 1962,
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THE MAGNETIC FLASH OF THE NUCLEAR TEST OF 13TH FEBRUARY 1960
AT REGGANE

CR Acad, Soi, (France), V., 250, No, 14, Pgs 2536-7, April 1960.
J., Delloue

An eleotromagnetio signal originating from the nuolear explosion
was recorded at a distanoe of 2500 km and the field strength shown
to be 0,1 V/m,

ELECTROMAGNETIC WAVE PROPAGATION: Proceedings of a conferenoe
sponsored by the postal and telecommunioation group of the Brussels
Universal Exhibition, 1960,

$22,00 Aoademio Press,

M, Desirant, J.L., Michiels, eds,

EFFECTS IN VLF MODE TRANSMISSION IUE TO THE EARTH'S MAGNETIC FIELD
Document DI-82-0055, Boeing Soientifio Research Laboratories, Seattle,
Washington, June 1960, AD-245 794. For ref, at ASTIA Headquarters
only, ASTIA does not furnish copies, Copies may be obtained from
the author,

D.R. Dobrott.,

The effect of the earth's magnetic field is analyzed for the
propagation of VLF eleotromagnetic waves about the earth, These
waves are considered to be propagating by modes in a parallel plate
waveguide, The lower boundary of the guide is oonsidered to be a
perfect conductor, while the upper boundary is assumed to be a sharply
defined, semi-infinite, homogeneous plasma with a constant magnetic
field applied, A relative dieleotric tensor is derived and its
components plotted, Several types of souroes are disocussed,
Admittance relations are derived for the upper boundary of the guide
by considering the waves to be of grazing incidence, It is found
that in the case of TM waves propagating across the earth's magnetio
field these admittance parameters depend upon the direotion of
propagation, This phenomenon is known as the East-West effeot,

The admittances for this particular case are plotted versus frequenoy
for wvarious heights, Expressions for the eigenvalues and the
eigenfunctions are found as funotions of the admittance, By employing
the Green's function, the amplitudes of the various modes due to their
sources are evaluated, A numerioal example of field strength versus
distance is caloulated illustrating the East-West effect of VLF
transmission, All solutions are included in the appendix,
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ON COASTLINE EFFECTS IN VLF MODE TRANSMISSION

Report DI-82-0066, Boeing Scientific Research Laboratories, Seattle,
Washington, August 1960, AD-244-242, For ref, at ASTIA HQ only.

Beoause this report ocamnot be satisfaotorily reproduced, ASTIA does

not furnish oopies,

D,R, Dobrott

The effect of a coastline on VLF transmission is analyzed, Three
boundaries - the land, the sea, and the ionosphere - are taken into
acoount, A vertioally polarized souroe is introduced, and the Green's
funotion for this source is found by the "Wiener-Hopf" teohnigue, In
the process of applying this technique, use is made of the Fourier
integral and contour integration, A numerical example is oalculated
for the far-field approximation, where only one propagating mode is
present, The so-called "recovery effect", a sharp increase in field
strength past the shoreline, due to changes in conductivities at the
ooastline is observed,

EAST-WEST EFFECT ON VLF MODE TRANSMISSION ACROSS THE EARTH'S MAGNETIC
FIELD a

EE Abstr, 2025/19613 J, Res, Nat, Bur, Stand. (USA), V, 65D, Wo, 1,
Pgs 47-52, January-February 1961,

D, Dobrott, A, Ishimaru,

The effeot of a constant transverse magnetio field is analysed
for the propagation of v,l1,.f., eleotromagnetio waves about the earth,
These waves are considered to be propagating by modes in a parallel-
plate waveguide, The lower boundary of the guide is oonsidered to
be a perfect conduotor, while the upper boundary is assumed to be
sharply defined, semi-infinite, homogeneous plasma with a constant
magnetio field applied. The source of these waves is an infinite
number of short, horizontal, cophased dipoles, uniformly spaced
parallel to the constant magnetio field weotor, Admittance relations
are derived for the upper boundary of the guide by considering the
waves to be of grazing inoidence, Expressions for eigenvalues and
the eigenfunotions are found as functions of  the admittance, By
employing a twc-dimensional Green's funotion, the amplitude of the
various modes due to the dipole source are evaluated, It is noted
that the propagation constants differ depending on the direction of
propagation, thus offering an explanation of the east-west effect of
v,l,f, transmission, A numerical example is calculated and field
strength versus distance values are found to correspond to some
experimental results,
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PULSE SKY WAVE PHENOMENA OESERVED AT 100 KC

Prepublication  Papers NBS-IRE PGAP, Symposium on Propagation of VLF
Waves, Boulder, Colorado, 23rd-25th January 1957, Vol, III, Paper 44,
Slmilar material was presented at IRE-URSI Symposium, Wéshlngton Dc,
23rd-26th April 1958,

R.H. Doherty

Sky wave measurements made at 100 kc indicate that signals exist
for beyond the geometrical optical limit for these signals, Data
observed tend t6 support a theory that these waves are propagated partly
as ground waves, The stability observed for these long range sky waves
suggests that they may be uitilized for relatively accurate navigational
fixes,

The various phencmena observed on higher-—order multiple hops
(3rd through Tth) are also discuszsed,

THE MAGNETIC FIELD AT THE SURFACE OF A STRATIFIED FLAT CONDUCTOR IN

THE FIELD OF PLANE WAVES WITH APPLICATION TO GEOPHYSICS

Phys. Absir. 4243/1963, Canad, J, Phys,, Vol, 40, No, 11, Pgs 1583-92,
November 1962,

H.W, Dosso

The problem of plane electromagnetic waves incident on a stratified
flat conductor is considered, Expressions for the amplitude and phase
of the components of the resultant magnetic field at the surface of the
conductor are obtained and evaluated for a wide range of frequencies,
conduotlvitles, surfaoe layer depths, and angles of incidence, The 11
frequeTgles F = 10-3 to 10 cycles/sec and the conductivities o = 107
to 107 e,n,u, considered are of interest in studying geomagnetio
variations,

ATR-TO-UNDERSEA, COMMUNICATION-ELECTROMAGNETIC FIELDS IN THE TWO MEDIA,
CAUSED BY VERTICAL AND HORIZONTAL ELECTRIC DIPOLES IN AIR.

University of New Mexico, Albuguergue, New Mexico, Technical

Report EE-61, September 1961, P,59,

S.H, Durrani

A brief description of the salient features of electromagnetic waves
in a conducting medium is followed by a discussion of the practical ranges
of various parameters inwwlwved in ;ne problem of air-to—indersea communi-
cation at freguencies cf 10 and 107 cps, Using the integrals given by
Sommerfe]d, expressions are developed for components of the 97 vectors in
both air and wsea, in terms of certain auxiliary integrals and their functions
evaluated at specific points, Asymptotic series expansions for these
integrals, which may be differentiated or integrated term-wise to get the
necesgsary functions, are derived by extending the work of Banos and Wesley.
Values of the 7r vector and eleﬂtromagnetlc field components are obtained
for the so-called "quasi~near-range" - when r, the horizontal distance between
the point of observation and the source, is less than a wavelength in air (of
the order of miles) but more than a wavelength in sea (of order of feet) -
with the restriction that the source height or depth of the point of obhserva-
tion are both smaller *kan r, I+ is found that the strongest E field in the
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sea is the horizontal component of the field produced by a vertical
dipole in air, Combining this with the known results for E fields
in air produced by submerged dipoles, it is concluded that from
oonsiderations of field strength alone, the best inter-—oommunication
scheme has a vertical dipole in air with a horizontal dipole in

the sea, Some oomments on reciprocity and a discussion of the
praotical communication-ranges are included,

ATR-TO-UNDERSEA COMMUNICATION WITH ELECTRIC DIPOLES

AD 265 4763 University of New Mexico, Albuquerque, New Mexico, 1961,
P, 18, illus, IRE Trans, Antennas and Propagation (USA), Vol, AP-10,
Pgs, 524-8, September 1962, E.E. Abatr, 1007/1963.

S.H. Durrani

The ranges of wvarious parameters involved in air-to-undersea
communication at 10 to 10 to the 5th power ops are briefly discussed.
Sommerfeld's integrals for the pi oomponents in the two media are
presented and are solved for the quasi-near range, subject to certain
mild restrictions, This is accomplished by defining two auxiliary
integrals, asymptotic series expansions for which are made available
by extending the work of Banos and Wesley., The solution for pi
leads to the derivation of electromagnetio field components, It
is found that, from field strength considerations alone, the best
inter-communication scheme consists of a vertical eleotrioal dipole
in air with a horizontal eleotric dipole in the sea, Simple
calculations for estimating the satisfactory communioation range
are included,

INFLUENCE OF POLAR CAP ABSORPTION EVENTS ON VLF PROPAGATION
Ark, Geofys. (Sweden), V, 3, Paper 21, Pgs 481-8, 1961,
A, Egeland, B, Hultqvist, J, Ortner,

"Polar oap absorption" symposium paper, Between September 1958
and September 1960 eleven periods of absence of the sunrise and sunset
minima of the 16 ko signal strength from Rugby were noted at Kiruna
in northernmost Sweden, Ten of these instances ooincided with the ten
polar absorption periods recorded during that time, and even the
eleventh oase of anomalous v,1,f, propagation may have been associated
with similar phenomena, The propagation effect was observed well
before the start of the geomagnetic storm and there was close oorrelation
between the intensity and duration of the v.,1l.f, propagation effects
and the corresponding parameters of the polar cap absorption, The
conclusion is that polar oap absorption and the anomalous v,l,f.
propagation are caused by the same agent, high—energy protons originating
from the solar flare, The corollary is that protons arrive even below
the geomagnetio latitude of 60 degrees - usually the approximate lower
limit of the absorption effect - even prior to the onset of the
geomagnetio storm,
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VERY LOW FREQUENCY RADIO WAVE PROPAGATION OVER A LONG HIGH-LATITUDE
PATH ‘

Atk, Geofys, (Sweden), V., 3, Paper 22, Pgs 539-56, 1961,

A, Egeland,

This report deals with lonospheric propagation of radio waves at
16 ko between Rugby, England, and Kiruna, Sweden, a distance of about
2100km, The results of the investigations on ViF are summarized under
the headings of field strength and its twenty-four hourly day-to-day,
and seasonal variations as well as the effects of ionospherio, magnetio
and solar disturbances, The prinoipal findings are as follows:
(l) The received signal almost invariably shows a marked minimum around
the time of sunrise and sunset, (2) The signal strength is greatest
during the daylight hours of summer, In winter, espécially during the
night, the field intensity is lowsr and more variable, (3) No "blaok-
out" periods were noted during the whole observation period, although
a large number of major ionospherio disturbances occurred, (4) Propa-
gation conditions undergo & rather abrupt seasonal ohange in Maroh and
April9 and another, more gradual but opposite change in the autumn,
(5) Between September 1958 and September 1960 there were eleven periods
during which the signal strength of VLF transmissions from Rugby showed
little or no diurnal variation, The average duration of these eleven
periods was three days, The explanation advanced is that polar cap
absorption and the anomalous VLF propagation originates from the same
layer which is produced by high energy protons stemming from the solar
flare, (6) No effect on VLF propagation of solar aotivity or ionospherio
disturbances (SID and SEA) was observed. (1) It was not possible to
demonstrate a close correlation between the occurrence of abnormal VLF
PROPAGATION AND MAGNETIC STORMS NOT ASSOCIATED WITH PCA, although there is
some indioation that major magnetio disturbances affect the propagation
of VLF waves,

THE INFLUENCE OF SOLAR DISTURBANCES ON VERY LOW FREQUENCY RADIO
WAVE PROPAGATION OVER A LONG HIGH-LATITUDE PATH

Scientifio Report 2, Contract AF 61(052)—418, Kiruna Geophysical
Observatory, Sweden, 15th April 1961, AFCRL-T24, Ad-263 899,
A, Egeland, B, Hultqvist, J, Ortner

This analysis deals with the effeots of solar and terrestrial dis-
turbances on the propagation conditions on 16 ko radio waves between Rugby,
England, (latitude 52,2N) and Kiruna, Sweden (latitude 67.8N) a distanoe of
about 2100km, The most reliable method of long distance radio commurication
in polar regions during all types of polar black-outs, is to use very low
and low frequency radio waves (VLF & LF), The VLF and LF propagation
conditions are even tetter than normal during the existence of absorbing
periods, when radio communications over almost the whole frequency range
used for long distance communication are interrupted. The VLF propagation
may under certain conditions be a much more sensitive indicator of protons
causing polar cap absorption PCA than are riometers, Sudden ionospherio
disturbances do not influénce the signal strength of 16 ko radio waves
on the high latitude path, No diresct correlation between sunspot numbers
and the yearly average VLF field strength was observed, It was not
possible to demonstrate a olose oorrelation between augmentation or diminu-
tion of 16 kc signal strength and magnetic storms not associated with PCA,
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THE INFLUENCE OF SOLAR DISTURBANCES OGN VERY LOW FREQUENCY RADIO WAVE
PROPAGATION OVER A LONG HIGH-LATITUDE PATH g
Report, Contract AF 61(052)-418, Kiruna Geophysical Observatory,
Royal éwedish‘Academy of Soience, Kiruna C, Sweden (1960).

A, Egeland, B, Hultqvist, J, Ortmer,

This paper deals with the effects of solar and terrestrial
disturbanoes on the propagation conditions on 16 ko/s radio waves
between Rugby, England, ﬁat. 52,20°N) and Kiruna, Sweden, (lat.
67.8°N) a distance of about 2,100 kilometres,

The principal findings of the investigation are as follows:

(1) Between September 1958 and March 1961 there were fourteen periods
during which the signal strength of VLF radio waves showed little or
no diurnal wvariation, The interpretation given is that polar cap
absorption and anomalous VLF propagation are oaused by the same
ionized layer, which is produoed by high energy protons stemming from
solar flare, Al though the heavily absorbing PCA layers interrupt
radio communication over almost the whole frequency range used for
long distanoe commnioation, it has been found that the VLF propagation
conditions for the fourteen PCA periods studies were, on the average,
better than ordinary conditions, The average duration of the periods
of anomalous VLF propagation was three days.

(2) SIDs do not influenoe the signal strength of 16 ko/s radio
waves on the high latitude path studied,

(3) No direct correlation between sunspot numbers and the yearly
average VLF field strength has been found,

(4) It has not been possible to demonstrate a close correlation
between the occurrenoe of abnormal VLF propagation and magnetic storms
not associated with PCA, although there is some indication that

major magnetic disturbances may affect the propagation of VLF waves,

(5) No "black-out" periods were noted during the whole observation
period, although a large number of major ionospherio disturbances
oocurred,

(6) An auroral D-layer may influence the propagation conditions
for' VLF radio waves considerably, but no close connection between
foE, h\E, foF2 and MNF2 and 16 ko/s signal strength has been found
to exist,
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THE INFIUENCE OF POLAR RLACKOUTS ON VLF CIRCUITS

Interim Report T-197, ir conneotion with Modification 1 to Contract
N62558-2025(X), Task B, and Contract N62558-2380(X), Task B, Norwegian
Defence Research Bstablishment, Kjeller-Lillestrm, Norway,

(March 1960)

K.W, Eriksen, B, Landmark,

The purpose of this report is to present some preliminary
results from a study cf the behaviour of long distance VLF circuits
during polar radio blackout conditions, as compared with quiet
conditions, There are at least two major types of polar radio
blackouts, The most common type is closely related to magnetio
disturbanoes, and ocours most often near the zones of maximum auroral
aotivity. The preliminary results of our study indioate that these
disturbances have no great effect on the VLF circuits, The other
type of polar blackouts ocours after strong solar flares, This type
is not closely related to magnetic activity, and occurs over most
of the polar cap simultaneously, During this type of event a
significant reduction of the strength of the VLF signals has been
observed,

PROPAGATION OF PLANE ELECTROMAGNETIC WAVES OVER REAL EARTH IN
THE PRESENCE OF HORIZONTAL REFLECTING LINES

EE Abstr, 6403/1963, Radiotekmika (USSR), Vol,18, No., 2, 15-26
(February 1963). In Bussian,

Yu, A, Erukhimovich,

The irvestigation deals with the practical problem of reflection
effects due to overhead telegraph and power wiring, Formulae are derived
for the field wvectors of the plane wave front falling onto a conductive
infinite horizontal line parallel to the earth surface and for the result-
ing changes in amplitude, phase and angle of turn of the summated wave
(interference field created by the original and the reflected wave).

The analysis makes use of Sommerfeld's normal attenuation function and
leads to equations containing Macdonald's funotions of zero order,
illustrated by curves, A large number of graphs are reproduced, plotting
various characteristic functions versus distance and angles in linear and
polar reference systems, - Some speoial cases of practical importance are
considered in more detail, and means are indicated for the estimation of
deleterious effects of overhkead wiring on aerial installations below,

A DETAILED INVESTIGATION OF THE ABSORPTION BY WATER OF ELECTROMAGNETI
RADIATION .
Hidson Labs,, Dobbs Ferry, New York, Tech, Rept., No, 73, August 15th,
1957, B,P, Fabricand

The various mechanisms for the absorption and scattering of electro-
magnetic radiation in sea water has been examined with the idea of
evaluating the possibilities of windows anywhere in the spectrum, It is
corncluded that the changes of finding a window are negligible exoept of
course for the one in the visible region which however is rather oloudy.
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PROPAGATION OF RADIO WAVES ALONG AN ACTUAL SURFACE
AD 38 6303 Izv, Akad, Nauk SSSR,, 1944, an English translation,
E.L. Feinberg.

No abstract

75 KC PULSED NORMAL INCIDENCE IONOSPHERIC SOUNDING

Submitted to: J, Res, Nat, Bur, Stand, (USA), Section D, Radio
Propagation,

A.J, Ferraro & Others

No abstraot

AN EXTENSION TO VLF REFLECTION COEFFICIENTS

Phys., Abstr, 11802/1962, J, Geophys, Res, (USA), Vol, 67, No, 2,
898-901 (February 1962)-

E.C. Field, P, Tamarkin, E.M. Fairbrother

The derivation of v.l,f, ionospheric reflection coefficients
made by Field and Tamarkin (Abstr. 19045 of 1961) for the case of
propagation perpendicular to the magnetic meridian has been extended
to the oase of propagation in arbitrary directions, Some sample
numerical results are also given for all four reflection coefficients
for propagation in the magnetic meridian,

VLF IONOSPHERIC REFLECTION COEFFICIENTS-DERIVATION FROM IMPEDANCE
CONCEPTS AND VALUES FOR SOME MODEL IONOSPHERES

Phys, Abstr, 19045/1961; J, geophys., Res, (USA), V,66, No, 9,
Pgs 2737-50, 19th September 1960

E,C. Field, P, Tamarkin

A convenient general method is presented for computing the
reflected wave excited by an arbitrarily polarized, plane VLF e,m,
wave incident at an arbitrary direction upon a sharply bounded,
absorptive ionosphere in the geomagnetic field, The relative
simplicity of the method results from the use of impedance concepts
coupled with Booker's (1938) treatment of the propagation veotor.
Expressions for reflection coefficients are given that are exaot
(for the model aSSumed) in the case of propagation perpendicular to
magnetic meridians and indicate clearly lack of east-west and west-
east reciprocity. The results of calculations for eight model
ionosphere are given in the form of graphs of reflection coeffioient
amplitude and phase versus angle of incidence for both east-west
and west-east propagation at 16 ke, The model ionospheres are
characterized by values of electron density and collision frequenoy.
A brief survey is made of the relation between the computations and
some experimental results,
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THE FIELD OF A PLANE WAVE NEAR THE SURFACE OF A CONDUCTING BODY
AD 117 276(f)3 1945, 29 p., an English translation,
V.A. Fook

Approximate formulas are derived for the field induoced by
an incident plane wave on and near the surface of a convex body
of finite conductivity, The results obtained previously are
generalized by (1) finding the field distribution on the surfaoe
of the body as well as in its neighbourhood; and (2) considering
the body a good conductor only in the sense that the Leontovioh
conditions for the tangential field components are valid on its
surface, The solution is obtained directly for the general oase
of an arbitrary surface by the method of parabolic equation proposed
by Leoniovich and developed for the case of a point or on a spherical
surfaoe,

HYDROMAGNETIC WAVES IN THE ICNOSPHERE-

J. CGeophys, Research, Vol, 65, Ne, 11, Pgs, 3593-3600, November
1960. :

W.E, Francis, R, Karplus,

A numerical integration of the hydromagnetic wave equations
in the ionosphere has been oarried out, Tables and graphs are given
for the relations vetween the field amplitudes above and below the
ionosphere, and for the power dissipated as a function of altitud06
The oase of a vertically incident plane monochromatic wave near 45
geomagnetic latitude is treated, The results are used to confirm
earlier estimates of ionospheric heating by hydromagnetic waves
and to estimate the transit time of extremely low-frequenoy signals,

MODES IN THE IONOSPHERE

Boeing Airplane Company Document DI-82-0002, Boeing Scientific
Research Laboratories, Seattle, Washingten z29 June 1959),
AD-257 247, ASTIA does not furnish ooples, Copies may be
obtained from the author,

B. Friedman,

In BAC Documsent D2-2202, Low Frequency Propagation, it was
shown that the attenuation of very low fregquenoy waves propagated
for large distances around the earth depended on the modes of a
certain "leaky wave guide'" which was used as a model for the
ionosphere, In this report, the modes of this model are studied
more thoroughly and certain confusions that have arisen in other
work are clarified,
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LOW FREQUENCY PROPAGATION IN THE IONOSPHERE

Boeing Airplane Company Document DI-82-0003, Boeing Scientific
Research Laboratories, Seattle, Washington, 29th June 1959,
AD-257 248. ASTIA does not furnish copies, Copies may be
ob teined from the author,

B, Friedman

The work of Budden has shown that, for ionospheric propagation
of radio waves with frequencies below 100 kc, the effect of the
earth's magnetic field can be neglected, Using this fact, Budden,
Al'pert and Wait have studies the extremely long-range propagation
of low-frequency radio waves and have shown that the long-range
propagation can be explained in terms of the modes that are produced
when a radio wave travels between the earth and the ionosphere,

In this paper, we shall consider a simpler model of the ionosphere
than has been used previously and we shall discuss the modes that
exist in this model and how they affect long-range propagation,.

LOW FREQUENCY PROPAGATION IN THE IONOSPHERE
Electromagnetic Wave Propagation, edited by M, Désirant and
J.L. Michiels, Pgs, 261-70 (Academic Press, London, 1960),
B, Friedman,

The propagation of low fregquency radio waves between a conducting
earth and a constant impedance layer is studied, For a highly
conductinf ionosphere, the attenuation is a minimum at a frequency
of 260 H™* k¢ where H is the height of the atmosphere in kilometres,

PROPAGATION OF RADIO-FREQUENCY ELECTROMAGNETIC FIELDS IN GEOLOGICAL
CONDUCTORS

Phys, Abstr, 9944/1963, J, Res, Nat, Bur, Stand (USA), Vol, 67D, No.2,
Pgs, 161-78, March-April 1963,

V., Fritsch

Propagation in conducting spaces was theoretically investigated,
The knowledge gained cannot always be applied directly to propagation
in the upper strata of the earth, The reason for this is that these
strata consist of geological conductors which are arranged in a
complicated way, Specified wvalues of conductivity and dielectric
constant can be given for geological conductors, and applied to
subsequent calculations, But most theoretical investigations apply
either to homogeneous spaces or to spaces having an electrically simple
structure, and the elecirical siructure of the spaces occupied by
geological conductors is almost always very complicated, If this
fact is not taken into account sufficiently agreement can never be
obtained between experimental results and theoretical calculations,
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ON COMMUNICATION IN THE SEA BY VLF ELECTROMAGNETIC WAVES

J. Radio Research Labs (Japan), Vol, 5, Pgs 19-33, January 1958,
Similar material appeared in- Quarterly Review of Radio Research Labs,
(vernacular edition), Vol, 4, No, 14, January 1958.

K, Furutsu

As a method of communication in the case where either or both
of transmitting and receiving points are in the sea, the use of
electromagnetic waves on very low frequencies is here investigated
and the propagation modes, the radiation apparatus and the diagrams of
field strength on several frequencies are prepared for practical use,

For the radiation apparatus in the sea, a magnetic bar antenna
is found to be most fawourable, Henoe, for the case where the bar
antenna is used as a transmitting or receiving antenna in the sea,
the numerical values of the input impedance and induced eleotrio voltdge
are also displayed in figures in a wide range of parameters,

ON THE THEORY OF RADIO WAVE PROPAGATION OVER INHOMOGENECUS EARTH

Jo Research (D, Radio Propagation) Nat, Bur, Standards 67D, Pgs 39-62,
January-February 1963

K, Farutsu

ATTENUATION IN THE ARCTIC OCEAN: SP LINE ITEM

SP Line Item 16405, USL Report 521, US Navy Underwater Sound Lab,,
Fort Trumbull, New London, Connecticut, 20th July, 1961. AD-264 382.
M.X. Gagnon.

Values of VLF field strength in the Arctic Ocean obtained
experimentally with an AN/URM—6B receiver and a loop antenna are
compared with values computed from temperature and salinity data,

The comparison indicates that temperature and salinity data provide
sufficient information for the calculation of conductivity in sea water
and therefore for the calculation of the attenuation of radio waves

in sea water, The experimental data indicate no attenuation of the
radio wave in passing through the ice cover,

TERRESTRIAL EXTREMELY LOW FREQUENCY NOISE SPECTRUM IN THE PRESENCE

OF EXPONENTIAL IONOSPHERIC CONDUCTIVITY PROFILES

ghy(s}. Abstr. 13027/1962, J. Geophys, Res,(USA), V,66, No.9, Sept.,1961
o Galejs

Calculations by Raemer of the terrestrial ELF noise spectrum
which are based on a sharply bounded homogeneous ionosphere of
frequency—-dependent height and conductivity are extended to a non-
homogeneous ionosphere of exponential conductivity profile, The
exponential ionosphere model provides slightly lower resonant
frequencies and less damping of the resonant peaks than the sharply
bounded ioncsphers, The exponential model improves the agreement
with noise spectrum measurements by Balser and Wagner,
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ELF WAVES IN THE PRESENCE OF EXPONENTIAL IONOSPHERIC CONDUCTIVITY
PROFILES

Trans, IRE, PGAP-9, No, 6, Pgs 554-562, November 1961,

J, Galejs

Based on the theory of Nicolet and Aikin, the profile of
ionospheric conductivity exhibits a nearly exponential variation
with latitude through the D-layer and the lower edge of the E-layer,
Propagation of ELF waves below this exponential layer is considered
after calculating the surface impedance Zg at an altitude h where
the local refractiveindéxn does not necessarily satisfy Inl >> 1,
The propagation constant is determined by an iteration process,
This model of an isotropic nonhomogeneous ionosphere is a closer -
approximation of the propagation geometry than are earlier models,
where Zy was defined at h where |n|>2> 1, The present model
accounts simul taneously for ELF attenuation rates as measured by
Jean, and earth-ionosphere cavity resonances as observed by Balser
and Wagner,

ELF WAVES IN THE PRESENCE OF EXPONENTIAL IONOSPHERIC CONDUCTIVITY
PROFILES

EE Abstr, 7253/1962

IRE Trans, Antennas and Propagation, Vol, AP-9, No, 6, Pgs 554-62,
November 1961,

J. Galejs

On the assumption tha+t the profile of ionospheric conductivity
exhibits a nearly exponential variation with altitude through the D layer
and lower edge of the E layer, propagation of e,l,f, waves below this
exponential layer is considered, after calculating the surfaoce impendance
at an altitude where the local refractive index is not neoessarily muchgreater
than unity., The propagation constant is dertermined, The model accounts
for measured e,l,f, attenuation rates and earth-ionosphere cavity resonances,

TERRESTRIAL EXTREMELY LOW-FREQUENCY PROPAGATION IN THE PRESENCE OF AN
ISOTROPIC ICONOSPHERE WITH AN EXPONENTIAL CONDUCTI VITY-HEIGHT PROFILE
Phys, Abstr, 16260/1963, Ionosphere Conferenoce, London 1962 (see
Abstract 11422 of 1963), Pga, 467-T1,

J. Galejs

The exponential ionosphere model of Galejs (IRE Trans, Antennas
and Propagation, Vol, AP-9, No, 6, Pgs 554-6 2November 1961) and Abstract
13027 of 1962) is re—examined in view of recent night-time ionosphere
measurements by Bowhill, The calculated day and night-time attenuation
rates are in reasonable agreement with measurements by Jean et al,
(J. Res, Nat, Bur. Stand (USA), Vol, 65D, No, 5, Pgs, 475-9 (September-
October 1961)) and Chapman and Macario (Abstr. 6037 of 1956) respectively,
The earih-to-ionosphere caviiy resonance frequencies are computed using
the average of day and night-time data and differ by less than % c/s
from the resonance frequencies measured by Balser and Wagner (Abstr,
2567 of 1961), The calculated Q-factors of the cavity are approximately
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4.5 in the frequency range between 10 and 30 c/s. The computed
terrestrial e.l.f., noise spectrum approximates to the measurements
of the initial three spectral peaks, but it exhibits a more rapid
decay at higher frequencies than does the measured spectrum. The
waveform that results after passing the calculated noise spectrum
through & bandpass filter exhibits an average frequenocy consistent
with measurements of K¥nig (2. angew. Phys. Vol. 11, No. T, Pgs 264~
T4, July 1959).

A FURTHER NOTE ON TERRESTRIAL EXTREMELY LOW-FREQUENCY PROPAGATION
IN THE PRESENCE OF AN ISOTROPIC IONOSPHERE WITH AN EXPONENTIAL
CONDUCTIVITY EEIGHT PROFILE

EE Abstr. 1046/1963. J. Geophys. Res. (USA), Vol. 67, No. 7, (1961),
Pgs 2715-28, July 1962).

J. Galejs

The mode theory of e.l.f. waves was extended by the author to
isotropic icnosphere models of an exponential conductivity-height
profile, where the refractive index may be near unit at the lower
boundary of the ionosphere. Becent experimental data of Bowhill
(1961) on the lower night~time ionosphbere differ significantly from
earlier estimates. The exponential ionosphere model is re—examined
in view of these data. The calculated daytime attenuation rates
were shown to agree with measurements of Jean, Murphy, Wait and Was-
mundt (1961). The calculated night time attenuation rates are
slightly higher than those measured by Chapman and Macario (1956).

The earth-to—ionosphere cavity resonance frequencies are computed
using the average of day and night ionosphere parameters. They differ
by less than %-c's from the resonance frequencies measured by Balser
and Wagner (19606. The calculated Q factors of the cavity are
approximately 4.5 in the frequency range between 10 and 30 c/s. The
computed terrestrial e.l.f. noise spectrum exhibits a more rapid decay
at higher frequencies than the measured spectrum. The waveform that
results after passing the calculated noise spectrum through a bandpass
filter exhibits an average frequency consistent with measurements of
K¥nig (1958).

ELF AND VLF WAVES BELOW AN INHOMOGENOUS ANISOTROPIC IOKOSPHERE

Arpl. Research Lab., Sylvania Electronic Systems, Radio Secience; NBS,
Vol. 68Dy June 1964, Research Reporty No. 350 R.

J. Galejs.

The differential equations developed by Galejs and Row in the
analysis of ELF wave propagation for frequencies between 60 to 3000 cops
are modified %o permit computations below the frequency of ion gyro-
frequency. Near 8 ops West~Esst propagation exhibits a minimum
attenuatidn of 0.022 db/1000 km, while the East-West direction has a
looal maximum of 0,165 db/1000 km. The calculations in the frequency
range between 20 and 3000 cps are made with neglected ion effeots, and
the propagation ia characterized by a monoionic decrease of phase
velocity down to the lowost frequenecy.
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PRCPAGATION OF ELF WAVES BELOW AN INHOMOGENEOUS ANISCTROPIC IONOSPHERE
IEEE Transactions on Antenras and Propagation, January 1964,
J. Galejs, R.V. Row

The ionospherisc anisotropy is considered with horizontal magnetic
field either for iransverse (east-west or west—east) or for longitudinal
(south-north) propagation

The west-east direction of propagation exhibits a lower attenuation
constant than the east-west direction for f &L 1000 cps, This is con-
trary to the expectaticns based on a model of a homogeneous anisotropic
lonosphere,

Over most of the frequency range the attenuation figures for south-
north propagetion are intermediate between the corresponding figures for
west—east and east-west propagation.

PROPAGATION OF ELF WAVES BELOW AN INHOMOGENEOUS ANISOTROPIC IONOSPHERE
Radio Sei, Journ, of Research NBS/USNC URSI, Vol, 68D, No, 1, January

1964-, Pgso 103"4.
J. Galejs, R.V, Row

In the ELF range, the homogeneous, isotropic model ionosphere is
not suocessful in explaining observed signal characteristics, This has
prompted the introduction of gradually tapered ionosphere models by Wait
(1960a, b, 1962) and Galejs (196la, b, 1962), which still have not oon-
sidered the effects of ion motion and the earth's magnetic field,

The purpose of this paper is primarily to estimate the probable
effects on ELF propagation caused by the earth's magnetic field in com-
bination with electron and ion densities which vary gradually with height,
To this end, normal quiet day and night models cf the lower ionosphere
are selected,

ORIGIN OF "VERY-LOW-FREQUENCY EMISSIONSY

Phys, Abstr, 13974/19595 J. Res, Nat, Bur, Stand, (USA), V, 63D,
No, 1, Pgs 21-7, July-Azgus3$ 1959,

R.M. Callet, R.A, Helliwell,

Selective travelling-wave amplification in the cuter ionosphere
is postulated to explain very-low-frequency emissions, a class of very
low-frequency (1 to 30 kc) natural noise, By analogy with the mechanism
of travelling wave i‘ubes, low-level ambient noise in the outer ionosphere
is amplified in streams of incoming ionized solar pariicles at frequencies
for which the stream and wave velocities are equal, Required velocities
are in the range of 0,01 %o 0,1 ¢ (where c is the velgcity of light),
Streams with densities of the order of 1 eleotron/—cm would provide
sufficient energy. Phenomena which can be explained qualitatively by
the theory are the hiss, quasi-constant tones, dawn chorus and
related transients, and very lcng trains of whistler echoes, A
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quantitative example shows how the theory can reproduce the general
form of certain characteristics discrete spectra "hooks" of emissions,
and how this leads to definite values of particle wvelocity and a law
for the distribution of electron density in the outer ionosphere,

PROPAGATION AND PRODUCTION OF ELECTROMAGNETIC WAVES IN A PLASMA
Nuovo Cimento, Supplemento 13, Pgs, 234-256, July-September 1959,
R, Gallet.

LONG-DELAY IYONOSPHERIC ECHOES AT 150 KC.

Phys., Abstr, 4234/1953; Letter in Nature (GB), 171, Pgs, 444-5,
March 7, 1953. ‘

J.J. Givbons, R.L. Schrag, A.H. Waynick,

Simul taneous recordings of the unsplit ordinery and extraordinary
components far from the critical frequency have been made using a
circularly polarized receiving aerial system at Pennsylvania, Extra-
ordinary mode echoes have been received at night in November 1952
from a height of 900-950 kn, Of the possible interpretations it is
considered very likely that these echoes correspond to the "fourth
reflection condition" indicated theoretioally for the extraordinary
component at a height of 940 km for this frequency in an assumed model,

EXTENSION OF FEINBERG'S THEORY TO THE CASE OF ELECTROMAGNETIC WAVE

PROPAGATION OVER AN INHOMOGENEOUS SFERICAL EARTH AND THE APPLICATION

ggUﬁgEAPPROXIMATE METHOD OF CALCULATION BASED ON EQUIVALENT SECONDARY
S

EE abstr. 7769/1962, Prace Inst, Lacznosei (Poland), Vol, 5, No,2-3,

(11-12), 73-111 (1958). In Polish,

Z, Godzinski

Theoretical analysis of radio wave propagation over an inhomogeneous
sferical earth is given, The earth is assumed to have a large oomplex
permittivity and {o be made up of homogeneous sirips, The analysis
leads to an extension of known results concerning radio wave propaga-—
tion over an inhomogeneous flat eartk. In the light of the results
obtained, an appraisal of various existing theories and methods of
field-strength calculation is carried out, It is shown that the
well-known Millington's method is a very good approximation in most
practical applications, but for some extreme cases, a more exact
formula is deriwved,

SURFACE IMPEDANCE CONCEPT IN THE THEORY OF RADIOWAVE- PROPAGATION
EE Abstr, 588/1963, Prace Inst, Lacznosoi (Poland), Vol, 6, No,2
(15), 3-58 (1959). In Polish,

2, Godzinski

Integral equations are derived for the electromagnetic fields of the
electric or magnetic dipoles placed over an inhomogeneous and irregular
surface of the earth, Approximate boundary conditions are introduced in
terms of the surface impedancej their application to the solution of the
integral equations is explained, The electromagnetic field inside the earth
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is approximated by a plane inhomogeneous wave, A more general
analysis is made by considering the earth as consisting of hori-
zontal and of slanting layers, In the case of horizontal layers,
eleotric effective coefficients can be introducedj these determine
the wave propagation and the cshape of the polarization ellipse,

In the case of oblique layers the relations become more complex and
the formilae for the horizontally-homogeneous earth are no longer
valid, The shape of the polarization ellipse provides a very sensi-
tive method for detecting the inhomogeneity of the ground, Other
forms of approximate boundary conditions, in terms of the surface
impedance, were derived and discussed, viz,, for the vector of the
electric field strength, for the Hertzian vector and for the Hertz
scalar function, Various practical applications are discussed,

69 references,

THE SURFACE IMPEDANCE CONCEPT AND THE STRUCTURE OF RADIO WAVES
OVER REAL EARTH

EE Abstr, 2684/1561; Proc, Instn, Elec, Engrs, Monogr, (GB), 434E,
V., 108 C, Pgs 362-73, September 1961,

Z, Godzinski,

Discusses the concept of surface impedance as applied to the theory
of radio-wave propagation over a real, i,e, inhomogeneous and
irregular, earth; some of the conclusions may also be of value in
the theory of waveguides, cavity resonators and certain types of
aerial, The advantages and limitations of the surface impedanoe
conoept are shown in cénnection with a very general integral equation
for the field strength, The approximations and physical phenomena
underlying the surface-impedance concept are first discussed in the
simplest case of a homogeneous and flat earth, The analysis is

then extended to a horizontally stratified earthy it is then
possible to characterize the earth by certain effective parameters
depending on frequency anc the geometric structure of the soil,

The same is also true in the cases of a spherical or not too exoes-
sively irregular earth, The disoussion is then generalized to the
case of an arbitrarily inhomogeneous earth, The height/gain function
and the shape of the ellipse of polarization are discussed, Approx-~
imate boundary conditions for the Hertzian vector and Hertzian

soalar function are related to the concept of surfaoce impedanoce,
Practical conclusions are drawn with regard to the existenoce and
measurement of the effectiveearth constants and to some aspectis

of geological prospecting by radio methods,
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SOME ASPECTS OF THE ELECTRIC PROPERTIES OF THE UPPER ATMOSPHERE
J. Astronaut, Soi., Vol, 4, Nos, 1-2, Pgs, 63-8, 1958,
P.A, Goldberg

BEvaluations are presented of eleotrical properties of the
D-region of the ionosphere for altitudes of 150,000 to 300,000 feet,
Certain unique regimes of electrioal behaviour of this portion of the
ionosphere are pointed out, Covered are altitude profiles of the
a.c, eleotrical conductivity, dielectric constant, index of refraotion,
vertioal attenuation factor and penetration depth, and long oblique
path radio signal attenuation for frequencies from d,c, to 100 megacyoles,
Applications to spaoecraft environment problems are treated,

COSMIC-RAY-INDUCED ATMOSPHERIC REFRACTIVITY AT EXTRA LOW FREQUENCIES
Paper presented at 42nd Annual Meeting of the Am, Geophys, Union,
Washington D.C., 18th-21st April 1961,

P,A, Goldberg.

The effect of electrons produced by cosmio-ray ionization of
the refractive index of the atmosphere is treated for the 40- to
90-km altitude range for frequencies of 1 to 10,000 ops, Allowance
is made for extremes in wvalue of electron density due to effeots of
minimum and maximum night-time electron detachment conditions,
Over this frequency range the refractive index undergoes transitions
to large values at altitudes which increase with excitation frequenoy,
Transition altitudes are 43 km for 10 ops, 55 km for 100 ops, and
68 km for 1000 ops for maximum night-time conditions,

EXPERIMENTS IN VERY-LOW-FREQUENCY RADIO PROPAGATION

Thesis, Tech. Report 5, Contract AF 18(600)-1552, California Institute
of Technology, Pasadena, Californiaj 26th June 1959, AD-217-030,
R.M. Golden

In an effort to extend experimentally determined data on the
characteristics of very-low-frequency radio wavés, a VLF transmitting
station (8.4 kc) was established at Shaver Lake, California, This
station permitted controlled experiments in long distance propagation,
ionospheric vertical sounding measurements, and attempts at the
generation of round-trip gyroelectrio echoes, The long distance
measurements indioated that at VLF, the ground or surface wave
radiated by the antenna oan be deteoted at great distanoces, The
ionospherio vertical incidenoe measurements showed rapid fading of
the received signal around local sunrise and sunset, Propagation
in the presence of the ionosphere is considered in the theoretical
form of propagation in a homogeneous gyroeleotric medium, An
examination of the natural phenomena of whistlers is presented in
order, to determine the feasibility of generating gyroeleotrio-echoes,
Reflection and transmission coefficients are presented for vertical
incidence in order to asocertain the order of magnitude of such an eoho,
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MAGNETO-IONIC DUCT PROPAGATION TIME (WHISTLER MODE) VERSUS
GEOMAGNETIC LATITUDE AT 4 KC

Phys, Abstr, 22349/1962; Proc, Inst, Radio Engrs (Usa), Vol, 50,
No, 8, 1852 (August 1962)

C.V, Greenman

The path length of a whistler mode signal from origin to conjugate
point increases with geomagnetioc latitude, However, because the group
velooity varies with height, the time of propagation need not increase
steadily with latitude, It is shown that for one model of the ionos-
phere the caluclated time delay curve for a 4 ko/s signal has a
subsidiary maximum at a latitude of 20° and a minimum at 35°,

GROUND SYSTEM STUDIES OF HIGH POWER VLF ANTENNAS

0.8, Navy Eleotronics Lab, San Diego, California, Rept., No, 822,
December 1957,

W.E. Gustafson, A.N. Smith, T.E. Devaney,

No abstract,

THE DESCRIPTION OF A RANDOM PROPAGATION CIRCUIT THROUGH THE
COHEREN CE BETWEEN ADJACENT FREQUENCIES

Symposium on Electromagnetic Theory and Antennas, Copenhagen,
23rd-30tk June, 1962,

T, Hagfors,

No abstract

AN EXPERIMEN TAL STUDY OF THE PHASE STABILITY OF VLF SIGNALS
Radio Science Journ, of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January 1964, Pgs, 19-20,

D.E. BHampton,

A large amount of experimental evidence is now available on both
the field strength and phase of VLF waves whioh have travelled over
a wide variety of paths, Since the phase of the signal is the
characteristic which can be exploited most for practical application,
particularly navigation systems this paper is primarily concerned
with the diurnal variaticn of phase,

FIELD INTENSITY MEASUREMENTS AT 10,2 KC/S OVER RECIPROCAL PATHS
Radio Science Journ, of Research NBS/USNC-URSI, Vol, 68D, No, 1,
January 1964, Pgs, 11-14,

J.C, Hanselman, C.J. Casselman, M.L. Tibbals, J,E, Bickel

Experimental datz at 10,2 ko/s are presented which demonstrate
non-reoiprocity in attenuation rates for propagation in the east-west
directions and that reciprocity exists in the north-south direction
along a magnetic meridian, The experimental evidence, recorded for
propagation paths of 3,820, 7,830 and 8,450 kms, compares well with
theoretical attenuation rates at 10 kc/s given by J.R.Wait and K, Spies,
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A SYSTEM OF SHORT-RANGE COMMUNICATION BY PASSING AUDIO-FREQUENCY
ELECTRIC CURRENTS THRCOUGH WATER

PB 153954. Photoduplication Service, Library of Congress, Washington,
D,C., microfilm, $5.70.

H, Hardy

No abstract,

RANDOM FLUCTUATION IN VERY-LOW-FREQUENCY SI®VALS REFLECTED OBLIQUELY
FROM THE IONOSPHERE

EE Abstr, 7044/19613 J, atmos. terrest. Phys, (GB), V,20, No, 2-3,
Pgs 155-66, Maroh 1961,

J, K, Hargreaves

Describes the analysis of observations made on the amplitude
fluctuations of very low frequency signals received from transmitters
at Varberg, Sweden, and Annapolis, U.S.A. The observations were made
at numerous receiving points simultaneously at ranges between 800 and
6000 km from the transmitters, The fluotuations in amplitude were of
the order of 0,15 of the mean &amplitude at 1000 km range and of the
order of 1,02 at 6000 km range, From the calculated correlation
between observations at two separated locations the size and movements
of the ionospheric irregularities causing the fluctuations were deduced,
The correlation patterns were between 50 and 120 km wide and the fading
times of the order of 20 mins, The fluctuations were due mainly to
changes in their struoture rather than to drifts, The measured changes
in the phase difference between the signals received at two separated
points have been compared with those deduoed from the amplitude measure-
ments and good agreement was obtained, The nature of the changes in
the ionosphere whioh give rise to the fluctuations were studied with the
aid of data obtained from phase and amplitude measurements at short
distanoes from the 16 ko transmitter at Rugby. It is found that
the ionosphere modulates the phase rather than the amplitude of the
wave and that a model of the ionosphere in which the reflection co-
efficient is constant and the keight fluotuates is in conformity with
the observed fluctuations at the ground,

THE PROPAGATION OF VERY-LOW-FREQUENCY RADIO WAVES OVER DISTANCES UP
TO 2000 KM. -

Phys, Abstr, 16070/1962; J, atmos, terrest, Phys, (GB), Vol, 24,
Pgs 435-50, June 1962,

J.K, Hargreaves, R, Roberts

The amplitude of very-low-frequenoy radio waves was observed at
distances up to 2000 km from the transmitter with the main emphasis on
the diurnal variations at ranges of 1000 km, An interpretation is
attempted of these observations, and also of earlier shori-range work,
in terms of & model of the ionosphere which assumes a sharp lower boundary,
It is found that this model cannot explain the details of the observations
and there is évidence for the more complex struoture already suggested by
other workera, This involves ionization at lower levels throughout the
summer day and alsc a transitory layer at sunrise in all seasons,
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RADIO WAVE PROPACATION THROUGH THE EARTH'S ROCKX STRATA - A NEW
MEDIUM OF COMMUNICATION

Inst, Radio Engrs,, Clobecom Tonv, Res,, Pgs 31-4, 1961,

G,J, Hzrmon

No abstract,

THE ROLE OF THE REQUIREMENT OF OUTGOING RADIATION FOR A COMPLEX
WAVE NUMBER AND- ITS - SIGNIFICANCE FOR THE SURFACE WAVE PROBLEM
Z, Naturforsch., 72, Pgs 501-5, August 1952,

Phys. Abstr. $79/1953

4, Hang

It is shown tkhat Sommerfeld's requirement cf the absence of
converging radiation gnsures the unigueness of the solution of the
wave equation &Hu + k“ u = O in 2 uniform medium alse for complex k,
This can be exiended to 2 semi-infinite regions and it follows that
Sommerfeld's surface wave is nct inconsistent with the atove
requirement.

PRCPAGATICON OF ELECTROMAGNETIC WAVES IN RARTH
Geophysics (USA), V. 14, Pgs 162-71, April 1949..
0.C, Haycock, E.C. Madsen, S.R. Hurst,

I,

No abstract.

REFLECTION OF VERTICALLY-INCIDENT LONG RADIO WAVES FROM THE IONCSPHERE
WHEN' THE EARTH'S MACNETIC FIELD IS OBLIQUE

Proc. Roy. Soc, {London}, Vol, 231A, No, 1188, Pgs., 414-35,

6tk September 1555,

J, Heading

Approximate equations are develored for the reflection of plane
electromagnetic waves from a horizenitally stratified anisotropic
ionosphere, when the earth's magnstic field is in an arbitrary
direction, Two distinect regions of height arise in the theory, each
governed by its respestive equetions of propagation, For the special
case of wertical incidence in an chiique magnetic field when the
distributicen of eleatron density is exponential, the equations for
the lower regiorn are solved analytically in terms of hyper—geometric
functions, The squaticrs for the upper ragicn are solved in terms
of generalized Lypergeomeiric funciiens under more general conditions,
nemely for oblique propagation wnen the plane ¢f incldence coincides
with the magrnetic wmeridian, Explicit expressions in terms of T
functions of complex arguments are obtained for the reflection and
conversion coefficients of the upper region, The theory is illustrated
numerically by 2 typical model,



THE EPHI SYSTEM FOR VLF DIRECTION FINDING
J. Research NBS, Vol, 65C, No, 1, Pgs 43-49, January-February 1961
G. Hefley’ RoFo Linfield’ ToLo Da'Vis.

A new system of VLF direction finding has been developed and tested
by the National Bureau of Standards, Boulder, Colorado, The system has
been named "Ephi" (E — @) because the bearing of the transient signal is
determined from the relative phase (jﬁ’) of the vertical electrical field (E)
received at spaced antenmas, The advantage of this scheme compared to con-
ventional cro&sed-loop techniques is that it minimizes sitting and polari-
zation errors, A minimum of three antennas must be used to resolve
directional ambiguity, and the preferred antenna location is at the vertioes
of an equilateral triangle with baselines equal to 1/3 to 1/10 wavelength
(at 10 ke). Appropriate phase detectors, delay lines and coincidence
circuits are used to obtain a directional code in preset sectors, Within
practical instrumentation limits any number of sectors of variable widths
can be operated simultaneously and each can be rotated in azimuth,

A NEW TECENIQUE FOR THE STUDY OF MAGNETO-IONIC DUCT PROPAGATION AT

VERY LOW FREQUENCIES

Paper presented at IRE-URSI Symposium, Washington DC, 22nd-25th May 1957.
R.A, Helliwell, E, Cehrels,

An experiment has been performed to test the theory that signals from
VLF transmitters can be propagated along lines of the earth's magnetio
field in the manner of whistlers, The test was made using pulses of one-
quarter second duration transmitted from station NSS at Annapolis on 15,5
ko, The signals were observed at Cape Horn, about 10,000 km from the
transmitter, but close to the transmitter's magnetic conjugate point,

OBSERVATIONS OF MAGNETO-IONIC DUCT PROPAGATION USING MAN-MADE SIGNALS
OF VERY LOW FREQUENCY

EE Abstr, 3813/1958; Proc, Inst, Radio Engrs., V. 46, No, 4, Pgs 785-7,
April 1958, :

R.A, Helliwell, E, Gehrels,

Echoes of radio signals from stations NSS, Annapolis, M4, (geomagnetic
latitude 50°N) have been received near Cape Horn (latitude 45°S) with delays
up to nearly 1 sqc, These observations provide the first controlled test of
the Eokersley-Storey theory of "whistler" propagation from one hemisphere
to the other along the lines of force of the earth's magnetic field, There
appears to be some svidence of an inverse correlation between the whistler
rate and the occurrence of NSS echoes, A possible explanation of this
is proposed, '~ The results in general indicate the existence of a unique
mode of v,1,f, propagation, for which the term "magneto-ionic duoi
propagation'" is proposed, Since echoes were detectable on at least 80%
of the days of observation, this mode of propagation may have useful
application to v,1.,f, communication, though magneto-ionio duct signals
may be expected to interfere seriously with the operation of phase-sensitive
navigation v,1.f, systems, It may, however, be of oonsiderable use for
the study of the outer regions of the ionosphere, since the duct may
extend as much as 20,000 miles above the surface of the earth,
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MAGNETC-IONIC DUCT OBSERVATIONS,

Abstract, Sympsoium or Whistlers, Programme of Joint IRE-URSI Meeting,
Washington D.C., 2nd-5th May 1960, P, 115,

R.A, Helliwell

New observations of magneto-ionio duct, or whistler mode signaie
from station NSS on 15,5 kc are reported, Simul taneous recordings
at Byrd Station, Antarctica, and Greenbank, West Va, show that the
rorthern héemisphere echc delays are not twice those from the southern
hemisphere, Quantitative comparison of these results with Cape Horn
NSS data and extensive whistler data supports the interpretation that
the observed time delzay depends on the location of the receiver and
that the Greembank echoes are two-hop mode and not "hybrids". Echo
intensities are compared witk theoretical calculations of whistler-
mode attenuation,

COUPLING BETWEEN THE IONOSPHERE AND THE EARTH-IONOSPHERE WAVEGUIDE
AT VERY LOW FREQUENCIES
Phys, Abstr, 16258/1963o "Ionosphere Conf,, London 1562 (see Abstr,
11422 of 196 P 2-60,
R,ﬁh Helligeff’ £R

A%t wave frequencies below the plasme and gyro-frequencies,
electro-magnetic energy propagates freely in the ionosphere as a
circularly polarized ordinary ray, in what is commonly called the
whigtler mode, This type of propagation is readily observed in the
v,1.f, range (3 ke/s - 30 kc/sg as well as at somewhat higher and lower
frequencies, The observed characteristics of the whistler mode can
be explained in terms of a model ionosphere whose refractive index
drops abruptly to zero at the lowsr boundary and is slowly varying
elsewhers, Using Shell's law, a simplified theory of coupling between
the ionosphere and the earth-ionosphere waveguide is developed, Tt
is showr that transmission into the ionosphere occurs for any angle
of incidence, but that transmission out of the ionosphere occurs only
for angles of incidenoe less than 2 certain "critical" angle, At
larger angles the energy is toitally reflected at the boundary, A
graphical method for the solution of this problem is outiined, and
illustrative examples are given, The results of this theory are
applied %o the interpretation of whistler-mode propagation and
ionospheric noise phenomena,

CONSTANT IONOSPHERE HEIGHT FOR AUDIO-FREQUENCY PROPAGATION
Phys, Abstr, 8425/15603 Nature (GB), V.85, P, 599, 1960,
F, Hepburn

Calculation of the height of reflection of aundic frequency atmos—
pherice originating from distant lighining flashes, gave a figure of
83 + 2 km irrespective of the time of day, A slight diurnal wvariation
of attenuation at frequencies in the range 4 - 14 kc has teen roted,
and source speotra have been constructed over this frequenoy range,
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HEAVY-ION EFFECTS IN AUDIO-FREQUENCY RADIO PROPAGATION
J. atmos, terrest, Phys, (GB), V, 11, No, 36, 1957.
C,0., Hines,

No abstract

AN APPROXIMATE FULL WAVE SOLUTION FOR LOW FREQUENCY ELECTROMAGNETIC
WAVES IN AN‘UNBOUNDED MAGNETO-IONIC®MEDIUM : :

J. Res, Nat, Bur, Stand, (USA), Vol, 66D, No, 1, 107-11, January-
February 1962, Phys, Abstr., 16073/1962,

W.C, Hoffman

Maxwell's equations in an anisotropio inhomogeneous medium are
transformed by means of the Stratton-Chu formula into a veotor integral
equation whioh couples the various eleotrio field components, In oase
the hypotheses of far—zone field and low-frequenoy electromagnetic waves
apply, this vector integral equation oan be approximated by a system of
uncoupled soalar integral equations, This implies an approximate
equivalenoe between the original veotor integral equation and a system
of modified scalar inhomogeneous Helmholtz equations, The conditions
under which the system of uncoupled scalar integral equations can be
solved by Neumann series are disoussed, and the first three terms of
the Neumann series are given explicitly,

THE PROPAGATION OF EM WAVES FROM LAND TO SEA AND VICE VERSA: PART I,
Z, angew, Phys, (Germany), V., 3, Pgs 424-432, November 1951,
P, Holler.

An analytical approximation method of investigation is used in
which the wave equation is first satisfied while neglecting the boundary
conditions, and the boéundary conditions are then satisfied while neflect-
ing the wave equation, It is assumed that (a) the earth is flat, (b)
sea and land are individually homogeneous and the boundary is sharp,

(o) the sea is an ideal oonduotor, (d) the complex refraotive index of-
land is not very large, so that the simple Weyl solution is applioable,
(e) the transmitter height is suffioient for refraotion and refleotion
at the earth's surfaoe to be calculated by geometrical optics, (f) the
distances of both transmitter and reoceiver from the coast are large
compared with the wavelength,

AN EXPERIMENTAL INVESTIGATION OF SHORT-DISTANCE IONOSPHERIC PROPAGATION
AT LOW AND VERY-LOW FREQUENCIES - ‘ : g

EE Abstr, 760/19543 Proo, Instn, Eleot, BEngrs (GB), III, 101,

Pgs 21-34, January 1954 i

H.G, Hopkins, L,G. Reymolds,

The properties of the lower portion of the ionosphere have been
studied at seleoted lower and vary-low frequenoies by observations on
oommeroial continuous-wave transmitters looated at distanoes of about 200
km from the reoeiving point, Attention has, in general, been confined
to the horizZontally-polarized eleotrio component of the ionospherio wave
reoeived by means of a vertical loop set normal to the plane of propagation,
Using mainly twin-ohannel recording equipment, an outline description of
whioh is given, the pick-up on this loop has besn compared in phase and
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magnitude with that on another vertioal loop arranged in the plane of
propagation, Changes in the apparent height and conversion coefficient
of the reflecting layer have been studied, mainly at 16 and 70,8 ke,

in terms of a simple model under both normal and disturbed oonditions,
The data serve generally to confirm the measurements of other observers,
but some discrepancies are discussed, I+t is considered that the
pulse-sounding technique has advantages over the continuous-wave method
for ionospheric measurements in the frégquency band under review,
particularly at the higher freguencies,

VERY-LOW FREQUENCY PROPAGATION AND DIRECTION FINDING

EE Abstr, 2347/1957; Proc, Instn, Elect, Engrs (GB), Paper 2265R,
V. 104B, Pgs 73-80, March 1957.

F, Horner

Studies of the propagation of 16 kc waves from the Rugby trans-—
mitter GBR have been made with the final objective of assessing the
polarization errors to be expected in taking bearings on lightning
flashes at sinilar frequencies, Measurements were made of the changes
of the apparent bearing of the transmitter caused by ohanges in the
amplitude and polarization of the ionospheric waves, A crossed-loop
cathode-ray direction-finder was used for this work, Polarization
errors were largest at distances of about 300 km from the transmitter,
where median errors of the order of 10° in daylight and 30° at night
were observed, The measurements have yielded further information on
the reflecting properties of the ionosphere at 16 ke, Variations in
bearings taken simultaneously at two stations at similar distances from
Rugby, but in different directions, indicated that there were signifioant
differences in the propagation along the two paths, It has been
ooncluded that the polarization of the waves reflec¢$ed by the ionosphere
depends on the azimuthal direction of the propagation path, and this
maey be the explanation of apparent disagreements between the results
of previous workers,

GROUNDWAVE PROPAGATION (MIXED PATH)

EE Abstr, 3814419593 Tijdsohrift Ned Radiogenoot (Netherlands),
V. 24, Yo, 1, Pgs 1-10, 1959,

J., Houtsmuller

Propagation only over a flat earth is considered, The purpose of
the investigation is to determine whether the way in which the tran-
sitions from one medium to snother ocour has any effect on field strength,
the errors to te expected, and to study also phase and amplitude
changes at the boundary between twe media, Caloculations, based on a
method due to Bremmer (Abstr, 409/1955), are carried out for sharp
transitions from sea water to dry sand, and for a gradual transition
over 10 km, cornductivity and permittivity values being obtained, It
is shown that for some km from the boundary, no deviations oceour in’ the
second medium which could be attributed to the nature of the medium,
Near the boundary, curves calculated for a flat earth are sufficiently
accurate for appliocation %2 a spherioal earth surface,

w B




MODE CALCULATIONS FOR VLF IONOSPHERIC PROPAGATION
VLF Symposium Paper No, 36, Boulder, Colorado, January 1957.
H.H. Howe, J.R. Wait,

No abstract

COMMENTS ON APPENDIX B, THE "WAVE-GUIDE MODE" THEORY OF THE PROPAGATION
OF VERY LOW FREQUENCY WAVES by K.G. BUDDEN
Publications Listing -~ July 54/Maroh 1963, Central Radio Prog, Lab,

Boulder Labs, Nat, Bur, Stand, Boulder, Colorado, V, 4, 96-98,
H.HB. Howe,

No abstract

FURTHER COMMENTS TO "MODE CALCULATIONS FOR VLF IUNOSPHERIC PROPAGATION"
Publications Listing - July 54/Maroh 63, Central Radio Prog, Lab,,
Boulder Labs, Nat, Bur, Stand,, Boulder, Colorado, (Paper No, 36), v.4,
93-95s
H.H. Howey, J.R, Wait

No abstract

THE HEIGHT OF THE POLAR CAP ABSORPTION LAYER
Phys, Abstr. 20945/1961; Ark, Geofys., (Sweden), V,3, Paper 21,
Pgs, 419-26, 1961, '

B, Hultqvist, J, Ortner,

"Polar cap absorption" symposium paper, Height determinations
based on disturbanoce-free records of the diurnal absorption occurring
during polar cap absorption events are reviewed, and evidence supporting
the interpretation of Hultqvist and Ortner (1959) is discussed,

SYMPOSIUM ON THE PROPAGATION OF VLF RADIO WAVES

Sponsored by the NBS Boulder Laboratories and IRE Professional Group
on Antennas and Propagation, held in Boulder, Colorado, 23rd-25th
January, 1957. Prepublication of papers 4 v,

PROCEEDINGS OF THE INTERNATIONAL CONFERENCE ON THE IONOSPHERE, LONDON,
JULY 1962,

London: The Inst, of Physics and the Physioal Society (1963) 528 pp.
Phys, Abstr, 11422/1963.

The conference was held at Imperial College, under the auspioes
of the Institute of Physios and the Physioal Society. The prooeedings
contain 81 articles, divided into 4 seotions, each of whioh opens with
a review article and ends with a summary, within an additional section
giving preliminary results from the first Anglo-American satellite UK 1,
The titles of the sections are: Ionospherio constitution and ionizing
radiations; Geomagnetism and the ionosphere; Irregularities and drifts
in the ionospherej The mathematics of the wave propagation through
the ionosphere, Abstracts of the articles will be found in this and
succeeding issues of Physics Abstracts,
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IONOSPHERIC REFLECTION COEFFICIENTS AT VLF FROM SFERICS MEASUREMEN T
VLF Symposium Paper No, 31, Boulder, Colorado, January 1957.
A.G, Jean, L.J. Langs, J,R, Wait

A method for calculating the cemplex ionospheric reflection
coefficients at vlf using sferic waveforms is presented, The
mathematical analysis was carried out for a number of different
waveforms %o illustrate the method, Reflection coefficients determined
from sferics observations were compared with reflection coefficients
calculated using an ionospheric model, In most cases, the agreement
witk theory is only fair, and in some ocases, reflection coefficients
exceeding unity were obtained, The discrepancies are believed to
result from horizontally polarized flaskes rather than limitations in
the ionospheric medel, Plans for collecting more detailed information
pertaining to the scurce are discussed, Attempts will also be made
to completely characterize the downcoming sky wave in future measurements,

VLF PHASE CHARACTERISTICS DEDUCED FROM ATMOSPHERIC WAVE FORMS
Geophy=. Res, (USA), V, 65, No, 3, Pgs 907-12, March 1960,
AaGo Jea»n, WaLn Taylor, JnRo Wg.it

The wave forms of the electiric field of atmospherios recorded
at four widely separated stations are analyzed to yield the phase
characteristics of radio waves at very low frequencies, It is
indicated that the reiative phase velocity for propagation to great
distances is about 3 per cent greater than ¢ (velocity of light in
a vacuum) at 4 ko, Above this frequenoy, it gradually decreases,
being about 1 per cent greater than ¢ at 8 ke, The form of disper-—
sion curve is wvery close to that predicted by the mode theory.

OBSERVED ATTENUATION RATE OF ELP RADIO WAVES
J. Res, Nat, Bur, Stand, (USA)9 V. 65D, No,5, Sept.~Oct.,, 1961,
A.G, Jean, A,C. Murphy, J.R. Wait, D.F. Wasmundt,

Propagation attenm:iation rates for frequencies below 1 ko in the
ELF region (30 cps to 3,000 cps) were calculated from the spectra of
atrospherics observed at widely--spaced siations, Data are presented
for east to west propagatiorn under sunset approaching to eastern station,
Under these conditions, the attenuaticn rates are about 1 db/l,OOO km at
200 cps, The attenuation rates observed seem to be consistent with a -
two-layered ionosphere model witk iis lower region 90km above the earth,

VERY LOW FREQUENCY PHASE OBSERVATIONS ON THE IONOSPHERIC EFFECTS
OF THE SOLAR FLARE OF SEPTEMBER 28TH 1961 :
Phys, Abstr, 16264/1963, J. Geophys, Res, (USA), Vol, 67, No. 12,
Pgs, 4903~5, November 1562,

A.G, Jean, J,H, Crary,

This rote describes the observation of large and sudden phase
variations following a class 3+ solar flare,
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SURFACE WAVE PHASE COMPUTATIONS
NBS Report 4C117, U.S. Nat, Bur, of Standards, Boulder, Colorado.

9th May 1955
J.R, Johler, W.J, Kellar, L,C, Walters

The special theoretical considerations pertinent to the computa-
tions of the phase of the surfaoe wave at low frequencies are discussed.
The formulas necessary for the numerical evaluation of the phase and
the results of a numerical computation are presented,

PHASE OF THE LOW RADIO-FREQUENCY GROUND WAVE

NBS Circular 573, U.S. Government Printing Office, Washington, D.C.,
June 1956, Similar material was presented as a paper at IRE-URSI
Symposium, Washington D.C., 30th April, lst-3rd May 1956,

J.R. Johler, W.J. Kellar, ﬁ.C. Walters,

The speoial theoretioal considerations pertinent to the computation
of the phase of the ground wave at low radio frequencies are discussed,
The formulas necessary for the numerical evaluation of the amplitude and
phase, and the results of the numerical computation are presented, The
effects of frequency, conductivity of the earth, altitude above
the surfaoe of the earth, and vertioal lapse of the permittivity
of the atmosphere are evaluated, :

PROPAGATION OF THE RADIO-FREQUENCY GROUND WAVE TRANSIENT OVER A
FINITELY CONDUCTING PLANE- EARTH

Geofis,, pura e apply. 37, (1957/II), 116-126, May-August 1957.
J.R. Johler,

TRANSFER CHARACTERISTICS OF RADIO WAVES PROPAGATED BETWEEN THE
IONOSPHERE AND THE EARTH AT VERY LOW FREQUENCIES

NBS Report 6002, U.S. Nat, Bur, Standards, Boulder, Colorado, 15th Sept,
1958, AD-212 085

J.R. Johler, L.C. Walters, C.M. Lilley

The transfer characteristics (amplitude and phase as a function
of frequenoy) of the sky wave propagated between the D-region and the
E-region of the ionosphere and the earth have been evaluated at low
and very low frequencies by the geometrical-optioal theory employing
the quasi-longitudinal approximation of the ionosphere reflection
coefficients, Distances, d/j, up to 1000 statute miles are oonsidered
and multiple hops or time-modes (j = 1, 2, 3....) are evaluated for
a vertical electric dipole source, The effects of the electron
density, collision frequency, intensity of the earth's magnetio field
and the geometrical parameters are illustrated, The effeot of the
vertical lapse of the permittivity of the earth's atmosphere is
introduced into the computation,
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PROPAGATION OF A GROUND WAVE PULSE AROUND A FINITELY CONDUCTING
SPHERICAL EARTH FROM A DAMPED SINUSOIDAL SOURCE CURRENT

EE Abstr. 5557/1959; Inst, Radic Engrs (USA), Trans, V, AP-7, No, 1,
Pgs 1-10, January 1959,

J.R. Johler, L.C. Walters

The form of the transient eleotromagnetic ground wave which has
been propagated over a finitely conducting spherical earth from a
souroe current dipole can be oalculated by a direct quadrature
evaluation of the Fourier integral, The method is illustrated by a
calculation of the transient field radiated by the particular oase
of the damped sinusoidal current dipole, At short distances from the
source, the earth was assumed to be a plane and the displacement
currents in the earth were neglected, The pulse was then calculated by
a direct evaluation of the Fourier integral and the integration was
verified by special operational methods (inverse Laplace transformation),
The form of this pulse was then predicted at great distances from
the source by a direct evaluation of the Fourier integral in whioh
the displacement currents in the earth and the earth's curvature
were introduced into the Fourier transform, The form of the transient
signal was found to be dispersed by the propagation medium, The
most noteworthy attribute of this dispersion is a stretohing of the
period of the wave so that the form of the source is somewhat obscured
by the filtering action of the medium,

LOW AND VERY LOW FREQUENCY RADIO-FREQUENCY TABLES OF GROUNDWAVE
PARAMETERS FOR THE SPHERICAL EARTH THEORY: THE ROOTS OF RICCATI'S
DIFFEREN TTAL EQUATION

NBS Teoh, Note 7, U.S. Dept, of Commerce, Offtce of Technical Services,
Washington D.C., lst February 1959, PB 151366, $2,25,

J.R. Johler, L.C. Walters, C.M. Lilley

The roots of Riccati's differential equation are tabulated in
detail throughout the low~ and very low radio~frequency part of the
spectrum, The zeroes and certain other parameters used in the calcul-
ation of the amplitude and phase of the ground wave by the rigorous
series of residues are also tabulated, This paper supplements NBS
Cirocular 573.

AVPLITUDE AND PEASE OF THE LOW AND VERY LOW RADIO-FREQUENCY GROUND WAVE
NBS Tech, Note, No, 60, U.S, Dept, of Commerce, Office of Technioal
Services, Washington DC, 1st June 1960, PB161561, $.75.

J.R. Johler, L.C. Walters, C.M. Lilley

Graphs and tables of the low and very low radio-frequency ground
wave are presented as a function of frequency, 100 c/s to 1000 ko,
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ON THE THEORY OF REFLECTION OF LOW- AND VERY-LOW RADIO-FREQUENCY WAVES
FROM THE IONOSPHERE

EE Abstr. 6957/1960; J. Res, Nat, Bur, Stand, (USA), V. 64D, No, 3,
Pgs 269-85, May-June 1960,

J.R. Johler, L,C, Walters

The rigorous application of the magneto-ionio theory to the
calculation of reflection coeffioients for a sharply bounded ionosphere
model is carried out, illustratéed with computations applicable to the
D or E-region of the ionosphere, The quasi-longitudinal approximation
is derived from this theory and the range of wvalidity of this approx-
imation is illustrated., The restrictions imposed by the use of a
sharply bounded model ionosphere are disoussed,

LOW- AND VERY-LOW RADIO-FREQUENCY MODEL IONOSPHERE REFLECTION
COEFFICIENTS

July 1960, NBS, Tech, Note No, 69, PB 161570 $2.00

J.R. Johler, L C. Walters, J,D, Harper

ON THE ANALYSIS OF L,F, IONOSPHERIC RADIO PROPAGATION PHENCMENA
J. Researoh NBS, Vol, 65D, No, 5, Pgs, 507-529, September—Ootober 1961
J,R, Johler

Recent theoretical work which employs the olassioal magneto-ionio
theory for a speoial model of the ionosphere applioable to transmission
via the ionosphere at or olose to grazing inoidenoe is employed to
analyze L.F. propagation data, The results of the analysis illustrate
a practical model of the ionosphere by a detailed study of transmission
via the first time-mode in particular,

MAGNETO-IONIC PROPAGATION PHENOMENA IN LOW- AND VERY-LOW RADIO FREQUENCY
WAVES REFLECTED BY THE IONOSPHERE

EE Abstr, 2029/1961; J, Res, Nat, Bur, Stand, (USA), V, 65D, No, 1,
Pgs' 53-65, January-Februmry 1961,

J.R, Johler

Ionosphere refleotion coeffioients at 1.f, - v.1l.f. which
illustrate the dependenoce of the amplitude and phase of the refleoted
wave on the propagation direotion relative to the earth's magnetio
field are presented, The oalculations are based on a plane, sharply
bounded, model ionosphere with plane-wave exoitation, but make full
use of the magneto-ionio formulae for oomplex direotions of propagation
in the ionosphere, so that the influenoe of the earth's magnetio field
in the different directions of propagation is demonstrated. A speoial
table of values applicable to v,1,f, is presented,
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PROPAGATION OF THE LOW-FREQUENCY RADIO SIGNAL
Proo, Inst, Radio Engrs. (USA), Vol, 50, No, 4(I), Pgs 404-27,
April 1962, Phys, Abstr. 11807/1962,

JoRo JohleI‘ ’

The propagation of a radio signal and the propagation in the
time domain is reviewed for linear amplitude systems, The particular
case of the propagation of a ground wave pulse is considered in detail,
A stretching in the form or shape of the pulse is noted as a result
of the filtering action of the propagation medium, Theoretical
transfer characteristics for the media of propagation of 1,f, signals
are introduced and methods of computation are considered, The
particular case of a signal transmitted tetween two points on the
earth's surface is considered from the view point of propagation
in the time domain,

CORRECTION TO PROPAGATION OF THE LOW-FREQUENCY RADIO SIGNAL
Proc, IRE 50, 2092, October 1962,
J.R, Johler

PROPAGATION OF TERRESTRIAL RADIO WAVES OF LONG WAVELENGTH - THEORY
OF ZONAL HARMONICS WITH IMPROVED SUMMATION TECHNIQJES

Phys, -Abstr. 5855/1963, J, Res., Nat, Bur, Stand, (USA), Vol, 66D,
No, 6, Pgs 737-73, November-December, 19562,

J.R. Johler, L.A, Berry

Demonstrates that the field of the propagated long wavelength
radio wave (frequencies less than approximately 50 kc/s) oan be
evaluated by a summation of a series of zonal harmonios, The
détailed structure of the field in the absenoe of a concentric
prlasma is characterized by the quite regular behaviour of the ground
wave as a function of distance, Indeed, the steady decrement of
the groundwave field is modified only near the antipode, The series
of zonal harmonics comprises individual waves which are trawvelling
in the radial direction with respect to the centre of the sphere and
standing in the direction of increased angular distance around the
sphere, These waves, when summed, build up the wave progressing
in the direction of increased angular distance, Under special
ciroumstances, standing waves can be noted, This is especially
obvious near the antipode of the transmitter. The results of the
computations indioate that full rigour can be achieved with comparat-
ive ease at frequencies less than approximately 50 ko/s, leaving
only the assumed model for the transmitter and the propagation medium
and avoiding the complications of the Watson transformation,
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CONCERNING LIMITATIONS AND FURTHER CORRECTIONS TO GEOMETRI C-OPTI CAL
THEORY FOR LF, VLF PROPAGATION BETWEEN THE IONOSPHERE AND THE GROUND
Radio Sci, Journ, Research NBS/USNC URSI, Vol, 68D, No, 1, January
1964, Pgs. 67-78.

J.R.Johler

Considerable use has been made of the geometric-optical propagation
theory to describe long wavelength terrestrial radio waves between the
ionosphere and the ground by Bremmer (1949), Wait and Murphy (1957),
Wait (1961), Wait and Conda (1961), and Johler (1961, 1962). The
physical interpretation of pulse signals propagated around the terres-
trial sphere-as an application of the theory has been described by
Johler (1962, 1963a, 1963b). Indeed the use of the Loran-C radio
navigation-timing system to study the propagation of LF ionospheric
waves has given further impetus to such a study,

INVESTIGATION OF RADIO WAVE PROPAGATION, 10-500 KC AND STUDY OF
LORAN SYSTEM OF HYPERBOLIC NAVIGATION :

AD 106 3513  University of Florida, Gainesville, Florida, 70 p.,
illus, 1948,

R.C. Johnson, R.S. Hoff,

No abstract.

INVESTIGATION OF RADIO WAVE PROPAGATION, 10-500 KC AND STUDY OF LORAN
SYSTEM OF HYPERBOLIC NAVIGATION

AD 1061533 University of Florida, Gainesville, Florida, P, 25,
fllus,, £950.

R.C. JOhnson’ R.S. Hoff

No abstract

THE NON EXISTENCE OF THE SURFACE WAVE IN DIPOLE RADIATION ABOVE

A PLANE EARTH

Arch, Elekt, Ubertragung (Germany), V. 5, Pgs, 25-32, January 1951
T, Kahan, G, Bckert

Sommerfeld's treatment of the radiation from a vertical hertzian
dipole above a plane, finitely conducting, earth is disocussed,
Through the solution of Weyl is explained and modified, Comparison
is made with the experimental work of Burrows (Abstr. 1048/1937).

The final conclusion is that the surface wave does not exist,
Objections by Ott are answered, (See 0%t),
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A NOTE ON THE STATISTICAL THEORY OF RADIOWAVE PROPAGATION OVER
AN IDEALLY CONDUCTING PLANE

EE Abstr. 474/1960; Dokl. Akad. Nauk SSSR, V. 127, No. 4,

Pgs 792-5, August 1959.

E.A. Kaner, F.G, Bass

Assumes a propagation medium with small chance fluctuations
6 € of the dielectric constant € =< £> +{6E), where(€)and{& €2}
are assumed independent of time and the co-ordinates. The source
is a dipole situated above the boundary plane. Only large scale
fluctuations are considered, i.e. where the characteristic correlation
radius is large compared with the wave—-length. Starting from
Maxwell's equation, the presence of the boundary is shown to lead to
a sharp increase in the relative fluctuations as compared with the
case of an infinite medium; +these increases occur near the inter-
ference minima of the regular field component. The cases of a
curved and a finitely conducting boundary are also discussed.

THE EXCITATION OF SURFACE WAVES IN MULTI-LAYERED MEDIA

AD 559113 Tech, Res. Grp., 56 West 45th Street, New York, N.Y.
October 1954.

A.F, Kay

The excitation of surface waves in three dimensional, multi-
layered media with arbitrary electromagnetic parameters is related
to the characteristics of the source antenna. The source field
is first presented as a continuous spectrum of plane and evanescent
waves, a Fourier integral which converges in a half space. A
solution for & single incident wave is obtalned in the usual fashion
by postulating reflected and transmitted waves in each layer, uniquely
determined by the boundary conditions at each interface and the
radiation at infinity. Superposition of the solutions for each
wave '!in the spectrum of the source field then is proved to yield
the total field solution. The total field is examined at large
distances\f parallel to the layer interfaces for the asymptotically
dominant terms as follows: the Fourier integral is transformed into
an expression involving Hankel functions. The integration corntours
are deformed to embrace certain branch cuts thus crossing certain
poles whose residues yield the surface waves. The branch cut
integrals are roughly estimated and compared with the surface wave
terms for largekf . For this purpose, several results concerning
the behaviour of the integrants for large and large ¢, the trans-
form variable, are required. Examples of the excitation efficiency
of dipoles and uniformly illuminated apertures sre worked out. Some
general results about the poles and residues for the cases of 1 and 2
interfaces are also given.
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ELECTRICAL PROPERTIES IN THE DEEP CRUST

EE Abstr, 283/1964. IEEE Trans Antennas and Propagation (USA),
Vol, AP-11, No, 3, 344-57, May 1963,

G,V, Keller

Resistivities in the earth's crust have been evaluated by
direct observation using dipole-dipole resistivity soundings and
magneto-telluric resistivity methods, supplemented by laboratory
measurements of the eleotrical properties of appropriate rock types
at elevated temperatures, Assuming a three-layer crustal-model,
the field observations indicate an attenuation of one to ten dB
per km in the resistant middle layer, It is pointed out, however,
that the resistivities in this zone are biased toward the lower side,
Higher resistivities are expected on the basis of the laboratory
experiments and if they occur to a significant extent, lower trans-
mission lossés would be obtained than are predioted by the field
measurements,

SURFACE WAVE EXCITATION AND PROPAGATION
EE Abstr, 4138/1960; J. appl., Phys, (USA), V, 31, No, 6, Pgs 1039-46,
June 1960, - ’
J.B. Keller, F.C, Karal, Jr,

A geometrical theory is developed for the analysis of surfaoe-
wave excitation and propagation, The surfaces along which the
surface waves propagate may be either curved or flat, and may have
either constant or variable properties, The theory is based on
the concept of & complex or imaginary ray, The exoitation coefficient
which enters the theory is determined from the solution of a oanonical
problem - that of a line souroe over an impedance plane, Then the
theory is applied to the surface wave excited by a line source, on
a wedge with variable surface impedanoe, The result agrees precisely
with the asymptotic form of the exaot solution, Another appliocation
is made to the surface wave excited on a cylinder by a line souroe,
The result also agrees with the exact solution,

PROPAGATION OF ACOUSTIC AND ELECTROMAGNETIC WAVES IN A HALF-SPACE
Akust, Zh, (USSR), V, 5, No, 4, Pgs. 464-T1, 1959.
M.D. Khaskind

A half-space is considered in which the impedance at the
boundary is given in the form of an arbitrary complex number, and
a general solution of the wave equation is formulated by introduoing
a function which reverts to zero at the boundary, Expressions for
the acoustic and e,m, potential are derived in terms of this function,
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ENERGY SPECTRUM OF ATMOSPHERICS AND ATTENUATION OF DIFFERENT LOW
FREQUENCIES WITH DISTANCE

EE Abstr. 2197/1962; Proc, Nat, Inst, Sci, (India), 4, V.26,
Suppl, No, 2, Pgs 58-66, December 1960,

S.R. Khastgir, R.S. Srivastava

Experiments were carried out to stu.y the energy spectrum of
different atmospherics and the attenuation of different frequencies
(3-15 kc) over widely varying distances (150-1500 km) during the
night hours, The method and experimental procedure are described,
Considering only those atmosphericswhich gave smooth and continuous
amplitude variations in the narrow-band amplifiers, and which showed
at the same time return stroke pulses with successive ionospheric
reflections in the automatic atmospherics recorder, the energy spectrum
curves were drawn for the individual atmospherics originating at
various distances, which were estimated from the time-intervals between
successive ionospheric reflections in the wave-form records, The
frequency for which the maximum amplitude was observed was found to
increase almost linearly with distance, The attenuation curves were
also drawn for 6, 7, 8, 9 and 10 kec relative to 12 kc over a distance
ranging from Budden's theoretical curves,

A REVIEW OF PRESENT KNOWLEDGE OF THE IONOSPHERIC PROPAGATION OF
VERY-LOW, LOW AND MEDIUM-FREQUENCY WAVES

Phys, Abstr, 2575/19533; Proc., Instn, Elect, Engrs (GB), III, 100,
Pgs 100-8, March 1953.

F.A, Kitchen, B.G. Pressey, K.W. Tremellen

Deals with the ionospheric propagation of waves of frequencies
€ 3 Mc and is confined mainly to transmission over medium and long
distances ( > 500 km). The results of investigations on low and
very-low frequencies ( < 300 kc) are summarized under the headings
of field strength, phase and polarization measurement, the effects of
ionospheric disturbances, the study of local ionospheric characteris-
tics and theoretical studies, Only work done since 1937 is considered.
An important item of the recent work is the study of the ionospheric
cross-modulation,

A METHOD OF INVESTIGATING AIR-TO-SUBSURFACE VLF PROPAGATION
IRE Trans, Antennas and Propagation (USA), Vol, AP-10, No, 5,
650-1, September 1962, E,E. Abstr, 980/1963,
S. Kovmacki

Uses geometrical optics, The radiating aerial is assumed to
be in free space and the resultant field below the water surface
is computed by summation of the contributions from individual rays,
Bach contribution is subjected to amplitude attenuation and phase
change due to propagation through space and reflections from the
ionosphere and water surface, The merits of horizontal and vertical
polarization are compared,
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THE BOUNDARY PROBLEM FOR THE PROPAGATION OF ELECTROMAGNETIC WAVES

IN A SPHERICALLY LAYERED, ANISOTROPIC, DISSIPATIVE MEDIUM

Doklady Akad, Nauk SSSR, Vol, 138, No, 4, Pgs 813-816, 1st June 1961,
Trans, in Sov, Phys, Doklady, Vol, 6, Pgs 466-9, December 1961,

P.BE. Krasnushkin

Maxwell's equations are formuilated in a matrix-operational
form and a general oase is oonsidered, having immediate applioation
to a spherical earth consisting of layers of different propagation
constants and surrounded by an anisotropic ionosphere,

SOLUTIONS OF THE BOUNDARY VALUE PROBLEM FOR PROPAGATION OF RADIO
WAVES ROUND THE EARTH, WHILE TAKING INTO ACCOUNT GENERAL GEOPHYSICAL
FACTORS -

EE Abstr, 488/1962; Dokl, Akad, Nauk SSSR, V, 138, No, 5, Pgs 1055-8,
June 1961,  Soviet-Physics~Doklady, V.6, No, 6, December 1961,

P.E. Krasnushkin

The total spsotrum of suoh waves is derived for a three-layer
models (1) O £r La (a = earth's radius) with a oomplex dieleotric
constant; (2) a { r { o, ideal atmosphere with unity dieleotrio
constant; 3 o r‘oa, ionosphere as an electric—-ion plasma
under the influence of steady magnetic field, Speoial cases are
also considereds (1) Watson's oase of a spherioal waveguidej
52 plane waveguide model (a o )3 (3) diffraotion modelj

4 Sommerfeld model,

THE PRCPAGATION LONG AND ULTRA-LONG RADIO WAVES ABOUT THE EARTH

IN THE LOWER (C, D, AND E) LAYERS OF THE IONOSPHERE IN THE LIGHT

OF INFORMATION

Theory, Doklady Akad, Nauk SSSR, Vol, 139, No, 7, Pgs 67-70 (July

1961),  Trans, in Sov, Phys., Doklady, Vol,6, No,7, Pgs 5769, Jan, 1962,
P,E, Krasmushkin

Using the solutions of two earlier paperas for the earith ionosphere
boundary value problem, propagation characieristios for frequencies
below 100 ko are oalculated, Experimental and theoretioal models of
the ionosphere are approximated using a mlti-slab layered ionosphere,

THEORY OF TERRESTRIAL ATMOSPHERICS
EE Abstr, 14864/19625 Dokl, Akad, Nauk, SSSR, Vol, 144, No, 2,
Pgs 334-7, 11tk May 1962, in Russian,

P,E, Krasnushkin

The propagation of atmospherivas is dimcussed in terms of

idealized models, Mode theory is used to calculate field-sirength
versus time relationships at a distance from an impulsive source,
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ON THE PROPAGATION OF LONG AND VERY LONG RADIO WAVES AROUND THT
EARTH

Phys, Abstr. 19456/1963., MNuovo Cimento Suppl., (Italy), Vol, 26,
No, 1, 50-112 (1962),

P.E, Krasnushkin

The protlem of deriving functional relationships between E and
is studied from the point of view of information theory.
olutions for the three layer medium are discussed for both mode and
ray theories, An account is given of the ionization profile of
the lowest ionosphere and of its dependence upon time of day, season
and geomagnetic latitude, The features of the diurnal variation
of the measured ampiitude and phase of 1,f, and v,1,f, waves are
considered. There is good agreement between theory and experiment,
An extensive list of references to both Russian and Western papers
is given,

PROPAGATION OF RADIO PULSES OVER A FLAT HOMOGENEOUS EARTH

EE Abstr, 13875/1963; Radiotekhnika i Elektronika (USSR), Vol. 7,
No. 4, 579-89 (4pril 1962), In Russian; English trans, in Radio
Engng electronic Phys, (US&), Vol, 7, Yo, 4, Pgs 549-58 (April 1962).
G.N, Krylecv

No abstract

ELECTROMAGNETI C WAVES: Proceedings of a Symposium Conducted by
the Mathematics Research Centre, April 10-12, 1961,

University of Wisconsin Press, 1962,

R.E. Langer

LABORATORY SIMULATION CI VLF PROPAGATION AND UNDERGROUND ANTENNA
PERFORMANCE

Inst, Radio Bngrs (USA), Wescon Convention Records, Paper 31/1, 1961,
T,C, Larter, M,E, Louapre, A.F. Stogrym

No abstract

PENETRATION OF THZ IONOSPHERE BY VERY-LOW-FREQUENCY RADIO SIGNALS -
INTERTM RESULTS OF THE LOFTI I EXPIRIMENT
EE Abstr. 10101/1962; Proc, Inst, Radio Engrs (USA), Vol, 50, Ne, 1,
6-17, Janvary 1%52 -
J.P." Leiphart, ee Zeck, L.S. Bearce, E. Toth

The LOFTI experiment was carried out hy a satellite which carried
vel,f, receivers from which the telemetered outputs could be recorded,
Signals at 18 kc/s transmitted by NBA (Panama), and NPG (Beattle) were
received, It was shown that a considerable fraction of the transmitted
energy penetrated into the ionosphere, The amplitude was much greater
by night than by day, and the attenuation of the signal from NPG was
less than that for NBA signal,
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ELECTROMAGNETIC SURFACE WAVES ON A PLANE INTERFACE
Phys, Abstr, 13180/1961; J. appl., Phys. (USA), V, 32, No, 9,
Pgs 1758-63, 1961,

B.A. Lengyel, K,M, Mitzner

Surface waves are defined as waves exponentially decreasing
on both sides of a plane interfaoe, It is shown how all suoch waves
oan be generated from a single Hertz vector perpendioular to the
interface., The rslations between the propagation parameters of
the waves and the material constants are derived in a general case
which include media with different magnetic permeabilities, The
condition for the existence of a surface wave is derived.

HYPERBOLIC DIRECTION FINDING WITH SFERIC OF TRANSATLANTIC ORIGIN
Phys., Abstr, 16484/1960; J, geophys, Res. (USA), Vo, 65, No. 7,
Pgs. 1879-1905, July 1960,

E.A, Lewis, R.B. Harvey, J,E. Rasmussen

The experimental "hyperbolic direction-finder" oonsists of
an array of sferio receivers in the New England area, oonneoted
by wideband data links so that microseoond differences in pulse
arrival time oan be measured, The hyperbolic direotions oan be
determined from the time differenoces, In a series of co-ordinated
runs, individual sferios originating in western Burope were observed
by both the New England net and the sferics net of the British
Meteorological Office, The British Meteorologioal Office furnished
the geographic co-ordinates of the lightning strokes so that measure-
ments of position could be compared, Tabulated results for 150
sferics show an average absolute deviation from the mean of only
31 nautical miles,

RELATIVE PHASE AND AMPLITUDE SHIFTS OF VLF SIGNALS RECEIVED ON TWO
PATHS ALMOST PARALLEL WITH THE SUNRISE LINE

Phys, Abstr, 9946/1963; J. geophys. Res, (UsA), Vol, 67, No. 12,
Pgs 4906-8, November 1962,

E.A, Lewis, J.E. Rasmussen

Comparison of the phases of 18 kc/s signals received along
two paths almost paralliel with the sunrise line, but about 120 km
apart, shows a phase transient as the day-night interfaoe sweeps
across the two paths, The phase transient lasted about 13 mins,
and the transit time from one path to the other was 6 mirs.,
therefore the interface zone had an effective width corresponding
to approximately 7 mins, i,e, 140 km, The maximum value of the
phase shift was 30°, oorresponding to a propagation time differenoce
of 5 4¢ seo, Such a phase shift could oause errors in direction
finders of the "hyperbolic" or "time~difference" type, Amplitude
ohanges were noticed 4 to 7 minutes after the beginning of the
phase transient, whereas for single short paths the amplitude change
oocurs before the phase change,
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PROPAGATION OF ELECTROMAGNETIC PULSES AROUND THE EARTH

EE Abstr. 4292/1957; New York Univ. (Inst. Math, Sci,), No, EM 102,
19 p., PFebruary 1957.

B.R. Levy, J.B. Keller

The pulses are assumed to be produced by a vertical electric or
magnetic dipole, The earth is treated as a homogeneous sphere of
either finite or infinite conductivity and the atmosphere is assumed
to be homogeneous, I+ is found that very short pulses become longer
the further they propagate, in addition to diminishing in amplitude,
The duration of a2 pulse which is initially a delta—function increases
as 0, where © is the angle between source and receiver, The
results are represented as products of several factors, which we call
the amplitude factor, the pulse-shape factor, the time-dependent
height-gain factor for the source and receiver, and the conductivity
factor, Graphs of these factors and of the pulse shape for several
cases are given,

EXTREMELY LOW-FREQUENCY ELECTROMAGNETIC WAVES: I, RECEPTION FROM
LIGHTNING

Phys, Abstr. 4571/1957; J. appl. Phys., V. 27, No, 12, Pgs 1473-6,
December 1956.

L, Liebernmann,

Extremely low-frequency (ELF) radio waves (10-500 cps) originating
in lightning were received over distances in excess of 15,000 km,
Transmission conditions were equally good, day or night, Propagation
distances were ascertained by analysis of higher frequency components
( > 1700 ops) according to known methods, The receiving aerial
employed an arrangement of grounded electrodes which uniquely determined
the azimuthal direction of the source, Two distinct classes of ELF
pulses are described which are attributed to different conditions of
propagation,

EXTREMELY LOV-FREQUENCY ELECTROMAGNETIC WAVES: II.  PROPAGATION
PROPERTIES

Phys, Abstr. 4572/1957; J. appl. Phys. V. 27, No, 12, Pgs 1477-83,
Décember 1956,

L, Liebermann

Properties of electromagnetic propagation at extremely low
frequencies (below 500 cps) are deduced from analysis of pulse
distortion, The source of the transmitted pulse is lightning.

Two distinct transmission types are analysed, Normal, or type I
propagation is shown to behave as if the earth's surface and ionosphere
constitute a wave guide composed of two parallel surfaces, with one
surface partially conducting. This wave guide has no low-frequency
limit on propagation; attenuation formulae are given. The transmission
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properties of type II, or anomalous propagation, are derived and seen
to be inexplicable by means of this wave-guide model, The analysis
leads tc a determinatiocn of the effective cenductivity of the iono-
spheric reflector at these frequenciésj " the day-time reflecting

layer (D—layer) conductivity is 10 e.,s.u,3 the night-time conductivity
(E—layer) is 5°x 10 e,s,u,; both results are far lower than deduced

by other means,

A VERY-LOW-FREQUENCY ANTENNA FOR INVESTIGATING THE IONOSPHERE

WITH HORIZONTALLY POLARIZED RADIO WAVES

J. Res, Nat, Bur, Stand, (USA), V. 64D, No, 1, January-February 1960,
R.S., Macmillan, W.V.T. Rusch, R.M. Golden

The advantages of a horizental half-wave resonant antenna
for very-low-frequency propagaticn experiments lie in its relatively
simple and inexpensive constructicn and in its radiation pattern
which is maximum in the vertical direction, The radiation fields
of this type of antenna lcoated at the surface of a cecnducting earth
consist of: (1) A horizontally polarized space-wave field radiated
in the perpendicular bisector plane of the antenna, This vertically
polarized field is zero at right angles to the antemna, These fields
have heen experimentally werified, The use of a 50-kilocycle
horizontal half-wave antenna for vertical-incidence ionospheriec
scunding experiments is described. The radiation pattern of this
antenna is well suited for ionospheric soundings since a receiver
located in the groundwave null receives only the reflected skywave
signal, Ground-resistivity measurements made at a number of lccations
in Central and Southern California were correlated with the geology
of the terrain, This correlation showed that the ground resistivity
is highest (a condition necessary for optimum antenna effioienoy)
in areas where the underlying rock formaticns are relatively unfrac-
tured, The amount of annual rainfall and other olimatic conditions
have little or no effect on the resistivity. Finally, a unique
antenna system is presented which employs rescnant loading circuits
to convert a section of an existing power line into a horizontal
half-wave very low-frequency transmitting antenna,

A THEORETICAL INVESTIGATION OF THE PROPAGATION PATH OF THE WHISTLING
ATMOSPHERICS

EE Abstr, 2512/1959; Rep. Ionosphere Space Res, (Japan), V. 10, ¥e. 3,
Pgs 105-23, September 1956,

K, Maeda, I, Kimura,

By the ray-theoretical treatment based on Fermat's principle,
formulae necessary for the-exact calculaticn of the ray path of a
whistler have been deduced, and ray paths starting from various
geomagnetic latitudes have been calculated, under the appropriate
assumption of distribution of electron density in the outer ionosphere,
It is shown that the ray path does not in general follow the line of
magnetic force and especially in lower latitudes the path is not
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symmetric with respect to the magnetio equator, It is also shown that
many of the facts so far observed at various latitudes can be explained
by the results of this theoretical study. Some remarks are added on
future experiments with a view to exploring the electrical and magnetic
properties of the outer ionosphere,

CALCULATION OF THE PROPAGATION PATH OF WHISTLING ATMOSPHERICS
Phys, Abstr., 8428/1960; J. atmos, terrest. Phys., (GB), V. 15,
No, 1-2, Pgs, 58-65, September 1959,

K, Maeda, I, Kimura,

An approximate method is worked out of calculating the propagation
path of a whistler by using Fermat's principle, The paths calculated
under some appropriate assumption of the electron density distribution
above the ionosphere shows an appreciable deviation from the line of
magneti¢ force and are generally asymmetric with respect to the magnetio
equator, As to the frequency characteristics of the whistler path,
the higher the wave frequency is, the more the wave travels inside,

A CALCULATION OF THE PENETRATION OF VLF RADIOWAVE ENERGY THROUGH

THE IONOSPHERE

EE Abstract 7746/19633; Ionosphere Conf,, London 1962 (see Abstr., 5380
of 1963), Pgs. 461-6.

K. Maeda, H, Oya,

VLF radio waves must penetrate the ionosphere twice (for the
whistlers) or once (for the hiss and the chorus) before they are
received, The problem considered is the calculation of the penetration
of the extraordinary mode waves through anisotropic dispersive media,

It is anticipated that most of the radiowave energy will be reflected
back at the ionospheric boundary, except for the case where the wave
polarized in the plane of propagation is incident within a narrow band
of angles corresponding approximately to Brewster's angle, In order to
confirm this, the penetration energy was calculated as a function of the
angle of incidence at a frequency of 10 kc/s. For the case in which the
waves are incident upon the ionosphere from below, the calculation was
based on a modification of Bremmer's theory (Terrestrial Radio Waves,
New York: Elsevier (1949)), whilst a special theory was devised for

the case in which the waves are incident from above, Numerical results
and diagrams are presented for both cases,

PENETRATION OF ELF RADIO WAVES THROUGH THE IONOSPHERE

Phys, Abstr, 23613/1963; J. Geomagn. Geoelect (Japan), Vol. 14, No. 3,
Pgs 151-71, 1963,

K, Maeda, H, Oya

The rate of energy penetration of vlf (10 kc/s) radio waves through

a sharp ionospheric boundary under a constant magnetic field is cal-
culated and the directions of the ray and the wave normal at the boundary
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are discussed. For the case in which the v,1.f. radio waves go up into
the ionosphere from free space below, a rigorous calculation is performed
using Bremmér's method and the existence of a quasi-Brewster's angle is
ascertained, In the case in which the waves come downwards from above,
an approximate method is set up for the calculation and it is shown that
the vlf waves can penetrate down to the earth's surface only when the wave
normal lies in a narrow band of angle near the normal of the boundary.

In this case the ray direction of the penetrating waves is close

to the magnetic fieid,

WAVE-GUIDE MODE PROPAGATION OF VERY LOW FREQUENCY RADIO WAVES

EE Abstr, 3184/1962; "J, atmos. terrest. Phys.,, (GB), V., 20, No, 2-3,
Pgs 206-9, March 1961,

F.G. Martin,

A report of calculations of the attenuation of v.,1,.f, waves in WeE
and E-W waveguide-mode propagation in an ionosphere in which the electron
density is assumed to increase exponentially with height, while the
magnetic field is inclined at 30° t6 the vertical in a plane perpern-—
dicular to the plane of propagation. The results thus apply to propa-
gation in northern temperate latitudes, and use an ionospherio model
probably closer to the true one than the sharply bounded homogeneous
ionosphere considered by Budden and by Crombie, The values of the
attenuation for the various modes were calculated by a method outlined by
Budden, the earth being assuged flat, the ground perfectly conducting,
the collision freguéncy 3x10 /sec, the gyro-frequency 1,28 Mc and the
electron density X = exp (0( z), where z is measured vertically upwards
from a level near the base of the ionosphere, Pairs of curves relating
attenuation of frequency are given for the case of a very sharp ionospher
defined by of =2.36 km™! and for a more realistio model with o = 0,59 km™,
In both cases the W-E propagation is the less attenuated, The results
given apply to quasi-TM modes of least attenuation and to a value of 80 km
for h, the distance between the ground and the level where the electron
density N .. 3.175. Pairs of curves are also given which relate h,; to the
attenuatiorn for the frequencies 10, 12, 16 and 20 ko and in each case for
the four least attenuated modes. These curves show that as h; decreases,
the attenuation of the mode increases and the non-reciprocity becomes more
apparent, It is noted that the attenuation curves for a vertically polarized
wave propagated through a similar model of the ionosphere, but without an
applied field, are very close to those given for E-W propagation,

STUDIES OF GEOMAGNETIC LATITUDE CONTROL OF VLF AND ELF PHENOMENA IN THE
ANTARCTIC (VLF Air-Lifteéd Traverse), Final Report, National Science -
Foundation Grant 13532, Radioscience Laboratory, Stanford University,
Stanford, Calif,, 5th June 1961,

L.H. Martin

To determine the effect of increasing latitude on the characteristics
of VLF and ELF phenomena at high geomagnetic latitudes the Radio Science Lab,
of Stanford University with the assistance of co-operation of officers of
the United States Antarctic Research Program, National Science Foundation,
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planned an air-lifted VLF traverse to cover 20° of geomagnetic
latitude along the magnetic meridian passing through Byrd Station,
This work was planned for the 1960/61 Antarctic field season but
unfortunately a long period of unsuitable flying weather delayed

the start of the operation and it was only possible to set up

three field stations before the season ended., Although the traverse
covered only 7° of geomagnetic latitude, much interesiing data were
collected and the results demonstrate the desirability of completing
this operation,

The traverse operation was funded through NSF Grand 13532,
This grant also supported in part a conjugate point experiment carried
out in January 1961 between Byrd Station and its geomagnetic conjugate
area in the Canadian Arctic, This conjugate experiment was a joint
and co--operative undertaking in which Sianford Radioscience Lahoratory
and the Pacific Naval Laboratory of the Canadian Defence Research Board
combined to make simultaneous observations of naturally occurring ELF
and VLF phenomena over a frequency range 0,002 cps - 15 kc/s.
Preliminary analysis of the data from this experiment indicates that
there is often great similarity beiween events at the opposite ends
of a high latitude magnetic field line,

ON THE PROPAGATION OF THE WAVE FRONT IN A DISPERSIVE MEDIA
EE Abstr. 2569/1953; RC Accad., Naz, Lincei (Italy), V., 12,
Pgs 683-7, June 1952,

M, Marziani

The problem is investigated theoretically, by means of the Laplace
transformation, for the general case of a plane electromagnetic wave
in a homogeneous medium,

ON THE PROPAGATION OF THE WAVEFRONT IN HETEROGENEQUS DISPERSIVE MEDIA
Phys. Abstr. 2570/1953; RC Acad. Naz, Lincei (Italy), V, 13, Pgs.
127-31, September-October 1952,
M, Marziani
fry

The wavvefront propagates with velocity (& (zlék)-llﬂ for a plane
wave perpendicular to the z-axis, An integral expression is also given
for the electric field in the neighhourhood of the wavefront,

BIBLIOGRAPHY ON EM WAVE PROPAGATION

Technical Memorandum EDL-M186, Contract DA 36-039-sc--78281, Electronic
Defense Lab,, Sylvania Electric Products, Inec,, Mountain View, California,
1st April 1959, AD-216 404.

The purpose of this bibliography is to provide an up-to-date (1947~
1958) reference to publications from laboratories foremost in their
respective fields of upper atmospheric research, wave propagation, and
wave scattering phenomena, The laboratories whose work in these fields
has comprised the basis for this report are: Cavendish Laboratory,
University of Cambridge; Electrical Engineering Dept., Cornell University;
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Ionospheric Research Laboratory, the Pennsylvania State University;
Radio Propagation Laboratory, Stanford University; Stanford Research
Inst, There are 814 references (including references to work from
other sources than the above).

A STUDY OF THE MORPHOLOGY OF IONOSPHERIC STORMS
J. Geophys, Research 64, 305-21, March, 1959.
S. Matsushita

PROPAGATION OF RADIO FREQUENCY ENERGY THROUGH THE EARTH
Phys. Abstr, 10361/1954; Geophysics (USA), V.19, Pgs, 459-77, July 1954.
F.M, McGehee, Jr,

Measurements were made of some propagation characteristics in the
earth of 1614 and 1700 kc energy. The experiments were conducted at
Carlsbad Caverns, New Mexico, and Mammoth Cave, Kentucky., Transmitters
were set up on the surface 710 ft above an unwired tunnel in Carlsbad
Caverns and the signal strength was measured at many points in the
tunnels, A similar series of measurements was made in Mammoth Cave
in a tunnel 270 ft below the surface, The data show that the atte-
nuation constant is about 0,012 and 0,02 to 0,064 neper/m at the two
locations respectively, These wvalues are in good agreement with
theory.

A NOTE ON THE DETECTION OF UNDERSEA CRAFT BY MEANS OF LOW FREQUENCY
RADIATION FROM AIRCRAFT

Canad, J, Res., V, 23, Pgs 77-85, November 1945.

W.R., McKinley

A semiquantitative examination is made of the chief factors
affecting both the transmission «f low-—frequency radiation from an
aircraft to a submarine and the return of this Bnergy to the aircraft
by scattering., A general expression is derived for the returning
field strength and graphs are shown for a representative set of
conditions, It is indicated that, even under the most favourable
conditions, the amount of energy returned is below the level of
detectability, if the submarine is submerged more than 10 ft,

However, it is also pointed out that commnication between a shore
station and an undersea craft should be feasible under certain conditions,

THE PROPAGATION OF FADING WAVES
Phys, Abstr. 19948/19603 Phil, Mag, (GB), V.4, Pgs 763-76, June 1959.
R.P. Mercier

A gscalar wave with random variations of amplitude and phase across

the wave—-front is assumed as a simple model of a radio wave after it
has left the ionosphere, The second-order moments of the in-phase and
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quadrature components of the fluctuating part of the field are found
using the Fresnel diffraction formula, It is assumed that these two
components have a joint Gaussian distribution, and a parameter f’N,
called the intrinsic correlation of the fading, is introduced; this
serves as a measure of the eccentricity of the ellipse of constant
probability., It is shown that # N is the amplitude of the diffraction
pattern produced by a distribution of intensity proportional to the
spatial correlation function of the fluctuations oveir the wave-front,
As the wave propagates the correlation tends to zero, I+t is shown
that for a given irregularity size and wavelength, the irregularities
may be supposed to be situated at any height, up to a certain maximum
height, at whickh £ § = 1, An analysis of day time fading on 16 ke
was made, I+ appears that the inirinsic correlation of the wave at
the ionosphere is very near one, and that the ionosphere imposes
phase modulation on the wave,

INVESTIGATIONS ON THE PROPAGATION OF EM WAVES OVER AN ABSORBING SURFACE
Phys, Abstr, 12310/1963; 2. angew, Phys, (Germany), Vol, 15, No, 1,
31-9, January 1963, In German,

E. Meyer, D, Eisfeld,

Gives a detailed description of the results of experiments as
well as of the apparatus and measurement devices, The waves were
propagated over a channel filled with an absorbing liquid (glycol,
C,H,(OH),). The measured field sirengths and phase relationships
e, g, the direction of propagation vector) show good agreement with the
quasi-optical theory outside a distance of one wavelength avay from the
absorbing surface, A very small and simple probe (fully described)
was used to measure the component of magnetic field, while a dipole
( ) /2) was used to obtain the electric field intensity, Special
precautions were made to remove disturbances due to outside fields,

NIGET-TIME IONIZATION IN THE LOWER IONOSPHERE. I. RECOMBINATION
PROCESSES :

Phys, Abstr, 763/1960; J. atmos, terrest, Phys. (GB), V. 10, No, 3,
Pgs 140-52, 1957.

AP, Mitra

Both height and time wvariations of the effective recombination
coefficient at night for the lower ionosphere are obtained from ijono-
spheric data, including measurements on ionospheric absorption at 18,3
Mc and 150 ke¢; hourly values of the night-time E-region ceritical
frequencies for Watheroo, phase height observation at 16 ke, and virtual
height measurements at 50 kc¢ and 150 ke, It is found that although at
levels near 80 km the effective recombirnation coefficient increases
appreciably immediately after sunset, at higher levels the coefficient
decreases, Theoretical interpretation of these results is based on
the idea put forward by Nicolet, that an appreciable number of atomic
ions of low ionization potential exist in the ionosphere, While the
positive molecular ions disappear rapidly through dissociative recom-
bination with electrons, the positive atomic ions disappear very slowly.
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VLF PROPAGATION EFFECTS OF A D-REGION LAYER PROIUCED BY COSMIC RAYS
Phys, Abstr, 15163/1960; J. geophys, Res, (usa), V. 65, No, 5,

Pgs 1459-68, May 1960,

W.P, Moler

The single-layered D-region model based only on Lyman o« photo-
ionization of nitric oxide is inadequate to explain certain aspects
of v.1l.f, radio propagation, Bmpirical evidence indicates the
existence of a second and lower D~layer which is important for v,1.f,
propagation, It is shown that normal cosmic rays precduce sufficient
ionization for such a layer, The electron-production and depletion
process effective below 100 km and latitudinal distribution of cosmic-
ray primaries due to the geomagnetic field are discussed, A series of
electron-density profiles obtained from photoicnization and cosmic-
ray ionization processes is compared with the two-layered D-region
model deduced from electromagnetic measurements, The calculated
phase and amplitude characteristics of v.,1l.f, signals reflected
from the lower cosmic-ray induced layer during the presunrise hour
are in good agreement with those measured,

THE THEORY OF RADIO COMMUNICATION BETWEEN SUBMERGED SUBMARINES

A Thesis: Presented to the Faculty of the Graduate School of Cornell
University for the Degree of Doctor of Philosophy, June 1951,
microfilm, Cornell University Library,

R.K. Moore

No abstract

AN ISLAND AS A NATURAL VERY-LOW FREQUENCY TRANSMITTING ANTENNA
EE Abstr, 1629/19615; Instn, Radio Engrs, (USA(, Trans,, V. AP-8,
No. 5, Pgs 528-30, September 1960.

M. G. Morgan

It is suggested that an island, being as insulator in a conductén
sea, could be excited as a resonant slot, Deception Island (63°S, 61 W§
is ring-shaped broken by a narrow channel, It is proposed to excite
the island by siting the transmitter opposite the channel with two
feeders bridging the island from the sea, The island is 30 km long
and should resorate at about 5 kg,
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VERY-LOW~-FREQUENCY PROPAGATION BELOW THE BOTTOM OF THE SEA

EE Abstr, 1228/1964. IEEE Trans Antennas & Propagation (USA),
Vol, AP-11, No, 3, 323-9, May 1963.

H, Mott, A.W. Biggs

Radio-wave propagation at very low frequencies v,1l.f. in the
stratified rock below the bottom of the sea is studied, A reasonable
assumption of extremely low eleotrical conductivity in the stratified
rock is based upon available geological data, The surface wave
travelling along the interface between this region of low conduotivity
and the highly conducting sea is compared with the vertically
polarized ground wave found in v.l,f, radio-wave propagation at the
surface of the earth, When extremely low frequencies e,1,f, are
transmitted, the highly conducting layer found at greater depths
below the bottom of the sea forms the lower surfaoce of a spherical
waveguide, This waveguide at elf supports a propagation mode
similar to the mode existing at v,1.f, between the surface of the
earth and the lower boundary of the ionosphere, The similarity in
propagation mechanisms leads to the name "inverted ionosphere"
described by Wheeler (see Abstr, 2701 of 1961) for the underground
region, The seaor relatively highly conducting soil at the surface
of the earth is an almost impregnable shield against atmospherio
noise and effects from sudden ionospheric disturbances or solar
flares, In addition to providing a noise-free medium, the sea has
the advantage that construction oosts are much less than those of
a v,1,f, transmitter at the earth's surfaoe,

CONFERENCE ON PROPAGATION OF ELF ELECTROMAGNETIC WAVES
NAtional Bur. Stands (US), Tech, News Bull, 44, 74-5, May 1960,

THE OMEGA LONG-RANGE NAVIGATIONAL SYSTEM
AD 254 519; U.S, Navy Electronics Lab,, San Diego, Calif, Rept.
No, 958, 16 p., illus,, 1960.

The Omega Long~Range Hyperbolic Navigation System promises to
provide a continuous flow of accurate position~-fix information to
all U.S, Fleet units, whether they operate under, on, or over the
seas, The system has unique capabilities: (l) it is oapable of
blanketing the world with but seven transmitting stations; (2) it
is the only secure means whereby submarines can obtain position
fixes while completely submerged in any sea, including the seas
beneath polar ice fields; and (3) it is the only system that can be
adapted at low cost to transmit communication as well as navigational
information, thereby at least doubling the Navy's v,1l,.f, facilities,
Its high relative accuracy makes it uniquely valuable for station
keeping, for co-ordinating Fleet manoeuvres, for stationing ships
in the far reaches of the oceans, and for pinpointing locations of
submarine and aircraft contacts,
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ON THE PROPAGATION OF ELECTRIC WAVES FROM A HORIZONTAL DIPOLE OVER
THE SURFACE OF THE EARTH SPHERE

Sci. Rep. Res, Inst, Tohoku Univ, Ser., B, V, 1/2, Pgs 25-49, January
1951,

Y. Nomura

The electromagnetic field generated by a horizontal electric
or magnetic dipole on or over a finitely conducting spherical surface
is considered, and formlas for the magnitude of each of the spherical-
co-ordinate components of the electric and magnetic forces are
ob tained. The field of the horizontal dipole is calculated from
that of the vertical dipole, An approximate expression based on
optical ray theory is also given,

ON THE THEORY OF ELECTRIC WAVES OVER A PLANE SURFACE OF THE INHOMO-
GENEOUS EARTH

EE Abstr, 3813/1959; Rep, Res, Insts Elect, Commun, Tohoku Univ,,
Ser, B, V, 6, No, 1, Pgs 19-30, 1954.

Y, Nomura,

Solves Maxwell's equation for the case of propagation over
a land-sea boundary for the general case where receiver and trans-
mitter are not both at ground level, The special case where
transmitter and receiver are at ground level is considered and
it is shown that the :formula derived by Millington is not entirely
accurate, The results are generalized to cover the case of
propagation over many such boundaries,

ELECTROMAGNETI C-WAVE PROPAGATION OVER A PLANE HOMOGENEOUS EARTH'S
SURFACE

Phys., Abstr, 11234/1954; J, Inst, Elect, Commun, Engrs, (Japan),
V. 37, Pgs 160-5, March 1954,

Y, Nomura

The saddle-point method is applied to show that the Sommerfeld
surface-wave term due to the residue of the pole of the integrana is
just cancelled by the part of the integral along the steepest descent
through the saddle-point, also that the remaining part of the integral
gives the same formula as that of Van der Pol and Niessen, which is
the extension of Weyl's solution, The non-existence of the surface
wave is attributed to the fact that the ratio of the propagation
constants of the air and earth,|k/k,{ , is so small that the pole
of the integrandlliei in tae neighbourhood of A = k, which is the
branch point ofa/ - K <),
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THEORY OF ELECTROMAGNETIC WAVE PROPAGATION OVER PLANAR, INHOMOGENEOUS
EARTH'S SURFACE

EE Avstr, 2097/1957; J, Inst, Elect, Commun, Engrs, (Japan), V. 37,
No. 6, Pgs 416-20, June 1954.

Y, Nomura

A mathematical analysis for cases such as propagation over sea
and land having different propagation constants k; and ko. A set of
formulae is derived consisting of 3 terms which represent, respectively,
the ground wave, the sky wave and the refracted wave due to the boundary.
These formulae differ according to whether the receiving and trans-
mitting points P and Q are on the same side or on opposite sides of a
plane ?Q'O) defined by the boundary line O and the image Q' of the point
Q. When the receiving point P is on the plane Q'0O, the two expressions
become identical and give a result equal to the arithmetic mean of the
values for the two cases when the surface of the earth consists of
homogeneous substances with propagation constants, respectively of k;j
and ko, The same holds good when P and Q are both on the surface
of the earth and on different sides of the boundary. The results
obtained differ from those given by Millington who holds the geometrioc
mean, rather than the arithmetic, to be correct.

THE SUBMERGED RECEPTION OF RADIO FREQUENCY SIGNALS

AD 121 3223 U.S, Naval Research Lab,, Washington, D.C., Rept, R-1669,
49 p., illus. 1940.

0, Norgorden

No abstract

THE PROPAGATION OF ELECTROMAGNETIC WAVES IN IONIZED QGASES (WITH

SPECIAL REFERENCE TO "WHISTLERS"), I-II.

Phys, Abstr. 15157/1960; J, atmos, terrest, Phys. (GB), V., 17, No. 1-2,
Pgs 158-69, 170-8, 1959,

F, H, Northover

Recent studies lend support to the theory that whistling atmos-
pherics are éaused by lightning flashes, the electromagnetic energy
radiated by. these being guided along discrete columnar ionic irregu-
larities which follow approximately the lines of force of the earth's
magnetic field, In Pt, I the theoretical problems arising are set
forth and a general wave theory developed which is first applied to
the problem of propagation through homogeneous compound streaming
media, In Pt II the simplest case of "standard Type" propagation
along stationary columns is carefully examined, both for columns with
a central ionic surplus and for columns with a central ionic deficiency.
Although both types of column, when sufficiently well developed, can
guide electromagnetic energy, it appears that the former type is a
much more likely mechanism for the whistler propagation than the
latter,
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TRAN SMISSION LOSS IN RADIO PROPAGATION

Proc, IRE, Vol. 41, No, 1, Pgs 146-152, January 1953, Similar
material was published as NBS Report 2044, Central Radio Propagation
Lab,, Nat., Bureau of Standards, 31st October 1952, AD-4970, and Part
II, NBS Report 5092, Boulder Laboratories, 25th July 1957, AD-200 639.
Ko Ao NOI“ton

The utility of the concept of the transmission loss in radio
propagation analysis is explored., The transmission loss of a radio
system is defined to be the ratio of the power radiated from the
transmitting antenna to the resulting signal power available from a
loss—free receiving antenna, After discussing some methods of
measuring transmission loss, its calculation for representative systems
is discussed, It is shown that a measure of transmission loss often
adopted, namely the attenuation relative to the free-space value,
sometimes leads to errors and confusion in the presentation of the
results of measurements and in application to radio systems; the use
of the over-all transmission loss of a system avoids these pitfalls,

A discussion is given of the expected variation with time (fading)
of the transmission loss expected for radio systems involving iono~
spheric or tropospheric propagation, This discussion involves the
theory of Rayleigh distribution and its limitations in such applications,

A definition is then derived for the effective noise figure of
a radio system which includes the external noise pickup on the
receiving antenna, This definition is used to explain the method
of determining the maximum range of a radio system,

Finally a discussion is given of the maximum range of a radio
system as limited by interference from other radio signals plus noise
rather than from noise alone,

SYSTEM LOSS IN RADIO WAVE PROPAGATION

EE Abstr, 6765/1959; J. Res, Nat. Bur. Stand,(USA), V. 63D, No, 1,
PgS 53-73, July—A‘uguSt 19590

K.A. Norton

A summary is presented of the ways in which the concept of system
loss and the closely concepts of transmission loss, basic transmission
loss, propagation loss and path aerial gain may be used for precise, yet
simple, desoripiion of some of the characteristics of radio wave propagation
which are important in the design of radio systems, Definitions of wvarious
terms associated with the concept of system loss are given which introduce
a greater flexibility into its use, without any loss in precision, It is
shown that the use of these terms and concepts makes feasible the extension
of the use of +this method of description to any portion of the radio spectrum,
A more general formula for the system loss is given which may be used for
aerialsg with an arbitrary small separation, Using this formula it ise
shown that the system loss between small electric or magnetic dipoles

- T8 =



separated by a distance d <K4)\ can be made arbitrarily small even
though the individual aerials have large circuit losses, Formulae
are developed for the percentage of time that a desired signal is

free of interference, and these are used to demonstrate methods for
the efficient use of the spectrum, In particular, contrary to
general belief, it is shown that efficiency is promoted by the use

of higher power and high aerials and, in the case of a broadcast
service, sufficientliy small separations so that there is appreciable
matual interference, An analysis is made of the variance of the
path aerial gain in ionosphere scatter propagation, Methods are
given for the calculation of the iransmission loss for the ground
wave and tropospheric scatter modes of propagation through a turbulent
model atmosphere with an exponential gradient, Examples of such
calculations are given which cover a wide range of frequencies and
aerial heights, Finally, examples are given of the expected range
of various tropospheric point-tc-point scatter systems such as an f.m,
mul tichannel system, a television relay or an f.m, broadcast relay,

SYSTEM LOSS IN RADIO-WAVE PROPAGATION
IRE 47, 1661-2, September 1959,
K.A, Norton

POSSIBLE APPLICATION OF THE SYSTEM LOSS CONCEPT AT ELF (EXTREMELY
LOW FREQUENCY)

EE Abstr, 5207/1960; J., Res, Nat, Bur, Stand, V. 64D, No. 4,

Pgs 413-14, July-August 1960,

K.A. Norton

The system loss Ls is defined as the dimensionless ratio P /Pa
expressed in decibels, where Pt is the radiofrequency power input
to the terminals of the transmitting aerial and pgz is the resultant
r.f, signal power available at the terminals of the receiving aerial,
A simple T network is described which represents the complete system
and it is shown how Lg can be minimized by simultaneous matching
of complex input and output impedances, The possible applications
of the system loss concept to extremely low-frequencies is described
and a method for allowing for the effect of external noise level is
outlined,

VLF SPECTRA OF ATMOSPHERICS PROPAGATED THROUGH THE IONOSPHERE
Reports Ionosphere Research Japan, Vol, 12, No, 4, Pgs 478-82 (1958).
T, Obayashi

This note presents results obtained with a radio spectroscope
which provides continuous swept-frequency recordings over the ranges
1-10 ko/s and 5-=T0 kc/%° The statistical distribution of amplitude
with frequency is determined by observation of a large number of
atmospherics, but the spectra of individual atmospherics are not studied,
Examples of the records are reproduced, The daytime spectrum has a
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peak at about 15 ko/s; the night spectrum has a main peak at

8-10 kc¢/s and subsidiary peaks at higher frequencies, An "absorption
band" exists at 2-4 kc/s, The observations support the "waveguide
mode" theory of ionospheric VLF propagation, Some diurnal variations,
and effects observed during a solar fiare and associated "SEA",

are discussed in terms of mode theory,

AN EXPERIMENTAL PROOF QOF THE MODE THEORY OF VLF IONOSPHERIC PROPAGATION
EE Abstr, 4888/59; J. Geomagn., Geoelect. (Japan), V. 10, No, 2,

Pgso 47"‘55’ ' 19590
T, Obayashi, S, Fujii, T, Kidokoro

A new spectroscope for recording continuously the amplitude-
frequency spectrum of v,1,f, atmospherics has been developed,
The sweep-frequency receiver gives complete coverage of the band
5-=70 k¢ and the output is displayed on an intensity-modulated
cathode-ray tube, which is photographed on a slowly moving film,
Observations have been carried out and it appears that the result
provides an excellent experimental basis for the mode theory of
v.l,f, ionospheric propagation, It is found that the frequency
spectrum of distant atmospherics shows a broad intensity maximum
around 10 kc¢ and decréases in intensity towards higher frequencies
with undulating peaks, Marked selective absorption bands appear
in the spectrum and are variable according to the time of day,
and they may be associated with cut—off frequencies of the wave-
guide bounded by the earth and ionosphere, The solar flare effect
on v,1,f, atmospherics propagation is also revealed, which indicates
a sudden shift of the spectrum to higher frequencies owing to increase
of ionization and lowering of reflecting height of the ionosphere,

VERY-LOW-FREQUENCY SPECTRA OF ATMOSPHERICS PROPAGATED THROUGH

THE IONOSPHERE _

Phys, Abstr, 2010/1960; Nature (GB), V., 184, Pgs, 34-6, 4th July, 1959,
T, Obayashi

An investigation of very low frequency atmospherics using
radio-spectrometers covering the band 1-T0 kc/° Observations
indicate a region of strong absorption around 2-4 ke and it is
noted that a night-time atmospherics have a maximum spectral inten-—
sity at about 8-~10 kc while the day spectrum has its maximum near
15 ko, These and other data appear to confirm the mode theory
of propagation enunciated ty Budden and elaborated by Wait,
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A NEW SPORADIC LAYER PROVIDING VLF PROPAGATION

EE Abstr, 2023/1961; Inst, Radio Engrs (UsA) Trans,, V, AP-8,
No, 6, Pgs 621-8, November 1960,

J. Ortner, A, Egeland, B, Hultqvist

During two periods in May and July 1959, following strong solar
flares, the signal strength of receptions at Kiruna of v,1.f, trans-
missions from Rugby (16 kec) showed no, or only slight, diurnal
variation. It is proposed that the change of the diurnal variation
is due to the production by solar protons of an ionized layer very
deep in the atmosphere, the electron density of which is sufficient
for reflection of very long waves, but too low to cause measurable
non-deviative absorption in the h,f, band at geomagnetic latitudes
lower than approximately 60°,

DOES  THERE EXIST A ZENNECK WAVE IN THE FIELD OF A TRANSMITTER?
Arch, elekt, Ubertragung (Germany), V. 5, Pgs 15-24, January 1951,
H, Ott,

A thorough mathematical analysis of an old problem concerning
the radiation from a dipole placed above a plane earth, Formerly
the field was separated into two parts, a "space" wave and a "surface"
(Zenneck) wave. After some general remarks, the Hertzian vector
of the field is written down and evaluated by a modified saddle-point
method (idem, Ann, Phys, Lpz, 43, 393, 1943). Then various properties
of the field are deduced, including the tangential and normal components
of the electric field, The present treatment is compared with that
of previous writers,

NUMERICAL STUDY OF TWEEKS BASED ON THE WAVE-GUIDE MODE THEORY
Proc, Research Inst, Atmospherics, Nagoya Univ, (Japan), Vol. T,
p. 58, (1960).

J, Outsu

Assuming that the ionospheric reflecting layer is a sharply
bounded and imperfect conductor, attenuation factors and group
velocities are calculated from the waveguide mode theory developed
by Wait,

Results are obtained mainly for the first order mode for four
frequencies between 1,8 kc and 2,2 ke with various values of the
ionospheric parameterey, . And in the case of zero ang secoEd order
modes calculations are performed only forgs, of 5 x 107 sec™~ and
for wave frequencies less than 2,0 kc and between 3,6 kc and 5.0 kc,
respectively, Differences which are caused by regarding an
imperfectly conducted layer as a perfectly conducted one, in the
determination of distance and height, are discussed,
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THE APPROXIMATE LIMITING CONDITION IN THE THEORY OF PROPAGATION OF
RADIO WAVES ALONG THE EARTH

EE Abstr, 4773/1961; "Radiotekknika i Elektronika (USSR), V, 5, No, 3,
Pgs 385-8, March 1960.

A.D. Petrovskii, E.L. Feinberg,

The complex dielectric constant of soil is presented in a modified
mathematical form, which makes it possible to extend the existing
theories of propagation to soils with comparatively small dielectrio
constant, This modification is also applicable for rigorous analysis
of cases of oblique angle of arrival of the waves, 6 references,

THE PROPAGATION OF RADIO WAVES OF FREQUENCY LESS THAN 1 KC.
Phys, Abstr, 7234/1960; Proc, Inst, Radio Engrs, (USA), V, 48,
No., 3, Pgs 329-31, March 1960,

E,T, Pierce

The simplified mode theory of propagation in a waveguide
formed by the earth and a concentric ionosphere of constant height
is applied to the experimental observation of Chapman and Macario
for the frequency range between 100 and 1000 cps. It is demonstrated
that discrepancies between theory and night-time experimental results
may be explained by modifying the theory and postulating an effective
increase in ionospheric height as frequency decreases, This concept
is also shown to be not necessarily incompatible with results for
day-time,

ATTENUATION COEFFICIENTS FOR PROPAGATION AT VERY LOW FREQJENCIES (VLF)
DURING A SUDDEN IONOSPHERIC DISTURBANCE (SID)

Phys, Abstr, 5491/1962; J. Res, Nat, Bur., Stand, (Usa), V. 65D,

No, 6, Pgs 543-6, November-December 1961,

E.T. Pierce

Attenuation coefficients for propagation under SID conditions
are deduced, from records of atmospheric noise, for the frequency
range of 3,5 to 50 ke, These are compared with the values under
normal day-time circumstances, It is shown that the advent of SID
implies little change in attenuation between about 12 and 20 ko
above this range there is a markedly decreased attenuation, while
below 12 kc there is an even more pronounced increase in the atte-
nuation coefficients, The principle of an improved recorder of
the changes in atmospheric noise associated with SID conditions is
outlined; this recorder would discriminate between source effects
independent of the SID and propagation influence solely attributable
to the SID.
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THE DIURNAL CARRIER-PHASE VARIATION OF A 16 KILOCYCLE TRANS-
ATLANTIC SIGNAL

Proc. IRE, Vol, 43, No., 5, Pgs 584-8, May 1955.

J.A, Pierce

The diurnal variation of the time of arrival of a 16 kc¢ signal
traversing a transatlantic path has been found to be about 40 micro-
seconds, This variation is presumably caused by a day to night
change in the equivalent height of reflection of 10 to 12 km and
appears to be very predictable, )

The great phase stability of very low fregquency transmission
permits intercontinenta}ofrequency comparison to a precision of
at least one part in 1077,

VLF PHASE SHIFTS ASSOCIATED WITH THE DISTURBANCE OF 23RD FEBRUARY 1956,
Phys. Abstr. 4569/1958; J. geophys. Res. (USA), V. 61, No, 3,

Pgs 475-83, September 1956,

J.A, Pierce

During the magneto—-ionic disturbances following a solar flare
at about 03h 34 min U.T. on 23rd February 1956, the phase of a signal
received at Cambridge, Mass,, at 16 kc from a transmitter at Rugby,
England, was advanced by about 44.<c sec or 250°, The peak Doppler
effect on the received frequency occurred at 03h 47 min, and corres-
ponded approximately to a falling of the effective height of reflection
at lkm/min, agssuming that.the phase change was produced solely by a
change in height, The record of this phenomenon is contrasted with
those made during daytime sudden ionospheric disturbances. It is
shown that in the latter case an increase in signal amplitude is
observed at 60 kc but not at 16 kc, and that there must be changes
in the phase shift at reflection from the ionosphere, as well as changes
in the height of reflectioh, Some comparisons are given between the
time of occurrence of this phenomenon and the times of various other
effects of this disturbance that hawve already been reported,

INTERCONTINENTAL FREQUENCY COMPARISON BY VERY LOW-FREQUENCY RADIO
TRANSMISSION
EE Abstr. 4973/1957; Proc. Inst. Radio Engrs (USA), V., 45, No, 6

Pgs 794-803, June 1957.
J.A, Pierce

?

Studies of signals from Rugby, England, at 16 kc and 60 kc have
given evidence that a single source of standard frequency can be made
available at v,1.f, on a world-wide basis, At a distance of 520Q km
the Doppler effects in transmission seldom exceed + 3 parts in 107,
and measurements can be made to 1 Bart in 107 in a few mimutes,
Accuracies exceeding 1 part in 1019 are consistently obtained by
observation over several hours, Data by Allan, Crombie and Penton,
of the New Zealand Dominion Phys, Lab., indicate that at 16 kc the
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the diurnal Dgppler effects at 18,700 km have normal maxima Qf the
order of 1/10 , and that a measurement to 3 Or 4 parts in 107 can
be made in an hour or less, These results are described and some
of the effects of solar flares and magnetic disturbances are
discussed. In addition, a brief description is given of four
mechanisms that have been found useful in comparing the frequency’
of a local oscillator with that of a v,1.f, standard transmission,

LOW-FREQUENCY REFLECTION IN THE IONOSPHERE, I,

Phys, Abstr, 1219/1960; J. atmos, terrest, Phys, (GB), V, 12,
No, 2-3, Pgs 126-39, 1958,

H, Poeverlein

A theory of low-frequency reflection in the ionosphere is
developed, At wavelengths long compared to the layer of thickmess,
the ionospheric layer is considered as a thin conductive sheet,
that leads to a discontinuity of the electromagnetic field,

A thicker layer is subdivided into many thin (or differential)
sub~-layers, The field is then thought of a superposition of many
partial waves, each of which is reflected by an individual sub-layer,
An additional penetrating wave must be assumed, At the lowest
frequencies (in the case of thin-sheet reflection) the currents

in the layer are horizontal E--component, Dielectric—-type reflection
with sign or phase transition at the Brewster angle is obtained

at higher frequencies, if vertical and horizontal current densifty
components are of comparable magnitude, The frequencies under
consideration are roughly 1-1Mkec,

LOW-FREQJENCY REFLECTION IN THE IONOSPHERE. II.
Phys, Abstr, 1220/60; J, atmos, terrest, Phys, (GB), V. 12, ¥o.4,
Pgs 236-47, 1958,

H, Poeverlein

See preceding absiract, Various ranges of data are specified
and their reflection characteristics are investigated. Metallic-
type refiection is found at high electron concentration and dielectric—
type reflection at medium electron concentration above a certain
frequency limit, In this latter case, the currernts in the ionos-
pheric layer have the direction of the terrestrial magnetic field
and the propagation in the layer is very peculiaxr, Some consequences
of the theory are discussed with references to observations where
possible, Among them there are statements about phase, sign, and
Brewster case and possibilities of *ransmission through a layer,

The final section brings some remarks on the theory, mainly on the
field-strength quantities introduced, These quantities allow an
interpretation which points at a close relationship %o Budden's
theory.



LOW AND VERY LOW FREQUENCY PROPAGATION

Fortsohritte der Hochfrequenztechnik, Vol, 4, Pgs, 47-101, 1959,

In German, A translation of the paper appears as AFCRC-TR-60-106,
January 1960, AD-237 269,

H. Poeverlein

Observational results and theoretical studies in the field
of low and very low frequency propagation are presented, Among the
topios covered are propagation between transmitter and receiver,
and various types of low and very low frequency noises like spherics,
whistlers, and other audio frequency noises, The lower ionosphere
and noises at extremely low frequencies are briefly treated,
Presentation of the more intricate theories is beyond the scope
of this paper, but in several instances the explanation of some
phenomenon or propagation characteristic is given in a relatively
simple formation,

RESONANCE OF THE SPACE BETWEEN EARTH AND IONOSPHERE

EE Abstr, 6095/1962; J, Res, Nat, Bur, Stand (USA), V, 65D,
No, 5, Pgs 465-73, September-October 1961,

H, Poeverlein

When noise radiation of roughly one or a few kc is emitted
in the higher atmosphere, part of it (an extraordinary Wave) is
propagated downward into the space between earth and ionosphere,
Reflection at  the earth and ionosphere leads then to a standing wave
in this space, whose intensity for a given incident power flux
varies very much with frequency, Maximum field strength of the
standing wave is derived for the resonance frequencies of the space,
The incident wave fronts are assumed to be horizontal, Only clearly
defined wave fronts being of sufficiently wide extension and showing
no noticeable irregularities will lead to a definite resonance,
The space between earth and ionosphere is comparable to an air gap
between ' two parallel plane reflectors, The lower ionosphere is,
however, only a partial reflector, allowing radiation to enter the
resonance space and causing at the same time loss of energy out of
the resonance space Lléahage)., Stratification of the lower iono-
sphere has some iifluence on the resonance phenomena, With a D
layer, an additional resonance at a lower frequency is obtained,
It seems too early to deoide whether in any observed noises the
resonance spectruz of the space between earth and ionosphere becomes
apparent, but it is expeoted that noise spectra observed on the ground
are modified by the resonances, In case of monochromatic emissions,
the received intensity depends on the position in the resonance
spectrum, The resonance spectrum-should be received in case of
emission of a white-noise spectrum, provided the wave fronts are
appropriate,
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SPACE AND TIME ISOTROPY OF WAVE PROPAGATION

EE Abstr, 2823/1963; 2. angew, Phys, (German), Vol, 14, No, 12,
Pgs 748-51, December 1962 in German,

H, Poeverlein

Study of wave propagation in osotropic and anisotropic media
of four dimensions in terms of the four-dimensional propagation vector
which represents the group propagation direction in the space-time
medium, It is shown that in this case the dispersion equation is
also Lorentz ynvariant,

THE NON-EXISTENCE OF SOMMERFELD'S SURFACE WAVE
CR Aoad, Sci, (France), V. 235, Pgs 350-2, 2nd August 1952
P, Poincelot

A source of error in Sommerfeld's analysis is noted, from which
it is concluded that the surface wave does not exist,

SCHUMANN RESONANCES OF THE EARTH-IONOSPHERE CAVITY - EXTREMELY
LOW FREQUENCY RECEPTION AT KINGSTON, R.I.

EE Abstr, 11352/1962; -J, Res, Nat, "Bur, Stand. (UsA), Vol, 66D,
No. 3, 313-8, May-June, 195

C. Polk, F, Fitchen,

Since June 1961 magnetic fields of natural origin in the 5
to 20 c/s frequency range have been recorded in Kingston, R.I.
The experimental equipment is described briefly, and results are
presented, Variations with time of the first resonant frequenoy of
the earth-ionosphere cavity are indicated, and effects of solar
activity are discussed, An analysis of the envelope of reoorded
wave trans shows only fair agreement with existing theory,

TH® __SASUREMENT OF THE PHASE VELOCITY OF GROUND-WAVE PROPAGATION AT
LOW FREQUENCIES OVER A LAND PATH

EE Abstr. 1682/19533 Proc. Instn Elect., Engrs, (GB), III, V, 100,
Pgs 73-84, March 1953,

B.G, Pressey, G.E, Ashwell, C.S. Fowler

Describes the measurement of the change of phase with distance of
a 127,5 kc wave over a particular inhomogeneous land path and the deduc-
tion of the mean velocity, The measuring system made use of trans—
missions from stations of the English chain of the Deccu: Havigator
Sys tem, It was possible to plot a curve showing the deviation of the
measured phase from that calculated on the assumption of a wvelocity
equal to that in free space, The mean velocity deduced for the
path was 299230 + 12 km/sec. The measured change of phase 2long
the path was measured in relation to the profile and geological
structure, A high velocity over ground of good conductivity and
a low velocity over ground of poor conductivity was clearly shown,
Comparisons between the measurements and the phase changes
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derived by a method based on theoretical curves of phase lag over
homogeneous ground showed good oorrelation. They also confirmed
the theoretioal predictions of a oharacteristic phase disturbance
at the boundary between sections of differing conductivity.

THE PHASE VARIATION OF VERY LOW FREQUENCY. WAVES PROPAGATED OVER
LONG DISTANCES

EE Abstr. 2686/1961; Proc. Inst. Elect. Engrs (GB), Paper 3456E,
V. 108B, Pgs 214-26, 1961.

B.G, Pressey, G.E. Ashwell, J., Hargreaves

The proposed use of very low frequency waves (10-20 ke) for
navigational aids of the phase-oomparison type has led to the
study of the phase variations of these waves when propagated over
distances up to 6000 km, The particular aspect of this study
described in the paper is the relative phase variations over a
pair of adjacent paths. Measurements have been made of the
variations in the phase differenoce between the signals received
from a single transmitter at two spaced receiving stations. The
two principal transmitters used were Varberg, Sweden, on a frequenoy
of 17.2 kc and at a range of 1000 km, and Annapolis, United States,
on 15.5 ko at a range of 6000 km. Receiver base-lines, up to 280
km in length, were situated in England and orientated both trans-
verse to, and along the direction of propagation. The observations
were made at various seasons, and the results show the extent of the
systematic diurnal ohanges and the random fluctuations; the former
were of the order of 30° at the shorter range and 5° at the longer,
and the latter had standard deviations at both ranges of the order
of 4° in the daytime and 10° at night. It is shown that the mag-
nitude of the random phase fluctuations can be calculated from
measurements of the corresponding amplitude fluctuations., In this
way data on phase fluctuations at night at intermediate ranges and
for receiver spacings up to 2000 km have been obtained. The relation-
ship between the receiver separation and the correlation between
fluctuations on two paths has been examined, and is shown how the
results of the phase measurements may be applied to the other receiver
arrangements.

ATTENUATION OF RADIO FREQUENCY WAVES THROUGH THE EARTH
EE Abstr. 2194/1953; Geophysiecs (USA), V. 17, Pgs 193-217,
April 1952.

W.C. Pritchett

Evidence has been presented by several investigators indicating
the possibility that radio waves penetrate sufficiently deep into the
earth to be useful in prospecting for oil. Conventional eleotro-
magnetic theory used with normal values of the earth constants indicates,
however, that the attenuation is too great to allow the signal to be
used after propagation through significant distanoes of shale. To
settle the above question the signal level in the earth was measured
at various distanoes from a battery-operated transmitter operating at
1652 ko suspended in an uncased, mud-filled hole by a mad-saturated
rope. The mud resistivity was matched to that of the 40-foot thick
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shale section used in order that the entire immediate region would

be as nearly as possibly homegeneous, The receiver was also
battery-operated and suspended by a coble in other similar mud-filled
holes at various distances from the first hole. The attenuation
constant in shale was found to be O,23l-nepers[ft, {Eﬂbﬂfté,aﬁhich is
much too large to give any hope of deep penetration. A few measure-
ments in a limestone section gave a value of 0,086 nepers/ft, which
is also too large to be useful, Although these values are quite
high, they are lower than the theory predicts for these earth
resistivities by a factor of about two,

SUDDEN CHANGES IN AMPLITUDE AND PHASE OF THE VERY-LOW-FREQUENCY
SIGNAL FROM STATION BBR AT SALISBURY, SOUTH AUSTRALIA,

Phys, Abstr, 14780/1963; Nature (GBS, Vol, 197, 783, 23 February 1963
P. Rohan, L.L, Anderson, D.J. Cooke

The 16 kc/s GBR transmission was mized with a local standard
frequency to determine frequency drift of the latter over 24-hour
periods, On several occasions a marked increase in the beat
frequency occurred for approximately half an hour,

A POLAR CAP ABSORPTION ROCKET EXPERIMENT
PHys. Abstr, '20950/1961; Ark, Geofys (Sweden), V. 3, Paper 21,

Pgs 455-6, 1961,
D,C. Rose

"Polar cap absorption" symposium paper.

TENSOR CONDUCTIVITY AND ELF/VLF INDICES OF REFRACTION FOR D-REGION
Applied Research Lab.,, Sylvania Electronic, Systems, Waltham 54, Mass,,
Engineering Note dates 31 July 1961,

R. V., Row

No abstract

ON THE ELECTROMAGNETIC RESONANT FREQUENCIES OF THE EARTH JONOSPHERE
CAVITY

Phys, Abstr. 7718/1963; -IRE Trans Antennas and Propagation (USA),
Vol, Ap-10, No, 6, Pgs 76695, November 1962,

R.V. Row

The earth ionosphere cavity is capable of supporting resonant
electro-magnetic modes (Schumann modesg at extremely low frequencies,
The usuel formula for the frequencies of these resonances is deduced
from the waveguide mode theory in which propagation is essentially
tangential to the earth's surface, Here an alternative formulation

in terms of outwardly and inwardly propagating radial waves is
presented and shown to result in the same formula a&s found from the
waveguide mode theory for all reasonable D-roagion iornosphere parameters,
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RESULTS OF MEASUREMENT OF FIELD INTENSITY OF VLF WAVES OVER GREAT
DISTAN CES -

J. Radio Res, Lab, (Japan), Vol, 8, No, 40, Pgs 425-39, November
1961,  Puys, Abstr. 5391/1963,

A, Sakurazawa, J, Asai, T, Ishii

Field intensities of 18,6 kc/s transmissions from Oso, Washingtcn,
were continuously recorded over a period of 14 years at the Inubo
Radio-vave Observatory, and 19,8 kc/s transmissions from Maui,

Hawaiian Is,, were also recorded during the latter half year, The
results obtained are presented graphically and discussed, Minimal
intensities were noted at sunrise and at sunsety; the intensity was
approximately constant at night, increased gradually from the suarise
minimum to a maximum and then decreased to the sunset nminimum, In

the summer there was an enhancement of intensity about an hour before
the sunrise minimum, The fluctuation of intensity during a month

was generally £ 3 db, The seasonal variations differed for the two
transmission patas, The variations can be roughly explained by the
attenuation values obtained by integrating the attenuation coefficients
along the propagating path on the basis of the waveguide theory in the
sharply bounded ionosphere, but various other factors must be considered
to explain the sunrise and sunset minima and the enhancement of intensity
before sunrise,

INFLUENCE OF SOLAR FLARE ON THE FIELD OF VLFP RADIO WAVES PROPACATED
OVER LONG DISTANCES

EE Abstr, 6433/1963; J. Radio Res, Lab, (Japan), Vol, 9, 385-400,
September 1962.

A, Sakurazawa, T, Ishii

The strength of NPG signals has been continuously measured at
Inubo Radio-Wave Observatory since January 1960, An account is here
given of the characteristics of sudden field anomalies observed during
1960, A marked feature of the long-distance propagation considered
is that the occurrence and magnitude of the anomalies are related to
the time of day, The relation between the occurrence of solar flares
and that of anomalies is not good, but when flares and anomalies occur
at the same {ime, there appears to be certain relation between the
strength of the flare and the magnitude of the anomaly, If the
magnitude of the anomaly is calculated on the basis of the mode theory
of vlf ionospheric propagation, the result is obtained that an increase
of the ionosphers electron density due to a flare will be of the order
of two or three times as much as normal in the case where only the
density varies and the reflection height does not vary, but will be
of the order of four to seven times greater in the case when the
reflection height falls several kilometres,

PRELIMINARY OBSIERVATIONS OF ZLF *™TOSPHLRIC WAVEFORMS

Phys, Abstr, 4774/1964; J. Geomngn, Geoelect, (Japan), Vol, 15,
No. 1, 435, 1963,

K, Seoy.Hi.Jindo, ¥,,Ysmaphitg 7,

The apparatus used for tape-recording and playing back the
atmospherics is described briefly and some preliminary records are
displayed,
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REFLECTION OF ATMOSPHERICS FROM THE IONOSPHERE
Nature (GB), V. 143, No. 3630, 27th May 1939.
Schonland and others

No abstract

THE PROPAGATION OF VERY LONG RADIO WAVES ROUND THE EARTH AND
SIGNALS FROM LIGHTINING .

EE Abstr, 750/1954; Nuovo Cimento, (Italy), V. 9, Pgs 1116-38,
December 1952

W.0. Schumann

The theory of the propagation of wvery long radio waves between
the earth and the ionosphere is developed using Sommerfeld's
"singular eigen-functions", Fourier integration is then applied
to the formulae for the case of electromagnetic radiation from
lightning discharges of various forms,

ON THE PROPAGATION OF VERY LONG ELECTRIC WAVES AND THE WAVE SPECTRUM
OF THE LIGHTNING DISCHARGE

Phys, Abstr, 1787/1953; Note in Naturwissenschaften (Germany), V. 39,
No, 20, Pg. 475; 1952,

W. 0. Schumann

Assuming a rectangular impulse, representing the lightning
current, being radiated from an antenna, the propagation of the
resulting waves is evaluated by using Watson's formula (1919)
under consideration of reflections from the ionosphere, This
results in a signal intensity the amplitude of whioh decreases with
the cube of the distance and which is broadened proportionally to
the square of the distance,

ON THE PROPAGATION ALONG THE LARTH'S SURFACE OF VERY LONG ELECTRIC
WAVES AND THE LIGHTNING DISCHARGE : :
Phys, Abstr, 6155/1953. 2. angew. Phys. (Germany), V.4, No, 12,
Pgs. 474-80, 1952,

W.0. Schumann

A detailed mathematical derivation is given of the steps
leading to the conclusions previously reported in abstract 1787/1953.
(See abstract immediately above),

ON THE HIGH FREQUENCY FIELD PRODUCED DURING THE PROPAGATION AROUND THE
WORLD OF LONG ELECTRICAL WAVES AND LIGHTNING SIGNALS :
EE Abstr, 754/1954; Naturwissenschaften (Germany), V., 40, No, 19,

Pgs 504-5, 1953,
W.0. Schumann

No abstract
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ON THE ADDITIONAL FIELD PRODUCED BY PROPAGATION IN THE SYSTEM EARTH-
ATR-IONOSPHERE OF LONG ELECTRIC WAVES WITH TWO EXAMPLES {HORIZONTAL
AND PERPENDICUALR DIPOLES] .

Phys. Abatr. 6744/1954; 2. angew. Phys, V, 6, No. L, Pgs 35-43, 1954.
W, 0, Schumanr

A +heoretical treatment in which the sarth and the ionosphere
are treated as pocr counductors for wave-iengths greater than 3 km,
It is shown that the system has & series of eigenvalues and that
waves propagated in this way are heavily attaanated,

ON THE PROPAGATION OF LONG ELECTRIC WAVZS ROUND THE EARTH AND
CERTATN APPLICATIONS TO TRANSMITTER INTERFERENCES AND STATIC SIGHALS
EE Abstr, 412/19553 Z. angew, Phys, {Cermany), V. 6, No, 8,

Pgs 346-52, August 1954.

W.0. Schumann

While the relations for long-wave propagation are well-know:,
the types received under various meteorological conditions are still
largely unknown and, for their elucidation, extensive practical
analysis is s+ill required, In an attempt to explain the large
value of attenuation occurring, very small admittances of the
atmosphere are taken into account for signals having "slow tails",
while signals consisting of a long series of refiected impulses
require nigh admittances of the atmosphere and, partly, totally
different reflection lewsl, It is shown how on the basis of
observed signals, conclusions regarding the nature of electrical
discharges can be drawn,

ON THE RADIATION OF LONG WAVES OF A HORIZONTAI- DIPOLE IN THE AIR
CAVITY BETWEEN EARTH AND IONOSPHERE, T

Phys. Abstr, 8455/1954; Z, angew, Phys., (Germany), V. 6; Ho. 5,
Pgs 225-9, 1954,

W.0. Schumann

The wave length is considered sc long that tre ioncsphere may
be treated as a conductor with known resistance, The mathematical
solution of this problem, treating the earth as having finite
conductivity, is derived with the aid of the Hertzian potential,

ON THE RADIATION OF LONG WAVES OF A HORIZONTAL DIPOLE IN THE AIR
CAVITY BETWEEN THE BARTH AND IONOSPHERE, IZ,

Phys, Abstr, 10358/1954; 2. angew. Phys, (Germany), V. £, Pge
267-71, June 1954,

W.0, Schumarn

Continuation of Pt I (see immediately above) and concludes
with a comparison of the results of this more general treatment with
those obtained by Sommerfeld for the simple case of perfect conducting
boundaries,
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ON THE INFLUENCE OF THE EARTH'S MAGNETIC FIELD ON THE PROPAGATION
OF VERY LONG RLECTRIC WAVES

EE Abstr. 2933/1955; Naturwissenschaften (Germany), V. 42, o, 4,
Pgs, 91-92, 1955,

W,0. Schumann

A brief note indicating the modifications necessary to previous
work if a radiai magnetic field is assumed to exist in the ionospherse.

THE INFLUENCE OF THE BARTH'S MAGNETIC FIELD ON THE PROPAGATION OF
VERY LONG ELECTRICAL WAVES

Z, angew Physik, Vol. 7, pp. 284-90, June 1955. In German,

W.0. Schumann

Analysis is presented in which the ionosphere is regarded as
an anisotropic poor conductor, Ordinary and extraordinary wave
components penetrate the ionosphere travelling normal to the
boundary, with resulting attenuation of and interference with the
components travelling in the waveguide formed by the earth and the
ionosphere, To satisfy the boundary conditions, both an E mode
and an H mode must be propagated in the guide; an original E mode
gives rise to an auxiliary H mode, and vice versa, The ratio of
the horizontal components at the earth's surface of magnetic field
strength perpendicular to and parallel to the propagation direction
is a measure of the relative intensities of the E and H modes,

INFLUENCE OF THE EARTH'S HORIZONTAL MAGNETIC FIELD ON ELECTRIC WAVES
BETWEEN THE EARTH AND IONOSPHERE, WHICH RUN OBLIQUELY TO THE
MAGNETIC MERIDIAN

Z, angew, Physik, Vol, 8, Yo, 3, pp. 126-7, 1956, in German,

W.0. Schumann

In a continuation of earlier work with waves along and perpend-
icular to the magnetic Meridian it is shown that two independent
waves are possible which, through the two wave types, E and H, are
coupled on account of boundary conditions, Expressions are obtained
for the two waves and their phases and intensities are discussed,

On this theory, the observations of Ratcliffe and others, on thunder-
storms to SE and SW having different wave forms, are attributed, not
to a special property of the distribution, but to the character of
the electric charge, which is different over the ocean from over

the continent,

ON THE CHARACTERISTIC ELECTRIC OSCILLATIONS OF THE CAVITY EARTH-
ATR-IONOSPHERE EXCITED BY LIGHTNING FLASHES

Z, angew, Physik, Vol, 9, No, 8, pp., 373-8, August 1957, in German,
W.0. Schumann

Previous work is continued, Allowance is made for the effect
of the earth's magnetic field and it is shown that signals due to
this cause will be much weaker by night than by day,

= 52 =



ON THE PROPAGATION OF ELECTRICAL WAVES ALONG A DIELECTRICALLY
BOUNDED PLASMA LAYER WITH A LONCITUDINAL MAGNETIC FIELD

2, angéw, Physik, Vol, 10, No, 1, pp. 26-31, January 1958, in
German,

We0, Schumann

When the electron cyclotron freq.«L is smaller than the plasma
freq. W , a possible wave-type is ound wnlc starts at w = 0 with
the phase velocity ¢ and ends at )/2 with the phase
velocity zero, I£tN > w this type rema.lns uncha.nged from w = 0

to w = LS for w) w, there can be no propagation,

SHORT TLRII° PHASE PERTURBATIONS OBSERVED AT 18 KC/S
J. Geophys. Research, Vol, 66, No. 10, pp, 3601-3602, October 1961l.
C.F. Sechrist, Jr, and K,D, Felperin

The purpose of this letter is to report on the observation at
State college of small, short-term phase fluctuations, on the 18 ke¢/s
signal transmitted from NBA, Balboa, Panama Canal Zone, a north-south
propagation path length of 3500 km,

Apart from the usual sunrise and sunset changes of phase, our
records show quasi-sinusoidal phase chan, §es with periods in the range
10 to 20 secs, and amplitudes of 2° to 6°. These have been observed
in the daytime but not duting the night, making it extremely unlikely
that they are produced by instrumental variations.

VERY LOW FREQUENCY PHASE PERTURBATIONS OBSERVED DURING GEOMAGNETIC
STORNMS

Phys, Abstr, 20162{1962. J. geophys., Res, (USA), Vol, 67, No. 4,
1685-6 (April- 1962

CaFa Sechrist, JI‘.

Reports observations of short-term phase perturbations in a signal
received at 18 kc/s. These only seem +to occur during geomagnetic
storms and could be due to ionospheric height changes of between
200 and 500m,

A LOW FREQUENCY LONG RANGE PROPAGATION PROBLEM
Paper presented at IRE-URSI Symposium, Washington DC, 2-5 May, 1955,
J. Shmoys

With the variation of electron density and collision frequency
assumed exponential, the propagation constants of the first few modes
of propagation of low frequency radio waves have been calculated,

A simple relation between group velocity and angle of arrival has
been derived, The validity of this analysis in the case of vertically
polarized waves will be discussed, Similarities and differences
between ray and wave treatment of the problem will be pointed out,
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LONG RANGE PROPAGATION OF LOW FREQUENCY RADIO WAVES BETWELEN THE
EARTH AND THE IONOSPHERE

Proe. IRE, Vol, 44, No. 2, pp. 163-70, February 1956

J. Shmoys

The problem of modes of propagation of electromagnetic waves
between a perfectly conducting earth and a gradually varying iono-
sphere is censidered, The case of exponentially varying ionospheric
parameters is solved in terms of Bessel functions, The propagation
constant, the angle of arrival and the group velocity are calculated
for the first few modes of propagation, It is shown that the order
modes obtained when the ionosphere is assumed to be a perfectly
conducting sheet at a height simply related to ionospheric parameters
are very close to the true wvalues, An application of this theory
to the propagation of "tweeks" is discussed,

SOME STATISCAL THEORY FOR THE ANALYSIS OF RADIO PROPAGATION DATA
Phys, Abstr, 502/63; J. Res, Nat. Bur. Stand., (USA), Vol, 66D,
No., 5, 571-80, September-October 1962,

M.M. Siddiqui

The statistical theory of stationary processes has wide
applications in the analysis of radiowave propagation data,
Assuming knowledge of the basic concepts of probability theory,
characteristics of stationary processes such as covariance and
spectral density functions were developed, problems of estimating
these characteristics were tackled, and numerous examples were
worked out to illustrate the theory.

TRANSMISSION COEFFICIENTS FOR ELECTROMAGNETIC PLANE WAVE RADIATION
INTO A CONDUCTING HALF-SPACE

AD 268 4243 University of New Mexico, Albuquerque, New Mexico,
Technical Report EE-60, November 1961,

E,B, Simmons

This paper deals with the transmission of uniform plane waves
from the air into a highly conductive medium such as sea-water,
Exact and approximate equation describing the iransverse electric
and transverse magnetic cases are derived and results interpreted.
Graphs of the transmission coefficients versus the angle of incidence
at specific frequencies are included,

CALCULATION OF THE ELECTRON DENSITY OF THE OUTER IONOSPHERE
USING WHLSTLERS

To be submitted to: J, Res, Nat, Bur, Stand (USA), Section D,
Radio Propagation

R.L, Smith, R.A. Helliwell,

No atstract,
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MODE CALCULATIONS FOR VLF PROPAGATION IN THE EARTH-IONOSPHERE
WAVEGUIDE

Nat, Bur. Stand.(USA), Technical Note No, 114, 17th July 1961,
K.P. Spies, J.R. Wait,

The concept that radio waves are channeled between the earth
and the ionosphere as in a waveguide has been very useful at VLF
(Budden, 19533 Al'pert, 1956; Wait, 1957). Unfortunately, the
computational aspects of the problem are quite complicated even
when the model is highly idealized, The difficulty stems from
the grazing nature of the modes of lowest attenuation, Some
progress has been made recently by utilizing higher order approximations
for the various spherical wave functions which enter into the problem,
In this way the influence of earth curvature has been fully accounted
fior. The detailed theoretical aspects and essential derivations
have been presented elsewhere (Wait 1960-61), Here the actual
computational procedure is outlined and some numerical results are
presented, It is believed that the methods used are of general
interest and also have possible application to propagation of acoustic
and seismic waves in curved layered media,

LAYERED EARTH PROPAGATION IN THE VICINITY OF POINT BARROW, ALASKA,
J, Res, Nat, Bur, Stand, (USA), V. 64D, No, 95, January 1960,
G.M. Stanley

The relative field strength of a vertically polarized low
frequency radio signal was measured as a function of distance over
several radial paths in the vicinity of Point Barrow, Alaska,

The attenuation of the recorded signal was very much less than
predicted by the theory of propagation of a ground wave signal

over a plane, homogeneous, infinitely conducting earth, The
analysis of these data in terms of a plane, layered, finitely conduc-
ting earth appears to resolve the anomaly,

THE IONOSPHERIC PROPAGATION OF RADIO WAVES OF FREQUENCY 16 KC OVER
SHORT DISTANCES

EE Abstr., 789/1955; Proc. Insin, Blect., Engrs, (GB), Monogr.

No, 114R, 12 p,, January 1955,

To ‘vo Str&ker

A continuation of earlier investigations by Best, Budden,
Ratcliffe, and Wilkes (1936-9) on the ionospheric propagation of
radio waves of frequency 16 kc emitted from the Post Office searder GBR
at Rugby, and observed at Cambridge, 90 km away, The apprarent height
of reflection usually varied regularly and predictably with the zenith
angle of the sun, The total change of height in prassing from
midday to midnight was 16,8 km in summer and 13,5 km in winter, There
was a marked seasonal variation of the amplitude of the downcoming
wave, the variation of the daytime amplitude being different from that



of the night-time amplitude, There was no clear evidence of waves
reflected twice from the ionospherse,. During and after great magnetic
storms the diurnal variation of the height of reflection was markedly
abnormal, the abnormality lasting for as long as 10 days after the end
of the magnetic¢ disturbance, Anomalous behaviour of a less violent
nature was frequently observed both by day and by night,

SWEEP-FREQUENCY PULSE-TRANSMISSION MEASUREMENTS OVER A 2400 km PATH
J. Geophys, Research 60, 411-420, December 1955,
P.G. Sulzer

VERY LOW FREQUENCY RADIO PROPAGATION IN THE IONOSPHERE

Phys, Abstr. 5859/63, J, Res, Nat, Bur, Stand (USA), Vol, 66D,
No, 6, 663-80, November-December 1962,

D.W, Swift

Bquations describing the propagation of radio waves in a
horizontally stratified anisotropic ionosphere were developed by
consiaering the limiting case of a large number of infinitesimally
thin slabs of constant electron density and collision frequency.
The quasi-longitudinal approximation was used, The propagation
equations appeared as four coupled first-—order linear differential
equatibns, coupled by gradients in electron density and collision
frequency. The quasi-longitudinal approximation permitted use
of particularly simple forms for the coupling coefficients, these
forms being amenable to simple analysis, Coupling between two
ordinary or two extraordinary modes was found to be considerably
stronger than cross coupling between ordinary andextraordinary
modes, Cross coupling was related to the rate of change of the
direction of the phase normal, I+ was found that the reflection
of vlf radio waves from the daytime ionosphere is relatively
insensitive to the angle of incidence on the ionosphere except for
highly oblique propagation, Whistler penetration was also found
to be insensitive to the angle of incidence on the ionosphere.

PROPAGATION OF ELECTROMAGNETIC WAVES IN A SEMI-INFINITE CONDUCTING
MEDIUM

EE Abstr, 7608/1960; Arch. Elektrotech, (Poland), V. 8, No, 1,
Pgs 103-21, 1959.

P. Szulkin

Examines the problem of radiation of a vertical electrie dipole
in a conducting medium along a boundary plane with a lossless medium,
The electromagnetic field is calculated explicitly for the assumed
propagation model and the defined boundary values,
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SOME CHARACTERISTICS OF VLF PROPAGATION USING ATVOSPHERIC WAVEFORMS

In recent advances in atmospheric electricity; Proceedings of the
Second Conference on Atmospheric Electricity, held at Portsmouth,

N.H., 20th-23rd May 1958, pp. 609-17. New York, Pergamon Press, 1958.
W.L. Taylor and L.J. Lange

VLF ATTENUATION FOR EAST-WEST AND WEST-EAST DAY-TIME PROPAGATION
USING ATMOSPHERICS

Phys., Abstr, 15488/1960; J, Geophys. Res, (USA), V, 65, No. T,
Pgs, 1933-8, July 1960.

W.L, Taylor

Day-time attenuation characteristics were computed by comparing
the amplitude spectra of atmospheric waveforms recorded at four widely
separated stations, The results of these attenuation measurements
are presented for the band of frequencies from 3 to 30 kc and involving
distances of 1,000 to 10,000 km, Non-reciprocity is evident from
this study. Attenuation rates over sea water for east-to-west
propagation were about 3 db/lOOO km greater for frequencies below
8 ke, and about 1 db/1000 km greater for frequencies avove 10 ke
than for west-to-east propagation, Bast-to-west attenuation rates
over land were about 1db/1000 greater than for over sea water,

DAY-TIME ATTENUATION RATES IN THE VERY LCW FREQUENCY BAND USING
ATMOSPHERICS

Phys, - Abstr, 12716/1960; J. Res, Nat, Bur. Stand. (USA), V. 64D,
No, 4, Pgs 349-55, July-August 1960,

W.L. Taylor

Day-time attenuation characteristics have been computed by
comparing the amplitude spectra of atmospheric waveforms recorded
at four widely separated stations. The results of these attenuation
measurements are presented for the band of frequencies from 3 to
30 kc and involving distances of 1,000 to 10,000 km, It was found
from these data that attenuation was about 7 to 9 dB per 1,000 km
at 6 kc and decreases to about 1 to 3 4B per 1,000 km at frequencies
greater than 10 kec. The difference in attenuation rate of west-
to--east propagation relative to east-to-west propagation was about
3 dB per 1,000 km less for frequencies lower than & kc and about
1 dB per 1,000 km less from frequencies higher than 10 ke,
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A LAYERED MODEL APPROACH TO THE EARTH-IONOSPHERE CAVITY RESONANCE
PROBLEM

Project NR-371-401, 15th June 1963, Geophysics Lab,, Massechusetts
Inst, of Technology.

W.B. Thompson

The purpose-of this investigation is to define a satisfactory
mathematical model to predict the character and propagation properties
of the ELF resonant waves in the spherical cavity bound by the earth
and ionosphere, The study of the modes of this cavity offers a
useful geophysical tool for observation of the gross properties of
the lower ionosphere, which comprises one wall of the cavity. The
model uses real ionospheric parameters in the presence of the earth's
geomagnetic field, which makes the conductivity anisotropic, The
mode structure as observed at the earth's surface is affected by
the conductivity of the ionosphere to varying heights,

THE PROPAGATION OF EM WAVES IN A PARALLEL PLATE MEDIUM, THE PLATES
OF WHICH ARE ARBITRARILY THICK AND LOSSY

EE Abstr, 9256/1962; Arch, elekt, Ubertragung (Germany), Yol, 18,
42-50, January 1962, in German,

P, Thust

From the basic equation for the propagation coefficient
various approximations and sets of curves for different frequency
bands and geometrical dimensions are derived, The basic equation
also gives the case of "free space propagation", "guided waves"
and "skin effect in an infinite sheet of metal" if proper conditions
and values are used, Attenuation-frequency characteristics of the
various modes are also considered. 10 references,

ON DISCONTINUOUS ELECTROMAGNETIC WAVES AND THE OCCURRENCE OF A
SURFACE WAVE

Trans, Inst, Radio Engrs (USA), V, AP4, p. 288, 1956.

B, van der Pol

No abstract,

ON THE PROPAGATION OF A DISCONTINUOUS ELECTROMAGNETIC WAVE

Proc. Ned, Akad, Wetensch, (Netherlands) V. 53, No, 3, Pgs. 254—265,
1960,

B, van der Pol, A.H.l. Levelt

A treatment cf a variant of Sommerfeld's problem is made in
which the oscillating dipole is replaced by a dipole whose moment
jumps from zero to one, A solution for the general case in terms
of complete elliptic integrals is given.
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MODES IN LOSSY STRATIFIED MEDIA WITH APPLICATION TO UNDERGROUND
PROPAGATION OF RADIO WAVES

EE Abstr, 1189/1964, IEEE Trans Antennas & Propagation (USA),
Vol, AP-11, No, 3, Pgs 318-23, May 1963,

M,E. Viggh

The problem considered is that of determining the complex
propagation constant of a plane wave on a flat layer of lossy di-
electric with a loss-tangent of less than one, and of uniform thick-
ness, surrounded on both sides by identical layers having a loss-—
tangent greater than one, and thicknesses much larger than the skin
dep th. A formula given, relates this propagation constant to the
path loss between two aerials provided their excitation efficiencies
are known, As an example, curves showing attenuation and wavelength
are given for the following properties of the layers: '

Middle layer
Surrounding layers

0, py =

lO,/,cr =
Frequencies between 1 kc/s and 10 Mc/s are covered, as well

as values on thickness of the middle layers ranging from 10m-200m,

lo
1,

o

(o 10_6 (oam meterg_i, gr
o 10-° (onm meter)”

g
,t..x.

ON THE THEORY OF PROPAGATION OF VLF WAVES .

Technischer Béricht 33, Heinrich-Hertz-Institute, Berlin-Charlottenburg
(1959), Trans, 945, Royal Aircraft Estabiishment, Gt, Britain, May 1961,
AD-259 788

H, Volland

After a discussion of the usefulness of a model ionosphere
having a sharply limited lower edge and constant conductivity for
the propagation of very long radio waves ( A\ of an order of magnitude
of 10km) and an estimate of the effect of the earth's magnetic field
the wave theory and the ray theory of the propagation of wvery long
waves are developed and compared, The effect of the earth's curva-
ture is discussed and by means of an example the agresment of both
theories is shown in the region of overlapping of their areas of
validity (300-2000 km distance from the place of transmission),

ON THE DIURNAL PROPAGATION OF VLF WAVEZS AT A DISTANCE OF 1000 KM
Technischer Bericht 37, Heinrich-Hertz-Institut, Berlin-Charlottenburg
(1960).  Trans, 944 Royal Aircraft Establishment, Great Britain,

May 1961, AD-259-787,

H. Volland,

The one-year measured results of the recording of the field
intensity of the British VLF transmitters GBZ (19,6 kec) and GBR
(16 kc) are summarized, An attempt is made to interpret their
behaviour during the day by means of propagation theories, The
anomalies in the VLF field intensity in the case of solar eruptions
are quantitatively compared with Moegel-Dellinger effects and solar
radio radiation, and a profile of the electron density of the lower
limit of the ionosphere is derived,
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COMPARISON BETWEEN MODE THEORY AND RAY THEORY OF VLF PROPAGATION
EE Abstr. 4789/19613 J. Res. Nat. Bur. Stand. (USA), Vol. 65D,
No. 4, Pgs 357-61, July-August 1961.

H, Volland

It is shown that the field strength according to mode theory and
ray theory in the v.1.f. band are derivable from the same expression
of the original vector potential, and the result ¢f one theory is the
analytic continuation of the other one in another range of convergence.
In fact, both ranges of convergence overlap. Estimates of these
ranges are made and an example shows that within this overlapping
region (between distances of 300 and 2000 km) both theories give the
same result. Using this fact calculations of frequency spectra are
possible which in the case of a white noise dipole show some similar
features to measured frequency specira of lightning discharges.

AUSBREITUNG ELEKTROMAGNETISHER FELDER IN SEEWASSER ( PROPAGATION OF
ELECTROMAGNETIC FIELDS IN SEA WATER)

ATT No. 38427, Microfilm, 13 p., 19443 an English translationj copies
obtainable from Air Documents Division, attn: MCIDXD, Wright Patterson
Air Poroe Base, Dayton, Ohio.

K.W. Wagner

As a basic step in research covering the propagation of electro-
magnetic fields in bodies of ses water, the propagation of sine waves
with a theoretically limitless space was analyzed. Dipole movements
were analyzed by means of Maxwell's eleciromagnetic equation and
expressed in vector notations. The Biot-Savart law was applied to
the electromagnetic field of the cecil, and the intensitivity of the
magnetic fieid was determined. It was found that when dipoles and
coils are used to produce an electromagnetic field only very low
frequencies of simple impulses are practical, while high frequencies,
showing too much damping, cannot be used for telecommunications in
sea water. The wave reflected from the water surface was not caloulated
exactly but was estimated for simplification. Fuarther research is
necessary before final conclusions can be drawn.
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EFFECT OF A LARGE DIELECTRIC CONSTANT ON GROUND-WWAVE PROPAGATION
Canad. J. Phys., V. 31, Pgs 456-457, March 1953
J.R. Wait, L.L. Campbell

Curves relating field strength and distance from transmitter at
200 k¢ are given for values of permittivity between 2 and 200. For
ground conductivities of < 1.0x10-14 e.m.u. the field strength can
vary by a factor of as much as 100 according to the value of permit ivity
taken.

PROPAGATION OF RADIO JAVES OVER A STRATIFIED GROUND
Geophysics, (USA), V. 18, Pgs 416-422, April 1953.
JeRe Wait

The propagation of verticelly polarized radio waves over a horizon-
tally stratified medium is investigated. A general expression for the
"wave tilt" is derived for the casz of any number of layers with
arbitrary properties in each layer, Numerical calculations are carried
out for the special case of only two layers which show that the conduc—
tivity and dieleciric constant variations of the lower layers will affect
the magnitude and phase of the wave tilt,

TRANSITSSION CURVES FOR GROUND WAVE PROPAGATION AT LOW RADIO
FREQUENCIES .

Def. Res. Tele. Est., Radio Physics Lab., Ottawa, Canada, rept. R-1,
April 1953.

J.Re Wait, L.L. Campbell

A study is made of the propagation of radio waves over the surface
of the earth in relation to the electrical constants of the ground.
The work of Norton and Bremmer is applicd and extended in meking charts
showing the field strength at distances up to 2000 miles from a trans-
mitter for frequencies in the range 15 to 500 kec. A wide range of
values for the conductivity and dielectric constant of the ground is
chosen. The effect of a large dielectric constant of the ground is
seen to modify considerably the magnitude of the field strength. The
effect of raising the transmitting or receiving antenna above the ground
is 1llustrated by curves of a height-gain function. The phase of the
ground wave 1s also considered.

AN EXTENSION TO THE MODE THEORY OF VLF IONOSPHIRIC PROPAGATION
J. Geophys. Res., (USA), V. 63, No. 1, Pgs 125-135, March 1954.
JeRe Wait

The wave-guide mode theory of VLF propagation for a sharply
bounded homogenecous ionosphere 1s defined to include stratification at
the lower edge of the ionosphere. The numerical results for a two-layer
model are discussed in detail. By choosing the upper medium to have
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a conductivity with a factor of 10 greater than the lower medium, the
attenuation vs. frequency characteristic of the model is oconsistent
with experimental data from 1.0 to 20 koc. The effect of the finite
thickness of E layer, important for frequencies less than 1.0 ko,

is treated by an ionospheric model which has a sharp lower edge and an
exponential taper to zero at greater heights.

NOTE ON THE THEORY OF RADIO PROPAGATION OVER AN ICE COVERED SEA
Def. Res. Tele. Est., Radio Physics Lab., Ottawa, Canada, Project
rept. 18-0-7, 31st March 1954.

J.R. Wait

A preliminary theoretical analysis is outlined for the problem
of a vertical dipole radiating over a two layer medium where the upper
stratum is a low-loss dielectric. It is shown that a zero-order T.M.
wave guide mode can be set up in the dielectrioc. The possibility of
such a phenomenon occurring over an ice-covered sea is discussed. It
is pointed out that the attenuation due to dielectric losses in the
ice and the finite conductivity of the sea water would be at least 10db
per kilometer at 15 Mc for a three foot thickness of ice.

ON ANOMALOUS PROPAGATION OF RADIO WAVES IN EARTH STRATA
Geophysics (USA), V. 19, April 1954.
J.R. Wait

No abstract

THEORY OF ELECTROMAGNETIC SURFACE WAVES OVER GEOLOGICAL CONDUCTORS
Geof. p. e Appl. (Italy), V. 28, Pgs 47-56, 1954.
J.R. Wait

The radiation fields of a vertical electric antenna situated on
a horizontally stratified ground are discussed. The attenuation and
“wave—-tilt" of the surface wave and the "height-gain" factor are shown
to be a funoction of the horizontal stratification in the ground. It
is possible that the results have application to an airborne geophysical
exploration scheme.

MULTIPLE REFLECTIONS BETWEEN THE EARTH AND THE IONOSPHERE IN VLF
PROPAGATION

Geof. p. e. Appl. (Italy), V. 35, Pgs 61-72, 1956.

J.R. Wait, A. Murphy

Treating the ionosphere as a sharply bounded medium, sky wave
field intensities are calculated by geometrical-optical methods for
very low radio frequencies. The reflection coefficients are discussed
in some detail and the numerical data are compared with experiment.
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AMPLITUDE AND PHASE CURVES FOR GROUND-WAVE PROPAGATION IN THE BAND 200
CYCLES PER SECOND TO ?OO KILOCYCLES

Nat. Bur. Stand. (USA), Circular No. 574, May 1956.

J.R. Wait, H.3. Howe.

After making several extensions to the formulas of van der Pol and
Bremmer, field strength and phase values of the very low frequency ground
wave from a short vertical antenna are computed. The ground conductivity
values chosen are 4, 0.0l1, and 0.001 mho per meter. The distances
considered range from 1 to 1,500 miles.

MIXED PATH GROUND WAVE PROPAGATION: 1. SHORT DISTANCES
J. Res. Nat. Bur. Stand (USA), V. 57, No. 1, Pgs 1-15, July 1956.
J.R. Wait

An expression is derived for the mutual impedance between two
short vertical antennas on a flat earth with a straight boundary
separating two media of differing electrical oconstanta. After making
some approximations that are valid at low and medium frequenoies and
where the antennas are not near the boundary, the integral formula for
the field is evaluated for a wide range of parameters. The numerioal
results oomputed in this paper are shown to be in reasonably good
agreement with experiment. Mnally, the effect of the obligueness of
the boundary is oonsidered by a refinement of the stationary phase
evaluation of the integrals.

ON THE THEORY OF REFLECTION FROM A WIRE GRID PARALLEL TO AN INTERFACE
BETWEEN HOMOGENEOUS MEDIA.
%p%}. S¢i. Researoh B. 6, Pgs 259-275, 30th July 1956.

+R. Wait -

No abstract

THE WAVEGUIDE MODE THEORY OF VLF IONOSPHERIC PROPAGATION
EE Abstr. 4293/1957; Proc. Inst. Radio Engrs (USA), V. 45, No. 1,

Pg 95, January 1957.
J.R. Wait, H.H. Howe

Assuming that for frequencies of the order of 16 kc¢ and less the
ionosphere can be regarded as a sharply bounded isotropic medium, if
only the vertioally polarized field at large ranges is considered, an
equation is obtained for finding the possible modes in the parallel-
Plate waveguide bounded by the earth and the ionosphere. Calculations
based on this equation enable the attenuation rate to be plotted as a
function of the reciprooal of the ionospheric conductivity for the first
four modes, particular wvalues being assigned to various ionospherio
and ground parameters. The attenuation for the zero-order mode becomes
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prohibitively high for the larger wvalues of L, a factor proportional

to the reciprocal of the conductivity of the ionosphere. At 16 ke L
is of the order of 0.4 for the daytime and somewhat less for the night.
In the range from L = 0.1 to 4 and higher the dominant mode is of

order one and not zero, as is commonly supposed. The effect of ground
conductivity is shown in a diagram giving the attenuation rate for the
mode of order one as a function of L for 3 different values of ground
conductivity. Detailed calculations of the attenuations and phase
constants of the modes for larger orders and for a range of ionospheric
heights and frequencies are to be published later.

THE GEOMETRICAL OPTICS OF VLF SKY WAVE PROPAGATION

VLF Symposium Paper No. 5, Boulder, January 1957, Proc. Inst. Radio
Engrs (USA), V. 45, No. 6, Pgs. 754-760, June 1957.

J.R. Wait, A. Murphy

At distances not exceeding 1500 km, it is convenient to calculate
the field strength of a vlf transmitter by geometrical optics. In such
computations, it is usual to assume some equivalent height for the
(ionospherios reflecting layer with a reflection coefficient that does
not vary with angle of incidence. In the present paper, the ionosphere
is taken to be a homogeneous ionized medium with a sharp lower boundary.
The reflection coefficient, which is a function of angle incidence, is
utilized to compute the strength of the single and multiple hop sky
waves. Combining these with the numerical results g f the amplitude and
phase of the ground wave, the total field is obtained. The theoretical
field-strength-vs-distance curves compare favourably with the experimental
data of Heritage for frequencies of 16.6, 18.6 and 19.8 kc over daytime
paths in the Pacific Ocean. Pinally, diffraction by the earth's bulge
of the first hop sky wave is considered. Thig effect is important at
ranges greater than 1200 km or so.

THE MODE THEORY OF VLF IONOSPHERIC PROPAGATION FOR FINITE GROUND
CONDUCTIVITY

VLF Symposium Paper No. 6, Boulder, January 1957. Proc. Inst. Radio
Engrs (USA), V. 45, No. 6, Pgs. 760-767, June 1957.

J.R. Wait

The space between the earth and the ionosphere is considered as
a waveguide with sharply bounded walls. Employing a representation
in terms of spherical wave functions of complex order, the field of
a vertical dipole source is calculated for very low frequencies. It
is shown that the effect of the finite conductivity of the ground is
quite important for propagation to great distances. Good agreement is
obtained with the experimental results of J. Heritage.
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CALCULATIONS OF IONOSPHERIC REFLECTION COEFFICIENTS AT VERY LOW RADIO
FREQUENCIES

J. geophs. Res. (USA), V. 62, No. 1, Pgs 43-56, March 1957.

J.R. Wait, L.B. Perry

A set of calculated curves are presented for the reflection
coefficients at a sharply bounded homogeneous ionized medium with a
superimposed magnetic field. The results are plotted parametrically
to permit general comparisons with experimental data. Both steady-
state and transient cases are considered.

AMPLITUDE AND PHASE OF THE LOW-FREQUENCY GROUND WAVE NEAR A COASTLINE.
J. Res. Nat. Bur. Stand (USA), V. 58, No. 5, Pgs 237-242, May 1957.
J.R. Wait

A theoretical analysis is given for the amplitude and the phase
of the ground wave, originating from a distant transmitter on land, as
it crosses a coastline. The land and sea are assumed to be smooth, and
homogeneous with a sharp boundary of separation. Attenuation is focused
on the effects that take place near the coastline when it is not per-
missible to employ arguments based on the principle of stationary phase.
A limited comparison is made with the recent experimental work of
Pressey, Aswell, and Fowléar.

MIXED-PATH GROUND WAVE PROPAGATION: 2. LARGE DISTANCES
J. Res. Nat., Bur. Stand (USA), V. 59, No, 1, Pgs 19-26, July 1957.
J.R. Wait, J. Householder

The theoretical results are given in part I (NBS Research Paper
No. 2687) for ground wave propagation over a mixed path on a flat
earth are generalized to a spherical earth. The problem is formulated
in terms of the mutual impedance between two vertical dipoles which are
located on either side of the boundary of separation. Extensive
numerical results are given in graphical form for a mixed land-sea
path at frequencies of 10, 20, 50, 100, and 200 kilocycles per second.

THE ATTENUATION VS FREQUENCY CHARACTERISTICS OF VLF RADIO WAVES
Proc. Inst. Radio Engrs (USA), V. 45, No. 6, Pgs 768-771, June 1957.
J.R. Wait

The theoretical dependence on frequency of the attenuation of the
wave guide modes in vlf propagation is discussed in some detail. It
is indicated that most of the published experimental data between 1
and 30 ko was compatible with the sharply bounded model of the iono-
sphere with a reflecting height of about 70 km during the day and 90
km during the night.
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ON THE MODE THEORY OF VLF IONOSPHERIC PROPAGATION
Geof. p. a Appl. (Italy), V. 37, Pgs 103-115, 1957.
J.R. Wait

The space between the earth and the ionosphere is considered as
a wave~-guide with sharply bounded walls. Employing a representation
in terms of spherical wave functions of complex ordery; the field of a
vertical dipole soyrce is calculated for very low frequencies. It is
shown that the dominant mode for 16 k¢ is of order eme and not zero as
has been commonly supposed. Good agreement is obtained with the experi-
mental results of J. Heritage.

A NOTE ON THE PROPAGATION OF THE TRANSIENT GROUND WAVE
Canad. J. Phys. V. 35, Pgs 1146-1151, 1957
J.R, Wait

No abstract

PROPAGATION OF A PULSE ACROSS A COAST LINE
Proc. Inst. Radio Engrs (USA), V. 45, No. 11, 1 p., November 1957.
J.R. Wait

No abstract

ON THE THEORY OF PROPAGATION OF ELECTROMAGNETIC WAVES ALONG A CURVED
SURFACE

Canad. J. Phys., V. 36, Pgs 9-17, 1958,

J.R, Wait

The problem of propagation of vertically polarized waves along a
surface whose curvature and electrical properties have a discontinuity
is considered. The mutual impedance Z between twe short vertical
antennas on either side of the boundary of separation 1% considered to
be the fundamental quantity which is socught. By utilizing the principle
of stationary phase and the concept c¢f surface impedance, an approximate
expression is derived for 2. It is shown that to a first order of
magnitude, the effects of the conductivity contrast and curvature change
are additive corrections to the mutual impedance between dipoles over a
single homogeneous spherical surface.

TRANSMISSION AND REFLECTION OF ELECTROMAGNETIC WAVES IN THE PRESENCE
OF STRATIFIED MEDIA

J. Res. Nat. Bur. Stand. (USA), V. 61, No. 3, Pgs 205-232, September 1958.
J.R. Wait

A general analysis is presented for the electromagnetic response
of a plane stratified medium consisting of any number of parallel
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homogeneous layers. The solution is first developed for plane-wave
incidence and then generalized to both cylindrical and spherical-wave
incidence. Numerical results for interesting special cases are
presented and discussed. The application of the results to surface-
wave propagation over a stratified ground is congidered in some detail.

A STUDY OF VLF FIELD STRENGTH DATA: BOTH OLD AND NEW
Geof. p. a Appl. (Italy), V. 41, Pgs 73-85, 1958/III.
J.R. Wait

Employing some old data of Round et al, and the recent data of
Heritage et al, attenuation rates at VLF are deduced. For middle
latitudes, daytime rates of less than 2 db per 1000 km of path length
are not uncommon. These are in general accord with values derived
from spheric waveforms and they are compatible with mode theory. An
extensive bibliography is appended.

TRANSMISSION LOSS CURVES FOR PROPAGATION AT VERY LOW RADIC FREQUENCIES
Inst. Radio Engrs (USA) Trans. on Communications Systems, Pgs 58-61,
December 1958.

J.R, Wait

Curves of the transmission loss are presented for the propagation
to great distances at frequencies in the range 10 to 20 kc¢. The theo-
retical model of the ionosphere assumed is a sharply bounded homogeneous
ionized medium. The working formula for the field is a sum of wave-
guide type modes. The calculated results compare favourably with
experimental data at 16.5 kc over the Pacific Ocean.

DOWNCOMING RADIO WAVES
Electronic and Radio Engr (GB), V. 36, No. 3, Pgs, 106-107, March 1959.
J.R. Wait

No abstract

TRANSMISSION OF POWER IN RADIO PROPAGATION
Electronic and Radio Engr. (GB), V. 36, No. 4, Pgs 146-150, April 1959.
J.R. Wait

Some remarks concerning the theoretical foundations of the trans-
mission loss concept are made. It is emphasized that the influence of
the ground on the input resistances of the transmitting and receiving
aerials must be accounted for,
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DIURNAL CHANGE OF IONOSPHERE HEIGHTS DEDUCED FROM PHASE VELOCITY
MEASUREMENTS AT VLF

EE Abstr. 5565/1959; Proc. Inst. Radio Engrs (USA), V. 47, No. 5(I),
P. 998, May 1959.

J.R., Wait

Recent v.l.f. propagation results indicate that the carrier phase-
shift occurring is directly proportional to the length of the path which is
in daylight. Calculations based on a simple theoretical model indicate
corresponding diurnal changes of effective reflection height which are
in agreement with observation.

PREPUBLLCATION OF PAPERS ON SURFACE WAVES TO BE PRESENTED AT (URSI)
SYMPOSIUM ON ELECTROMAGNETIC WAVE THEORY, JUNE 1959.

Compiled by J.R. Wait, March 1959.

Most of these papers were published in the IRE Trans. on Ant. Prop.
AP-7, Special Supplement, December 1959, including:

(1) Preface to the Surface Wave Papers

(2) Ouiding of Electromagnetic Waves by Uniformly Rough
Surfaces, Part I.

(3) Guiding of Electromagnetic Waves by Uniformly Rough
Surfaces, Part II,

RADIO WAVE PROPAGATION IN AN INHOMOGENEOUS ATMOSPHERE
Nat. Bur. Stand. (USA), Technical Note No. 24, 10th September 1959,
J.R. Wait

A gelf-contained treatment of the theory of radio waves in an
inhomogeneous atmosphere is given. The refractive index is assumed
to vary with height above the earth in a monotonic fashion. Variation
according to an exponential law is used for illustration of general
principles. For this case, rigorous series formulas are developed for
the distance to the horizon for an elevated point in the atmosphere.

ON THE PROPAGATION OF ELF RADIO WAVES AND THE INFLUENCE OF A NON-
HOMOGENEOUS IONOSPHERE

J. geophys. Res. (USA), V. 65, No. 2, Pgs 597-600, February 1960.
J.R. Wait

The mode assumed consists of a spherical earth surrounded by a
concentric ionosphere whose electron density increases exponentially
with height. This elaboration of the usual homogeneous model appears
to explain the observed attenuation for terrestrial propagation as a
function of frequency in the range 100 cps to 1 kc.
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FIELD STRENGTH CALCULATIONS FOR ELF RADIO WAVES
Nat. Bur. Stand. (USA), Technical Note No. 52, March 1960.
J.R., Wait, N.F. Carter

The mode theory of propagation of electromagnetic waves at
extremely low frequencies (1.0 to 3000 cops) is briefly reviewed in
this paper. Starting with the representation of the field as a sum
of modes, approximate formulas are presented for the attenuation and
phase constants. At the shorter distances, where the range is
comparable to the wavelength, the spherical-earth mode series is best
transformed to a series involving cylindrical wave functions, This
latter form is used to evaluate the near field behaviour of the
various field components. The effect of the earth's magnetic field
is also evaluated using a quasi-longitudinal approximation which is
particularly appropriate for propagation in the magnetic meridian.

In general it is indicated that if the gyrofrequenoy is comparable or
greater than the effective value of the collision frequenoy, the
presence of the earth's magnetic field may be important for ELF. In
this case the attenuation may be increased somewhat. The influence
of a purely transverse magnetic field is also considered.

TERRESTRIAL PROPAGATION OF VERY-LOW-FREQUENCY RADIO WAVES
J. Res. Nat., Bur. Stand. (USA), V. 64D, No. 2, Pgs 153-204, March-
April 1960.

J.R., Wait

A self-contained treatment of the waveguide .mode theory of the
propagation of very-low-frequency radio waves is presented. The
model of a flat earth with a sharply bounded and homogeneous iono-
sphere is treated for both vertical and horizontal dipole excitation.
The properties of the modes are discussed in considerable detail.

The influence of earth curvature is also considered by reformulating
the problem using spherical wave functions of complex order. The
modes in such a ourved guide are investigated and despite the initial
complexity of the general solution, many interesting and limiting
cases may be treated in simple fashion to yield useful and oonvenient
formulas for oalculation. Other factors considered are the influence
of the earth's magnetic field, antipodal effects, resonator type
oscillations, and the influence of stratification at the lower edge

of the ionosphere.

PROCEEDINGS OF THE 1960 CONFERENCE ON THE PROPAGATION OF ELF RADIO
WAVES

Nat. Bur. Stand. (USA), Technical Note No. 61, 6th June 1960.

J.R. Wait (Editor)

No abstraot
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ON THE EXCITATION OF ELECTROMAGNETIC SURFACE WAVES ON A CURVED SURFACE
Inst. Radio Engrs (USA), Trans., V., AP-8, July 1960.
J.R, Wait

The excitation and propagation of surface waves on a spherical
inductive boundary is considered. The source is taken to be a vertical
electric dipole. The circumferential attenuation rate of the wvarious
modes are discussed where it is indicated that the dominant mocde is
very similar to the trapped surface wave for a plane inductive boundary.
The results appear to conflict with those of Barlow, but are in sympathy
with some numerical data of Elliott for the circumferential attenuation
rate of the dominant mode.

INFLUENCE OF SOURCE DISTANCE ON THE IMPEDANCE CHARACTERISTICS OF ELF
RADIO WAVES

EE Abstr. 8273/1960; Proc. Inst. Radio Engrs (USA), V. 48, No. T,
Pgs 1338-9, July 1960.

J.R. Wait

Quantitative results for the wave impedance at extremely low
frequencies, (e.l.f.) are presented for the case of a flat perfectly
conducting earth and a plane ionospheric reflecting layer at height h.
The source is agsumed to be equivalent to a vertical electric dipole
located on the ground plane. Curves are plotted which show: (a) the
normalized impedance ratio, (b) the phase lag of the ratio, as a
function of distance from 50 to 2000 km, for frequencies from 50 to
1600 ops. The value of&O ., an ionospheric conductivity parameter
involving the electron density, colligien frequency and the earth's
magnetic field, is taken as 5 x 102 and h = 90 km. The shape of the
curves is net appreociably medified if ether values of ¢© . and h are
chosen. A method of utilizing these curves for determining the
distance of a lightning flash from an observing station is suggested.

PREFACE TC ELF PAPERS
J. Research (D. Radio Prapagation) Nat'l Bur. Standards 64D, 381,
July-August 1960

J.R. Wait, editor.

No abstract
MODE THEORY AND THE PROPAGATION OF EXTREMELY LOW FREQUENCY RADIO WAVES
J. Res. Nat. Bur. Stand. (USA), V. 64D, No. 4, July-August 1960.
J.R. Wait

The mode theory of propagation of electromagnetic waves at

extremely low frequencies (ELF) (1.0 to 3,000 cycles per second) is
treated in this paper. Starting with the representation of the field
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as a sum of modes, approximate formulas are presented for the attenuation
and phase constants. Certain alternate representations of the individual
modes are mentioned. These are used as a hasis for describing the
physical behaviour of the field at large distances from the source, par-
ticularly near the antipode of the source. At the shorter distances,
where the range is comparable to the wavelength, the spherical-earth

mode series is best transformed %o a series involving cylindrical wave
functions. This latter form is used to evaluate the near field behaviour
of the various field components. The effect of the earth's magnetic
field is also evaluated using a quasgi-longitudinal approximation. In
general it is indicated that if the gyro—frequency is less than the
effective value of the collision frequency, the presence of the earth's
magnetic field may be neglected for ELF, When this condition is not

met the attenuation may he increased somewhat. The infiuence of an
inhomogeneous ionosphere is also briefly considered, and finally, the
propagation of ELF pulses is treated. t is suggested that certain
observed characterigstics of ELF waveforms may be attributed to the
inclination of the current channel in the ligktning discharge.

INFLUENCE OF EARTH CURVATURE AND THE TERRESTRIAL MAGNETIC FIELD ON VLF
PROPAGATION

J. geophys. Res. (USA), V. 65, August 1960.

J.R. Wait, K. Spies

An account ig given of some recent work on the mede theory of VLF
ionospheriec propagation. Attention is confined to the behaviour of the
attenuation coefficient of the dominant mode. The ionosphere is assumed
to be a sharply bounded and homogeneous ionized medium. It ig indicated
that earth curvature increases the attenuation rate by as much as a
factor of 2 as compared with the corresponding attenuation for a flat
earth. The influence of the earth's magnetic field is also shown to be
important. In fact propagation paths from east—-tc-west suffer much
greater attenuation than for west-to-east paths. The theoretical results
in the present paper appear to agree quite well with the experimental
data of W.L. Taylor.

A CONFERENCE ON THE PROPAGATION OF ELF ELECTROMAGNETIC WAVES
Proc. IRE 48, Pgs 1648-1649, September 1960
J.R. Wait, letter.

No abstract
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A SUMMARY OF VLF AND ELF PROPAGATION RESEARCH
EE Abstr. 6076/1962, J. Res. Nat. Bur. Stand. (USA), V. 64D, No. 6,
Pgs 647-9, December 1960,

J.R, Wait

URSI National Committee Report, London, 1960 (see Abstr. 2183/1962).
Applications of v.1l.f. and e.l.f. to long distance oommunioations, world-
wide frequenocy standards, navigational aids, and detection of storms are
providing incentive for further research in this field. This paper is a
review of the published work relating to terrestrial propagation which
has been carried out in the USA since January 1957. Closely related
work carried out in the other countries is also mentioned.

PROPAGATION OF ELECTROMAGNETIC WAVES ALONG A THIN PLASMA SHEET
Can. J. Phys. 38, 1586-1594, December 1960.
J.Re Wait

No abstract

A NEW APPROACH TO THE MODE THEORY OF VLF PROPAGATION
Phys. Abstr. 7769/1962; J. Res. Nat. Bur. Stand. (USA), V. 65D, No. 1,
Pgs 37-46, January-February 1961.

J.R. Wait

An attempt is made to present a concise derivation of the mode
theory of v.l.f. propagation. Taking note of the fact that the
important modes for long-distance propagation are near grazing, suitable
approximate forms of the wave-funotions are introduced at the outset,
rather than at the end, of the analysis. It is thus possible te acoount
for the influenoe of earth curvature in a relatively concise manner.

The influence of the earth's magnetio field is also discussed. Finally,
numerical results for the attenuation and the phase velooity of the
dominant mode are presented.

THE PROPAGATION OF ELECTROMAGNETIC WAVES ALONG THE EARTH'S SURFACE
Phys. Abstr. 7761/1962; Bleotromagnetio Waves Symposium, Madison,
Wisconsin, 1961.

J.R., Wait

A rigorous solution is obtained for the fellowing boundary value
problems: (a) vertical eleotrio and magnetic dipoles placed above a
flat, vertically stratified earths; (b) an eleotric dipole above a
spherically stratified earth. It is assumed for the spherical earth
that the effect of stratification can be described by introducing a
surface impedance. The boundary value problems (a) are solved by
employing the standard Sommerfeld integral representation and the nature
of the solution is examined in detail. The beundary value problem (b)
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is also solved by standard methods and Watson's method is employed to
transform the solution into a form more suitable for computation at
high frequencies. Approximate methods are also developed for mixed
path propagation over a flat and spherical earth. Graphs of several
quantities of physical interest are included.

A NOTE ON PHASE VELOCITY OF VLF RADIO WAVES
J. geophys, Res. (USA), V. 66, No. 3, Pgs 992-993, March 1961.
J.R. Wait, K. Spies

No abstract

THE PROPAGATION OF ELECTROMAGNETIC WAVES ALONG THE EARTE'S SURFACE
Preprint from Proc. of Symposium on Electiromagnetic Waves, Pub. No. 6,
Math. Res. Centre, (U.S. Army), Madison, Wisconsin, April 1961.

J.R, Wait

No abstract

A COMPARISON BETWEEN THEORETICAL AND EXPERIMENTAL DATA ON PHASE
VELOCITY OF VLF RADIO WAVES

EE Abstr. 3191/1962; Proc. Inst. Radio Engrs (USA), V. 49, No. 6,
Pgs 1089-90, June 1961.

J.R. Wait

The experimental data were obtained by transmitting l-sec signal
bursts of unmodulated carrier from a master station and following
it with similar bursts from slave stations. The master and receiving
stations were at Hawalii and the slave station in California. Later a
further slave station was located in New York State and a second
receiving station in Caelifornia. Frequencies employed ranged from
9.2 to 15.2 ke, The data obtained were applied as follows. Possible
values for phase-velocity (v) deviation (from that of light) were
plotted against frequency and on the same sheet curves were drawn which
had been derived from waveguidermode theory, taking account of the
earth's curvature. Both perfect and imperfect reflection from the
ionosphere were assumed. A good fit was achieved when values of 70 km
and 90 km are assumed for the height of the ionosphere for day and
night respectively, reflection being imperfect.
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ON THE THEORY OF MIXED-PATH GROUND-WAVE PROPAGATION ON A SPHERICAL
EARTH

J. Res. Nat. Bur. Stand. (USA), V. 65D, Ne. 4, Pgs 401-410, July-
August 1961

J.R. Wait

The preblem formulated concerns the mutual impedance between two
vertical dipole antennas A and B leccated near the surface of a spherical
smooth earth. The path between A and B is made up of a number of
homogensous segments where the surface impedance is constant. Various
formulas are developed, for twe-~and three--section paths, which are
suitable for computation. Certain limiting cases are discussed and
where possible a physical interpretation of the results is given. Com-
parisons with previous work are made.

ON THE POSSIBILITY OF REJECTING CERTAIN MODES IN VLF PROPAGATION
Proc. Inst. Radio Engrs (USA), V. 49, No. 9, P. 1429, September 1961.
J.R, Wait

Long-distance prepagation of VLF radie waves is characterised by
only a few low-order waveguide modes, This results from the excessive
attenuation of the higher-order modes. In ravigational systems, this
is a desiratble characteristic since the phase velocity approaches a
constant at very great ranges when only cne mode is predominant. Unfortu-
nately, the second~order mode still exerts its influence for ranges as
great as 4000 km, The posgibility that this second-order mode could be
discriminated against at the transmitting antemna is an intriguing one.
We will discuss this preblem from an analytical viewpeint. At the same
time i+ is hoped that this might shed some light on the behaviour of
antenna rays at VLF,

A NOTE CONCERNING THE EXCITATION OF ELF ELECTROMAGNETIC WAVES
J. Res. Nat. Bur. Stand. (USA), V. 65D, Ne. 5, September~October 1961.

J.R. Wait

Previous solutions for the ELF mode series are discussed briefly.
Particular attention is paid to the height—gain function. The excitation
of the mcdes for vertical and horizontal dipole excitatien is alse
congidered.

EXPECTED INFLUENCE OF A LOCALIZED CHANGE OF IONOSPHERE HEIGHT ON VLF
PROPAGATION

Phys. Abstr. 1607/1962; J. geophys. Res. (USA), V. 66, No. 10, Pgs 3119-
3123, October 1961.

J.R. Wait

An approximate analysis is carried out for mode propagation in the
earth/ionosphere waveguide with the height of the boundary varying with
distance. Particular attention is paid to the phase anomaly produced
by a localized depression of iocnosphere keight.
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AVERAGE DECAY LAWS OF VLF FIELDS
Proc. Inst. Radio Engrs (USA), V. 50, No. 1, Pgs 53-56, January 1962.
J.R. Wait

A simplified discussion of propagation in the earth-ionosphere
wavegulde is given. It is shown that, if the square of the field
amplitude is averaged over the width of the waveguide, a very simple
formula for the averaged intensity is obtained. This result is used
to describe some of the broad features of VLF prepagation in a rela-~
tively concise fashion.

ON THE PROPAGATION OF VLF AND ELF RADIO WAVES WHEN THE [ONOSPHERE IS
NOT SHARPLY BOUNDED

Phys. Abstr. 16071/1962; J. Res. Nat. Bur. Stand. (USA), V. 66D,
No. 1, January-February 1962, 53-61.

J.R. Wait

Employing an idea of Brekhovskikh, an expressien for the
reflection coefficient of a continuously stratified ionized medium
is derived. The result is in the form of a series whose first term
is a Fresnel-type coefficient and succeeding terms account for the
finite thickness of the transitien layer. This result is then fitted
into previously develeped theery for prepagation between a spherical
earth and a concentric ienoesphere.

THE PROPAGATION OF ELECTROMAGNETIC WAVES ALONG THE EARTH'S SURFACE
EE Abstr. 10927/1962; EM Waves Sympesium, Madison, 1961 (see
abstr. 9255 of 1962); Pgs 243-90.

JeRe Wait

A rigorous solution is obtained for the fellowing boundary value
problems: (a) vertical electric and magnetic dipoles placed above a
flat, vertically stratified earth; (b) an electric dipole abeve a
spherically stratified earth. It is assumed for the spherical earth
that the effect of a stratification can be described by intreducing a
surface impedance. The boundary value problems (a) are solved by
employing the standard Sommerfeld integral representation and the
nature of the solutions is examined in detail. The boundary value
problem (b) is alse solved by standard metheds and Watson's method is
employed to transform the solution inte a form more suitable for com~
putation at high frequencies. Approximate methods are alse developed
for mixed path propagation over a flat and spherical earth. Graphs of
several quantities of physical interest are included.
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COMMENTS ON PAPER BY W.D. WESTFALL "PREDICTION OF VLF DIURNAL PHASE BY
CHANGE AND SOLAR FLARE EFFECT"

J. Geephys. Res. (USA), Vol. 67, No. 2, Pgs 916-917, February 1962
Phys. Abstr. 13032/1962

J.R. Wait

Criticises the use of a formula taken frem Wait (Abstr. 5565B of 1959;
Proc. Inst. Radie Engrs., Vol. 47, No. 5(1), 998, May 1959), and used te
determine the height of reflecting layers and their diurnal change.

VERY LOW FREQUENCY PROPAGATION IN THE EARTH-IONOSPHERE WAVEGUIDE OF NON-
UNIFORM WIDTH
Int. Conf. on the Ionosphere, Imperial Cellege, London, July 1962,
Proceedings 446~451, London, Institute of Physics and the Physical Soc., 1963.
JoRo Wait

No abstract

INTRODUCTION TO THE THEORY OF VLF PROPAGATION
EE Abstr. 13541/1962; Proc. Inst. Radio Engrs (USA), Vol. 50, No. 7,
1624-47, July 1962,

J.R. Wait

This paper is a self-contained exposition of the conventional theory of
propagation of vlf radio waves. The model is a spherical earth surrounded
by a concentric ionosphere. Although the model is highly idealized, the
theory is still quite involved. The complexities arise from the long wave-
lengths inherent in such problems, In Section I the elementary geometrical
or hop theory for vlf is considered. In Section II, the diffractive
corrections near the caustics of the ray systems are obtained. In Section
III, the waveguide mode theory is expounded. Finally, in Section IV, the
influence of a stratified ionosphere is treated by using a two-layer model.

AN ANALYSIS OF VLF MODE PROPAGATION FOR A VARIABLE IONOSPHERE HEIGHT
Phys. Abstr. 16077/1962; J. Res. Nat. Bur. Stand. (USA), Vel. 66D, No. 4,
Pgs 453-61, July-August 1962.

J.R. Wait

An approximate treatment of modes in a waveguide width is presented.
I+ is assumed that the beundaries satisfy impedance-type boundary conditions.
The model consists of twe parallel-plate waveguide regions connected by a
linearly tapered section. The results have application to the theory on
VLF radio wave prepagatior when the ionospheric heights are not constant
along the path.

=116~



WAVE PROPAGATION AROUND A CURVED BOUNDARY WHICH CONTAINS AN OBSTACLE
Phys. Abstr. 17956/1962; Canad. J. Phys. Vel. 40, No. 8, Pgs 1010-16,
August 1962.

J.R. Wait

The problem is to calculate the field of an electric dipole on a
smooth spherical or cylindrical surface which contains a localigzed
obgtruction. An approximate solution is obtained by combining the
rigorous theory of diffraction by a sphere and the approximate Kirchhoff
diffraction theory for black screens. The application to ground wave
propagation is briefly indicated.

EXCITATION OF MODES AT VERY LOW FREQUENCY IN THE EARTH-IONOSPHERE
WAVE GUIDE

Phys. Abstr. 9953/1963; J. Geophys. Res. (USA), Vol. 67, No. 10,
Pgs 3823-8, September 1962.

J.R., Wait

The concept of vlf radio waves prepagating between the earth and
the ionosphere in the manner of a wave guide has proved very useful.
A much neglected aspect of the subject, however, is the manner in which
the modes are excited. A valid analysis of this effect requires that
the earth's curvature and the grazing nature of ths modss be properly
accounted for. By using the Airy integral or third-order approximations
for the spherical wave functions, an expression for the excitation factor
is obtained. It is indicated that the modes ef very low attenuation
may be accompanied by excitation factors much less than unity. There
is evidence of this phenomenon in seme of the 0ld experimental data of
Reund et al. (1925) at frequencies of the order of 25 kc/s. A mode of
this type can be imagined as becoming "detached" from the lower boundary
of the earth-ionosphere waveguide. In this situation, the height-gain
functions increase with height and the model characteristics depend only
slightly on ground characteristics.

ON THE PROPAGATION OF ELF PULSES IN THE EARTH-IONOSPHERE WAVEGUIDE
Phys. Abstr. 22346/1962; Canad. J. Phys. Vol. 40, No. 10, Pgs 1360-9,
October 1962.

J.R., Wait

The paper is concerned with the connectiion between frequency domain
and time domain for propagation in the earth-ionesphere waveguide.
Attention is focused on the extremely low frequency (elf) range. It is
assumed that the propagation constant is proportional to f , Where f is
the frequency andv is a fraction between O and 1. For such a frequency
law, the corresponding transient responses are computed. These
illugtrate a number of important points. In particular, it is indicated
that the frequency dependence of the propagation constant could be estimated
directly from the waveforms themselves without resorting te conventional
spectral analysis.
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THE PROPAGATION OF ELECTROMAGNETIC WAVES ALONG THE EARTH'S SURFACE
Electromagnetic Waves, edited by R.E. Langer, the University of Wisconsin
Press, Pgs 243-290, 1962

Je.R. Wait

No abstract

ELECTROMAGNETIC WAVES IN STRATIFIED MEDIA
Pergamon Press, Oxford, 1962
JeRo Wait

No abstract

CURVES FOR GROUND WAVE PROPAGATION OVER MIXED LAND AND SEA PATHS
EE Abstr. 5362/1963° IEEE Trans. Antennas & Prepagatien (USA),
Vel. AP-11, No, 1, Pgs 38-45, Jaruary 1963.

J.R, Wait; L.C, Walters

Specific numerical results are presmented fur greund wave propagatien
over paths wkich are part gsa and part land. The problem is idealized to
the extent that the earth is a smooth spharical surface. The methed i=
based on a previous fermulation in terms ¢f mutual impedance between two
vertical electric dipoles on an inhomogeneous sphericel earth. Amplitude
and phase of the ground wave are given fer various combinations c¢f the
following parameters; frequency 1000, 10C, and 20 kc/s; land conductivities
100 and 10 mmhos/meter; and a sea conduciivity of 4 mhos/neter. Most of
the curves exhibit the weli-known reecovery effect which osccurs beyond the
coast line fer propagation from land towards the sea.

VERY LOW FREQUENCY PRCPAGATION IN THE EARTH-IONOSPHERE WAVE GUILDE OF NON-
UNIFORM WIDTH

Phys., Abstr. 16257/1963; Ionosphere Conf., Lenden, 1962 (see Abstr.
11422 of 1953), pgs. 446-51,

J.R, Wait

An approximate theory feor propagation of electromamnetic waves in a
curved waveguide of variable widtk is eutlined. Tke method is based on a
direct appiication of the Lorentz resciprocity theorem. Tbe final result is
in the form of a iine integral which involves the prcfile of the innospheric
reflecting layer a2s a function of the horizontal distance. By making a
number of simplifications, valid fer small perturbations, the physical
consequences of noen-uniform reflecting height are evident., In particular,
it is indicated that perturbaticna at the reflecting level will iIntreduce
higher-crder modes in the waveguide,



A NOTE ON DIURNAL PHASE CHANGES OF VERY LOW FREQUENCY WAVES FOR
LONG PATHS

EE Abstr. 13890/1963; J. gesphys. Res. (USA), Vel. 68, Ne. 1,
Pgs. 338-40, 1lst January 1963.

J.Re Wait

Seme of the new experimental results on the phase of very-low-
frequency transmissions are discussed in terms of the waveguide mode
theory of proepagation using as an ionospheric model a sharply bounded
isotropic ionosphere and neglecting the effects of the earth's magnetic
field. Both theory and experiment show the existence of an interference
region due to the effects of different waveguide modss.

THE MODE THEORY OF VLF RADIO PROPAGATION POR A SPHERICAL EARTH AND A
CONCENTRIC ANISOTROPIC IONOSPHERE

Phys. Abstr. 7715/1963; Canad. J. Phys. Vol. 41, No. 2, Pgs 299-315,
February 1963.

J.R. Wait

The theory of the propagation of electromagnetic waves in the space
between a spherical cenducting earth and a concentric ionospheric
reflecting layer is treated. The problem is idealized to the extent that,
at the boundaries of this spherical waveguide, the tangential field
components are related in a prescribed way. In the case of the greund,
the relation inveolves a scalar surface impedance while, for the ionosphere,
it is necessary te¢ empley a reflectien ce-efficlent or surface impedance-
while, for the ionosphere, it is necessary te empley a reflection co-
efficient er surface impedance in the form of a matrix. On this basis
a solutien is seught for the tetal field preduced by a vertical
electric dipele. Bxpliecit results are ebtained under the assumpiion of
azimithal symmetry. By applying the Watsen transformation a represen-—
tation in terms of guided waves is obtained. This form of the solution
was used previously by the author te obtain specific results.

HELGHT-GAIN FOR VLF RADIO WAVES
EE Abstr. 5396/1963; J. Res. Nat. Bur. Stand. (USA), Vel. 67D, No. 2,
183-7, March/April 1963.

J.R., Wait, K.P. Spies

The height dependence of the field strength of vlf radio waves is
considered. Using a previously developed theory, the height-gain
function of the first two modes is calculated in terms of Airy functioens
of complex argument. It is indicated, fer frequencies of the order of
25 ko/s that the height-gain function reaches a maximum value at a
height of the order of 40 km when the reflecting layer is about 70 km.
The form of the height~gain function 1is also shown to be dependent on
the finite conductivity of the ground. An experimental ocurve for 18.0
ko/s based on a rocket measurement shows some agreement with the theory.
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THE POSSIBILITY OF GUIDED ELECTROMAGNETIC WAVES IN THE EARTH'S CRUST
EE Abstr. 703/1964; IEE Trans. Antennas and Propagation (UsA), Vol.
AP-11, No. 3, Pgs 330-5, May 1963.

J.Ro Wait

A natural waveguide for electremagnetic waves may exist in the earth's
crusto. Choosing an idealized model, the attentuation in such a guide is
calculated under more or less optimum conditioens. By choesing certain
dimensionless parameters the results may have rather broad applications to
problems of this type.

CONCERNING SOLUTIONS OF THE VLF MODE PROBLEM FOR AN ANISOTROPIC CURVED
IONOSPHERE.

EE Abstr. 12289/1963; J. Res. Nat. Bur. Stand. (USA), Vol.67D, No.3, Pgs 297-
302, May-June 1963,

J.R. Walt

The influence of earth curvature in the thsory ef reflectien from
the icnosphere is congidered. By chkoosing a rather idealized model; the
significance of usual earth-flattening procedures can be displayed quite
readily. Te simplify the analysisy, it is assumed that the earth's
magnetic field is vertical everywhere. It is shoewn that the curved
ionosphere may be represented by homegenecus planar slabs, provided the
local value of layer curvature is used. The results are compared with
some co§responding expressions obtained by Johler and Berry. Abstr. 4391
of 1963 °

INFLUENCE OF THE LOWER IONOSPHERE ON PROPAGATION OF VLF WAVES TO GREAT
DISTANCES

Phys. Abstr. 1964/2255; J. Res. Nat. Bur. Stand. (USA), Vol. 67D, No. 4,
Pgs. 375-81, July-August 1963,

JsRo Wait

Theoretical attenuation and phase characteristics at vlf are presented
for a number of idealized models of the lower ionosphere. The results
indicate the limitations of the sharply bounded model.

REFLECTION OF VLF RADIO WAVES FROM AN INHOMOGENEOUS IONOSPHERE.
I. EXPONENTIALLY VARYING ISOTROPIC MODEL

EE Abstr. 12290/1963; J. Res. Nat. Bur. Stand. (USA),Vol.67D, Ne.3, Pgs 361-~7,
May-June 1963,

J.R. Waity, L.C. Walters

The oblique reflection of vlf radic waves from a continuously stratified
ionized medium is considered. The profile cf the effective conductivity
ig taken to be of an exponential form. This is a fair representation for
the actual D layer of the ionosphere. It is shown that the gradient of the
conduoctivity change has a marked effect on the reflection characteristics.
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REFLECTION OF VLF RADIO WAVES FROM AN INHOMOGENEOUS IONOSPHERE
ITI. PERTURBED EXPONENTIAL MODEL

EE Abstr. 1265/1964; J. Res. Nat. Bur. Stand. (USA), Vol. 67D,
No. 5, Pgs 519-23, September-October 1963.

J.R. Wa.it, L.C. Walters

The oblique reflsction of radio waves from a continuously stratified
medium is considered. The medium is assumed to be isotropic. The
height profile of the effective conductivity is & Gaussian curve super—
imposed on the (undisturbed) exponential form. The reflection co—
effecient is shown to be influenced by the vertical location of the
Gaussian psrturbation. In some cases the magnitude of %the reflection
coefficient is increased while, in ether situations, it is decreased.

In nearly all cases, insofar as phase is concerned; the presence of the
perturbation cerresponds to a lowering of the reflectioen height.

REFLECTION OF VLF RADIO WAVES FROM AN INHOMOGENEOUS IONOSPHERE

III. EXPONENTIAL MODEL WITH HYPERBOLIC TRANSITION

Journal of Hesearch of Nat. Bur. of Standards, D. Radio Propagation,
Vel. 67D, No. 6, November-December 1963,

J.R., Wait, L,C. Walters

This is a continuation of two earliar papers on the subject of
reflection of waves frem inhomogeneous isotropic media. In this
particular paper an exponential cenductivity profile is perturbed in
such a manner that the conductivity is increased fer all heights above
a certain level. A hyperbolic tangent transition is employed in crder
to avoid discontinuities in the conductivity wversus height profile.

REVIEW OF MODE THEORY OF RADIO PROPAGATION IN TERRESTRIAL WAVEGUIDES
Rev. of Geephysiocs, Vol. 1, November 1963, No. 4.
J.Re Wait

This paper is an expository review of the theory of guided waves
that occur in the earth's atmosphere. We introduce the subject by
treating the problem of radio propagation around the surface of an alirless
spherical earth.

It is shown, for frequencies less than abeui 10 kc¢/a, that the
field may be desoribed in terms of flat-~earth modes analogeus to those
in a straight rectangular microwave guide. At higher frequencies,
however, the earth curvature plays a major role and the character and
excitation of the modes are changed drastically. Complications resulting
from the anisotropy of the ionosphere are alse considered. A oritical
discussion of the recent work on the subject is given.



OBLIQUE PROPAGATION OF GROUNDWAVES ACROSS A COASTLINE, I.

EE Abstr. 15861/1963; J. Res. Nat. Bur. Stand. (USi), Vel. 67D, No. 6,
Pgs 617-24, November-December 1963.

J.R. Wait

The amplitude and phase of the greundwave are calculated for
oblique propagation acress a flat lying coastline. The land and sea
are assumed to be smooth and homegeneous. Attentien is fooused en the
effects which take place near the coastline. I+ is shown that the
reflected wave depends critically on the angle of incidencs, £L s while the
transmitted wave has only a weak dependence on g, .

OBLIQUE PROPAGATION OF GROUNDWAVES ACROSS A COASTLINE, II.
EE Abstr. 15862/19633 J. Res. Nat. Bur. Stand. (USA), Vel. 67D, Ne. 6,
Pgs 25-30, November/December 1963.

J.R, Wait, C.M. Jacksen

The amplitude and phase are calculated for oblique prepagation across
a coastline with a sleping beach. In this ocase, the land and sea are
taken te be plane surfaces and the beach slepe is censtant. It is shown
that the reflected wave may be gquite significant and it has a fundamentally
different character from the reflected wave in the case of a flat-lying
coastline,

TWO-DIMENSIONAL TREATMENT OF MODE THEORY OF THE PROPAGATION OF VLF RADIO
WAVES

Radie Sic, Jeurnal ef Research NBS/USNC-URSI, Vel., 68D, No. 1, January 1964,
Pgs 81-93

J.R. Wait,

This paper is partly of a tutorial nature. The intended purpese is te
exploit the essential twe-dimensional nature of wave prepagation in the earth-
ienosphere waveguide. It is shown that without reserting te erudite
arguments in the cemplex plane, the usual working fermulas of VLF mode theory
may be derived directly from orthogonality considerations. Furthermore,
the physical insight gained by the present development immediately suggests
how the fermulas may be generalized to an earth-ienesphere waveguide of
non-uniferm width.

SOME REMARKS ON MODE AND RAY THEORIES OF VLF RADIO PROPAGATION
Radio Sci. Journal of Research NBS/USNC-URSI, Vel., 68D, Ne. 1, January 1964,

pgﬂ ° 79-800
J.R, Wait

Seme of the assumptions used in treatment of the mode theory of VLF

radio propagation are discussed briefly. The ocennections with geemetrical-
optical theories are also pointed out.
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CALCULATED DIFFRACTION EFFECTS AT VLF FROM A LOCALIZED IONOSPHERIC
DEPRESSION

Nat. Bur. Stands., Tech. Note 208, 16th January 1964.

JoRe Wait

Propagation of VLF radio waves in the earth-ionosphere waveguide
of non-uniform width is oonsidered. The disturbed region is permitted
to be of finite extent. It is assumed that the height variations may
be locally represented in terms of a propagation function S(x,y) which
is a function of both x and y. Using first-order scattering theory,
calculations are presented for a disturbed region which is approximately
rectangular in the horizontal plane,

NUMERICAL CALCULATIONS FOR REFLECTION OF ELECTROMAGNETIC WAVES FROM A
LOSSY MAGNETOPLASMA

Tech. Note. 205, November 21st 1963. Nat. Bur. Stands, Boulder,
Celorade.

L.C. Walters, J.R., Wait

No abstract

LOW-FREQUENCY PROPAGATION PATHS IN ARCTIC AREAS

J. Research (D. Radio Propagation); Nat. Bur. Stands, 63D, Pgs 99-112,
July-August 1959.

A.D. Watt, E.L. Maxwell, E.H. Whelan

No abstraot

POWER REQUIREMENTS AND CHOICE OF AN OPTIMUM FREQUENCY FOR A WORLD-
WIDE STANDARD-FREQUENCY BROADCASTING STATION

EE Abstr. 6747/1959; J. Res. Nat. Bur. Stand. (USA), V. 63D, No. 1,
Pgs. 35-44, July-August 1959.

A.,D. Watt, R.W. Plush

Calculations are presented for the expected transmission character—
istics and atmospheric noise levels in the 8-100 k¢ band. When these
are oombined with carrier-to-noise requirements for a given precision
of frequenoy comparison, it is indicated that a minimum radiated power
in the order of 10 to 100 kw for frequencies in the viecinity of 20 ke
will be required to provide worldwide coverage. Minimum observation
times of 15 to 30 min. appear to be required for these transmitter
powers in order to obtain a precision of frequenoy comparison of 1 part
in 107 for typical transmission paths. Carrier—-to-noise requirements
and the faotors determining this ratio are considered for typical
receiving systems.
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WORLDWIDE VLF STANDARD FREQUENCY AND TIME SIGNAL BROADCASTING
J. Res. Nat. Bur. Stand. (UsA), V. 65D, No. 6, November—December 1961.

A.,D. Watt, & Others

Recent studies and measurements have shown that the phase stability
of the signals in VLF region is very much higher than in the HF spectrum.
This fact, along with its excellent coverage characteristics, has caused
considerable interest in employing this medium for the wide distribution
of standard frequencies and time reference. Basic limitations in
stability of the received signals are discussed, including path phase
distortion, carrier—to-noise and envelope delay variations as related
to precise synchronisation of clocks, and highly accurate frequency
calibrations. Also included is a discussion of the present services
of standard frequency and time signals stations throughout the world at
HF, LF and VLF.

COMPARISON OF OBSERVED VLF ATTENUATION RATES AND EXCITATION FACTORS WITH

THEORY

Radio Sci. Journal of Research NBS/USNC-URSI, Vol. 68D, Ne. 1, January 1964,
Pgs 1-9.

A.D, Watt, R.D. Croghan

The properties of VLF propagating modes are briefly reviewed and
simplified equations are presented which can be employed in caloulating
the fields produced. Experimentally determined excitation factors are
compared with theoretical curves obtained by Wait and found to agree rather
closely. Attenuation rates are shown as a function of frequency and
found to agree rather closely with calculated values using a proposed
simplified perturbation solution for attenuation rates based on refleotion
coefficients at the ground and ionosphere. When employing values of
ionospheric reflection coefficients recently presented by Wait and Walters,
the non-reciprocal effects in attenuation rate are found both theoretioally
and experimentally, to be much greater in the 10 kc/s region than in the 20
to 30 kc/s region. Mnally, experimental field strength versus distance
data are compared with mode calculations and found to compare well all the
way from 1 megameter out to and including fields at the antipode (20 mega-—

meters).

EFFECT OF EXTERNAL CONDITIONS ON THE PHASE OF RADIO SIGNALS
Nature (GB), Vel. 191, 1286, 23rd September 1961.

Phys. Abstr. 11758/1962
D.E. Watt-Carter, R.L. Corke

Reports on phase aberrations of radio signals investigated with the
aid of 16 kc/s emigsions from the GBR transmitter at Rugby. Observed
causes of aberrsition are mentioned.
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HYDROMAGNETIC WAVES AND ELF OSCILLATIONS IN THE IONOSPHERE
EE Abstr. 6074/1962; J. Res. Nat. Bur. Stand. (USA), Vel. 64D,
No. 6, Pg. 650, November—December 1960.

J.ll.'. Watts

URSI National Committee Report, Lenden 1960. A brief review of
the researches perfermed in the triennium 1957 te 1960 inte hydromagnetic
waves and e.l.f. oscillatiens in the ionosphere. The hypothesis of
hydromagnetic waves has been extended to explain certain geophysical
phenomena., However, this dees not seem te explain other classes of
electromagnetic disturbances and emphasis has been placed on the theory
of travelling wave amplificatien. It has been possible te create
hydromagnetic waves in the ionosphere by means of nuclear explosions
and to ebserve these with rockets and satellites. The magnitude of
these effects is comparable with the magnitude of natural ococurrences.

THE PRESENT STATE OF KNOWLEDGE CONCERNING THE LOWER IONOSPHERE
Proc. Inst. Radio Bngrs (USA), V. 45, Pg. 741, June 1957.
A.H. Waynick

Ne abstract

ON A REFINEMENT OF THE THEORY OF THE PROPAGATION OF LONG ELECTRIC WAVES
ROUND THE EARTH

2. angew. Phys. Vel. 7, No. 2, Pgs. 77-82, 1955. 1In German.

J. Weidner

The author considers & second term in the theory of Schumann.
This is shown te be negligible for wavelengths greater than 180 km and
inadequate for wavelengths less than 40 km.

PREDICTION OF VLF DIURNAL PHASE CHANGES AND SOLAR FLARE EFFECTS
Phys. Abstr. 19044/1961; J. geophys. Res. (UsSA), V. 66, No. 9, Pgs 2733-6,
September 1961

W.D. Westfall

VLF diurnal phase shift data are cempared with predictions resulting
from the waveguide equations for the first order mode. The effects
of higher order mode energies appear to exist out te 2700 km, and may
at times affect measurements beybnd this range. A relation is given
for the prediction of diurnal phase shift for 10-20 ke radio waves.
Expressions are given for relating observed VLF phase perturbations
caused by both small and large solar flares to the resulting apparent
deoreases in ionospheric reflecting height.
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RADIO WAVE PROPAGATION IN THE EARTH'S CRUST
J. Res. Nat., Bur. Stand. (USA), V. 65D, Ne. 2, March-April 1961.
H.A., Whesaler

There is a reasonable basis for postulating the existence of a
useful waveguide deep in the earth's crust, of the order of 2 to 20 km
below the surface. Its dielectric is basement rock of very low conduc—
tivity. Its upper boundary is formed by the conductive layers near the
surface. Its lower boundary is formed by a high-temperature conductive
layer far below the surface, termed the "thermal ienesphgre" by analogy
to the well-known "radiation ionosphere" far above the surface. The
electrical conductivity of the basement rock has not been explored. An
gxample based on reasonable estimates indicates that transmission at
1.5 ko might be pessible for a distance of the order of 1500 km. This
wavegulde is loocated under land and sea over the entire surface of the
earth, It may be useful for radie transmissien from the shore to a
submarine on the floor of the ocean. The sending antenna might be a
long conduoctor in a drill hele deep in the basement rock; the receiving
antenna might be a vertical loop in the water.

VLF PROPAGATION UNDER THE IONOSPHERE IN THE LOWEST MODE OF HORIZONTAL
POLARIZATION

Radio Sci. Journ. of Research NBS/USNC-URSI, Vel. 68D, No. 1, January,
1964, Pgs., 105-113.

H.A. Wheeler

In the lower part of the VLF band, areound 4 kc/s, it appears that the
lowest rate of attenuation is obtainable by horizental pelarigation in the
TE-0l1 mede. This offers a substantial advantage relative te wvertical
poelarization in the usual TM-0l1 mede and the simple TM-00 or TEM mede.

Some types of antennas are found to be suitable for the TE-01 mode, namely,
a horizontal wire abeve ground or a vertical leep, either ene located in a
plane perpendicular te the directien of transmissioen. A theoretical study
is summarized leading te the conclusions that this mode offers some unique
features and is suitable for transmission te distances of the order of
4,000 km,

RESEARCH ON VLF PROPAGATION IN ARCTIC REGIONS - GEOPHYSICAL EFFECTS

Final Report, SRI Preoject 2176, Contract AF 19(604)-7250, Stanford Research
Inst., Menle Park, Califernia, February 1961. AD-256062

A.L. Whitsen

During the arotic winter of 1958-59, Standford Research Inst. recorded
atmospheric waveforms, direction of arrival, and rates of occurrence and
atmospheric noise levels from 12 to 30 k¢ at Fairbanks, Alaska, at Thule,
Greenland, and at St. John's Newfeundland. The bulk of the data recorded
has been reported in AFCRC~TR-60-118(4), "Arotic Atmespheric Noise and
Propagation Studies, Part A - Arctic Sferic Data — August 1958 te March

1959".
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The atmospheric noise data collected in the Arctic have been used
to determine certain geophysical effects on VLF propagation between 3
and 30 ke in arctic regions. The effect of sudden ionospheric dis-
turbances in the form of a sudden enhancement of atmospherics is
defined in the 3~ to 30-kc frequency band. Very-low-frequency propa-
gation along the Fairbanks-Thule great-circle path, as measured by
Fourier analysis of atmospherics, is non-reciprocal but disagrees with
non-reciprocal measurements at mid-latitudes. The influence of a
polar—-cap-absorption even on atmospheric noise is showm, along with
variations in atmospheric noise spectrum that are related to some un-
explained VLF propagation phenomena.

SOILE RESULTS OF A SWEEP-FREQUENCY PROPAGATION EXPZRIMENT OVER AN
1150-KM EAST-WEST PATH

J. Geophys. Research 60, Pgs 395-409, December 1955.

B. Wieder

No abstract

TWO HOP 18.6—KC/S WHISTLER-MODE ECHOLZS RECEIVED AT SEATTLE
J. Geophys. Research, Vol. 66, No. 6, Pgs 1976-1977, June 1961.
H.R. Willard.

This note describes briefly the reception at Seattle of whistler-
mode echoes from U.S. Navy Station NPG. This station, operating at
186 kc/s, has been providing special keying sequencies consisting of
a series of quarter-second pulses spaced three seconds apart. ZEchoes
from these transmissions, believed to be propagated by two~hop whistler
mode, have been received occasionally during the night-time hours.
Echoes have been heard up to approximately local sea-level sunrise.

SUBTERRANEAN COMUNICATION BY ELECTRIC WAVES
J. Brit. Instn Radio Engrs (GB), V.11, Pgs 101-111, March 1951.
H,P, VHlliams

The possibility of communications directly through the ground to
imprisoned miners is studied. A formula for the propagation of a
plane wave through a conducting medium is derived and it is shown
that because of the changing relative values of & and & , Where 6 is
the conductivity and £ the dielectric constant of the medium, the best
propagation will be achieved at very low frequency, i.e. 500 cps. This,
however, introduces the difficulty of obtaining an efficient radiator
considering first the case of two buried stations and assuming the use
of lw transceilvers each with two radiating electrodes spaced 100 m
apart, it is shown that up to = 450 m, the electrostatic field will
predominate and will give with favourable orientation of the electrodes,
= 0.3 mv. input voltage unaffected by frequency over the range 0.5 -
3.0 ke. Desirable electrodes would be 1 mm rods surface buried. For
communication between a central station and a portable transceiver,
more cfficient propagation would be achieved with one electrode buried
at tiie bottom of the main shaft and the other 1 - 2 miles away. Taking
noise level into accord and assuming a transmitter power of 50 the range
should be £ 1 km. To permit a narrow transmission band,
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communication msolely by means c¢f a key, battery and buzzer is recommended.
Full analysis on propagation and electrode design are given.

THE TRANSMITTED AND REFLECTED FIEIDSDUE TO A PLANE WAVE INCIDENT ON

A DIELECTRIC HALF-SPACE FROM A CONDUCTING HALF-SPACE

AD 251 6803 University of New Mexico, Albuquerque, New Mexico, Technical
Rept. EE-42, February 1961.

R.H. Williams

The probtlem considered in this paper assumes (a) that all space is
compesed of a conducting half-space separated by a plane boundary from
a dielectric half-space; (b) that a uniform (homogeneous) electre-
magnetic plane wave is incident upon the boundary from sources in the
conducting half-space. This problem was mctivated by consideration of
the more general problem of & radiating antenna in a highly conducting
medium such as the sea. It is shown that Snell's law and Fresnel
formulas are not adequate to ot*tain a unique selution cf the reflected
and transmitted flields: a radiation conditien is introduced as a remedy.
The relative efficiencies between the TE and the TM cases in transmitting
an electric field frem the cerndusctor to the dielectric is studied under
the assumption that the incident electric fields are censtant in
magnitude as the angle of incidence is varied. It is shown that the
TM case is more efficient by only a factor of ¢F§'exoept at very small
angles of incidence whsre the TE and TM beceme essentially the same.
Mnally, an investigation is made showing the errors and misinterpreta-
tions that can ocour if one tries to consider this problem in the light
of power reflection coeffiocients.

THE TRANSMISSION OF A PARTICULAR NON-UNIFORM PLANE WAVE ACROSS A FLAT
BOUNDARY

AD 256 2133 University of New Mexico, Albuquergue, New Mexico, Technical
rept. No. EE-47, March 196..

R.H. Williams

The formal solution is presented for the reflected and %transmitted
electromagnetic fields caused by a partisular class of non-uniform plane
waves which are incident on a plane boundary separating twe infinite
half-spaces. The specific class of non-uniform plane waves is character-
igzed by plane waves having planes of constant amplitude parallel to the
boundary ard planes of ccnstant phase with arbitrary angles of incidence.
A specific example is studied in which the medium that contains the
incident plane wave is highly ccnductive and the medium that contains
the transmitted field is non-conductive. Almost 2ll the discussien is
confined to the transmission coefficients; in particular it is confined
to the transmission coefficient for the iransverse magnetic case where
a pbenomenon appears that suggests a pseudo-Brewster angle. It is
suggested that this pseude --Brewster angle can account for some of the
properties of the flelds in air originated by s dipele submerged in a
conducting medium,
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PROPAGATION BETWEEN CONDUCTING AND NON-CONDUCTING MEDIA

AD 263 277; TUniversity of New Mexice, Albugerque, New Mexioco,
Technical rept. No. EE-50, September 1961.

R.H. Williams

No abstract

LOW-FREQUENCY BRADIO PROPAGATION.IRTQ A MODERATELY ROUGH SEA

EE Abstr. 13876/1963; J. Res. Nat. Bur. Stand. (USA), Vel. 67D,
No. 5, Pgs 551-62, September—October 1963.

D.F. Winter

Radiation from primary current sources above or at the interface
of a homogeneous conducting dielectric half-space has been studied
extensively in coennection with various communication problems. In
many cases of praoctical interest, however, the surface bounding the
conducting medium is irregular in configuration, the local deviation
of the interface from the average being a function of position and
time, The present paper desoribes a method for determining the
effect of interface irregularities upon low-frequency electiromagnetic
fields propagated within such a conductor. The electric field at a
point within the medium is expressed as a stochastic integral over the
bounding surface using the method of Stratton and Chu. As a consequence
of ocertain restrictions which are principally geometric in character,

a perturbation technique can be employed to simplify the integrand.
Following the introduoction of assumptions regarding the statistical
properties of the local surface deviations, approximate expressions are
developed for the expectation of the sub-surface field and the mean
square deviation of the field amplitude. Numerical results for this
latter quantity are obtained for the case of a vertical electric dipole
as the radiating source on the interface between free space and a
moderately rough sea. It is shown that sea surface irregularities

can produce a pronounced effect upon sub-surface fields in some
instancesy a tentative physical interpretation of the numerical results
is advanced.

SOME ASPECTS OF A RIGOROUS SCALAR TREATMENT OF ELECTROMAGNETIC WAVE
PROPAGATION

In: Electromagnetic Wave Propagation, See Page 30.

E. Wolf

THE REFRACTION OF RADIO WAVES BY A SPHERICAL IONIZED LAYER
J. atmos terrest. Phys. (GB),Vol. 16, No. 1-2, Pgs 124-35, October 1959.
E. Woyk

A general expression is derived for the refraction of radio waves

passing completely through a spherical ionized layer, using a simple ray
treatment. A similar formula is derived for the ray-path length.
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REFLECTION AT A SHARPLY-BOUNDED IONOSPHERE
Proc. Inst. Radio Engrs (USA), V. 45, P. 750, June 1957.
I.W. Yabroff

A quantitative description of the waves transmitted into and
reflected from a sharply-bounded, anisetropic ionesphere with losses
is given. Given curves show the effects of the earth's field and
losses for a particular model of the night-time E~layer at VLF.

COMPUTATION OF WHISTLER RAY PATHS
SRI Project 2241, Final Letter Report, Part II, Contract AF 18(603)-126,
Stanford Research Inst., Menlo Park, Calif., December 1959. AFOSR-TN-60-T1.
AD-233 130,
I.W. Tabroff

This is the second of two reports covering the work done on the
theory and application of ray tracing techniques to whistler prepagation
in the outer ionesphere. (See Brandstatter for Pt. 1 — "The Theory of
Prepagation of Rays in an Inhomogeneous and Anisotropic Medium").

The work reported here is an attempt te demonstrate some of the
complex phenomena of "magneto-ionic duct" prepagation. The set of
computations described here is in no sense complete or comprehensive; it
is meant énly to demonstrate a few interesting details of this mode of
propagation and to stimulate further thought and work,

COMPUTATION OF WHISTLER RAY PATHS
J. Research NBS, Vel. 65D, No. 5, Pgs 485-505, September-October 1961.
I.W. Yabroff

Caloculations of whistler ray paths in the outer ionoesphere are shown
for a variety of electron density profiité models including exponential,
constant, and columnar profiles. The Haselgrove formulation of the ray
equations was used with the magneto-ionic representation of the wave
refractive index to develop a set of differential equations for »ay
tracing suitable for inhomogeneous; anisotropic medium, The variation
of paths with frequency, latitude, initial wave-normal angle, and other
variables are examined for the purpose of providing a preliminary basis
for comparison eof the theoretical with some of the experimental results.

RECEIVING AND TAKING BEARINGS IN SEA-WATER ON ELECTRO-MAGNETIC WAVES
Telefunken 2Ztg., Germany, V. 33, No. 128, June 1960.
G. Ziehm

Very low frequency electromagnetic waves are characterized by
their ground-wave being attenuated only moderately during prepagation
round the earth. Furthermore, the drop in amplitude of the wave
penetrating the ground, and particularly sea-water, is lower than at
higher frequencies. Especially in view of the latter preperty VLF
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waves are spitable for establishing communications with submerged
submarines. If the wave penetrating sea-water is examined closer

the superiority of receiving antennas responding to the magnetic

field over other types can be perceived. When the magnetic receiving
antenna is above the water surface and its main lobe directsd to the
distant transmitter, reception will be possible in general if the

signal field strength equals the interfering field strength. In
reception in sea-water the situation is quite different. Reception

is no longer limited solely by interference picked up by the antenna

but also by the receiver's inherent noise. Since noise and interfering
voltages can be added quadratically, it can easily be shown that
reception below water is limited by receiver noise predominently Nyquist
noise) almost exclusively when the signal field strength above water is
more than five times higher than the average interference field strength.
Some formulae are derived for the depths at which reception or direction
finding is possible. If bearing shall be taken below water on a trans—
mitter the type of direction finder used plays a part as regards the
maximum depth at which reliable results can be expected. When both
aural minimum and instantaneous reading direction finders are employed
the maximum depths are less than when signals are received only.

THEORY AND APPLICATIONS OF SURFACE WAVES

Phys. Abstr. 3685/1954; Nuovo Cimento (Italy), V. 9, Suppl. No. 3,
Pgs 450-73, 1952.

F.J. Zucker

"Free" waves are defined as those whose propagation constant is
independent of the source. The nature of such waves in open guides -~
dielectric cylinders, wires with dielectric beads, dielectric-filled
spirals, etc. - are discussed. In general both transmission and
radiation modes may exist, their forms depending on the transverse
propagation constants of the guide. An outline is given of the theo-
retical treatment which provides the requireddiscrete and continuous
eigenvalues, Examples are given of open guides in which transmission
is observed in the microwave region. Analogous optical waves are
discussed and it is suggested that Zenneck waves on flat metallic
sheets are free waves and may yet be observed experimentally.
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PART II

CALCULATION OF DC AND EM FIELDS, ANTENNAS

DIE INDUKTION VON WECHSELSTROMEN IN EINER EBENEN LEITENDEN SCHICHT
2, angew. Math. Mech. (Germany), v. 2, Pg. 109, 1922,
M.V. Abraham

No abstract

FLELD OF ELECTRIC DIPOLES IN SEAWATER - THE EARTH - ATMOSPHERE -
IONOSPHERE PROBLEM
Phys. Abstr. 16061/1962; J. Res. Nat. Bur. Stand. (USA), Vel. 66D, No. 1,
Pgs. 63-72, January-February 1962.
W.L. Anderson

The theory of extremely-low- frequency radiowave propagation from
vertical and horizontal electric dipoles in a half-space, separated by an
infinite slab from another half space, is discussed and application is
made to the specific case of the seawater — atmosphere - ionosphere problem,
with dipeles located in the seawater. Each of the media is assumed homo-
geneous and isotropic. When attention is restricted to the frequency range
1 to 1000 ¢/s, integration in the complex plane leads to consideration of
the pole corresponding to the TEM mode of transmission and two branch cut
integrals. One of these (that giving rise to propagation of energy
along and in the ionosphere) ig found te be important in the case of the
horizontal dipole.,

THE HORIZONTAL ELECTRIC DIPOLE IN A CONDUCTING HALF SPACE
Scripps Instn. of Oceanography, lLa Jella, Calif., Ref., 53-33,
September 1953.

A, Banos, Jr., J.P, Wesley

This report gives a complete and thorough account of the mathe—
matical problems invelved in the determination of the electromagnetioc
field components generated by a horizontal electric dipole embedded in
a conducting half-space whose plane boundary is also horizental. The
problem is formulated by introducing the Herzian vectors or polarization
potentials and employing the technique of tripole Fourier transforms
in Cartesian ceordinates, in configuratien space as well as in transform
space. Suitable integral representations are obtained for the components
of the Herzian vectors.
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THE HORIZONTAL ELECTRIC DIPOLE IN A CONDUCTING HALF-SPACE
Scripps Instn. of Oceanography, La Jella, Calif., Ref. 54-31,

August 1954.
A, Banes, Jr., J.P. Wesley

This report, Part II, constitutes the culmination of a research
study which was descoribed initially in a paper of the same title, Part I,
that appeared as SIO reference 53-33, September 1953, and provides a
further account of the mathematical theery invelved in the determinatien
of the electromagnetic field components generated by a horizontal
electric dipole embedded in a conduoting half-space separated from the
non-conduoting medium above by a horizontal plane. In particular, a
detailed account is given of the computations invelved for points of
observation in the non-oonduoting medium when the depth of the souroe
and the height of the point of observation are small in comparisen with
the horizontal range.

CONDUCTING ANALOGS OF A MAGNETIC FIELD
EE Abstr. 623/1960; Amer. J. Phys., (USA), V. 28, Ne. 2, Pgs 139-44,
February 1960.

J.R. Barker

The distribution of electric current in a conducting medium has
a olose analegy with the distribution of magnetic flux in a geometrically
similar magnetic field. There is a second form of the analogy, when
the field is two~dimensional, in which the electric equipeotentials
correspond with the magnetic flux lines.

RADIATION OF ELECTROMAGNETIC WAVES FROM A POINT SOURCE IN A GYROTROPIC
MEDIUM WITH A BOUNDARY SURFACE

EE Abstr. 6187/1961; Radiotekhnika i Elektronika (USSR), V. 4, Ne. 11,
Pgs 1759-64, November 1959.

K.A. Barsukov

The Sommerfeld problem of the field of a poeint source in a system
of two media with a boundary of separation is generalized to the case of
gyromagnetic media. The final formulae obtained for the field oom-
ponents are complex but take a simple form under certain conditions.

As a particular case the field of a vertical radiator located at the
boundary of the ionosphere and the atmosphere is considered taking the
earth's magnetic field into account.

THE MAGNETIC FIELD OF A PLANE CIRCULAR LOOP
J. appl. Phys. (USA),V. 21, No. 11, Pgs. 1108-1114, 1950.
C.L. Bartberger

No abstract.
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LIMITING CONDITIONS FOR THE ELECTROMAGNETIC FIELD ON THE SURFACE WITH
AN ARBITRARY VALUE OF DIELECTRIC CONSTANT

See Section 1, Page 9,

F.G. Bass

LOW-FREQUENCY EDDY-CURRENT LOSSES IN A CYLINDRICAL ROD

Phys. Absir. 9183/1960; Bull. Acad. Roy. Belgique Cl. Sci., V. 45, No. 9,
Pgs 870-5, 1959.

0. Beaufays

4 general formula, giving the eddy current loss in cylindrical rods
of arbitrary section, was derived. It is found that the loss is inde-
pendent of the permeability of the material forming the o¢ylinder.

FERROMAGNETISM
Springer~Verlag, Berlin, 440 p., illus., 1939.
R. Becker and W. Doring

ON THE DIRECT ELECTROMAGNETIC EFFECT OF AN A.C. EMITTER ON THE SURFACE
OF A HOMOGENEOUS EARTH

Phys. Abstr. 2325/1955; Ann. Geophis. (PFrance), V. 7, No. 3,

Pgs 415-40, July 1954.

A. Belluigi

A brief discussion of Sommerfeld's classical theory of a horizontal
dipole is followed by a discussion of the Horton-Lewis theory. The theory
is then extended to include the variation of the dielectric constant of
the earth with frequency and finally generalized to include other types
of oscillator. Graphs and tables are included to assist in the application
of this theory to electrical prospecting.

INPUT RESISTANCES OF HORIZONTAL ELECTRIC AND VERTICAL MAGNETIC DIPOLES
OVER A HOMOGENEOUS GROUND

EE Abstr. 1191/1964; IEEE Trans. Antennas and Propagation (USA), Vel.
AP-11, No. 3, 261-6, May 1963.

B.X. Bhattacharyya

Expressions for the total power flow from a vertical oscillating
magnetic dipole and a horizontal electric dipole are employed to determine
the input resistances of both types of aerials placed above a homogeneous
and isotropic ground. Theoretical curves of the input resistance are
drawn for the two cases as a function of the normalized height of the
aerial above the ground for fixed values of the permittivity and the ratio
of conduction and displacement currents. The input resistance is affected
appreciably when the conductivity is altered only by a factor of ten.
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The curves show marked changes with ckange in perzittivity whien {the
displacement current is not negligible compared wiinh the ccnduction
current., The ratic of the height ¢f the cerial above the ground to

the radiated wavelength should be kept smaller than 0.3 to obiain

any appreciabie variatiecn of the input resistance with changes in

either the conductivity or the permittivity. Factora 2stermining

a Jjudicious choilce of itkhe height 'and the wavelength are discussed,

A comparison between & horizontal electric dipole and a verticsl
magnetic dipele ie made, so far as thelr input resistances are concerned.

ELECTROMAGNETIC FIELDS OF A VERTICAL MAGNETIC DIPOLE PLACED ABOVE THE
EARTH'S SURFACE

Phys. Abstr. 19439/1563; Geophysics (USA), Vol. 28, No. 3, Pgs 408-
25, June 1963,

B.K. Bhattacharyya

Flectromagnetic fields due to a small locp aerial placed above the
surface of a homogeneous and isoiropic earikh have been calculated. The
effect of both the conduction and displacement currents are tsken into
account. Becanse of the complexity of the functilons defining the flelds,
expressions valid separately for nigh ernd low frequencies are developed
for the electric and magnetic fleld components. Thess expressions are
then utilised to determire, for a step~Tunction current scurce, (a) the
mutual impedance function Zm(t) betwean {the primary loop and a small
length of wire and (v) tke voltage v(t) indveed in a secondary loop.

Two parametercs are used to fix the logations of the primary loop and

the receiving aerial with respect 4o the earth. 4 number of curves
are plotted showing the mutual impsdance function and the veltage funo—-
tion against time for different values of the parameters and the conduec-
tivity and the permittivity of the earth. With increase in either the
conductivity or the permitiivity, the amplitude and the rate of decay

of the two functions decrease appreciadbly. However, the amplitudes

of both Zm(t) and v(%) become smaller and the rate of decay hkigher as
the receiving aerial is gradually lifted vertically from the ground.

For ail values of permiitiviiy, the amplitude cof the mitual impedance
rises t0 & maximum with the horizontsl separaticn betwsen the two
aerials before beginring to decreasz, but at the mame time the rate of
decay of the trausient becomes faster, With incresss in the horigontal
separation, the amplitude of the veltage funcition devreases inversely
as the fifth power =f the distance between the image of tha transmitiing
dipole and the receiving aserial, but the rate c¢f decay increeses
markedly.

EXPERIMENTAL VERIFICATION OF DIPOLE RADIATION IN A CONDUCTING HALF-SPACE
EE Abstr. 1192/19645 IEEE Trans. Antennas & Propagation (USA), AP-11,
Noo 3y 269—759 M&V 19630

W.E. Blair

A laboratory size model of the flat ezrth-air (two—la"er) problen,
constructed to verify certain proposed theories on slectiromagnetic propa-
gation through the sea, is descrived. The moedelling system is used in
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scaling and measuring electromagnetic field components of electric or
magnetic aerials submerged in sea water. Specifically, the experimental
results are compared with the theory of radiation from a horizontal

electric dipole aerial submerged in the sea. The results presented here
verify that (1) the cylindrical coordinate Er and Eg field components
measured in the sea wvary with radial distance from the aerial as -3 in
the near—zone and p' and /72, and respectively, in the far-zone; (2) all
field components vary with depth, z, as exp (—zﬂf), whered 1is skindepths
EB; the Er and Eg components vary # as cos & and sin g, respéctively;

4) all field components vary linearly with length 1 and dipele current, I.
In addition, the Eg , Hp, and E, components were measured in the air as a
function of p for the statio-zone, near-zone, and far-—zone. The
modelling system representing the sea includes a cylindrical tank 11.5 ft.
in diameter, 2 ft. deep, containing a salt solution of 4 mhos/meter con—
ductivity. The transmitting frequency varied from 100 to 400 Mc/s. For
submerged aerials that can be validly scaled at least 102 in size and
10*+4 in frequency, this model can conveniently be used to verify experi-
mentally the radiation characteristics of these aerials.

DIDACTIC NOTE ON SOMMERFELD'S PROBLEM
Phys. Abstr. 24464/1964; Atti. Accad. Sci., Torino I (Italy), Vol. 96,
No. 5a-6a, 820-38, 1961-62. 1In Italian.

M. Boella, F. Einaudi

The prchblem considered is the analytical determination of the effect
of a plane finitely conducting earth upon the radiation of an oscillating
dipole. Various classical solutions are considered and ambiguities arising
from conventional definitions of a "unit" dipole are discussed.

ELECTRICALLY SMALL ANTENNAS AND THE LOW-FREQUENCY AIRCRAFT ANTENNA
PROBLEM

Phys. Abstr. 1764/1954; Inst. Radio Engrs, (USA), Trans., V. AP-1,
Pgs 46-54, October 1953.

J.T. Bolljahn

Deals with the properties of aerials which are small relative to
their operating wavelength. A brief analysis based upon quasi-static
principles is presented., and twe experimental procedures suggested by
the nature of the analytical results are described. The application of
these experimental procedures is illustrated with examples of measure-
ments made in connection with the design of 1.f. aircraft aerials.

ON THE RECEPTION OF ELECTROMAGNETIC WAVES
H. Bondi
See Section I, Page 12.
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THE INTERACTION BETWEEN ELECTROMAGNETIC WAVES AND DIPOLES
EE Abstr. 363/1954; Arch. elek. Ubertragung, Germany, V. 7,
Pgs. 463-6, Ootober 1953.

F. Borgnis

Presents a new rigorous derivation of the average real power Sy ’
that can be abstracted frem an inocident electromagnetic wave by a
dipole small compared with the wavelength. The method differs from
that of Slater (1942) in carrying out the integration over a small,
rather than a very large, spherical surface enclosing the dipole. The
method is extended to inoclude the magnetio dipele case, and in both
cases the effective oross-section for absorption is shown to be 3A2/87r.

ELECTROMAGNETIC ENERGY DENSITY IN DISPERSIVE MEDIA
Phys. Abstr. 9151/1960; 2. Phys., Germany, V. 159, No. 1, Pgs. 1-6,
1960.

F. Borgnis

General expressions for electromagnetic energy densities and
losses in dispersive media are derived. They depend in general, on
the way the fields are established. It is only when fields of
harmonio time dependenoce are established extremely slowly that the
energy beoomes independent of the transient character of the field
and ocan be represented by a simple expression.

ON THE PROBLEM OF THE PLANE OF PROPAGATION OF THE HORIZONTAL ELECTRIC
DIPOLE

G. Boudouris, D. Ilias.

See Seoction I, Pg.l3,

STUDY OF ELECTROMAGNETIC POINT SOURCES

EE Abstr. 1132/1960; Ann. Telecomm, France, V. 14, Pgs 143-50,
Nes. 5, 6, May-June 1959.

M. Bouix

A theorem is proved which shows that any.system of electro-
magnetic souroes ocan be represented by a system of applied eleotrio
and magnetic currents flowing on a surface containing all the singu-
larities of the system. Formulae are given for the ocurrents in terms
of the electrio and magnetic field oomponents at the surfaoe. The
ourrent systems giving rise to some fields expressible in terms of
spherioal polar oo-ordinates are derived and oconsideration of the field
arising from a current element shows surprisingly that a magnetio as
well as an eleotric applied current system is required to express the
field adequately.
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FERROMAGNETT SM
Van Nostrand, Illus., 1951. $22.50.
R.M, Bozorth

THE RADIATION OF A HERTZIAN DIPOLE OVER A COATED CONDUCTOR
EE Abstr. 806/1955; Proc. Instn. Elect. Engr , G.B., Monogr. No. 113 R,
15th December 1954, 18 p.

D.B. Brick

The idealized problems of an infinitesimal Hertzian dipole in and
over a perfect dielectric coating a perfect conductor and an Abraham dipole
lying on the conductor are treated. Unintegrated forms of the Hertz
potential are obtained both for electric and magnetic dipoles. Integrated
far-zone forms of the potentials and fields are obtained for electric
dipoles by means of asymptotic integratiqns. Far—zone radiation patterns
are given in order to indicate the distortion of the fields and the mag-
nitudes of the residvue waves caused by the dielectric coatings. These
show that such layers cause very large increase in the relative strength
in the direction along the surface. It is proved that the power radiated
by the dipole may be divided into two independent quantities — the power
fed to radiation-type and that fed to surface or guide—type fields. For
certain cases numerical results are given for the total power radiated
and the relative powers to feed the two types of fields. Formulaes are
derived and illustrated with numerical examples of the radiation resis-
tance of the dipoles and the attenuation coefficient of the surface
modes due to finite conductivity on the ground plane.

RADIATION FIELDS FROM A HORIZONTAL ELECTRIC DIPOLE IN A SEMI-INFINITE
CONDUCTING MEDIUM

IRE Trans Antennas & Propagation (USA), Vol. AP-10, No. 4, 358-62,
July 1962, Phys. Abstr. 20133/1962.

AW, Briggs

The radiation fields of a horizontal electric dipole in a semi-
infinite conducting medium are developed to yield a ground wave near
the surface and a space wave above it. Previous work for points of
observation slightly above the conducting medium is extended to the
entire region by including the height of the observation point in the
evaluation of the integral by the saddle point method. The effect of
burying a horizontal electric dipole is to modify the field intensity
by exp (-h/o), where h is the depth af burial and o is the skin depth
of the medium, As h approaches zero, the expressions for radiation
fields are identical with those developed by Norton.
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IMPEDANCE BETWEEN PERFECT CONDUGTORS IN A FINITELY CONDUCTING MEDIUM
WITH APPLICATION TO COMPOSITE MEDIA

EE Abstr. 1480/1964; J. Appl. Phys. (USA), Vol. 34, No. 11, 3414,
November 1963.

R.N. Buchal, J.B. Keller

The impedance is calculated between two perfect conductors embedded
in a material of finite conductivity. The result is applied to the case
of twoe large parallel perfectly-conducting electredes, between which is a
composite medium consisting of a lattice of perfectly-conducting identical
bodies, embedded in a medium of finite conductivity.

ELEKTRISCHE UND MAGNETISCHE POTENTIALFELDER
Springer-Verlag, Berlin, 1957.
H. Buchholz

THE IMPEDANCE OF AN AERTAL IMMERSED IN AN ANISOTROPIC MEDIUM
Symposium on Electromagnetic Theory and Antennas, Copenhagen.
25th - 30th June 1962.

K.G. Budden.

No abstract

THE INFLUENCE OF THE EARTH'S MAGNETIC FIELD ON RADIO PROPAGATION BY
WAVE-GUIDE MODES

See Section I, Page 22,

K.G. Budden

ELECTROMAGNETIC ENERGY IN A DISPERSIVE MEDIUM
EE Abstr. 1826/1961; Proc. Inst. Radio Engrs. (USA), V. 48, No. 9,
Pg. 1657, September 1960.

R.E. Burgess

A note pointing out that the dispersive forms of the energy are
also those required for the mean thermal fluctuation energy of the
electric (or magnetic) fields in a CR (or LR) cirocuit to comply with
the equipartition principle.

DC SIGNALLING IN CONDUCTING MEDIA

Inst. Radio Engrs (USA), Trans. V. AP-10, No. 3, Pgs 328-34, May 1962.
EE. Abstr. 11304/1962.

C.R. Burrows

The electric field produced by the dc¢ current between two spheres
is calculated and expressed in terms of input power. The attenuation
between these spheres and a pair of receivinf spheres considered as a
four terminal network is found to be B, /P =181 s a,/16r¢, where a, is
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the radius of the transmitting spheres separated by a distance 1, apart,
ap 1s the radius of the receiving spheres separated by a distance 1y,

and r is the distance between transmitter and receiver all in the same
units. This equation applies when the line joining the receiving spheres
is parallel to the line joining the transmitting spheres and perpendicular
to the direction of propagation. For colinear spheres, BZ/R is four
times as great but other factors combine to counteract this apparent
advantage. The transient responses to a unit step and a unit pulse are
calculated and presented as curves. The minimum practical pulse duration
for the former configuration is t,=6;r2/ 8 where ¢ is the conductivity

and .« the permeability all in mks units. A pulse of the same length

is more smeared in the colinear diresction and reduced in amplitude by a
factor of approximately threes, and power by a factor of nine more than
counteracting the favourable factor of four for the steady-state condition
for colinear spheres.

THE DISTRIBUTION OF THE MAGNETIC FIELD AND RETURN CURRENT ROUND A
SUBMARINE CABLE CARRYING ALTERNATING CURRENT: PART 2.

(See Drysdale, C.V., for Part 1)

Phil. Trans. (GB), V. A 224, Pgs 141-184, 1924.

S. Butterworth

No abstract

MAGNETIC FIELD OF A DIRECT CURRENT IN A SOLID CONDUCTOR OF ANY SHAPE.
APPLICATION TO CYLINDRICAL CONDUCTOR

EE Abstr. 841/1954; Rev. gen. BElect. (France), V. 62, Pgs 536-42,
November 1953.

R. Cazenave

The classical theory of the measurement of magnetic fields based
on the idea of magnetic shells is criticised and found to be useless
under certain conditions. A new theory based on Laplace's law is
explained and the properties of magnetic fields and vector potentials set
out. The modified formula and laws of Ampre are obtained for a part of
the cirouit with, as a special case, the one where the formula approximately
reduces to the classical form, The existence of a scalar magnetic
potential outside the conductor carrying the currents, and the orthogonality
of the magnetic field and vector potential of a c¢ylindrical current, are
considered.

ARC LENGTHS ALONG THE LINES OF FORCE OF A MAGNETIC DIPOLE
J. Geophys. Research, Vol. 61, Pgs 485-488, September 1956.
S. Chapman, M, Sugiura

Formulas and tables for the arc length along the lines of force of
magnetic dipole are given with reference to the earth treated at a sphere.
These tables may prove useful in connection with the study of radio
whistlers and of the motion of charged particles along the lines of geo-
magnetic force.
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FIELD OF A LOW-FREQUENCY ELECTRIC DIPOLE SITUATED ON THE SURFACE OF A
UNIFORM ANISOTROPIC CONDUCTING HALF-SPACE

Phys. Abstr. 14740/1963; Zh. tekh. Fiz. (USSR), Vel. 32, No. 11,
Pgs 1342-8, November 1962. In Russian. English translation in:
Soviet Physics - Tech. Physies (USA), Vel. 7, No. 11, Pgs 991-5,

May 1963.

D.N. Chetaev

Fok's problem (1933) of the field of a low-frequency ocurrent
situated on the surface of a stratified isotropic conducting half-space
is here extended to the case of a stratified anisotropic medium in which
the horizontal and vertical components of the conductivity tensor are
unequal. The solution is expressed in terms of tabulated functions,
and its values on the surface of the half-space are expressed in
elementary functions.

ETUDE D'UN SYSTEME A 4 BOBINES POUR LA PRODUCTION D'UN CHAMP MAGNETIQUE
HOMOGENE

Z. Angew. Math. Phys. (Switzerland), V. 12, Pg. 458, 1961.

P. Cornag

No abstract

SKIN EFFECT. CALCULATION OF THE EFFECTIVE RESISTANCE OF CONDUCTORS
CARRYING ALTERNATING CURRENT

EE Abstr. 1391/1953; Péonica (Portugal), V. 26, Pgs 151-6, December
1952,

A.A, De Carvalho Ferrandes

The prepagation of the electromagnetic field in a semi-~-infinite
conductor is considered on the basis of Maxwell's equations and the
exponential decrease of current, using the Poynting vector, and the
effective resistance of conductors of rectangular and of cirocular
cross—~section is calculated. A table gives values of d.c. and of a.c.
resistance for various high frequencies.

RADIATION OF PULSES GENERATED BY A VERTICAL ELECTRIC DIPOLE ABOVE A
PLANE, NON-CONDUCTING EARTH

EE Abstr. 6806/1961; Appl. Sci. Res. (Netherlands), Vol. 8, No. 4,
Pgs 369-77, 1960.

A.T, de Hoop, H.J. Frankena

At a height h above a plane, non-conducting, earth a vertical

electric dipole emits an impulsive electromagnetic wave. The resulting
electromagnetic field in the air is determined; it consists of a
reflective wave which is superimposed upon the given incident wave.
The Hertzian vector corresponding to the reflected wave is expressed
in terms of a single integral over a finite interval; this interval
is written in such a form that its numerical evaluation can easily be
performed.
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IMPEDANCE OF AN ANTENNA IN A CONDUCTING MEDIUM

EE Abstr. 1000/1963; IRE Trans. Antennas and Propagation (USA), Vol.
AP-10, No. 5, Pgs 648-50, September 1962

G.A. Deschamps

Proves that the following familiar proposition still holds when
the medium characteristic constants are complex numbers (e.g. lossy
medium): the impedance normalized to that of the medium takes the
same value at frequency w in a medium of index n as it does at frequency
nw in a medium of index 1. The result is applied to an aerial with
TEM-waveguide feed,

THE DISTRIBUTION OF A MAGNETIC FIELD AND RETURN CURRENT ROUND A SUB-
MARINE CABLE CARRYING ALTERNATING CURRENT. PART I,

(See Butterworth, S, for Part II.

Phil, Trans. (GBS, V. A 224, Pgs 95-140, 1924.

C.V. Drysdale. ‘ !

No abstraot

ATIR-TO-UNDERSEA COMMUNICATION-ELECTROMAGNETIC FIELDS IN THE TWO MEDIA,
CAUSED BY VERTICAL AND HORIZONTAL ELECTRIC DIPOLES IN AIR.

S.H. Durrani

See Section I, Page 32,

ATR ~TO-UNDERSEA COMMUNICATION WITH ELECTRIC DIPOLES
S.H. Durraxli N
See Section I, Page 33,

ATR-TO-UNDERSEA COMMUNICATION

EE Abstr, 7244/1962; Proc. Inst. Radio Engrs (USA), Vol. 50, No. 1,
Pgs 96-7, January 1962.

S.H. Durrani

This letter outlines the author's method, developed in the
reference paper (EZngineering Bxperimental Station, University of New
Mexioo, Albuquerque, Teoh. Rep. EE-61 (September 1961)) for obtaining
solutions to the Sommerfeld integrals over the 'quasi-near' range for
the fiqlds produced by a submerged aerial, and gives the approximate
¥ and components in this range for both a vertioal and a horizontal
dipole.
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ON THE ELECTROMAGNETIC RADIATION FROM A PULSED DIPOLE IN THE PRESENCE
OF TWO MEDIA

Offioe of Naval Research, London, QNRL-30-61, 23rd March 1961

L,B., Felsen

In recent years, oconsiderable interest has been shown in problems
of electromagnetic radiation from pulsed souroces. This report desoribes
a simplified method of analysis employed by de Hoop and Frankena
(Blectro-teohnical Dept., Institute of Technology, Delft, Netherlands)
for the determination of the fields due to a pulsed dipole situated in a
uniform dissipationless, dielectric half-space with & plane boundary.

SUBMERGED ANTENNA CHARACTERISTICS
EE Abstr. 1183/1964; IEEE Trans. Antennas & Prop. (USA), Vol. AP-11,
No. 3, Pgs 296-305, May 1963.

R.C. FenWick’ W.L. weeks

Gives the results of a theorstical and experimental study of the
characteristios of aerials in lossy environments, such as aerials buried
in the earth or sea. The results of experiments to determine the input
impedance of and current distribution on wires of different sizes,
insulating thicknesses, depths and environments are summarized and ocom-
pared to a simple theory. A figure of merit called relative communiocation
efficiency (RCE) for submerged aerials is defined. A table of formulae
for RCE of common aerial types is presented and the theoretical results
are compared to experimental values obtained by fleld strength measure-
ments.

ELECTRIC FIELD IN THE OCEAN OF A SUMBERGED HORIZONTAL DIPOLE
Soripps Instn. of Ooeanography, La Jolla, Calif., Ref. 53-14,
H.G. Ferris

The structure of the electric fields in the ocean produced
by & submerged horlzontal antenna is studied theoretically by a method
which is essentially an extension of Sommerfeld's work on the problem
of the horizontal antenna over an arbitrary plane earth. From the
results of Sommerfeld's work together with that of Norton, expressions
are found for the electric field components in terms of oertain basio
integrals. Evaluation of the integrals describing the fields in the
water is carried out for the case of low frequenoy and ranges of less
than a wavelength in air but greater than a wavelength in water. The
method employed in this evaluation follows an argument suggested to
the writer by work of Niessen based upon Green's integral theorem,
and oonsists of extending down into water expressions of Wise and Van
der Pol for the integrals along the interface. Thus analytical
expressions for the electric field components in the water are obtained
whioh are valid for the ranges and frequencies indicated and which are
suitable for computational purposes.
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THE FIELD OF A PLANE WAVE NEAR THE SURFACE OF A CONDUCTING BODY
V.A. Fock,
See Section I, Page 38,

THE INTERPRETATION OF CHARACTERISTICS AND FUNDAMENTAL EQUATIONS OF THE
ELECTROMAGNETIC FIELD

EE Abstr. 5297/1960; Periodica Polytech. Eleot. Engng. (Hungary),

V. 3, Pgs 197-215, 1959.

G. Fodor

Electromagnetic fields in vacuum may be defined sclely by the
electric field intensity vector E and the magnetic flux density wvector
B, The same quantities describe the field also in continuous media
if the material is represented by bound charges and currents. However,
this representation is too general to be useful even in the analysis
of very simple problems. The introduction of the well-known electric
displacement vector D and the magnetic intensity vector H becomes very
desirable. The question of the independent existence of these latter
vectors is investigated and the conclusion made that the D and H vectors
are vector potential-like quantities which are not unequivecally
determined by the defining eguations.

THE POTENTIAL DUE TO A CURRENT DIPOLE IN AN INFINITE CONDUCTING SLAB.
ESL Technical rept. No. 18, 15th May 1953, Yale University, New Hawen,
Conn.

D. Foster

A current dipole of arbitrary orientation is embedded in a uniform
conductor bounded by infinite parallel insulating planes. The potential
is the sum of the potentials due to the parallel and perpendicular
components into which the dipole moment is resolved. Using the method
of images, the potential due to either component is the sum of the
potential arising from two infinite uniformly spaced collinear arrays
of dipoles. Matbhematically, the problem is to find an approximation
to the sum of a slowly converging series of positive terms. This is
done in such a way that the arithmetical work is shortened and the relative
error is always less than any desired number. Curves are given which
show how the errors of certain very simple approximations depend on
position in the field. Equipotential surfaces are shown for the
parallel component. For this case, at distances greater than twice the
thickness, the equipotential surfaces are very close to the circular
cylinders characteristic of a linear dipole of uniform density in an
unbounded conductor.
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ELECTRIC POTENTIAL PRODUCED BY TWO POINT CURRENT SOURCES IN A HOMO-
GENEOUS CONDUCTING SPHERE

Phys. Abstr. 825/1953; J. appl. Phys. (USA), V. 23, Pgs. 1225-8,
November 1952

Eo Frank

The electric potential produced by a positive and negative point
current sources located in a homegeneous oonducting sphere, a problem
of interest in the field of eleotrocardiography, is obtained for
arbitrary source looations and separations. Certain special ocases
of the gpneral solution that are of particular value both experimental
and theoretical electrocardiographio researoh are also presented.

ON THE DISTORTION OF A STATIC, HOMOGENEOUS FIELD IN AN ANISDTRQPIC.
MEDIUM CAUSED BY AN ELLIPSOIDAL CAVITY FILLED WITH ANOTHER ANISOTROPIC
MEDIUM

Symposium on Eleotromagnetic Theory and Antennas, Copenhagen, 25th -
30th June 1962

V. Frank

No abstraoct

ON THE PENETRATION OF A STATIC HOMOGENEOUS FIELD IN AN ANISOPROPIC
MEDIUM INTO AN ELLIPSOIDAL INCLUSION CONSISTING OF ANOTHER ANISTROPIC
MEDIUM

Electromagnetic Theory and Antennas, Proceédings of Symposium held at
Copenhagen, Denmark, June 1962, edited by E.C. Jordan, Pg. 615-623.
V. Frank

It is shown that a homogeneous field in an anisotropic medium
will penetrate into an ellipsoidal inclusion of another anisoetropio
medium in such a manner that the field in the inc¢lusion is also homo-
geneous. The relation between the outer and the inner field is
established, and a method for constructing the tensor of depolarizing
ooefficients for the system is given. The tensor depends both on the
shape of the ellipsoid and on the properties of the symmetriocal part
of the tensor of permittivity of the outer medium. The case of an
elliptic oylinder, which presents some special features is also con-—
sidered.
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GENERATION OF UNIFORM MAGNETIC FIELDS BY MEANS OF AIR-CORE COILS
Phys. Abstr. 20097/1962; Rev. sci. Instrum (USA), Vol. 33, No. 9,
Pgs 933-8, September 1962.

W. Franzen

The generation of uniform magnetic fields over extended regions
of space by means of circular coils of large cross—-sectional area is
analysed. It is shown by an extension of Garrett's theory of axially
symmetric magnetic fields that the optimum shape of the coil cross-
section can be found analytically without numerical integration over
the winding area. The theory is illustirated by application to Helm—
holtz coils and double Helmholtz coils of rectangular cross-section.
Choice of the optimum dimensions makes it possible to generate very
uniform fields of great intensity.

SUBMERGED VLF RECEPTION. A STUDY OF VARIOUS LOOP COUPLING METHODS.
U.S. Neval. Res. Lab., Washington, D.C. Rept. No. B-2872, 31st December
1946, illus.

3.V. Fratianni

This prcblem provides for research to yield more effective sub-
merged reception, the present phase relating to the attainment of the
best energy transfer from the collecting loop to the receiver. Various
coupling units available to the service have been studied. While the
study of coupling is the prime consideration, it was found desirable
to include the limitations of the various couplers and their useful-
ness to the Navy. This report contains electric and mechanical
information, such as, sensitivity comparisons of various ccupling methods,
operating characteristics, and mechanical and electrical recommendations.

DISPLACEMENT CURRENTS AND MAGNETIC FIELDS
Phys. Abstr. 12293/1963; Amer. J. Phys. Vol, 31, No. 3, 201-4,
March 1963.

A,P, French, J.R. Tessman

The methods of calculating fields due to quasisteady currents in
closed and unclosed circuits are reviewed. It is emphasised that it is
sufficient to apply the Biot-Savart law to all the moving charges and to
ignore the vacuum displacement current. Attention is drawn to a basic
error in the widespread practice of treating a circuit containing a
capacitor as though the fringing fields could be ignored and the displace—
ment current replaced by conduction currents confined to the gap between
the plates.
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ON THE ELECTROMAGNETIC RADIATION FROM A VERTICAL DIPOLE OVER THE
SURFACE OF ARBITRARY SURFACE IMPEDANCE

EE Abstr. 5592/1960; J. Radio Res. Lab. (Japan), V. 6, Pgs 269-91,
April 1959.

K. Furutsu

A rigorous and explicit;  solution is obtained for the problem of
the electromagnetic radiation from a vertical dipole located over a
flat surface of arbitrary surface impedance Z. The solution is valid
throughout the whole range of frequency and space. Though there are
four asymptotic expansions, the expansion by Hadamard's method seems
to have the most explicit physical meaning. According to this expan-—
sion, only the ordinary surface wave can be present explicitly on the
condition of argnﬁi—JT:Z;h/4. On the other hand, variation of the
field over a spherical surface due to the change of surface is investi-
gated by the use of the ordinary Van der Pol and Bremmer formula with
slight modification. In this case, when arg (Z)77f/3 and Z is larger
than some definite value Z, one of the terms of the formula is found
to have the asymptotic form similar to the surface-wave term in the
flat surface case and, when the surface is highly inductive, it becomes
the leading term at a large distance from the dipole. The height-~gain
factor of this term first decreases rapidly with height up to some
point and then gradually increases. On the other hand, when Z & Z,,
the leading term can scarcely have the correspondence with that in a
flat surface case. Finally, the propagation of surface wave over
spherical surface across several boundaries of discontimuity of the
surface impedance is considered. The leading term is found to take
the simple form as in the ordinary tramsmission line. The results in
the case of a flat plane are derived from these results as asymptotic
forms in the 1limit of infinite radius of curvature of spherical surface.

IMPULSE EXCITATION OF A CONDUCTING MEDIUM
EE Abstr. 6706/1960; Inst. Badio Engrs (USA), Trans. V. AP-8, No. 2,
Pgs 227-8, March 1960.

J. Galejs

The depth of penetration into a conducting medium, where sinusoidal
surface excitation generate peak magnetic fields or derivatives equal
to those of an impulse~type surface excitation, is calculated. Finite
pulses generate fields similar to those of a surface impulse provided
they are sufficiently short. The maximum permissible pulse duration
is proportional to the square of the specified penetration depth. In
order to exhibit minimum attenuation, the excitation field must be
unipolar over a time period comparable with the transient duration.
Such fields may be generated within the induction field of the source.
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EXCITATION OF VLF AND ELF RADIO WAVES BY A HORIZONTAL MAGNETIC DIPOLE
Phys. Abstr. 7142/19613 J. Res. Nat. Bur. Stand. (USA), V. 45D, Ne. 3,
Pgs 305-11, May-June 1961.

J. Galejs

The v.l.f. and e.l.f. modes excited by a horizontal magnetic
dipole (vertical loop) in the spherical shell between & finitely conducting
earth and an isotropic sharply bounded ionosphere are shown tc have a
nearly transverse magnetic character. The modes are similar to those
of a vertical electric dipole. With the exception of the zero-order
mode the propagating modes excited by the magnetic dipole are of slightly
higher amplitudes, provided that the far fields of the horizontal magnetic
and vertical electric dipoles are equal over flat earth in the absence of
ionosphere. The transient fields generated by a current step in the
magnetic dipole are in the first approximation similar to the fields
generated by a current impulse in a vertical electric dipole. Response
of the zero~crder mode cf the magnetic dipole is calculated.

SCATTERING FROM A CONDUCTING SPHERE EMBEDDED IN A SEMI-INFINITE

DISSIPATIVE MEDIUM

Applied Research Lab. Sylvania Electronics Systems, Waltham 54, Mass,
Submitted to: J., Res. Nat. Bur. Stand. (USA s Section D, Radio Propagation,
1962. Phys. Abstr. 497/1963.

J. Galejs.

The conducting sphere is embedded in a semi-infinite dissipative
medium and is excited by a surface wave or by vertical electric and
horizontal magnetic dipoles from the lossless half-space. The sphere
acts as a combination of horizontal magnetic and electric dipoles. Its
dipole moment depends on the wave incident from the interface of the two
media and on the multiple reflections between the sphere and the interface.
The transient reflections are calculated after establishing the overall
harmonic response of the system.

SMALL ELECTRIC AND MAGNETIC ANTENNAS WITH CORES OF A LOSSY DIELECTRIC
EE Abstr. 13845/1963; J. Res. Nat, Bur. Stand. (USA), Vel. 67D, No. 4,
Pgs. 445-51, July-August 1963.

J. Galejs

A small loop aerial which is wound on a spherical dielectric core is
compared with & cylindrical dielectric filled capacitor. Beth aerials
provide comparable radiation resistance and reactance for equal aerial
volumes, The electric field near the loop is weaker than in the vicinity
of the capacitor. This makes the efficiency of the loop less affected by
the presence of a lossy dielectric core. For equal efficiencies and
volumes of both aerials, the loss tangent of the dielectric in the loop
aerial may be higher than that of the comparable capacitor type by a factor
of at leastC A /?21&)]2 where a is the aerial radius. Praoctical design
problems are discussed and an approximate method for estimating the losses
in loop cores of arbitrary shape is presented.
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PRODUCTION OF A UNIFORM MAGNETIC FIELD BY MEANS OF AN END-CORRECTED
SOLENOID

Rev. Sci. Instrum, (USA), V. 31, No. 9, Pgs 929-934, September 1960.
M.E, Gardner, and others

No abstract

THE FIELD OF A PULSED DIPOLE IN AN INTERFACE
Ingt. of Math. Sciences, New York University, New Yerk, N.Y.
C.S. Gardner, J.B. Keller

No abstract

AXTALLY SYMMETRIC SYSTEMS FOR GENERATING AND MEASURING MAGNETIC
FIELDS, PART I.

J. Appl. Phys. V. 22, Pg. 1091, 1951.

W. Garrett

No abstract

TABLES OF THE INTERNAL MAGNETIC SOURCE FUNCTIONS Un FOR THICK

SOLENOIDS AND DISK COILS

n=3ten =17, te Cesine Arguments, 8 te 5 Decimals, with Second
differences. With a short Table of the External Source Functions Wp
numerioal examples of some applications of the funotions, with notes,
equations, and auxiliary tables.

AD 221303 Research Corp., Ann Arbor, Michigan, 13 p. plus tables. 1953.
M.W. Garrett

No abstract

FLUX DENSITY IN A CYLINDRICAL AND UNIFORM COIL OF FINITE LENGTH
Phys. Abstr. 11749/1962; C.R. Aoad. Sci. (Franoe), Vel. 254, Ne. T,
Pgs 1216-18, 12th February 1962. In French.

J. Gelard

The flux density is derived in terms of elliptic integrals of
the first and the third kinds fer a finite and a semi-infinite coil.
Special formulae are previded for the flux near the edges of coils.

CALCULATION OF INDUCED MAGNETIC MOMENT IN AN OBLATE FERROMAGNETIC
ELLIPSOID . OF REVOLUTION IN AN ALTERNATING MAGNETIC FIELD.

Soviet Physics-Teohnioal Physics, (USA), translated from Zh. tekh. Fiz.,
(USsr), V. 28, No. 3, Pgs 592-598, 1958.

L.A. Gel'bukh

No abstraot
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THE RADIATIQR-TO-MEDIUM COUPLING IN AN UNDERGROUND COMMUNICATION
SYSTEM

Proc. Nat. Elect. Conf. (USA), V. 16, Pgs 279-289, 1960.

R.N. Ghose

No abstract

A VLF ANTENNA FOR GENERATING A HORIZONTALLY POLARIZED -RADIATION FIELD.
Tech. Rept. 2, Contract AF 18(600)-1552, Electrical Engineering Dept.,
California Insit. of Technology, Pasadena, Calif., (July 1957).
AFOSR-TN-57-9.  AD-115 041.

R.,M. Golden, R.S. Macmillan, W.V.T. Rusch.

The radiation fields of a half-wave, horizontal, -linear antenna,
located at the surface of an imperfect earth, have been calculated. The
results of this caloulation are as follows:

(1) A horizontally polarized field is radiated in the plane normal
to the centre of the antenna.

(2) A vertically pelarized field is radiated along the axis of
the antenna.

(3) The vertically polarized field is zero in the plane normal
to the centre of the antenna.

The methods used in this technical report to analyze the radiation
properties of this antenna can be generalized to certain types of more
complicated antenna=systems.

DESIGN AND CONSTRUCTION OF EQUIPMENT USED TO OPERATE A COMMERCIAL POWER
LINE AS A VERY LOW FREQUENCY ANTENNA.

Tech. Rept. 3, Contract AF 18(600)-1552. Electrical Engineering Dept.,
Calif. Inst. of Technology, Pasadena, Calif., (1st October 1958
AFOSR-TN-58-908.  Ad-204 514.

R.M. Golden, and others

A system which employs a single-phase, medium veltage power line as
a VLF transmitting antenna has been described, and the design and con-
struction of the necessary components have been presented. Excluding
the safety network, the only equipment necessary to convert the line into
an antenna was: ’

4 high-voltage parallel-resonant circuits
2 low-voltage parallel-resonant circuits
4 series resonant circuits

Although most of this equipment is available -commercially, it was found
necessary to construct several of the above components. A number of
possible uses of this antenna system in vertical propagation experiments
have been suggested. However, this paper describes only the theory and
details of construction of the system as an aid to researchers who may
desire to construct a similar system.
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IMPEDANCE OF LONG ANTENNAS IN AIR AND IN DISSIPATIVE MEDIA
Phys. Abstr. 1945/1963; J. Res. Nat. Bur. Stand. (USA), Vol. 67D,
No. 3, Pgs 355-60, May-June 1963.

D.W. Gooch, C.,W. Harrison, Jr., R.W.P, King, T.T. Wu.

Graphs are provided for the normaligzed impedance of centre~
driven oylindrical dipele aerials when immersed in air or in a dissi-
pative medium. The electric half-length ranges from 1 to 100 fer
dipoles in air and from 1 te 19.7 for dipoles in a dissipative medium.
Three ratios of radious of the aerial te wavelength have been used.
The properties of the medium are expressed in terms of the ratio a/g8
in the range from zero to one where 4 and & are, respectively, the
real and imaginary parts of the complex propagation constant k.

SOME PRELIMINARY EXPERIMENTAL TESTS OF A NOVEL METHOD OF RADIATING
AT VERY LOW FREQUENCIES

Phys. Abstr. 19015/1961; Nature (GB), Pgs 332-3, April 22nd 1961,(Vol.10).
R.N. "Gould

Descoribes the use of a long narrow peninsular (in Loch Long-Gare-
loch area) composed of poorly conducting material, as a radiator at
vel.f. The cable energizing the radiator was placed across the root
of the peninsular, its ends were earthed in the sea and power was fed
into its mid-point. The transmitter delivered 50 W at 10 kc/s.
Genuine radiation effects were observed and an attempt was made to
determine impedance characteristics of the radiator.

THE ELECTRIC DIPOLE IN A LOSSY MEDIUM
Proc. of the Nat. Electroniocs Conf., V. 12, Pgs. 858-869, 1956.
L.A. Gregory

No abstract

THE MAGNETIZATION OF LONG CYLINDERS IN WEAK CONSTANT FIELDS
Latv. PSR Zinat. Akad. Vestis (USSR), No. 2, (151), Pgs 73-7, 1960.
G. Grinberg

It is shown that it is most convenient in caloulating the field
within a long magnetic rod to use a variable which is the length
variable referred to the radius. It is also necessary to take account
of the permeability of the material. It is shown that for long
cylinders, the field distribution depends much more on the permeability
than on the position at which the field is measured. The distributions
which are derived are in terms of two special funotions which are given.
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PENETRATION OF TRANSIENT ELECTROMAGNETIC FIELDS INTO A CONDUCTOR
Phys. Abstr. 7204/1959; J. appl. Phys. (USA), V. 30, Ne. 5,
Pgs. 682-6, May 1959.

A. Grumet

The case of a uniform electric field, infinite in extent, abruptly
applied to the plane face of a semi-infinite condfictor is considered.
The amplitude of the field as a function of distance into the conductor
and of time is then determined for different conductivities. The time
element and distance for ignoring the displacement current term in
Maxwell's equations is determined. Finally the time and space nature
of the applied electric field at distances far removed from the semi-
infinite conductor is considered.

METHOD OF DETERMINING MAGNETIC FIELDS OF DISTRIBUTED CURRENTS

EE Abstr. 1486/1964; - Zh. Tekh. Fiz. (USSR), Vol. 33, No. 5, Pgs 636-8,
May 1963. In Russian. English trans. in: Soviet Physics-Technical
Physics (USA), Vol. 8, Ne. 5, Pgs. 473-4, November 1963.

D.Bo Gu.rvj.ch, E.Ao SV‘ya.dOShch

Considers the problem of calculating the magnetig field produced
by distributed currents in a medium (i.e. ourrents produced by stationary
electric currents flowing from electrodes in the medium). Formulae for
the spherical polar components of the magnetic field are obtained in
terms of the multipole ceefficients of the potential of the distributed
current potential.

GROUND SYSTEM STUDIES OF HIGH POWER VLF ANTENNAS
W.EBE. Gustafson, T.E. Devaney, A.N, Smith
See Section I, Page 47.

ANTENNA MODEL STUDIES RELATED TO THE DESIGN OF THE NORTH ATLANTIC VLF
TRANSMITTING STATION

Research & Development Rept. for June 1955 to lst March 1958. NEL
Report 844, US Navy Electronics Lab. San Diego, Calif., 19th December
1958. AD-217 424.

W.B. Gustafson, T.E. Devaney, N.H. Balli.

Model studies of three antenna types - the Goliath, the Trideco,
and the Triatic — were conducted as part of a comprehensive vlf systems
gtudy conducted in connection with design of a 2-megawatt transmitting
station to be built at Cutler, Maine. The straight-forward ground
system design of the Goliath and Trideco antennas makes them preferable
to the Triatic. For economy and ease of maintenace, grounded outer
towers and guys are superior to insulated structures. For a given
radiated power and efficiency, guyed structures are more economical than
unguyed structures. The measurement techniques employed are appended.
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DESIGN CRITERIA FOR BURIED ANTENNAS
Boeing Aireraft Co., Preliminary Report D2-7760, January 1961.
A, W, Guy, G. Hasserjian

No abstract

EXPERIMENTAL DATA ON BURIED ANTENNAS
Boeing Aircraft Co., Preliminary Report D2-11190
AW, Guy

No abstract

ELECTRIC AND MAGNETIC IMAGES

Proc. Instn. Elect. Engrs. Mongr. 379, publ. May 1960, 88 p.
to be published in Part C.

P, Hammond

The method of images as applied to electrostatic, magnetestatic
and electromagnetic fields is investigated. By considering the
uniqueness of the field it is shown within what limits the methods
can safely be used, and rules are given for its use. The application
of the method is illustrated by a discussion of the electric field near
a cylindrical cathode and the magnetic fields near the end-windings
of electrical machines.

THE ELECTRIC FIELD AT THE GROUND PLANE NEAR A DISK-LOADED MONOPOLE
Phys. Abstr. 16040/1962; J, Res. Nat., Bur, Stand. (USA), Vol. 66D,
No. 2, 205~-10, March-April 1962.

J. Hansen, T. Larsen

In calculating groeund losses for aerials with a ground-wire
system, it is necessary to know the vertical electric-field strength
and the tangential magnetic field strength at the surface of the
ground. In this paper the vertical electric field strength at the
ground plane near the bass of an electrically short vertical aerial
with a top loading in the shape of & circular disk is calculated,
Numerical computations are carried out to seme extent.

RADIATION AND RECEPTION WITH BURIED AND SUBMERGED ANTENNAS
Electromagnetic Theory and Antennas, edited by E.C. Jexdan.
Proceedings of a Symposium held at Copenhagen, Denmark, June 1962,

Pgs 1173-1177.
R.C. Hansen

Antennas in lossy media and propagation aleng loss interfaces
have, like optics, been enjoying a postwar renaissance after many
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decades of theoretical and experimental efforts. However, much of the
literature on the subjeot is either highly mathematical or fragmentary.
The purpose of the paper is to trace in broad fashion the historical
development, to discuss the several approximate solutions to the field
integral, to derive merit factors, and to present a physical picture of
the radiation mechanism,

RADIATION AND RECEPTION WITH BURIED AND SUBMERGED ANTENNAS

EE Abstr. 1180/1964; IEEE Trans Antennas & Propagation (USA), Vol.
AP—ll’ NO. 3, Pgs 207"'15, May 19630

R.C. Hansen

Intends to present a link between the abstruse boundary value
problem solutions and the systems engineer. A brief bibliographic
review of the boundary problem is given, followed by a discussion of
the several approximate solutions and their regions of validity. The
propagation path, for almost all practical: applications, consists of
an evanescent wave from the transmitting aerial to the surface where
a conventional Norton surface wave is exocited. Part of the wave
energy leaks into the lossy medium, thus reaching the receiving aerial.
Merit factors are given for three types of aerisl loops and dipoles in
insulating radomes, and an insulated long wire with end electrodes. A
particularly useful merit factor, relative gain, which relates vertically
polarized power per unit solid angle over the surface to total input
power, is defined. The long wire is shown to be appreciably superior
to loops or dipoles. Among the latter two, superiority depends on the
relative sizes of radome, skin depth and wavelength. A simplified
physical model is presented wherein the fields of the long wire are
are derived from a vertical quadripole of conduction current. Due to
the low mutual impedance between aerials in lossy-media, some array
gain ocan be realized without concomitant beam sharpening.

LOW-FREQUENCY SUBSURFACE ANTENNAS
EE Abstr. 1190/1964; IEEE Trans. Antennas & Prop. (USA), Vol. AP-11,
No. 3, Pgs 225-31, May 1963.

G. Hasserjian, A.W, Guy

The fields of a dipole in a gsemi-infinite conducting medium are
disoussed and experimental verification of theoretical approximations
presented. From these results, concepts and oriteria are developed
to determine optimum, subsurface aerial configurations. Impedance
and matual coupling properties of such aerials are disocussed in the
compansion paper entitled "Impedance Properties of Large Subsurface
Antenna Arrays"., (See Abstr. 1208 of 1963).
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SOME THEORETICAL CONSIDERATIONS ON INDUCED POLARIZATION
Phys. Abstr. 3602/1958; Gecphysics (USA), V. 23, No. 2,
Pgs. 299-304, April 1958.

J.H. Henkel.

The phenomenon of induced polarization is treated as an induced
electremotive force, leading to a polarization constant which is
included in the effective resistivity of polarizable materials, such
as earth materials. The transmission of sinusecidal electromagnetic
waves through a polarizable earth is treated fer frequencies above
30 o/s. The pslarization induced in a twe-layer earth is treated
theoretically and calculations are presented.

FORCES AND FIELD STRENGTHS IN THE ELECTROMAGNETIC FLELD

EE Abstr, 3931/1960; Elektretech. u. Maschinenbau, (E. u. M)
(Austria), V. 76, Ne. 24, Pgs 608-13, 15th December 1959.

H., Hofmann

Explains the distinoction between "direct" and "ponderomotive"
forces in the electromagnetic field and relates them to the field
vectors,

EQUIVALENT DIAGRAMS FOR ELECTROMAGNETIC FLELDS
EE Abstr. 12524/1963; Arch. Elektrotech, (Poland) Vel. 12, No. 1,
39-46 (1963). In Polish. '

J. Hryfozuk

Presents a method of obtaining equivalent diagrams fer electro-
magnetic fields by expanding operational impedance expressions into
continued fractions. To illustrate the method three examples most
cften met have been considered, viz. a conducter with a circular
ocross—-section, a cable screen and a single-wire cverhead line. In a
relatively simple way an equivalent diagram may be obtained without
exact knowledge of the behaviour of the analysed eleotromagnetio
field. Diagrams thus ebtained are valid fer processes of arbitrary
type, which enables simple modelling of complex configurations and
opens new analytical possibilities.

REMOTE CONTROL BY "NEAR" MAGNETIC FIELD

EE Abstr. 237/1960; Electronic Industr. (USA), V. 18, No. T,
Pgs. 82-5, July 1959.

J.J. Hupert

The induction field is compared with the radiation field and its
characteristics studied. The pattern of the near electric field is
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similar to that of the far field but its intensity is lower than that
of the near magnetic field. The polarization of the near magnetic
field is elliptical but at very near distances it becomes linear again.
Plots of the magnetic field for the two conditions are given and
optimum orientation for the receiving aerials are indicated.

THE MAGNETIC FIELDS OF A FERRITE ELLIPSOID
Ca-nad' J' Phys- V. 36, Pgs. 1072—1083’ 1958.
R.A. Hurd

Approximate expressicns are found for the internal and the adjacent.
external magnetic fields of a small ferrite ellipsoid under plane wave
excitation. Consideration is given to the variation of apparent sus—
ceptibility with the size of the ferrite.

THE INSULATED DIPOLE ANTENNA IMMERSED IN A CONDUCTING MEDIUM
Electromagnetic Theory & Antennas, edited by E.C. Jordan, Proceedings
of a Symposium held at Copenhagen, Denmark, June 1962, Pgs 1179-1182.
K. Iizuka

It is the object of this investigation to measure the driving-
point admittance and the amplitude and the phase distribution of the
current relative to those at the driving-point for an insulated cylin-
drical antenna immersed in a conducting medium.

AN EXPERTMENTAL STUDY OF THE HALF-WAVE DIPOLE ANTENNA IMMERSED IN A
STRATIFIED CONDUCTING MEDIUM
EE Abstr. 13440/1962; IRE Trans Antennas & Propagation (USA), Vol.
AP-10, No. Pgs 393-9, July 1962,
K. i%uka, ﬁ’W; . %ing ’ f

Measurements are described of the driving-point admittance and
the amplitude and phase distributions of the current for a half-wave
dipole aerial immersed in a stratified medium for various gradients S
of the ratio. e fwg €, b+sx, where the origin of the co-ordinates is
at the driving point of the dipole aerial and the x axis is along the

aerial. The study includes a desoription of the apparatus, a dis-
cussion of the effect of the nylon films separating the layers, and an
interpretation of the data. Reference is made to the possible

application of a half-wave dipole aerial to the detection of an inhomo-
geneity in a medium,

THE DIPOLE ANTENNA IMMERSED IN A HOMOGENEOUS CONDUCTING MEDIUM

EE Abstr. 13439/1962; IRE Trans Antennas & Propagation (USA), Vol.
AP-10, No. 4, Pgs 384-92, July 1962.

K. Iiguka, R.W.P. King

It is the object of this investigation to measure the driving-point
admittance, the amplitude distribution of the current, and the phase
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distribution of the ocurrent, relative to the phase at the driving-point
for a dipole aerial immersed in a homogeneous conducting medium. Measure-
ments of the driving-point admittance were made for & range of values of
the ratio 0°/lE €, of the medium taking the eleotrical height of the
antenna & h as a parameter. The ratio o’/&w€ €. is varied from

ofeoe €, = 0,036 to o/wE€r€o = 8.8 and the aerial height & h is varied
fromA A h = 0,1 to 277 at intervals of O.l. The amplitude and phase
distribution of the ourrent have been measured forBh =177/2,

3ﬁ74;ﬂ3 and 5/47r in a homogeneous conducting medium whose conductlivity
is varied frome jfwe £, = 0.036 to o/we €, = 8.8.

THE DIPOLE ANTENNA AS A PROBE FOR DETERMINING THE ELECTRICAL PROPERTIES
OF A STRATIFIED MEDIUM

EE Abstr. 5337/1963; IRE Trans Antennas and Prop. (USA), Vel. AP-10,
No. 6, Pgs 783-4, November 1962.

K. Iizuka, R.W.P. King

A note describing in detail, with numerical results, a simple
experiment using a sub-divided (electrolytic) tank in which is immersed
a miorowave dipole aerial. Admi ttance measurements demonstrate the
limi ted volume within which a change of medium conductivity is
observable, and hence that the dipole can be used to examine localized
inhomogeneity.

EFFECT OF A DISSIPATIVE MEDIUM OF FINITE SIZE ON ANTENNA MEASUREMENT
Phys. Abstr. 21977/1963; J. Res. Nat. Bur. Stand. (USA), Vol. 67D,
No. 4, Pgs. 397-403, July-August 1963.

K. Iiguka, R,W.P. King

An experimental investigation was made of the driving-point
admittance of a dipole aerial immersed in a finite dissipative medium
in order to obtain fundamental information about the dependence of
the admittance upon the size of the medium. This information is
intended to assist in determining the size of a tank filled with a
dissipative medium for use in studying the properties of aerials in
such a finite medium. The effect of reflections from the side and
back walls was investigated quantitatively by means of sixteen tanks
of different sizes. It was shown that a shift in the position of an
aerial from the centre of the tank is equivalent to enlarging the
dimensions of the tank. A resonance phenomenon was observed and
studied in terms of (a) the distortion of the admittance ocurve as a
function of the size of the tank, (b) the distribution of the current
on the eaerial, (c) the fregquency characteristics of the field intensity
inside the tank, and (d) the sensitivity of the system to perturbation.
Certain precautions to be taken in the design of a dissipative~solution-
filled tank are disocussed briefly.
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NUMERICAL RESULTS FOR THE SURFACE IMPEDANCE OF A STRATIFIED CONDUCTOR
Nat. Bur. Stand. (USA), Boulder Labs., Boulder, Colorado, Technical
Note. No. 143, 19th March 1962.

C.M. Jackson, J.R. Wait, L.C. Walters

Extensive numerical ressults are presented for the surface impedance
of a horizontally stratified conduoting medium, Both two~-and three-—
layer models are considered and the results are given for both normal
and oblique incidenoce.

SOLENCID PATR FOR PRODUCTION OF A SEVENTH-ORDER EXTERNAL FIELD
Phys. Abstr. 5374/1960; Rev. sci. Instrum. (USA), V. 31, No. 2,
Pgs 171-2, February 1960.

J.A. Jungermann, C.G. Patten

The magnetic field is caloulated for a ooaxial pair of solenoids
having an external axial field which deoreases as the inverse seventh
power of the distance from the solenoid oentres. The effect of
finite coil thickness is discussed,

WIRBELSTRCME UND SCHIRMUNG IN DER NACHRICHTENTECHNIK
Springer-Verlag, Berling, 1959,
H. Kaden.

DEGREE OF COHERENCE OF THE ELECTROMAGNETIC FIELD

Phys. Abstr. 19437/1963; Phys. Letters (Netherlands), Vol. 5, No. 3,
Pgs 191-2, 1lst July 1963.

B. Karczewaki

A formila is derived for a quantity which serves as a definition
of the degree of ooherence of an electromagnetic field. This oan be
determined experimentally, since the formula invelves observational
quantities,

SYSTEMATIC IMPROVEMENT OF QUASISTATIC CALCULATIONS

Symposium on Electromagnetic Theory and Antennas, Copenhagen, 25th to
30th June 19€2.

S.N. Karp

No abstract.
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THE HALF-WAVE CYLINDRICAL ANTENNA IN A DISSIPATIVE MEDIUM: CURRENT
AND IMPEDANCE

Phys. Abstr. 12701/1960; J. Res. Nat. Bur. Stand., (USA), V. 64D,
No. 4, Pgs 365-80, July-August 1960.

R, King, C,W, Harrison

An integral equation for the distribution of current along a
cylindrical azrial in a conducting dielectric is derived. It is shown
that the boundary conditions for an aerial in such a medium are
formally the same as for an aerial in free space. The equation is
solved for the current I and the driving-point impedance 2 by means of
a technigue that achieves sufficiently high accuracy in the leading
terms of an iteration procedure so that the higher-order terms do not
need to be evaluated. Moreover, these leading terms consist only of
trigonometric functions with complex coefficients. The electromag-
netic field in the infinite dissipative medium may be computed
relatively easily since the current in the aerial is expressed in
such simple terms. A numerical analysis is made to determine the
properties of an serial with an electrical length of one~half wave-
length in the medium with conductivity and relative dielectric
constant € . Universal curves are given of I4E, with o/w& € as
the parameter and Z+&y with 0°/w€,€y as the variable in the range
QSU%DQ E,£0.4. A table of numerical values of the impedance is given
for media such as an isotropic ionosphere, dry salt, dry earth, west
earth, and lake water.

DIPOLES IN A DISSIPATIVE MEDIA

Phys. Abstr. 7746/1962; AD 253 465; Cruft Lab., Harvard University,
Cambridge, Mass., Technical Rept., No. 336, 42 p., illus. 1961.

Also published in EM Waves Symposium, Madison, 1961 (see Abstr. 9255/
1962), Pgs. 199-241. EE Abstr. 11288/1962.

R.W.P, King ’

The problem of a highly conducting cylindrical aerial immersed
in a homogeneous isotropic, dissipative medium is examined in detail.
An integral equation is obtained for the current on the aerial and
an approximate solution obtained by iteration. The electromagnetic
field of the aerial is also caloulated and the particular cases of the
half-wave dipole and the electrically short aerial are examined in
great detail.
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THE TRANSIENT RESPONSE OF LINEAR ANTENNAS AND LOOPS
EE Abstr. 11277/1962; IRE Trans Antennas & Prepagation (USA), Vol.
AP-10, No. 3, Pgs 222-8, May 1962.

R.W.P. King, H.J. Schmitt

The transient response of straight wires and circular loops when
short pulses are applied is studied experimentally and theoretically.
It is shown that the initial response is always that of an infinitely
long aerial at a frequency near the upper limit of the frequencies con-
tained in the pulse provided this is sufficiently short so that the
first reflection from the end of the wire or loop is not superimposed
on it.

THE COMPLETE ELECTROMAGNETIC FIELD OF A HALF-WAVE DIPOLE IN A DISSI-
PATIVE MEDIUM.
EBE Abstr. 1193/1964; IEEE Trans. Antennas & Propagation (USA),
Vol. AP-11, No. 3, Pgs 275-85, May 1963.
R.W.P, King, C. Iizuka

The electromagnetic field of a dipole aerial immersed in a homo-
geneous isotropic dissipative medium is studied theoretically and
experimentally. Expressions are obtained for the electric and magnetic
fields both near and far in terms of currents and admittances that are
more accurate than in conventional formulations. The elliptically
polarized field near a half-wave dipole is evaluated theoretically and
compared with experimental measurements over a wide range of values of
attenuation.

SOME VECTOR FORMULAE AND EXAMPLES OF THEIR APPLICATION

Phys. Abstr. 5579/1953; Fysik T. (Denmark), No. 3-4, Pgs 101-112,
No. 5-6, Pgs 163-75, 1952

H.L. Knudsen

Series of vector formulae based on (a) Gauss's theorem, (b) Stokes's
theorem, and (c) a line integral over a closed loop are derived and
illustrated in problems in (a) electric, (b) magnetic polarization and
(o) the field due to a current loop.

EARTH CURRENTS NEAR A TOP-LOADED MONOPOLE ANTENNA WITH SPECIAL
REGARD TO ELECTRICALLY SMALL L—AND T-ANTENNAS

Phys. Abstr. 11294/1959; J. Res. Nat. Bur. Stand. (USA), V. 62, No. 6,
Pgs 283-96, June 1959.

H.L. Knudsen

An investigation has been made of the ground currents near a top-

loaded monopole with non-azimuthal symmetry. Formulae have been developed
for the surface current density produced by an inclined, straight wire
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over a horizontal ground plane for an arbitrary current distribution
on the aerial., Working formulae have been developed and numerical
calculations of the surface current density on the ground plane have
been carried out for the case of a small aerial with a linear current
distribution. These results have been used for the calculation of
the contribution to the surface current density due to the top loading
in the case of an L-aerial and in the case of a T-aerial. In each
case both the absolute value of the surface current density arising
from the top loading and the relative value of its & -component under
certain circumstances may be important in calculating the ground losses
in the case of a system of radial ground wires.,

THE ELECTRIC FIELD AT THE GROUND PLANE NEAR A TOP-LOADED MONOPOLE
ANTENNA WITH SPECIAL REGARD TO ELECTRICALLY SMALL L- AND T-ANTENNAS,
J. Research (D, Radio Propagation) Nat. Bur. Stands. 64D, Pgs 139-151,
March-April 1960

H.L. Knudsen, T. Larsen

No abstract

THE AMPLITUDE AND PHASE OF A FIELD WHEN THE COMPONENTS ARE DISTRIBUTED
ACCORDING TO LOGNORMAL LAW

EE Abstr. 12522/1963; Radiotekhnika i Elektronika (USSR), Vol. T,

No. 12, Pgs 1988-96, December 1962. In Russian.

L.E., Kopilovich, S. Ya Braude

Calculates the amplitude, phase, and phase difference distributions
N R I 2
xfzﬂgmzf),y&A(%Efz
where x, ¥y are the components of the random_ electric (ma?neticg field
1 i

vector}/é = Inx=1ny, and %6‘2 = (1n x)‘-e -(1n x)2 = ny)
(1n y)=<. The norme general case is then considered when

| x1 &N Cu% 62),/y/£/\(/¢,2"6’2)

when

TRANSFORMATION OF SOUND AND ELECTROMAGNETIC WAVES AT THE BOUNDARY OF
A LIQUID CONDUCTOR IN A MAGNETIC FIELD

Phys. Abstr. 72/1962; Zh., eksper. teor. Fiz. (USSR), V. 41, No. 4,
(10), Pgs 1195-1204, October 1961.

V.M. Kontorovich, A.M. Glutsyuk

Calculates the electromagnetic field which arises when a sound
wave strikes the boundary between a conducting liquid and a non-con-
dudting medium in a weak magnetic field. The amplitude of the sound
wave diverging from the interface on which electromagnetic waves are
incident is also determined. (BEnglish translation in Soviety Physiecs
JETP (UsA)).
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THE LATER STAGE OF THE ESTABLISHMENT OF A MAGNETIC FIELD IN A LAYERED
MEDIUM

Phys. Abstr. 2081/1963; Izv.Akad.Nauk. SSSR, Ser. geofiz, 1962; No. 4,
Pgs 506--13. In Russian. English trans. in: Bull, Acad. Soci. USSR,
geophys. Ser. (USA), No. 4, Pgs 332-6, (April 1962; publ. July 1962).
K.P. Koroleva, 0O,A. Skugarevskaya

Caloulations are given for the later stage of the establishment of
a magnetic field in two layered and three layered media with a non-conducting
base. The field is generated by a grounded dipele or ungrounded loop.
Curves are calculated for different distances from the source.

BASIC EXPERIMENTAL STUDIES OF THE MAGNETIC FIELD FROM ELECTROMAGNETIC
SOURCES IMMERSED IN A SEMI-INFINITE MEDIUM

J. Res. Nat. Bur. Stand. (USA), V. 64D, No. 1, January-February 1960.
M.B. Kraichman

Using electromagnetic sources, consisting of various dipoles and
loops immersed in a concentrated sodium chloride solution, measurements
were made verifying the magnetic field propagation equations in air,
derived previously by several authors. The receiver was farther away
from the source than a wavelength in the conducting medium, but much
closer than a wavelength in air. An expression is derived giving the
value of the magnetic field in air due to a rectangular loop with a
horizontal axis by assuming the loop to consist of two electric dipoles
corresponding to the horizontal members. Experimental data verifying
this expression are presented. Also, using submerged electric dipoles,
measurements were made of the magnetic field in air which show that the
field is determined solely by the current in the horizontal radiating
wires of the dipole,

THE SELF IMPEDANCE OF A CIRCULAR LOOP IN A CONDUCTING MEDIUM

U.S. Naval Ordnance Lab., White Oak, Maryland, NAVWEPS Report Neo. 7290,
8 p, 1960.

M.B. Kraichman

Integral expressions are derived for the radiation resistance and
external self inductance of a circular loop immersed in a conducting
medium, These expressions are evaluated for the case where the radius
of the loop is much smaller than a wavelength. The radiation resistance
and external self inductance are expressed in terms of their values in
air plus a correction term due to immersion. Values of the correction
terms are plotted as a function of a loop-wave parameter.
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IMPEDANCE OF A CIRCULAR LOOP IN AN INFINITE CONDUCTING MEDIUM
Phys. Abstr. 15878/1962; J. Res. Nat. Bur. Stand. {(USA), Vol. 66D,
No. 4, Pgs 499-507, July-August 1962.

M.B. Kraichman

Expressions are derived for the resistance and reactance of a
circular loep of thinly insulated wire which carries a uniferm ocurrent
and is immersed in a conducting medium, The results for the resistanoce
is compared with that known for a circular lcop in spherical insulating
cavity,.

INDUCTION IN A SMALL LOOP MOVING WITH A MAGNETOSTATIC DIPOLE TOWARDS
A CONDUCTING HALF-SPACE.

J.Res. Nat. Bur. Stand. (USA), Vel, 66D, Ne. €, Pgs 731-5, Nevember-
December 1962. Phys.Abstr. 5810/1263.

M.B. Kraichman

A fermal solution is obtained for the magnetic field preduced by
a vertiocal magnetostatic dipesle which moves in free space at a oconstant
velooity along the rormal to a conducting half-space. Where the
velocity of the dipoele is much less than that eof light, the field in
free space is governed by Laplace's equaticen, and that in the cenducting
half-space by the diffusion equation. An expression in clesed ferm is
derived for the veltage induced in a small leep meving witbh the dipeole.
For certain values of the parameters, simplified expressions are
obtained for induotien, Nimerical results are presented for certain
cases.

MAGNETIC FIELD OF A FINITE SOLENOID
Phys. Abstr. 6129/1953; Latv. PSR Zinat. Akad. Vestis, (USSR),
No. 9, Pgs 1473-82, 1951.
P.E. Kunin, I.M, Taksar.

Magnetic field ¢f a soleneid of finite iength is calculated within
an infinitely thin layer an the surfaoce of the solenoid and its com-
ponent along the solencid's 2xis is equal tc zero. The solutien is a
funection involwing full elliptical integrals.

FORCE-FREE COILS FOR MACNETIC FIELDS OF INFINITE LENGTH
Phys. Abstr. 11752/1962; 2Zbh.tekk. Fiz. (USSR), Vel., 31, No. 6, Pgs 650-6,
June 1961, In Russian,

A.A. Kuznetsov

A method is given for computing the magnetic ferces in colls of
infinite length whick preduce axial arnd azimuthal magnetic Fields, The
conditions are found which mus¥ be satisfied rigorously by force—free coils
of this kind.. (English trans. in "Soviet Physics — Technioal Phyeics
(UsA), Vol. 6, No. 6, Pgs 472-5, Decsmber 1961).
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NEW METHOD OF COMPUTING ELEMENTS OF THE MAGNETIC FIELD IN THE UPPER
HALP-SPACE ACCORDING TO AN ASSIGNED (ON SURFACE) DISTRIBUTION OF
VERTICAL COMPONENT A Z.

Phys. Abstr. 21675/1962; Izv, Akad. Nauk SSR, Ser. geofiz, 1962,
No. 3, Pgs 317-353 In Russian.

M.I. Lapina, V.N. Strakhov

A new method is advanced for computing the potential fields in
an upper half-space from the distribution on the plane of the observed
vertical field component, of greater accuracy and requiring less work
than those previously suggested. (English trans. ins Bull. Acad. Sci.
USSR, geophys. Ser. (USA), No. 3, Pgs 215-26, March 19623 publ. June 1962).

NUMERICAL INVESTIGATION OF THE EQUIVALENT IMPEDANCE OF A WIRE GRID
PARALLEL TO THE INTERFACE BETWEEN TWO MEDIA

Phys. Abstr. 16057/1962; J. Res. Nat, Bur. Stand. (USA), Vol. 66D,
No. 1, Pgs T-14; January-February 1962.

T. Larsen

Based on a formula derived by Wait; a numerical investigation of
the equivalent impedance of a wire grid parallel to the plane interface
between two homogeneous media (ground and air) was carried out. The
calculations, which are of special interest to ground wire system
design, are carried out for the grid placed in the air as well as in the
ground.

THE E-FIELD AND H~FIELD LOSSES AROUND ANTENNAS WITH A RADIAL GROUND
WIRE SYSTEM

Phys. Abstr. 16039/1962; J. Res. Bur.Stand. (USA), Vol. 66D, No. 2,
Pgs 189-204, March-April 1962.

T, Larsen

Describes an investigation of the ratio beitween the E-field and the
H-field losses per unit area, and the absolute value of these losses
around a half-wavelength monopole, a quarter-wavelength monopole, and
around electrically short monopoles with as well as without top-loading
all of them with a radial ground wire system.

A NOTE ON THE ANALYSIS OF THE FIELDS OF LINE CURRENTS AND CHARGES
EE Abstr. 4890/1962; Proc. Instn. Engrs (GB), Monogr. 466 V. 109 C.
Pgs 86-90, August 1961.

P.J. Lawrenson

Republicatien of the paper already abstracted as Abstr. 4913/1961.
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DISCUSSION ON "ELECTRIC FIELD OF AN OSCILLATING DIPOLE ON THE SURFACE
OF A TWO LAYER EARTH"

Geophysios, (USA), V. 11, Pgs. 535-537.

W.B. Lewis

No abstract

RADIATION FROM A HORIZONTAL DIPOLE IN A SEMI-INFINITE DISSIPATIVE
MEDI UM

J. appl. Phys. (USA), V. 24, No. 1, January 1953

R.H. Lien

Expressions for the electric field due te an oescillating horizontal
dipole placed in a semi-infinite dissipative medium have been derived
for the case when the frequency is low. The main work invelves the
evaluation of some complex integrals which have been reduced to forms
for numerical computation.

ELECTROMAGNETIC FIELD OF A DIPOLE SOURCE ABOVE A GROUNDED DIELECTRIC
SLAB

EE Abstr. 3433/1954; J. appl. Phys. (USA), V. 25, 733-40, June 1954.
Y.T. Lo

A theoretical investigation of the electromagnetic waves due to
a dipole source above a grounded dielectric slab has been made by
integral transforms. The solutions in integral form are evaluated
asymptotically for distant field. It is found that the fields consist
of a space wave and a surface wave. The former, spherical in nature,
predominates in the free space, while the latter, cylindrical in nature
and with a finite number of modes, is guided along the dielectric. As
a result of the existence of at least one pole of the integrand, this
surface wave always exists. At the dielectric surface, the zeroe-order
spherical wave has a null value except the case of critical :thicknessj
then it should be referred to the next-order solution.

GEOMETRICAL MODEL OF ELECTROMAGNETIC FIELDS

EE Abstr. 13/1964; Amer. J. Phys., Vel. 31, Ne. 11, Pgs 871-82,
November 1963.

E.S. Lowry

The electrostatic field, electromagnetic waves, ¢lectvemagnetic
induction, and the pure magnetic field are illustrated and explained
in terms of a alngle pictorial representation of the general electro-
magnetic field of a classical. charged particle. The field of a charged
particle is described by the orientation and density of a family of
surfaces radially distributed about the path of the particle in space-
time. This desoription of the Maxwell field requires no reference to
any co-ordinate system or field components.
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A VERY-LOW FREQUENCY ANTENNA FOR INVESTIGATING THE IONOSPHERE WITH
HORTZONTALLY POLARIZED RADIO WAVES

R.S. Macmillan, W.V.T. Rusch, R.M. Golden

See Secotion I, Page 68.

A VLF ANTENNA FOR GENERATING A HORIZONTALLY POLARIZED RADIATION FIELD
Prepublication Papers NBS-IRE PGAP Symp. on Propagation of VLF Waves,
Boulder, Colorado, 23rd-25th January 1957, Vell. II, Paper 18.

R.S. Macmillan, R.M. Golden, W.V.T. Rusch

The radiation fields of a half-wave, horizontal, dipole antenna,
located at the surface of an imperfect earth, have been calculated. The
results of this caloulation are as follows:

1. A horigzontally polarized field is radiated in the plane normal to
the centre of the dipole.

2. A vertically polarized field is radiated along the axis of the
dipole.

3. The vertically polarized field is zero in the plane normal to the
centre of the dipole.

The nature of these fields have been verified experimentally.

A NEW ANTENNA TO ELIMINATE GROUND WAVE INTERFERENCE IN IONOSPHERIC
SOUNDING EXPERIMENTS

J. Atmos. Terrest. Phys. Vol. 13, Nos. 1-2, Pgs 183-186, December 1958.
R.S. Macmillan, W.V.T. Rusch, R.M. Golden.

Calculations of the radiation fields of a half-wave, horizontal
linear antenna show characteristics ideally suited to ionospheric sounding.
Three of these antennas have been builts (1) at 97 ko, (2) at 60 ke,
and (3) tunable over 14 to 70 ko.

IMPEDANCE OF A MONOPOLE ANTENNA WITH A RADIAL-WIRE GROUND SYSTEM ON AN
IMPERFECTLY CONDUCTING HALF-SPACE. 1I.

J.Res.Nat. Bur, Stand. (USA), Vol. 66D, No. 2, Pgs 175-80, March-April,
1962. Phys. Abstr. 16037/1962.

S.W. Maley, R.J. King.

The effectiveness of a radial wire ground system as an approximation
to a radial conducting disk ground system for a vertical monopole antenna
over an imperfectly conduocting ground is investigated experimentally by
means of impedance measurements. The results were compared with theoretical
work by J.R. Wait (1954). The comparison shows that Wait's formula for
the effective surface impedance of a radial wire ground system gives results
which agree well with the measurements.
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THE ELECTROMAGNETIC FIELD PRODUCED BY AN ELECTRIC DIPOLE IN A WEDGE
SHAPED REGION

Dokl, Akad. Naukk SSSR, Vel. 146, No. 5, Pgs 1039-42, 11lth Oct. 1962.
In Russian. English trans. in: Soviet-Physics-Doklady (USA).

Phys. Abstr. 5845/1963

G.D. Malyuzhinets, A.A. Tuzhilin

Considers the problem of diffraction of elesctremagnetic waves by a
wedge shaped obstacle. The method used is a generalization of one first
used by Carslaw (Proc. Lond. Math. Soc., Vel. 30, 121 (1898)) and dev-
eloped by one of the present authors (Malyuzhinets, 1950). As an example
of the method the problem considered is the vector problem of the deter—
mination of the field of an electric dipole in a wedge shaped region with
perfectly conductive boundaries.

AXTAL VARTATION OF THE MAGNETIC FIELD IN SOLENOIDS OF FINITE THICKNESS
AD 48 076; TUniversity of Illinois, Urbana, Illinois, 14 p, plus tables,

1954.
D.E. Mapother, J.N. Snyder

No abstract

THE FIELD OF A MAGNETIC DIPOLE IN THE PRESENCE OF A CONDUCTING SPHERE
Geophysics, (USA), V. 18, Pgs 671-84, 1953.
HE.W., March

Formulas are derived for the components of the distorted field
of a magnetic dipole in the presence of a conducting sphere in a homo-
geneous medium. In the method employed, the field is reselved inte
partial fields and the first of which the radial component of the
magnetic vector vanishes. From the general formulas, approximate
formulas are derived for the field components in the special case in
which the conductivity of the medium is low, the radius of the sphere is
not teo large and both the dipole and the observer are in the vicinity
of the sphere. These approximate formulas are within limits applicable
to the problem of locating a spherical body of ere turied in a mass of

rock.

APPARATUS DRAWINGS PROJECT. REPORT No. 2. MAGNETIC FIELD OF A C

CIRCULAR COIL
Phys. Abstr. 1179/1960; Amer. J. Phys. V. 28, No. 2, Pgs 147-50, Feb.1960.

R.G. Marcley

The apparatus to be described will permit a quantitative investi-
gation of the magnitude and direction of a 3-dimensional, cylindrically
symmetrical B field, produced by a current-carrying coil., A 400 c/s
current through the coil produces a time-varying field which is measured
with an accuracy of 2% by a moveable research coil, simple preamplifier,

and a.c. voltmeter,
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THE EQUIVALENCE OF ELECTRIC AND MAGNETIC SOURCES
Inst. Radio Engrs (USA), Trans. V. AP-6, No. 3, July 1958.
P.E. Mayes

The convenience of introducing nonphysical magnetic current sources
into electromagnetic analysis has long been recognized. The distributions
of electric currents which yield the same fields are well known for some
elementary magnetic current sources. The derivation of a general equiva-
lence relation is quite simple and the application to various problems of
propagation in waveguides is quite useful.

ON THE GENERATION OF HOMOGENEOUS MAGNETIC FIELDS
SACLANT ASW Res. Cent. Technical Note No. 7, March 1961.
P.E. Mijnarends

In this report a brief account is given of a method of designing
coil systems meant to give a magnetic field with prescribed properties.
This method, first published by M.W.Garrett, greaitly reduces the number
of calculations. After a short review of the underlying theory some
simple coil system for the generation of homogenecus magnetic fields are
designed.

RADIATION RESISTANCE OF A DIPOLE ANTENNA ABOVE A CONDUCTING PLANE WITH
A VIEW TO RADIO-GEOPHYSICAL PROSPECTION

Phys. Abstr. 4850/1959; Proc. Math. Phys. Sec. Egypt, No. 21, Pgs 93-8,
May 1957.

F. Minaw

A study is made of the properties of a dipole aerial above a con-
ducting plane. I+ is found that the radiation resistance of the dipole
increases with increase of frequency, till a maximum is reached. After
this the radiation resistance varies periodically. From the frequency
for the first maximum, it is possible to calculate the distance of the
dipole from the conducting plane. For geophysical applications, the
present investigation is used as a model for the case of a conducting bed
or underground water lying under dry sand in an arid region.

FIELD SOLUTION FOR A DIPOLE IN AN ANISOTROPIC MEDIUM

Electromagnetic Theory and Antennas, Proceedings of a Symposium held at
Copenhagen, Denmark, June 1962, edited by E.C. Jordan, Pgs 495-512,

R, Mittra, G.A. Deschamps

In this paper, Maxwell's equations are solved for an anisotropic
medium in the presence of an infinitesimally small electric current
source with an arbitrary orientation. Three—dimensional Feurier transforms
technique is used to obtain the selution of the field equations, and the
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inversion of the transferms is discussed in detail. The singular
terms representing the very near fields are obtained in a oclosed

form and the remainder of the solution is expressed in a finite range
integral whose integrand is finite everywhere, making the form of the
solution convenient for numeriocal calculations. Unlike the solutions
obtained by the previous workers, the present one is not restricted
either to the far field evaluation or to a lossless medium.

DESIGN CHARTS FOR LOW-FREQUENCY ANTENNA EFFICIENCY
EE Abstr. 2158/1962; Eleotronics (USA), V. 34, Ne. 14, Pgs 90-2,
Tth April 1961

G.J. Monser

In 1.f, systems the designer must be able to prediot the conver-
sion efficienocy from the transmitter output power to useful radiated
power compatible with the radiation bandwidth. Two nomograms are
given which enable (1) attainable conversion efficiency to be found
knowing aerial size, operating frequenoy and bandwidthj (2) conversion
efficiency and aerial size to be found knewing radiated power and band-
width. The method is an extension of one desoribed by the author
previously (Electronios, Vol. 33, Ne. 12, 18th March 1960). The nome-
grams are valid for vertical short monopole aerials up to 0.1 wave-
length.

ANTENNAS IN CONDUCTING MEDIA

Paper Summary presented URSI-IRE Spring meeting, Washingten, D.C.
16th-18th April 1951, Proo. Inst. Radio Engrs. (USA), V. 39, No. 6,
June 1951.

R.K. Moors

A chief difficulty arises from high losses in the immediate
vicinity of the antennas. The input impedance te an antenna in a
oonduoting medium is essentially due te current flowing near the
antenna and bears little relation te the field at a distance. Methods
for analyzing certain kinds of antennas are shown and results of
analysis are compared.

DIPOLE RADIATION IN A CONDUCTING HALFP-SPACE

Phys. Abstr. 5478/1962; J. Res. Nat. Bur. Stand. (USA), V. 65D,
No. 6, Pgs 547-63, November-December 1961

R.K. Moore, W.E, Blair

The problem of communioation between aerials, submerged in a
conducting medium such as seawater, is analysed in terms of a dipols
radiating in a conducting half-space separated by a plane boundary
from a dieleotrio half-space. The theory is discussed for both
horizontal and vertical, electric and magnetic dipeles.
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) Expressions for the Hertzian potentials of the dipole in the conduct-
ing half-space can be reduced te integrals obtained by Sommerfeld (for a
dipole at the boundary) multiplied by an exponential depth attenuation
factor. The Hetzian potentials are used to determine the electric and
magnetic field components. This analysis shows that the main path of
communication between submerged aerials is composed of three parts as
follows: (a) energy flow from the transmitting dipole directly to the
surface of the sea, (b) creation of a wave that travels along the surface
refracting back into the sea, () energy flow normal to the surface to

the receiving dipole.

SUMBARINE COMMUNICATIONS BY ELECTROMAGNETIC MEANS

AD 239 9013 University of New Mexico, Albuguerque, New Mexico,
27th April 1960.

R.K. Moore, W.L. Anderson & others

The electromagnetic problems arising in radio communication with
submarines operating relatively near the surface are examined. The study
treats both propagation and antenna problems. Proposed is an airborne
antenna (a trailing wire antenna of 1000 feet, suspended below the airoraft)
which is well adapted for VLF transmission. Advantages of this antenna
are that it is suspended freely below the craft; it is end-driven, requiring
no special ground plane en the craft; its input admittance is contrellable
through side and end leading impedance; its polarization of radiated field
is correct for air to underwater communication and vice-versa. In progress
is an experiment designed to extend previous investigations of submerged
and surface reception conducted elsewhere. Primarily the experiment will
investigate the approximations in the theory of submerged antennas and will
check its basic assumption that a "coaxial" antenna originates from a hole
in an infinite perfectly conducting socreen. It will also check impedance
problems associated with feed for uninsulated antennas and various
assumptions for loop antennas with different configurations of ferromagnetic
and insulating cores.

VERTICAL AND HORIZONTAL, ELECTRIC AND MAGNETIC DIPOLE RADIATION IN A
CONDUCTING HALF-SPACE

AD 250 811 University of New Mexico, Albuquerque, New Mexico, Technical
Report EE-40, January 1961.

R.K. Moore, W.E, Blair

The problem of communication between a transmitting and a receiving
antenna, submerged in a conducting medium of sea water, is a dipole
radiating in a semi-infinite conducting half-space, separated by a plane
interface from a semi-infinite dielectric half-space. The theory is
discussed for electric and magnetic dipoles for both horizontal and
vertical antennas. After a discussion of electromagnetic waves in a
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conducting mediumy, the Hertzian potential is derived fer beth electric
and magnetic dipoles. By investigation of contours for the Herizian
rotential integrals, the case of the dipele in the conducting half-
space can be reduced to that of the Sommerfeld case of an antenna at
the interface. Firally the Hertzian potentials are used to determine
the electric and magnetic fieid components for the four cases of the
electric and magneticy; horizontal and vertical dipeles, This analysis
shows that the main path of cemmunication 1s suck that the transmitted
wave travels perpendicularly to the interface, attenuating rspidly and
exponentially; travels as a vertically pelarized wave almost unatten-
uated along the surface, part of which refracts back inte the conducting
medium; and travels perpendicularly from the surface te the receiver
again attenuating rapidly and exponentially in the coenducting medium.

EFFECTS OF A SURROUNDING CONDUCTING MEDIUM ON ANTENNA ANALYSIS

EE Abstr. 1181/1964; IEEE Trans Antennas & Propagation (USA), Vol. AP-11,
No. 3, Pgs 216-25, May 1963.

R.K., Moore

Analysis of aerials immersed in conducting media is, in many ways,
quite different from the corresponding analysis for aerials in air.
The usual simple techniques applied for determining radiation resistance
for aerials in the air break down for aerials in conducting media. The
normal concepts of aerial gain and aerial pattern break down when the
aerial is in a conducting medium. The pattern, for example beocomes
highly dependent upon the ohoice of the crigin of the oo-ordinate system.
These effects are due to the dissipation of most of the energy in the
immediate viecinity of the aerial. Such dissipation is caused by the
fields which, for aerials in air, are associated with stored, but not
dy ssipated, energy. The primary purpose of this paper is to illustrate
failure of standard aerial analysis techniques when the aerials are in
conducting media. Surprisingly, the bicenical aerial, whose input
impedance requires rather extensive calculations in air, turns out to be
extremely simple to analyse in a conduciting medium. A discussion of
this is presented to show how an analysis can be simplified by the presence
of the conducting medium, Comparison of a redefined gain for the bioonical,
loop, and twe forms of straight wire aerials, indicates that there is wvery
little difference between the gains of the different configurations previded
the sizes are appreximately the same, Although the leoep aerial is oon-
sidered orly for dimensions small compared with the wavelength, no such
limitation is placed on the other aerials.

AN ISLAND AS A NATURAL VERY-LOW FREQUENCY TRANSMITTING ANTENNA
M.G, Morgan
See Section I, Page 74,
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THE RADIATION RESISTANCE OF A STRAIGHT WIRE IN FREE SPACE

EE Abstr. 2736/1953; Arch. elek. Ubertragung, (Germany), V. 7,
Pgs 56~9, January 1952.

R, MHller

By integrating the Poynting vector ¢ver an enclesing surface an
expression for radiation resistance is found and pletted as a funotion
of 1/7\. Attention is drawn %o the fact that the curve has an oscillatory
component, which it is stated, has not hitherto been pointed out.

GENERALIZED CONCEPTION OF AERTAL AMPLIFICATION IN THE CASE OF CONDUCTING
MEDIA

EE Abstr. 1003/1963; Radiotekhnika (USSR), Vel. 17, No. 8, Pgs 22-5,
August 1962. In Russian. English trans in: Telecomm. Radio Engng,

Pt 2, (USA), Vel. 17, No. 8, Pgs 19-22, August 1952.

Tu. K. Murav'ev

A brief mathematic contribution to the general theory of aerials
in conducting media is presented. Previous investigations by quoted
American autkors are criticised, and a new method is suggested which con-
siders the amplification factor of the aerial in comparison with & hypo-
thetical omni-directional ideal radiator plagced in the same medium,
characterized by E=E°e"r/r where Y = i.m. ,/Eg is the propagation ocoenstant,
Eé — complex dielectric constant of the medium, m - phase constant in
vacuum and E, - proportionality coefficient. Based on the Poynting
theorem, equations for the directional aerial are written down in above
terms and of gain coefficient G, effsctive area A and resistive component
of the aerial impedance. The derived formulae yield G=4WA/%? for free
space, G=4WA/A\® for weakly conducting media (604 N&LE,) G=4mA/ 2304 A\
for strongly conducting media. (6OJA)>E;). Practical applications of
these expressions are indicated, illustrated by curves plotiing G varsus
dipole—~length with dipole wire diameter as parameter.

RADIATION RESISTANCE OF A VERTICAL MAGNETIC DIPOLE CVER AN INHOMOGENEOUS
EARTH

Phys. Abstr. 20802/1961; Geophysics, (USA), V. 26, No. 5, Pgs 635-42,
Octobar 19561.

J.G. Negi

The expressions for the energy radiated per sec. from an escillating
vertical magnetic dipole situated above a two-layer earth are derived.
Of the three important cases to which particular attention has been given,
the first and the second involve the preserce of a conducting and insulating
substratum, respectively. The third deals with a dipole placed over a
thin conducting sheet of infinite extent. Appropriate approximations are
made such that the results may be useful for geoelectrical exploration.



THE MAGNETIZATION AND FIELD OF ROD-SHAPED OBJECTS
Z. Phys. (Germany), V. 160, No. 3, Pgs 268-276, 20th October 1960.
G. Obermair, C. Schwink

No abstract

MAXWELL'S EQUATIONS AND SYSTEMS OF ELECTROMAGNETIC UNITS

EE Abstr. 1130/1960; Ingegnere, (Italy), V. 33, Ne. 11, Pgs 985-90,
No. 12, Pgs 1103-8, Nevember and December 1959.

F. Odone

A discussion ef the problem e¢f devising a uniferm system of units
for the various quantities involved in electromagnetic field theory.
Suggested systems include modified versions ef the Giergl system, due
to Perruca and Palacies respectively.

STROMVERDRANGUNG BEIM SEEKABEL
Archiv fHir Elektroteschnik, (Germany), V. 7, Ne. 11, November 1920,
0. Oldenberg

No abstract

COMMENT ON THE PROOF BY W.H. WISE CONCERNING THE NON-EXISTENCE OF
ZENNECK'S SURFACE WAVE IN THE FIELD OF AN AERIAL

EE Abstr. 2732/1953; Z. Naturforsch. (Germany), V. 8a, Pgs 100-3,
1953.

H. 0Ott

The auther shows that the much quoted preof of Wise does not exclude
the existence of a Zenneck surface in the radiation field of a dipole
in the vicinity of a good oonducting boundary; the surface wave may even
be dominant. The result is due to the failure of the asymptotic series
for the Sommerfeld solution in the vicinlity of a geod conducting boundary
a cirocumstance which appears te have been overleooked previously.

THE ELECTROMAGNETIC FIELD AND CURRENT DISTRIBUTION ALONG AN INFINITELY
LONG NON-INSULATED CONDUCTOR IN A CONDUCTING MEDIUM

EE Abstr. 4095/1962; Radiéetekhnika i Elektronika (USSR), V. 6, Ne. 7,
Pgs 1106-15, July 1961.

P.P. Pavlov

The electromagnetic field, input impedance and current distribution
are investigated for the case of an electromotive force producing a
lateral field along a finite segment of the conducter. The attenuation
and input impedance are calculated for sea water, damp so0il apnd dry soil
for a wire of radius 2 mm., over the frequency range from 6.103 to
Y 1B o/s. Expressions are given for the electromagnetic field in space
and for directional characteristics of the wire.
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ELECTROMAGNETIC FIELD AND INPUT RESISTANCE OF A LOOP WITH FINITELY LONG
CYLINDRICAL FERRITE CORE PLACED IN A CONDUCTING MEDIUM

EE Abstr. 12259/1963; Radiotekhnika i Elektronika (USSR), Vol. 7,

No. 3, Pgs 437-47, March 1962. In Russian. English trans in: Radio
Engng BElectronic Phys. (USA), Vol. 7, No. 3, Pgs 411-21, March 1962,
P.P. Pavlov

No abstract

THE MAGNETIC FIELDS PRODUCED BY UNIFORMLY MAGNETIZED ELLIPSOIDS OF
REVOLUTION

Phys. Abstr. 6935/1953; Brit. J. Appl. Phys (GB), V.4, Pgs 207-9, 1953.
H.J. Peake, N. Davy

Expressions are obtained for the fields produced by & uniformly
magnetized ellipsoid of revolution with a given intensity of magnetiza-
tion at external points on its axes of symmetry. The formulae are
stated in a form suitable for arithmetical calculation. Tables and
graphs are provided.

THE FIELD INDUCED BY EDDY CURRENTS IN A SEMI-INFINITE SOLID

Phys. Abstr. 11751/1962; Proc. Inst. Radio Engrs. (USA), Vol. 50, No.l,
Pgs 88-9, January 1962.

R.W. Peterson

Considers the problem of a current-carrying wire at a small distance
about a gemi-infinite so0lid of known conductivity and permeability. The
drive current in the wire is switched. An asymptotic series is derived
giving the magnetic field as a function of time.

SOLUTIONS OF SOME PROBLEMS IN CONSTANT-CURRENT ELECTRIC PROSPECTING

Phys. Abstr. 3436/1963; Izv. Akad. Nauk.SSSR, Ser. geofiz. 1962, No. 6,
Pgs 750-7. In Russian. BEnglish trans in: Bull. Acad. Sci. USSR, Geophys.
Ser (UsA), No. 6, Pgs 485-8, (June 1962; publ. Sept. 1962).

N.A. Plokhikh

The field of a linear source located at the surface of the earth
above a two-dimensionally inhomogeneous medium and parallel to the rock
strike is investigated. The method of inversion with respect to a circle
is used.

CURRENT DIPOLE IMAGES AND REFERENCE POTENTIALS

EE Abstr. 6599/1963; IEEE Trans. bio-med. Electronics (USA), Vol. BME-10,
No. 1, Pgs 3-9, January 1963.

R. Plonsey

Reviews the application of image theory to the problem of a current
dipole in a homogeneous conducting medium where the boundary is a plane or
circular cylinder, and shows how the technique applies to the case of a
radial dipole in a spherical volume. The use of images for arbitrary
shaped volumes is then considered. A rough criterion is developed and the
approximation checked for the case of a "“horizontal" dipole in a sphere.
Finally the question of zero potentials is reviewed in the context of the
previous work and in general,
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CALCULATION OF MAGNETIC MOMENTS
Phys. Abstr. 2086/19633 Izv. Akad. Nauk SSSR, Ser. geofiz., 1962, No. 6,
Pgs 726~30. In Russian. BEnglish trans in: Bull. Acad. Sci. USSR,
geophys. Ser. (USA), No. 6, Pgs 472-4 (June 1962; publ. Sept. 1962).
A.M. Polonsky

The method of calculating the magnetic moments of bodies from values
of the vertioal component Z of the magnetic field in which the remaining
integrals need not be taken inte oonsideration (A.M. Pelonsky, Bull,
Acad. Sci. USSR, geephys. Ser., No. 6 (1961)), is further develeped. An
arbitrary integration net is considered. The method is generalized
for the oase of one or more vertical cylindrical bodies of arbitrary
cress—section with lower edges receding practically te infinity.

EDDY CURRENT LOSSES IN A SEMI-INFINITE SOLID DUE TO A NEARBY ALTERNATING
CURRENT

EE Abstr. 3968/1954; Commun. and Eleotronios (USA), Ne. 12, Pgs 97-106,
May 1954.

H. Poritsky, R.P. Jerrard

The solid is bounded by a plane face, and the ourrent flows
parallel to the face, at a distance h from it. The field cempenents are
determined by solving Maxwell's equations, and the solutions give the
induced electric field and the magnetic field. These solutions involve
h and the conductivity A and the permeability « (Assumed constant).
Curves are provided in dimensionless form which the complete losses due to
the eddy currents may be found. A Fourier integral method is used in
solving Maxwell's equations,

CONDUCTING SPHERE IN ALTERNATING MAGNETIC FIELDS

EE Abstr. 3932/1960; Trans. Amer. Inst. Elect. Engrs (US4), V. 78,

Pgs 937-42, 1960 = Commun. and Electronics (USA), Ne. 46, January 1960.
H. Poritsky

Gives an analysis of the field disturbance produced when a con-
ducting sphere is placed in a uniferm alternating magnetic field.
Applications of theory include edd-current heating and the location of
hidden metallio bedies.

NEAR-ZONE FIELD STRENGTH OF A BURIED HORIZONTAL DIPOLE NEAR AN INTER-

FACE
Inst. Radio Engrs. (USA), PGMIL 1961 Winter Convention
J.W. Powers, D.E. Ross

Nc abstract
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THE FIELD OF AN ALTERNATING DIPOLE IN A NON-HOMOGENEOUS SEMI-INFINITIVE
MEDIUM

Phys. Abstr. 551/1957 Czechoslovakia J. Phys. V. 5, No. 4, Pgs 515-27,
December 1955.

0. Praus

This has bteen studied theoretically fer the case of a low-frequency
dipole at the earth's surface, which is taken to be non-homogenous and semi-
infinite with a discontinuity in its conductivity at a given depth. A
general solution is derived. From the direct component resistance curves
are obtained whioh can be used in the interpretation of field measurements.
The alternating component is used to caiculate curves of the mutual impedanoes
of two dipoles. These curves may be useful in determining the depth of the
boundary between two layers of different conductivities.

EFFECT OF UNDERGROUND INDUCED POLARIZATION ON ELF PROPAGATION
Phys. Abstr. 19039/19613 J. Geophys. Res. (USA), V. 66, No. 6, Pgs 1596-7,
May 1961.
H. Raemer

Sohumann (Abstr. 7206 of 1958) and Wait's (4bstr. 12715 of 1960)
theory is used to show that such polarization has a negligible effect on
the frequenoies of resonant modes in the earth-air-ionosphere cavity for
frequencies below 1 kec.

ATTENUATION OF MAGNETIC DISTURBANCES IN THE SEA

U.S. Naval Ordnance Lab., White Oak, Maryland, NAVWEPS Rept. No. 7330,
15 p. T7th October 1960.

S.J. Raff

Transmission line methods are used to analyze the attenuation of
magnetic disturbances in the sea. A set of formulae are developed by
means of which, using Fourier teohniques, one can calculate for any mag-
netic field configuration on the surface, the wvariation ¢f field intensity
with depth in different depths of water with different bottom oconductivities.
Graphs have been prepared for .02 cyoles per seoond fields in a few oonfigu-
rations of interest using this method. These graphs present the magnetic
field at the bottom of two. different polarizations, two degrees of field
localization, water depths 60 to 3000 feet and a wide range of bottom con—
ductivities. Low bottom conductivity greatly reduces the horizontal com—
ponent of the magnetio field at the bottom, particularly for fields of
large extent. It also increases the vertical component slightly. For
average bottom conduotivities ( .4 - .04 mhos per meter) and field dimensions
of 10 to 1000 miles, the attenuation of the horizontal magnetic field in
100 meters of water is about a factor of 2, while the vertical magnetic field
is reduoced only about 5% below its value at the surfaoe. The amount of
the field reduction increases with water depth. The large influence of
bottom oonductivity and other features of the attentuation are discussed in
terms of transmission line concepts,
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A PRACTICAL UNDERGROUND TRANSMITTING ANTENNA

Proceedings of the 1960 Conference on the Propagation of ELF Radio
Waves, Nat. Bur. Stand. (USA), Boulder Labs., Technical Note No. 61,
1960.

L. Rawls

No abstract.

ELECTROMAGNETIC INDUCTION IN A HEMI-SPHERICAL OCEAN BY SQ.
J. Geomagn. Geoelect. (Japan), V. XI, No. 3, 1960.
T. Rikitake

A theory of electromagnetic induction within a hemispherical
conducting sheet is described. The theory is applied to the inductioen
by sq in a large ocean of uniform depth bounded by twe meridians. The
patterns of the induced currents are obtained and illustrated both for
the 24~ and 1l2-hourly components. Unlike the previgus theories, the
effect of self-induction, which turns out te be rather important, is
fully taken into account. The magnetic fields preduced by the currents
induced in the ocean amount te several gammas. The electric field in
the sea associated with the induction would be of the order of mv/km.

STUDY OF THE ELECTROMAGNETIC FIELD CREATED BY A MAGNETIC DOUBLET IN
THE PRESENCE OF TWO MEDIA SEPARATED BY A PLANE

EE Abstr. 6549/19613 Ann. Telecomm. (France), V. 16, No. 3-4, Pgs 96-
104, March-April 1961.

L, Robin

Consists of a simple problem of the propagation of waves (under-
ground prespecting threw attention on the problem), treated mathe-
matically rigorously in a very general way. Three cases are considered:
(1) the case of the doublet with the axis perpendicular to the plane
of separation of the two media; (2) with the axis parallel to the planej
(3) the general case which results from the superimposing of the two
former cases. The case of particular media are alse studied.

VECTOR WAVE EQUATIONS FOR E AND H INHOMOGENEOUS ANISOTROPIC MEDIA.
Applied Research Lab., Sylvania Electronic Systems, Waltham, 54,
Mass., Engnrg Note No. 280.

R. Row

No abstract
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NEW INTERPRETATION TECHNIQUES FOR TELLURIC AND SOME DIRECT CURRENT
FLELDS

Phys. Abstr. 16197/1963; Geephysics (USA), Vel. 28, No. 2, Pgs 250-61,
April 1963.

A. Roy

Since the normal derivative of the telluric potential at the ground
surface is zero, the odd terms in the Taylor expansion disappear; result-
ing in a simple technique of computing the downward continued potentials.
The top of the non-conducting basement is a flow surface and can, therefore,
be determined by sketching in curves orthogonal to the (continued) equi-
potential lines in suitably chosen sections. A model tank example is
given. The applicability of the method of continuation to the interpretation
of self potential data is also illustrated. A discussion of the derivatives,
two limiting formulas, and a method for calculating telluric anomalies are
included.
W.V.T. Rusch — see Page 183

ON THE RADIATION OF LONG WAVES OF A HORIZONTAL DIPOLE IN THE AIR CAVITY
BETWEEN EARTH AND IONOSPHERE. I.

W.0. Schumann

See Section I, Page 91.

ON THE RADIATION OF LONG WAVES OF A HORIZONTAL DIPOLE IN THE AIR CAVITY
BETWEEN EARTH AND IONOSPHERE. LT

W.0. Schumann

See Section I, Page 91.

UBER DIE STRAHLUNGSLOSEN EIGENSCHWINGUNGEN EINER LEITENDEN KUGEL, DIE
VON EINER LUFTSCHICHT UND EINER IONOSPHARENHULLE UMGEBEN IST.

Z. Naturforsch (Germany), V. 7a, Pgs 149-154, 1952.

W.0. Schumann

No abstract
UBER DIE OBERFELDER BEI DER AUSBREITUNG LANGER, ELEKTRISCHER WELLEN
IM SYSTEM ERDE-LUFT-IONOSPHERE UND 2 ANWENDUNGEN (HORIZONTALER UND
SENKRECHTER DIPOL)
Z. angew. Phys. (Germany), V. 6, No. 1, Pgs 35-43, 1954.
W.0., Schumann

No abstract
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EXPERIMENTAL DETERMINATION OF THE FIELD OF A PERMEABLE ALLOY
CYLINDER, PLACED IN A UNIFORM MAGNETIC FIELD PARALLEL TO ITS AXIS
OF REVOLUTION

Ann. Geophys. (France), V. 12, Pgs 144-146, 1956.

E. Selzer

No abstract

INFLUENCE OF THE SPECIFIC RESISTANCE OF THE SURROUNDING MEDIUM ON
THE FORM OF ANOMALY CURVE OBTAINED IN AERIAL ELECTRICAL PROSPECTING
Phys. Abstr. 3425/1963; Izv. Akad. Nauk. SSSR, Ser. geofiz, 1962,
No. 5, Pgs 652-8. In Russian. English trans. in: Bull. Acad.
Sei. USSR, geophys. Ser. (USA), No. 5, Pgs 423-6, (May 1962, publ.
Sept. 1962).

Yu. B. Shaub

The influenoe of the surreunding medium on the anomalous field
produced by a spherical inclusion is considered. Calculations are
oarried out using two methods that can be applied in aerial prospecting.

ON THE DEMAGNETIZING FACTOR OF CYLINDRICAL RODS
Phys. Abstr. 18972/1961; Sci. Rep. Res. Insts Tohoku Uriv. (Japan).
V. 124, No. 3, Pgs 219-25, June 1960,

Y. Shirakawa

The ballistic demagnetizing factor of cylindrical reds of ferreo-
magnetic substanoes, whose dimension ratio is smaller than 10, was
experimentally determined by a new method using the demagnetizing
curve of a new K.S., magnet alloy having a high ooercive force. The
relationship between the demagnetizing factor, N, and the dimension
ratio, m, was expressed as follows: N=5.5(m+0.54)-1:4s m < 10,

VARTIATIONS OF RESISTANCE AND INDUCTANCE OF COIL RODS WITH FREQUENCY
US Naval Ordnanoe Lab., Washington D.C., Memorandum of 31lst July 1942,
G.H., Shortley.

No abstract

AN EXPERIMENTAL STUDY OF UNDERWATER ELECTRIC ANTENNA IMPEDANCES
U.S. Naval Ordnance Lab., White Oak, Maryland, NAVORD Report 6064,
9 py illus., 1958.

A, Silverstein, F.G. Salton

The input impedance of a variety of underwater electrio antennas

was measured in Chesapeake and in a high oonduotivity salt poel over
a frequency range of 5 - 70 ko. The results were compared with input
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impedances calculated from a theory based upon the transmission line
approach. The deviation of the measured input impedance from the
theoretical values is considerable, particularly for short antennas.

A qualitative explanation is given for the fallure c¢f the transmission
line theory. Recommendations are made for communication at increased
depth.

TRANSMISSION COEFFICIENTS FOR ELECTROMAGNETIC PLANE WAVE RADIATION
INTO A CONDUCTING HALF-SPACE

E,B. Simmons

See Section I, Page 94.

AN ASYMPTOTIC SOLUTION OF DIPOLES IN A CONDUCTING MEDIUM

EE Abstr. 7692/19633 IEEE Trans Antennas and Propagation (USA),
Vol, AP-11, No. 2, Pgs 133-42, March 1963.

X. Sivaprasad

The radiation fields of dipoles immersed in a semi-infinite dissi-
pative medium are investigated. A method suggested by Lighthill for
asymptotic evaluation of Fourier integrals is suitably modified to obtain
solutions valid for large distances both in air and in the conducting
medium, The advantages of this method are in its simplicity and ease
of application. The results agree closely with those obtained earlier
by Banos and Wesley. (University of California, La Jolla, Scripps
Oceanographic Inst. Repts, Nos. 53-4 (1953-4).

FIELD OF AN ALTERNATING MAGNETIC DIPOLE ON THE SURFACE OF A LAYERED
EARTH

Phys. Abstr. 7147/1959; Geophysics, (USA), V. 24, No. 1, Pgs 77-88,
February 1959.

L.B. Slichter, L. Knopoff.

The magnetic field near a vertical aliternating magnetic dipele
on the surface of a layered earth is computed for poeints on the surface.
In the layer, the dimensionless conductivity parameter is assumed to
take the wvalues 0,1/4,1 and 43 in the homogeneous sub-siratum, this
parameter is assigned the values 0,1/4,1,4 and infinity. The induced
field is computed at distances frem the source %, 1,4,8, and 16 times
the layer thickness.

THE USE OF INSTANTANEOUS POINT SOURCES OR GREEN'S FUNCTIONS IN
EVALUATING ELECTROMAGNETIC FIELDS

EE Abstr. 3476/1954; Commun. and Electronics, (USA), No. 11, Pgs 82-8,
March 1954.

J.J. Smith

A generalization of the methods of a previous paper (abstract 2765
(1953)) to cover the use of time-variant fields. Among examples treated
are the fields due to straight wires of finite and infinite length and
also the fields in waveguides and resonant cavities excited by given currents.
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A TRATLING WIRE VLF ANTENNA PROPOSED FOR USE ON A LIGHTER-THAN-AIR
CRAFT

AD 244 0783 TUniversity of New Mexico, Albuquerque, New Mexico.
Technical Rept., No. EE-36, October 1960

D. Sparks, R,H. Williams.

This paper contains a derivation of the driving point admittance
of a hybrid transmission line antenna. The specific transmission
line discussed has a terminating impedanoe at one ené, is driven from
the other end, and contains & side loading impedance in the middle.
The results of this investigation show that in the VLF range the
radiation resistance can be made approximately twioe that of a cylindrical
entenna. This increase in radiation resistance, together with the
feature that this antenna can be driven from one end, suggest the use
of this hybrid transmissiorn line as an airborne VLF antenna that could
be trailed from a lighter—than-air craft.

ANALYSIS OF A NATURAL VLF SLOT ANTENNA

Electromagnetic Theory & Antennas, edited by E.C. Jordan, Proceedings
of 4 Symposium held at Copenhagen, Denmark, June 1962. Pgs 1183-1200,
H., Staras

It has been suggested recently than an island should behave as a
reasonably good slot antenna at frequencies below about 15 ke/s since
the oonductivity of the island is much lower (by a factor of approx.
10‘4) than that of the surrounding sea water. The analysis of this
paper shows that although the island can be considered as a slot in a
good oonduotor (sea water), the voltage distribution over the slot is
not even approximately sinusoidal. This is due to the faot that the
earth is not a good dielectric at these low frequencies but rather is a
reasonably good conductor. Therefore, the performance of an island
slot is not even approximately that of & conventional slot antenna.

Formulas are derived that describe the illumination across the
slot, the effectiveness of such an arrangement as a radiating system,
and the impedance that this arrangement presenis to the transmitter.

The analysis in this paper should also prove useful in more con-
ventional slot antenna applications where the slot is filled with
absorbing material.,

THE DETERMINATION OF THE ENERGY OF A PLANE ELECTRIC CURRENT FIELD
EE Abstr. 1105/19613 Arch. Elektrotech. (Germany), V. 45, No. 5,
Pgs 343-46, 1960,

F, Stier

A plane, rotation-free magnetic field is replaced by an equivalent
plane; rotation-free current field. The magnetic energy is given
eilther by applying Green's theorem ‘o the boundary or in terms of the
electrical energy. If the fields are not rotation-free, the energy
is given only in terms of the electrical energy.
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ON THE TRANSFER OF ENERGY BETWEEN ELECTROMAGNETIC DIPOLES
Phys. Abstr. 5813/1954; Proc. Ry. Irish Acad. V.A56, No. 1, Pgs 1-11,
January 1954.

J.L. Synge

The Hertzian dipole is taken as a source and a second Hertzian
dipole, with changed sign, as sink. The electromagnetic field in the
presence of this source dipole and sink dipole is investigated. The
flow of energy out to infinity is found to be the algebraic sum for
the two dipoles, regarded as existing each alone in space.

PROPAGATION OF ELECTROMAGNETIC WAVES IN A SEMI-INFINITE CONDUCTING
MEDIUM

P. Szulkin

See Section I, Page 96.

THE EFFECT OF THE EARTH AND THE IMPEDANCE OF AN AERTAL
EE Abstr. 7025/19613 Bull. Acad. Polon. Sci. Ser. Sci. tech. (Poland)
V. 8, No. 5, Pgs 233-40, 1960.

P. Szulkin

It is assumed that the variation over the surface of the earth
of the tangential components of magnetic field are quite slowj that
the propagation constant of the earth is much greater than unity;
that the variation of the electrical properties of the earth has no
significant effect on the tangential components of the magnetic field
at the surface of the earth. Expressions are deduced for the change
in aerial impedance due to the presence of the earth and it is pointed
out that the method used, which is based on the reciprocity theorem
can be applied also to waves of other types.

VECTOR TREATMENT OF ELECTROMAGNETIC FILELDS. I-11.
Fernmelde-Ingenieur (Germany), V. 14, Nos. 8 and 9, Pgs 1-31,
15th August and 15th September 1960.

H, Telchmann

An exposition of the methods of modern vectors and tensor analysis

particularly in their application to electromagnetic field fit into
a generalized field theory.
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A NEW METHOD OF SOLVING THE DIFFRACTICN PROBLEM FOR A DIPOLE FIELD
EE Abstr. 3550.1957; Bull. Acad. Polon, Soi. Ser. Sci. %ech. (Poland),
Clo 3, V. 4, No. 7, Pgs 433—8, 1956.

R. Teisseyre

A new method analogous to that of Senior (Abstr. 7801/1953) is
presented which is much more direct and simple, Certain methematical
difficulties have been overcome. The electro-magnetic field of an
arbitrary dipole is constructed from the fields of the Heriz vector
electric and magnetic dipoles. At an appropriate pcirnt in the
analysis the original Sommerfeld solutions are transformed so tkhat ke
integration path is changed into a steepest descent, There is an
adequate discussion of the discontinuities on the shadow beundary.

RADIO PROPAGATION CVER A SECTIONALLY HOMOGENECUS CYLINDRICAL SURFACE
Pbys. Absir. 11797/1962; Proc. Roy. Scc. A. (GB), Vol. 267, Pgs 183~55,
(8th May 1962).

J.R. Thompson

The two~dimensional problem is considered of the propagation of
H~polarized radio waves over two homogeneous sections, having different
electrical characteristics, of a circular cylindrical surface. Though
the treatment is in the context of a cylindrical geometry, the results
may ba cast into a form which is equally applicable to propagation over
a sphere. Expressions are developed for the field beyond the dis-
continuity from the source and compared with those of earlier writers,
and algo for the field reflected back to the source by the discentinuity
and in the neighbourhood of discontinuity.

ON THE DETERMINATION OF THE ELECTROMAGNETIC FIELD IN THE INTERIOR OF
A HCMOGENEOUS ISOTROPIC CONDUCTOR

Phys. Abstr. 547/1957; RC Acad., Naz. Lincei (Italy), V. 20, Ko. 4,
Pgs 403-8, April 1956.

A, Tonolo

Analytical expressions are obtained for the field intensities
with a conductiing medium in terms of their initial values throughout
the medium and their values 2t any time on the bounding surface.

A NEW TRANSMITTING ANTENNA SYSTEM FOR VERY LOW RADIO FREQUENCIES
Thesis, Tech. Report 4, Contrac’ AF 18(600)-1552 California Inst. of
Technology, Pasadena, California (26th June 19595. AFCSR~TN--59--582.
AD-217 029

W.V.T. Rusch

A system is presented which employs resonant loading circuits to
convert & sectlion of an existing power line intc a herizontal wvery-low-
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frequency transmitting antenna, The simplicity, low cost, and useful
radiation pattern of this horizontal antenna are well suited for many
experimental applicatiions, The theoretical antenna problem was solved
using a normal mode expansion of the current distridbution. A matrix
method was developed to compute the curren% distribution of a thin,
linear antenna loaded with lumped-circuit élements, using a digital
computer. The series was found to converge relatively fast. Results
were obtained for a full wave linear antenna symmetrically loaded with
real impedances Zy, one half-wave-length apart. Current distributions,
feedpoint impedances, radiation patterns, etc., were presented as
functions of Z,. Results of the idealized problem were applied to the
powerline antenna. The matrix method can also be extended %o the
general linear antenna with any type of loading or feeding. System
components, performance, and the 8.4 k¢ propagation experiments of the
Dinkey Creek power—-line antenna are described. The problem of inter—
ference with nearby audiofrequency communication systems is examined.
The series of whistler-mode propagations to probe the exosphere was not
completed. However, ionospheric soundings yielded considerable informa-
tion about the properties of the ionosphere at very low frequency.

INTERACTION BETWEEN A MEDIUM AND THE ( ELECTRIC) CURRENT ENTERING IT.
Phys. Abstr. 8147/1958; Zh., éksper. teor. Fiz. (USSR), Y. 34, Ho. 6,
Pgs 1646-8, 1958.

V.N. Tsytovich

Electrostatic and electromagnetio forces will in geneiral be
induced in any current-carrying medium with finite resistivity, and
these forces will react back on the current producing them. Expres-
sions are derived for these forces and used to formulate current-
stability criteria.

THE SOLUTION OF SOME ELECTROMAGNETIC INDUCTION PROBLEMS
EE Abstr. 14180/1963; Electrotehnica (Rumania), Vol. 11, No. 5,
Pgs 163-72, May 1963. In Rumanian.

A, Tugulea, S. Mastero

It appears that doubts still exist concerning the possibility of
explaining induction phenomena on the basis of electromagnetic field
theory. An attempt is made to tackle such problems, and it is shown
that they can be sclved correctly within the framework of Maxwell's
macroscopic theory. The inconsistency is pointed out for attemps to
create new electrodynamics based on distant action, while at the same
time ignoring the electromagnetic field as a physical system. 14
references.,
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SUBMARINE COMMUNICATION ANTENNA SYSTEMS
EE Abstr, 4881/1959; Prooc. Inst. Radio Engrs (US4), V. 47,
No. 5 (I), Pgs 735-9, May 1959.

R.W. ‘I‘urner

Submarine aerials are divided into three systems, v.l.f.,
h.f. and u.h.f. The evolution of each system from World War II to
the present is desoribed, and some of the problems associated with
aerials in each frequenoy band are reviewed. H,F. transmission line
systems and their losses are disocussed, and various environmental
problems are considered. Specific examples of stacked and combined

aerials are glven.

ON THE UNIQUENESS THEOREM FOR ELECTROMAGNETIC FIELDS
Phys. Abstr. 8374/1961; Proc. Inst. Radio Engrs (USA), V. 48,
No. 9, Pgs 1663-4, September 1960

H. Unz

A proof is given of a theorem which states that a harmonic time-
varying electromagnetic field is uniquely determined in a lossy,
bounded region by presoribing the values of any one of three parameters
over the surrounding surface. The field is not uniquely defined in a
lossless region because of the possibility of resonant modes.

DIFFRACTION OF ELECTROMAGNETIC WAVES, PRODUCED BY AN ARBITRARY
ORIENTATED ELECTRIC OR MAGNETIC DIPOLE, AT A PERFECTLY CONDUCTING
BEALF-PLANE

Phys. Abstr. 8450/1954; Zh. éksper. teor. Fiz. (USSR), V. 26,
No. 1, Pgs 3-18, 1954.

V. Tu. Vandakurov

A mathematical generalization of the problem first treated by
Sommerfeld and an expression is obtained for the inocident and diffraocted
field in terms of integrals of known functions.

COMPARISON BETWEEN MODE THEORY AND RAY THEORY OF VLF PROPAGATION
H. Volland
See Section I, Page 100.

LOW-FREQUENCY ELECTROMAGNETIC DIPOLE FIELDS IN A SEMI-INFINITE CONDUCTOR
U.S. Navy, Bureau of Ships, Minesweeping Branch, Technical Rept., No. 104,

April 1952.
W. Von Aulock

This report gives a detailed analysis of dipole fields in a semi-
infinite conducting medium such as sea water. It is assumed that the
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source of the field, which may be an electric dipole or a circular coil,

is located within the conducting medium and is orientated either horizon-
tally or vertically. Due to the linearity of the fields equations,

fields of dipoles with arbitrary orientation may be obtained by appropriate
superposition of the fields computed in this respeot. The analysis is
restricted to low-frequency fields (0 to 10,000 cps) in a region where

the distance from the souroe is small compared to the wave length in air.
The restriction permits neglecting of displacement currents everywhere
because in comparison to conduction currents, their oontribution to mag-
netic fields in both media is negligible. With this simplifyihg
assumption the field in the conducting medium is in effect an eddy ocurrent
field which satisfies the diffusion equation, while the field in air is a
potential field and subject to Laplace's equation. Solutions to the
diffusion equation under oconsideration of the pertinent boundary conditions
are given in closed form for vector potential, magnetic field intensity and
electric current density. Simplified expressions for the components of the
field are given for a number of special cases inoluding the primary or
incident field, the d-c field, the field on the vertical symmetry axis and
the field at a large distance from the gource with source and point of
observatian relatively close to the water surface. In general, electro-
magnetic fields in a conducting medium are attenuated exponentially

with the distance from the source. However, it is shown that in some
cases the field may propagate from the source to the surface of the
conducting medium, prcpagate in air along the surface with little atten-
uation and penetrate the surface again above the point of observation

in a vertically downward direction, exponential attenuation eccurring

only on the vertical paths.

AUSBREITUNG ELEKTROMAGNETISCHER FELDER IN SEEWASSER. (PROPAGATION OF
ELECTROMAGNETIC FIELDS IN SEA WATER).

K.W. Wagner

See Section I, Pagel00.

THE MAGNETIC DIPOLE OVER THE HORIZONTALLY STRATIFIED EARTH
Canad. J« Phys. V. 29, Pgs 577-592, November 1951.
J.R, Wait

The behaviour of a small current-carrying wire loop over a hori-
zontally stratified earth is investigated. The layers are considered
to have a contrast in conductivity and dielectric constant only. Both
harmonic steady-state and step-function current sources are considered.
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THE CYLINDRICAL ORE BODY IN THE PRESENCE OF A CABLE CARRYING AN
OSCILLATING CURRENT

Geophysios (UsA), V. 17, Pgs. 378-386, April 1952,

JoRo Walt

The problem of an infinite cable carrying an oscillating current
parallel to a conduoting cylinder is solved. The homogeneous eleotrical
properties of the media inside and outside the cylinder can be arbitrary.
The special case is considered in detail where the exterior medium is a

relatively poor conduoting medium.

The application to geophysioal

prospecting for massive sulphide ore zones is discussed.

CURRENT-CARRYING WIRE LOOPS IN A SIMPLE INHOMOGENEOUS REGION
J. appl. Phys. (USA), V. 23, Pgs 497-498, April 1952.

J.R. Wait

No abstract

MUTUAL INDUCTANCE OF CIRCUITS ON A

TWO LAYER EARTH

Canad. J. Phys., V. 30, Pgs 450-452, September 1952.

J.R. Wait

A general formula is derived for the mutual induetance of un-
grounded insulated wires lying on the surface of a two layer earth

with a small conductivity oontrast

between the layers.

ELECTROMAGNETIC FIELDS OF CURRENT-CARRYING WIRES IN A CONDUCTING

MEDIUM

Canad. J. Phys., V. 30, Pgs. 512-523, September 1952.

J.R., Wait

The fields of a finite wire carrying a harmonioally time varying
current are calculated for the case of the wire contained in an

infinite medium.
oonducting medium is - discussed.

ation characteristics need not usually be considered.

a finite current-oarrying vertical
calculated. The mutual impedance
being vertical and within the slab
surface of the slab, is calculated
medium conductivity. The results
electrical methods of well logging

=TT

The insulation of current-ocarrying wires in a

It is conoluded that the insul-
The fields of
wire within a horizontal slab are
between the finite circuits, one
and one horizontal and on the

for limiting values of the lower
are thought to be applioable to

in geophysical exploration.



THE MAGNETIC DIPOLE ANTENNA IMMERSED IN A CONDUCTING MEDIUM
Proc. Inst. Radio Engrs (USA), V. 40, Pgs 1244-45, October 1952.
J«R. Wait

The magnetic dipole antenna or small current-carrying loop immersed
in a conducting medium is investigated. Explicit; expressions for
the fields are derived for the case when there is a spherical insulating
cavity enclosing the dipole. The power radiated from the insulated
dipole is discussed and an explicit expression for the total power is
given for the case when all displaocement currents in the media are
negligible.

A NOTE ON DIPOLE RADIATION IN A CONDUCTING MEDIUM
Geophysics (USA), V. 17, Pgs 978-979, October 1952.
J.R., Wait

The steady-state fields of both electric and magnetic dipole
elements in a conducting medium are discussed numerically. The
dependenoe of the fields on the dieleotric constant is noted. Considerabls
interest has been shown recently in the propagation of electromagnetic
waves in a conducting medium. The experimental investigations are often
carried out at frequencies such that the fields are observed at distances
within a few effective wavelengths from the transmitting antenna. The
nature of the radiated fields of a short antenna in this range is not as
complicated as is commonly supposed. Also the effect of displacement
currents which are usually neglected can be included. This latter
point is important since the dielectric constants of large value are not
uncommon.

THE ELECTRIC FIELDS OF A LONG CURRENT-CARRYING WIRE ON A STRATIFIED
EARTH

J. geophys. Res. (USA), V. 57, Pgs 481-485, Deoember 1952.

J.R, Wait

A numerical solution is given for the problem of a long insulated
wire carrying a uniform oscillating current over a stratified earth
with a highly conducting lower layer. The resultant electrioal field
parallel to this wire is shown to be influenced to an appreciable
extent by the presence of a conducting zone at a depth of 500 metres
for a frequency of 500 cycles per second.
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THE FIELDS OF AN ELECTRIC DIPOLE IN A SEMI-INFINITE CONDUCTING MEDIUM
J. geophys. Res. (USA), V. 58, Pgs 21-28, March 1953,
J.R. Waity, L,L. Campbell

The fields of an cscillating magnetic dipole immersed in a semi-
infinite cocnducting medium are investigated. The axis of the dipole
igs teken to be parallel to the interface beiween the conducting medium
and the semi-infinite insulating space above it. Various speciel
cases are discussed in detail and are illustrsated by grarhs.

THE POTENTIAL OF TWO CURKENT POINT SOURCES IN A EOMOGENEOUS CONDUCTING
PROLATE SPHEROID

J. appl. Phys. (USA), V. 24, Pgs 496-497, April 1953.

JoRo Wait-

The potential distribution in a homogeneous sphercid due to an
internal "source' and "sink" is calculated and its relevamce to electiro-

cardiography mentioned.

INDUCTION BY A HORIZONTAL OSCILLATING MAGNETIC DIPOLE OVER A CONDUCTING
HOMOGENEOUS EARTH

Trans. Amer. geophys. Union (USA), V. 34, Fgs 185-188, April 1953.

J.R. Weit

The magnetic field of an oscillating horizcntal magnetic dipole
on the surface of a homogeneous earth is caloulated. For lower
frequencies, where displacement currents can be neglected,; the magnetic
field on the surface of the serth can be rspresented in terms of
transcendental and cylindrical functions, Particular attention is
paid to the veriical component, wkich vanishes as the conductivity of
the earth approaches gero. Ar. explicit formula is given for the value
of this component ir parametric form involving the conductiviiy,
frequency, and distance to the observer. The magnetic field compcnents
tangential to the earth's surfacs are also considered.

INDUCTION IN A C?NDUCTING SHEET BY A SMALL CURRENT-CARRYING LCCP
Appl. sci. Res. (Netkerlands), Sec. B, V.3, Pgs 230-235, May 1i953.
J.Re Wait

Induction by an cscillating magnetic dipole situatsd cver a
conducting sheet is investigated. Tre exterior medium is considered
tc be an effective insulator and the sheet thickness is assumed ic be
small, Tere recult kas particular application t0 elecirical metkods

of geophysical exploraticn.
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RADIATION RESISTANCE OF A SMALL CIRCULAR LOOP IN THE PRESENCE OF A
CONDUCTING GROUND

J. Appl. Phys. (USA), V. 24, No. 5, Pgs 646-649, May 1953.

J.R, Wait

The solution is given for the total power flow from an oscillating
magnetic dipols, situated above a flat homogeneous conducting ground
and oriented in the vertical direction. The result is employed to
derive an expression for the radiation resistance of a small wire loop
whose axis is perpendicular to the ground. It is pointed out that for
a finitely conducting ground that the radiation resistance is very large
when the height of the small loop or dipole is a small fraction of a
wavelength,

RADIATION FROM A VERTICAL ELECTRIC DIPOLE OVER A STRATIFIED GROUND
Inst. Radio BEngrs (USA) Trans., V. AP-1, Part I, Pgs 9-12, July 1953.
J.R., Wait

Expressions for the radiation fields at low frequencies of a
vertical electric dipole situated on a horizontally stratified ground
are derived. It is indicated that the well-known numerical results
for the homogeneous ground can also be employed for ground wave propa-
gation over a plane conductor composed of any number of parallel layers
by suitably defirning an "effective numerical distance".

THE RADIATION FIELDS OF A HORIZONTAL DIPOLE IN A SEMI-INFINITE DISSI-
PATIVE MEDIUM

J. appl. Phys. (USA), V. 24, Pgs 958-959, July 1953.

JoRo Wa.it

No abstract

ELECTROMAGNETIC COUPLING BETWEEN A CIRCULAR LOOP AND A CONDUCTING
SPHERE

Geophysies (USA), V. 18, October 1953.

J.Re Wait

No abstract
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RADIATION FROM A LINE SOURCE ADJACENT TO A CONDUCTING EALF-PLANE
J. appl. Phys. (USA), V. 24, No. 12, Pgs 1528-1529, December 1953.
J.R, Wait

The line source is parallel %o the axis of the half plane, and
carries either an electric or a magnetic current. The solution is
completely specified in terms of circular oylindrical Lermonics, the
Bessel functions being of half--integral order.

THE FIELDS OF A LINE SOURCE OF CURRENT OVER A STRATTFIED CONDUCTOR
Appl. sci. Res. (Netherlands), Sec. B, V. 3, 1953.
J.R, Wait

The protlem of a line source of alternating current situated over
a stratified dissipative medium is theoretically investigated. Specieal
cases of the general solution are studied in detail and several illus-
trative curves are given. The results have applicatiorn to strati-
graphic investigations of the earth's crust.

RADIATION FROM A GROUND ANTENNA
Canad. J. Phys., V. 32, Pgs 1-9, January 1954.
J.R. Wait

It is shown that a2 horizontal electric¢ dipole can radiate ver—
tically polarized waves along the surface of a firitely conducting
ground. This result is then employed to salculate the fields of a
horizontal antenna of finite length. Particular attention is paid to
the shape of the ground wave field pattern for antennas of the travell-

ing wave type.

MUTUAL CCUPLING OF LOOPS LYING ON THE GROUND
Geophysies (USA), V. 19, No. 2, Pgs 290-296, April 1954.
J.R. Wait

The theory of a method to measure electrical ground constants
by mutual coupling of loops is outlinsd. Curves are given in parametrio
form showing the dependence of the mutuwal impedance on conductivity,
dielectric constant, frequency, and separation. An expressior i
derived in the appendix for the field of a circular wire loop laid on
a homogeneous ccnducting grownd.
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IMPEDANCE OF A TOP-LOADED ANTENNA OF ARBITRARY LENGTH OVER A CIRCULAR
GROUNDED SCREEN

J. Appl. Phys. (USA), V. 25, No. 5, Pgs 553-555, May 1954.

J.R, Wait, W.J. Surtees

The problem of a vertical monopole situated over a circular per-
fectly conducting screen lying on a finitely conducting ground is
considered. An approximately method employed originally by Abbott to
calculate the self-impedance is discussed. Using this formula explicit
expressions are derived for the self-impedance of a thin, top loaded
monopole. Sinusoidel current distribution is assumed.

THE CHARACTERISTICS OF A VERTICAL ANTENNA WITH A RADIAL CONDUCTOR
GROUND SYSTEM

Inst. Radio Engrs., 1954, also, Apply. Sci. Res. (Netherlands), B, V. 4,
Pgs 177-195, 1954.

J.Rs Wait

Employing an approximate method the input impedance of a ground
based vertical radiator is calculated. The ground system consists of
a number of radial conductors buried Jjust below the surface of the
soil, The integrals involved in the solution are evaluated, in part,
by graphical methods. The final results are plotted in a convenient
form to illustrate the dependence of the impedance on number and length
of radial conductors for a specified frequency, antenna height, and
ground conductivity. I+ is finally shown that under usual conditions
the radiated fields are modified by only a few percent due to the
presence of the ground system.

RADIATION FROM A VERTICAL DIPOLE OVER A STRATIFLED GROUND (PART II).
Inst. Radio Engrs. (USA), Trans., V. AP-3, No. 4, October 1954.
J.R. Wait, W.C.G. Fraser

Further results are given for the problem of a vertical electric
dipole situated over a horizontally stratified conductor. I+t is pointed
out that under certain conditions the surface-wave field intensity for
a stratified conducting ground is greater tham the corresponding case
for a perfectly conducting ground. Numerical wvalues for the atitenuation
factors are also given.

-192-



INPUT RESISTANCE CF L.P. UNIPOLE AERIALS
Wireless BEng., V. 32, Pgs 131-138, May 1955.
J.R. Wait, W.A. Pole

The input resistance of a low-frequency unipole serial is
calculated. The earth system consiste of a number of radial con-
ductors buried just below the surface of the soil., The integrals
involved in the sclution are evaluated; in part, by graphical methods.
The final results are plotted in a convenient form to illustrate the
dependence of the input resistance on number and length of radial
sonductors for a specified freguency and earth conduectivity. The
curves should be usgeful in the design of earth systems for low—-fre-
quency transmitting aerials. It is pointed out that increasing the
radius of the earth system beyond a certain limit gives only e
slight improvement in radiation efficiency.

MUTUAL ELECTROMAGNETIC COUPLING OF 1OOPS CVER A HOMOGENECUS CGROUND
Geophysics, V. 20, No. 3, Pgs 630-637, July 1955.
J.R. Wait

Computationg are presenied for the mutual impedance beiween small
wire loops situated on or over a semi~infinite corductor. The resultis
have aprlication to electromagnetic methode of geophysical explor-
ation.

RADIATION RESISTANCE OF DIPOLES IN AN INTERFACE BETWEEN TWO
DIELECTRICS

Canad. J. Phys., Vo 34, Pgs 24—26, 19550

J.Re Wait

No abstract

MUTUAL ELECTROMAGNETIC COUPLING OF LOCPS CVER A HOMOGENEOUS GROUND -

AN ADDITIONAL NOTE
Geophysies, V. 21, No. 2, Fges 479-484, April 1$5S6.
J.R. Wait

Further computationsg are preseated for the mutual impedance
between small wire loops over a semi-infirnite conductor. The casss
considered zre where the axes of the loops are perallel +c the

interface.
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RADIATION FROM A VERTICAL ANTENNA OVER A CURVED STRATIFIED GROUND
J. Res. Nat. Bur. Stand. (USA), V. 56, No. 4, Pgs 237-244, April 1956.
Jo.R. Wait

The problem of radial electric dipole outside a concenirically
gtratified spherical conductor, such as the earth, is formulated. Thke
golution is facilitated by considering the analogous non-uniform
transmigsion line for the radial modes. The general result is then
transformed to a Watson-type residue or azimuthal mode series, which
reduces to the well-known result for the homogeneous earth as a special
case, Following a method introduced recently by Bremmer, the residue
series is oonverted to an alternative expansion, which is more suitable
at short distances. The leading term of this new expansion corresponds
to the case of the transmitter and receiver over a plane stratified
conduoting earth.

EFFECT OF THE GROUND SCREEN ON THE FIELD RADIATED FROM A MONOPOLE
Inst. Radio Engrs. (USA), Trans. V. AP-4, No. 2, Pgs 179-181,
April 1956.

J.R. Wait

No abstract

ON THE CONDUCTANCE OF SLOTS
IRE Trans. on Ant. Prop. AP-4, Pgs 124-127, April 1956.
JeRe Wait

No abstract

LOW FREQUENCY RADIATION FROM A HORIZONTAL ANTENNA OVER A SPHERICAL
EARTH

Canad. J. Phys. V. 34, Pgs 586-595, June 1956.

J.R. Wait

The problem of the radiation from a horizontal antenna at low
radio frequencies over a spherical earth is discussed. The solution
is facilitated by considering that the surface of the sarth can be
characterized by a boundary impedance. It is shown that, in general,
both vertically and horizontally polarized waves are radiated along
the surface of the earth. At short distances for a homogeneous earth,
the expressions are in agreement with Norton's formulas for the radia-
tion field of a horizontal dipole over a flat earth.
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THE RADIATION PATTERN OF AN ANTENNA MOUNTED ON A SURFACE OF LARCE
RADIUS OF CURVATURE

Proc. IRE, 44, 926, July 1956.

J. R. Wait

No abstraot

THE RADIATION PATTERN AND CONDUCTANCE OF SLOTS CUT ON RECTANGULAR
METAL PLATES

Proc. IRE 44, 1469, Ootober 1956.

Jo.R. Wait, D.G. Frood.

No abstraot

SLOTTED~-CYLINDER ANTENNA WITH A DIELECTRIC COATING
J. Researoh Nat. Bur. Standards, 58, 287-296, June 1957.
JoR. Wait, W. Mientka

No abstract

INSULATED LOOP ANTENNA IMMERSED IN A CONDUCTING MEDIUM
J. Res. Nat. Bur. Stand (UsA), V. 59, No. 2, Pgs 133-137, August 1957.
J.R. Wait

A solution is given for the fields of a cirocular loop in a
conducting medium. The loop is assumed to have a uniform ourrent,
and it is enclosed by a spherioal insulating oavity. The impedanoe
of the loop is also considered. It is shown that the power radiated
from the loop varies approximately as the reoiprooal of the radius of
the cavity for a specified loop current. Furthermore, 1f the oavity
is eleotrically small, relative to the external medium, the radiation
field is not signifioantly affected by the presence of the cavity.

A STUDY OF EARTH CURRENTS NEAR A V.L.F. MONOPOLE ANTENNA WITH A
RADIAL WIRE GROUND SYSTEM

EE Abstr. 523/1959; Proc. Inst. Radio Engrs. (USA), V. 46, No. 8,
Pgs 1539-41, August 1958.

J.R. Wait

Theoretical considerations suggest that the approximation used
for the impedanoe of the radial wire ground system in previously
published theories (see Abstr. 1336/1955 and 3453/1955 is valid when
the mean-wire~spacing is less than the skin depth in the soil and
also when the length of the wires is greater than this skin depth.
Measurements on a 100 £t monopole at 15.5 kc/s confirm the general
validity of the theories.
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INDUCTION BY AN OSCILLATING MAGNETIC DIPOLE OVER A TWO-LAYER GROUND
Appl. sci. Res. (Netherlands), Section B, V.7, Pgs 73-80, 1958.
J.R., Wait

An expression for the mutual electromagnetic coupling between two
small loops over a two-layer ground is derived. The result is expressed
in a form which is suitable for calculation by a digital computer. When
the heights of separation of the loops are large compared to the skin
depth in the ground, simple asymptotic formulas for the fields can be
developed. The results are employed to obtain a convenient formula for
the self--impedance of a loop over a two-layer ground.

ON THE CALCULATIONS OF TRANSVERSE CURRENT LOSS IN BURIED WIRE GROUND
SYSTEMS

Appl. sci. Res. (Netherlands), Section B. V. 7, Pgs 81-86, 1958.
J.R. Wait

A formula is developed for the impedance between a wire buried in
a homogeneous ground and an overhead conducting plane. The result
can be employed to calculate the power lost due to transverse currents
in buried wire ground systems for antennase.

PATTERN OF AN ANTENNA ON A CURVED LOSSY SURFACE
Inst. Radio Engrs (USA), Trans. V. AP-6, No. 4, Pgs 348-359, October
1958.

J.R. Wait, A.M, Conda

Extensive numerical results are presented for the radiaticn
fields of electric and magnetic type antennas mounted on smooth curved
surfaces of finite conductivity. The model chosen is a circular
cylinder whose surface impedance is specified. A residue series
representation is employed for the portion of space deep in the shadow
while a geometrical-optical representation is used in the "1it" region.
In the penumbra, the fields are expressed in terms of the "Fock functions".
The results are also applicable to other smoothly varying curved surfaces
suoh as spheres, parabolic cylinders, and paraboloids. As an application,
the E-plane patterns are computed for a small loop antenna on a spherical
earth for both sea and land illustrating the so~called cut-back effect.

ON THE THEORY OF REFLECTION FROM A WIRE GRID PARALLEL TO AN INTERFACE
BETWEEN HOMOGENEOUS MEDIA (II).

Appl. Sci. Research B 7, Pgs 355-360, 1959.

J.R., Wait

No abstract.
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ON THE ELECTROMAGNETIC RESPONSE OF AN IMPERFECTLY CONDUCTING THIN
DYKE

Geophysics, (USA), V. 24, No. 1, Pgs 167-171, February 1959.

J.R. Wait

No abstract

RADIATION FROM A SMALL LOOP IMMERSED IN A SEMI-INFINITE CONDUCTING
MEDIUM

Canad. J. Phys. V. 37, No. 5, Pgs 672-4, May 1959.

J.R. Wait

Considers the effect of burying a transmitting and/or a receiving
loop in the ground for the case where orientation is such as to radiate
a vertically polarized ground wave. It is shown *that the theoretical
solution of the problem can be readily obtained by generalizing Sommexr-
feld's results for dipoles at the surface and asymptotic expressions
are given for the appropriate Hertz vector comporents, for the ocase of
high conductivity. An expression for the additional attenuation due
to immersion of the loops is given.

THE CALCULATION OF THE FIELD IN A HOMOGENEOUS CONDUCTOR WITH A WAVY
INTERFACE

Proc. Inst. Radio Engs (USA), V. 47, No. 6, Pg 1155, June 1959.
J.R. Wait

No abstract

BARTH CURRENTS NEAR A MONOPOLE ANTENNA WITH SYMMETRICAL TOP LOADING
J. Res. Nat. Bur. Stand. (USA), V. 62, No. 6, Pgs 247-255, June 1959.
J.R. Wait

Expressions for the fields are developed for a vertical ground-
basedrmonopole with a cone or disk located at the top ¢of the antenna
to simulate umbrella top loading. The current distribution eon the
structure is assumed. Usirng spherical-wave functions, the magnetic-
field distribution on the ground plane near the base of the antenna
is computed and illustrated by graphs. FPor the case where the antenna
is electrically small, the currents flowing on the cone or disk are
shown t0 contribute only slightly to the total field.
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SOME SOLUTIONS FOR ELECTROMAGNETIC PROBLEMS INVOLVING SPHEROIDAL,
SPHERICAL, AND CYLINDRICAL BODIES

J. Res. Nat. Bur. Stand. (USA), V. 64B, Pgs 15-32, January-March 1960.
J.R. Wait

Solutions are presented for the low-frequency electromagnetic
response to an oscillating magnetic dipole by conducting bodies of
simple shape. The quasi-stationary approximation is employed through-
out, which is valid when the relevant dimensions of the problem are
small compared with the free-space wave-length. This amounts to matching
solutions of the wave equation within the bodies to solutions of Laplace's
equation outside. The results have application to geophysical pros—
pecting.

ON THE ELECTROMAGNETIC RESPONSE OF A CONDUCTING SPHERE TO A DIPOLE
FLELD

Geophysiecs, (USA), V. 25, July 1960.

J.R. Wait

The electromagnetic coupling between an electric and a magnetic
dipole in the presence of a spherical ore body is discussed in the
present paper. It is shown that both electric and magnetic modes must
be considered even though all dimensions are small compared with the
wave-length, The results have application to a geophysical prospecting
scheme where the exciting fields are set up by a straight insulating
wire grounded at its end points and the secondary fields are detected
by an undergrounded closed wire loop.

A NOTE CONCERNING THE EXCITATION OF ELF ELECTROMAGNETIC WAVES
J.R. Wait
See Section I, Page 114,

THE ELECTROMAGNETIC FIELDS OF A HORIZONTAL DIPOLE IN THE PRESENCE OF
A CONDUCTING HALF-SPACE

Canad. J. Phys. V. 39, Pgs 1017-1028, 1961.

J.R. Wait

The problem considered is a horizontal electric dipole which is
located above or below the plane surface of a conducting half-space.
Expressions for the fields are obtained using three different approaches.
The formulas developed are quite simple and, taken together, the whole
range of distances from the far—-zone is adequately covered.
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ON THE IMPEDANCE OF LONG WIRE SUSPENDED OVER THE GROUND
Proo. Inst., Radio Engrs. (USA), V. 49, No. 10, Pg 1576, October 1961.
J.R, Wait

Much has been written over the years on the subjeot of the
impedanoe of wires lying on the ground or suspended above it. The
possibility that a long horizontal wire will be a feasible radiator
of VLF radio waves had reopened interest in the problem. It is
the purpose of this note to outline a raiher simple solution of an
infinitely long wire looated at a height h over a homogeneous flat
ground.

ON THE THEORY OF AN ANTENNA OVER AN INHOMOGENEOUS GROUND PLANE
Symposium on Eleotromagnetio Theory and Antennas, Copsnhagen, 25th to
30th June 1962.

J.R, Wait

No abstract

EFFECTIVE IMPEDANCE OF A WIRE GRID PARALLEL TO THE EARTH'S SURFACE
EE Abstr. 994/19635 IRE Trans Antennas & Propagation (USA),

Vol. AP-10, No. 5, Pgs 538-42, September 1962.

J.R., Wait

The reflection of electromagnetio waves from a parallel wire
grid, located near the plane interfaoce of two homogeneous media, is
considered. The incident wave is polarized such that the magnetio
veotor is perpendioular to the grid wires. It is shown that, for
this particular oase, the grid may be represented by a pure shunt
element in the equivalent transmission line oirocuit. The application
of the results to the design radial wire ground systems for vertical
monopole systems is mentioned.

POSSIBLE INFLUENCE OF THE IONOSPHERE ON THE IMPEDANCE OF A GROUND-
BASED ANTENNA

EE Abstr., 1002/1963; J. Res. Nat. Bur. Stand. (USA), Vol. 66D, No. 5,
Pgs 563-9, September—October 1962.

J.R. Wait

The analysis for the impedanoce of a vertioal eleotric dipole in
the presence of an isotropic and homogeneous oonducting half-space is
presented. Various approaches to the problem are then briefly compared
and some numerioal results are presented in graphioal form. The
extensions to an anisotropio half-spaoce are also oonsidered. Finally,
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the dipole is located in the space between a homogeneous ground and a
sharply bounded ionosphere. It is conocluded that the presence of the
ionosphere has a negligible effeot on the impedance of a ground-based
aerial unless the frequency is less than 1,000 c/s or so.

THEORY OF MAGNETO-TELLURIC FIELDS

J. Research (D. Radio Propagation). Nat. Bur. Stands, 66D, Pgs 509-541,
September—October 1962,

JeRe Wait

No abstract

A NOTE ON E-FIELD AND H-FIELD LOSSES FOR GROUND-BASED ANTENNAS
EE Abstr. 7693/1963; Proc. Inst. Elect. Electronics Engrs (USA), Vol. 51,
No. 2, Pg 366, February 1963.

J.R. Wait

When calculating the ohmic ground loss for vertical aerials with
radial ground systems it is usually assumed that both E- and H- field
losses may be computed separately and then simply added. It is shown
that at low frequencies there is some theoretical justification for this
procedure.

CALCULATIONS OF THE FIELD NEAR THE APEX OF A WEDGE SURFACE

Nat. Bur. Stands, Boulder, Colorado. Tech. Note 204, 21st November
1963

J.R. Wait, C.M. Jackson.

No abstract

THE THEORY OF AN ANTENNA OVER AN INHOMOGENEOUS GROUND PLANE

Preprinted from Electromagnetic Theory and Antennas, edited by E.C. Jordan,
Pergamon Press, Oxford, 1963.

J.R., Wait

No abstract

THE ELECTROMAGNETIC FIELD WITHIN A DISCONTINUOUS CONDUCTOR WITH
REFERENCE TO GEOMAGNETIC MICROPULSATIONS NEAR A COASTLINE
Phys. Abstr. 9928/1963; Canad. J. Phys., Vol. 41, No. 3, Pgs 484-95,

March 1963.
J.T. Weaver

The two-dimensional problem of a low frequency plane-polarized
electromagnetic wave incident on a semi-infinite conducting medium with a
plane surface is treated for the case when the medium has a discontinuity,
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the regions on either side of & plane normal to its surfaoe being of
different conductivities. Arguments are given to show that it is
reasonable to assume, as a low—-frequenoy approximation, that the tan-
gential magnetio field is constant on the surfaoe of the oonduotor.
With the aid of this approximation, solutions are obtained for the

two oases when (i) the magnetic veotor (H polarization) and (ii) the
electric vector (E polarization) is always parallel to the traoe of the
disoontinuity. The model is disocussed with referenoe to the behaviour
of geomagnetio micropulsations near a ooastline, particular attention
being paid to the E-polarization solution which oontains a magnetio
oomponent normal to the surface of the oonduotor. The amplitude of
this oomponent at the surface is shown to inorease sharply as the region
of the discontinuity is approaohed thus providing an explanation of the
enhanoed Z magnetic component in the mioropulsation field observed at
ooastal stations.

SUBMERGED ANTENNA PERFORMANCE

EE Abstr. 4332/1963; IRE internat. Convention Record (Usa), Vol. 10,
Pt 1, Pgs 108-35, 1962,

W.L. Weeks, R.C. Fenwick.

Gives the results of a theoretical and experimental study of the
oharaoteristios of aerials in lossy environments, such as wires buried
in the earth or sea. A oriterion for the evaluation of such aerials
(for surfaoce waves or any other single mode of propagation), oalled
relative oommunioation efficiency, is defined and a mathematioal formula
for its calculation is derived. A number of speoifio evaluations are
presented, with emphasis on horizontal wire aerials, The results of
experiments to determine the input impedanoe and current distribution
on wires of different sizes and different insulation thicknesses are
summarized and compared to a simple theory. The results of measure—
ments of the fileld strength of horizontal wires and arrays are presented
and compared to the theoretioal results. The s/n ratios: observed
with submerged reoeiving aerial struotures are discussed.

THE MAGNETIC FIELD OF A CYLINDRICAL COIL CARRYING DIRECT CURRENT
EE Abstr. 2333/1953; Dtsoh. Elektrotech., V. 6, Pgs 605-12,
December 1952.

A, Welgand

The treatment is by the fundamental equations of a stationary
magnetio field and leads to a partial differential equation of the
second order for the ourrent function with given boundary conditions.
This can be solved by integrals of the Fourier-Bessel type. For the
case of a very thin coil, these integrals reduce to tabulated elliptic
integrals. For coils of finite thickness, integration over the coil-
thickness is necessary, however. The components of field strength are
expressed similarly,
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RECIPROCITY THEOREMS FOR ELECTROMAGNETIC FIELDS WHOSE TIME DEPENDENCE
IS ARBITRARY

EE Abstr. 6136/1960; Ins%. Radio Engrs. (USA), Trans. V. AP-8, No. 1,
Pgs 68-73, January 1960

W.J. Welch

Two reociprocity theorems are derived which are valid for fields
whose sources may have arbitrary time dependence. The first theorem
involves the electromagnetic potentials, and the second is in terms of
the electric and magnetic fields directly. In both cases, it is
necessary to make use of the retarded solutions to Maxwell's equations.
Some properties of the theorems are discussed, and, as an application,
the second theorem is used to derive a variational expression scattering
of electromagnetic waves from a perfect conductor.

COMMENT ON "RECIPROCITY THEOREMS FOR ELECTROMAGNETIC FIELDS WHOSE
TIME DEPENDENCE IS ARBITRARY"

EE Abstr. 3844/1961; Inst. Radio Engrs. (USA), V. AP-9, No. 1, Pgs
114-15, January 1961.

W.J. Welch

An extension to the author's paper abstracted as Abstr. 6136 of
1960.

ON THE EXTERIOR BOUNDARY VALUE PROBLEM OF PERFECT REFLECTION FOR
STATIONARY ELECTROMAGNETIC WAVE FILELDS

Symposium on Electromagnetic Theory and Antennas, Copenhagen, 25th to
30th June 1962.

P, Werner

No absiract
FUNDAMENTAL LIMITATIONS OF SMALL ANTENNAS
Proc. Inst. Radio Engrs. (USA), V. 35, Pgs 1479-1484, December 1947.
H,A., Wheeler

No abstract
FUNDAMENTAL LIMITATIONS OF A SMALL VLF ANTENNA FOR SUBMARINES
Inst. Radio Engrs (UsA), V. AP-6, No. 1, Pgs 123-5, January 1958.
H.A. Wheeler

Since the propagation in sea-water is nearly vertical (downward

from the surface), the only ,.operative types for submarines are horizontal
dipoles electric and magnetic. The electric dipole is coupled by
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conduotion and the magnetic dipole by induction in a loop. The
former has no resonance and nearly unlimited bandwidth, but fails
when not submerged. The latter, by resonance, is able to present
much greater interception area and available power. The magnetio
interception area is determined by the size of the radome and by
the radian length or skin depth in sea water (2mat 15 kc/s). The
radiation power factor, which is essential to bandwidth and efficiency
is influenced also by the size of the inductor and by the magretic
permeability of an iron oore. Simple formulae illustrate these
relations for the idealized spherical shape of the radome, coil and
core. Omnidirectivity in azimuth requires crossed coils in a two-
phase circuit.

FUNDAMENTAL RELATIONS IN THE DESIGN OF A VLF TRANSMITTING ANTENNA
EE Abstr. 2700/1958; Inst. Radio Engrs. (USA), Trans. V. AP-6,
No. 1, Pgs 120-2, January 1958.

H.A. Wheeler

For a vlf flat top aerial much smaller than the radian sphere
(a sphere whose radius is one radian length), the effective height,
effective area and effective volume are defined. The required power
faotor of the radiation proportionately determines the effective
volums. For a specified power to be radiated, the effective height
inversely determines the current and the effective area inversely
determines the voltage. For a limited electrio gradient on the over-
head wires, the current requires a proportionate area of conductor
surface. A ocorrespondirg total length of wire in the flat top is
adequate if disposed for uniform distribution of charge and if spread-
out to realise the required effective area. These objectives are
obtained more readily by some configurations, suoh as long parallel-
wires or concentric circles of wire. This study has been made for a
high~power transmitter to be located in Maine, the first to radiate
1 MW continuously at 15 ko/s.

THE SPHERICAL COIL AS AN INDUCTOR, SHIELD OR ANTENNA
Proc. Inst. Radio Engrs (USA), V. 46, Pgs 1595-1602, September 1958
H.A. Wheeler

No abstract
THE RADIANSPHERE AROUND A SMALL ANTENNA
Proc. Inst. Radio Engrs. (USA), V. 47, Pgs 1325-1331, August 1959.
H.A. Wheeler

No abstract.
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USEFUL RADIATION FROM AN UNDERGROUND ANTENNA

EE Abstr. 1636/19613 J. Res. Nat. Bur. Stand. (USA), V. 65D, No. 1,
Pgs 89-91, January-February 1961.

H.A. Wheeler

An underground aerial delivers power to the surrounding conduo-
tive medium, and a fraction of the power goes out as radiation above
the surface. This fraction is denoted the radiation efficiency. It
is expressed in simple terms for two types of underground aerials. The
first and simplest is a vertical loop in a submerged spherical radome.
The second is a submerged horizontal insulated wire with each end
connected to a ground electrode. In each case, the efficiency is the
product of three simple factors: the first depending on the index of
refraction between air and ground; +the second proportional to the size
(radius of the radome or length of the wire); the third giving the
attenuation with depth. An example for 1 Mc/s gives an efficiency of
0.0014 for an underground wire of specified dimensions. The radiation
efficiency is applicable to sender or receiver.

THE TRANSMITTED AND REFLECTED FIELDS DUE TO A PLANE WAVE INCIDENT ON
A DIELECTRIC HALF-SPACE FROM A CONDUCTING HALF-SPACE

R.H, Williams

See Section I, Page 128.

THE TRANSMISSION OF A PARTICULAR NON-UNIFORM PLANE WAVE ACROSS A FLAT
BOUNDARY

R.H., Williams

See Section I, Page 128.

PROPAGATION BETWEEN CONDUCTING AND NON-CONDUCTING MEDIA
R.H. Williams
See Section I, Page 129.

THE FLUX, THROUGH A GIVEN SPACE, OF THE MAGNETIC FIELD DUE TO A
STRAIGHT CONDUCTOR

Arch. Elektrotech. (Germany), V. 44, No. 6, Pgs 373-85, 1959.
H.H. Wolf

General formulae are obtained for the flux through polyhedral
surfaces parallel to the axis of the conductor. The current is assumed
to be d.c. or at frequencies low enough for the phase-shifts in the
medium to be ignored. Graphs of various parameters are given to assist
in numerical computation.
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DRIVING POINT AND INPUT ADMITTANCE OF LINEAR ANTENNAS
J. appl. Phys. (USA), V. 30, No. 1, January 1959.
T.7. Wu

An infinity in the input admittance of linear antennas owing
to the use of an idealized delta-function generator is investigated.
I+t is shown that the infinity may be interpreted in terms of an
infinite capaoitance between the two halves of the antenna. This
conclusion is reached that conventionally used iterative procedures
are not invalidated by difficulties with respect to the driving point.

THEORY OF THE DIPOLE ANTENNA AND THE TWO-WIRE TRANSMISSION LINE
J. Math. Phys. (UsA), V. 2, Pgs 550-574, 1961.
T.T. Wu.

No abstract

THEORY OF THE THIN CIRCULAR LOOP ANTENNA
EE Abstr. 4338/1963; J. math. Phys. (USA), Vol. 3, No. 6, Pgs 1301-4,
November—Decéember 1962.

T.T. Wu

The ocurrent distribution on a thin circular loop transmitting
aerial driven by a delta—funotion generator is determined approximately
by Fourier series expansion. A difficulty encountered in previous
analysis (Abstr. 4759 of 1961) is shown to be due to an inadequate
approximation.

RADIATION FROM A MAGNETIC LINE DIPOLE SOURCE OF FINITE WIDTH
Phys. Abstr. 2120/1963; Proc. Inst. Radio Engrs (USA), Vol. 50,
No. 8, Pgs 1848-9, August 1962.

L.W. Zelby

The problem of radiation from a magnetic line dipole source lying
in a lossy plane is of interest since, in addition to the radiating
components, a surface wave is also launohed. If the line dipole source
igs of finite width, the surfaoce-wave oomponent can either be maximized
or reduoced to zero. Mathematical analysis is presented from whioh the
oonditions that must be satisfied for true and for "leaky" surface waves,
and for maximum and for zero surface waves, are derived. Disoussion
of these results indioates that for maximum effioienoy in launching a
surfaoe wave, a source of infinitesimal thickness is required and also a
purely inductive surface impedanoe, in agreement with gonditions for the
support of surface waves derived by Barlow and Cullen 1953). When
the surface impedance is oomplex, or pure real, a "leaky" surface wave
is obtained. The surface wave term can be eliminated only if the

surface impedance is not complex,
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THE ELECTROMAGNETIC FIELD CF A MAGNETIC DIPOLE SITUATED IN AN INFINITE
DIELECTRIC LAYER WITH REFLECTING PLANE

EE Abstr, 4763/1961; Radiotekhnika i Elektronika (USSR), Y. 5, Ho. 12,
Pgs 1937-43, December 1960.

N.V, Zernov

The dipole axis is parallel to the ideally conducting plane which
forms one boundary of the dielectric layer. A general expression is
obtained for the projection of the Hertz vector in the space above the
layer. Hence it is shown that the dipole produces spherical and cylin-
drical surface waves in the external space. The field at a distance is
calculated, and the results applied to finding the electromagnetic field
of an elementary slit.

THE INFLUENCE OF THE CONDUCTIVITY OF THE SURROUNDING MEDIUM UPON THE
INPUT IMPEDANCE OF A CURRENT LOOP

Zh. tekh. Fiz., V. 29, No. 8, Pgs 1009-13, August 1959.
English trans. in Soviet Physics Tech. Physics, (USA?, Y 4, Ho. &,
Pgs 918-22, February 1960,

V.G. Zernyatko, D.N, Chetaev

Using Fork's solution (1926 and 1933) for the field of a 1.f.
current element lying on the surface of a conducting medium, the input
impedance of a current loop (the latter being dependent upon the conduo-
tivity of the underlying medium) is computed by the method of induced
e.m,f.'s,

A STUDY OF NON-POTENTIAL ELECTRIC FIELDS
Rev. Gen. Elect. (France), V. 68, No. 9, Pgs 555-9, September 1959.
M.P. Zlatev

The object is to develop a simple relationship between the E and
B vectors which is valid for any quasi-gstationary variation of B with
time. This relationship is derived in terms of a parametric vector
whoge definition is analogous to the Biot-Savart-Laplace law.

A MAGNETIC DIPOLE IN A MEDIUM WITH CYLINDRICAL INTERFACE

Phys. Abstr. 19417/1963; Izv. Akad. Nauk SSSR, Ser. geofiz, 1963, No. 1,
Pgs 128-34. In Russian. English trans in: Bull Acad. Sci. USSR, geophys.
Ser (UsA), No. 1, 75-8,(January 1963, publ. May 1963).

G.N. Zverev, V.A. Kusov

An oscillating dipole parallel to the axis of an infinite cylinder is
placed at the origin of a system of co-ordinates. The electromagnetic field
at any peint on the axis of the cylinder is calculated by solving Helmhotz's
equation by Sommerfield's method, for the case that the surrounding medium
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differs in conductivity from the cylinder. The dielectric constant
and the magnetic permeability are assumed to be one (in Gaussian units)
for both media. It is shown that the expression for the field can be
adapted for calculation according to Simpson's formula for numerical
integration. A flow diagram of the calculation is given. This was
used for programming on an electronic computer., Numerical results
for the real and imaginary components of the field are given as a
number of graphs. These are intended to be of use in geophysical

induction logging methods.
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PART III

ANALYSIS, MEASURING METHODS, MAGNETOMETERS, CORRELATION

EXPERIMENTAL INVESTIGATION OF LOW FREQUENCY NOISE OF THERMIONIC TUBES
AND SEMI-CONDUCTOR TRIODES

EE Abstr. 6110/1957; Radiotekhnika (USSR), V. 12, No. 6, Pgs 45-51,
1957

B.V. Abramov, V.I. Tikhonov

The method and apparatus for measuring noise of thermionic tubes
and transistors in the range 66 cps -~ 15 k¢ are described in detail.
The results of measurements on two Russian valves and two transistors
are presented in tables.

ROTATING COIL MAGNETOMETER FOR THE MEASUREMENT OF THE EARTH'S MAGNETIC
FIELD

Phys. Abstr. 5525/19613 Amer. J. Phys. (USA), V. 29, No. 5, Pgs 333-4,
May 1961.

D.S. Ainslie

No abstract

A GRADIENT MAGNETOMETER USING PROTON FREE-PRECISION

Phys. Abstr. 7671/1963; J. Sci. Instrum (GB), Vol. 39, No. 12,
Pgs 625-9, December 1962.

M.J. Aitken, M.S. Tite

Proton free-precision was used to measure weak magnetic gradients
in the earth's magnetic field by a direct comparison of the precision
frequencies from two detectors spaced several metres apart. The
comparison is made by timing the first half-cycle of the beat frequency.
In the first instrument described the time is measured electronically,
and field differences of 4 x 10~2 ocersted were measured to 1_10% in this
way. The second instrument is semi-quantitative and is essentially
an amplifier feeding an earphone. Nevertheless, field differences of
5 x 10~5 oersted can be detected easily, and the instrument is adequate
for the magnetic location of archaelogical remains.
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A NEW NAVAL FACILITY FOR MBASURING LOW-LEVEL MAGNETIC FIELDS
EE Abstr. 1305/1961; Elect. BEngng (USA), V. 79, No. 8, Pgs 655-60,
August 1960,

W.W. Anderson

Describes an installation which is used to study the vertical
component of magnetic fields produced by equipment designed for naval
ships. The test building is constructed of non-magnetic materials
(AA’r < 1.02) and a "non-magnetic" radius of 288 feet around the
building is obtained by the same permeability restriction. Eleven
highly sensitive fluxgate magnetometers each having a resolution of
10~2 Oersted and having automatic compensation for random earth's
field variation are used. There are 171 fixed probes arranged in 3
horizontal planes below the test equipmeni, and 11 moveable probes
used with the magnetometers to obtain the distribution of magnetiec
field. Scanning of the probes is automatic and the digital data
handling and analysis technigues employed are described.

PHASE-MEASURING EQUIPMENT FOR VLF PROPAGATION INVESTIGATIONS
G.E, Ashwell, C.S. Fowler
See Section I, Pageb.

PORTABLE APPARATUS FOR MEASUREMENT OF VERY SLOW TERRESTRIAL VARIATIONS
Phys. Abstr. 1478/1963; C.R. Acad. Sci. (France), Vol. 255, No. T,
Pgs 1223-4, (13th August 1962). 1In French.

M. Aubert, G. Clerc, D. Gilbert

A description is given of the apparatus for use in the field with
temporary stations to determine the diurnal and semi-diurnal periods
of earth magnetic variations. The slow variations for considerable
depths can only be studied by the elimination of the stronger rapid
variations. This is accomplished by the use of a filter to suppress
the rapid variations. The apparatus is described and an example given
of a reglstration at Garchy on an N-S line of 1300 m, The diurnal
variation is very close to one day. A duration of 40 days is sufficient
to determine the components of the wave by means of a graphical harmonic
analyser. An acouracy of 15% is obtained for the diurnal and semi-
diurnal waves. For the two waves the pkase of the magnetic field is
retarded about 70° on that of the earth field.

THE USE OF AN ELECTRON BEAM FOR THE ACCURATE MEASUREMENT OF ALTERNATING

MAGNETIC FIELD STRENGTHS
Phys. Abstr. 11191/1954; Proc. Instn. Elect. Engrs (GB), V. II, No. 101,

Pgs 441-9, August 1954
S+E. Barden, K. Phillips

A special electron-optical system for producing a low-energy bean,
as far as possible only in the absence of a magnetic field, is desoribed.
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Its use for measuring both the strength of d.c. magnetic fields relative
to a static reference field, and the relative strengths ¢f time-dependent
magnetic fields, with the aid of the voltage pulse which it produces at
field zeroc, is desoribed. The various factors affecting the amplitude
and width of such pulses are discussed, and quasi-static measurements

are given in support of the conclusions derived from a simple thsoretical
analysis c¢f such factors. The operation cf such an instrument in time-
dependent magnetic fields, such as in the betatron and electron-synch-
roton, is briefly discussed.

THE ENGINEERING OF COMMUNICATION SYSTEMS FOR LOW RADIO FREQUENCIES

J+S. Belrose, W.,L. Hatton, C.A. McKerrow, R.S. Thain

The low radic frequencies are of considerable importance in
specific radic occmmunication applications. However, little improvement
has been made in recent years in methods cf engineering frequency
systems. In this paper the factors that influence the design of a
communication system at low radic frequencies are discussed, and a
description is given of some experimental work designed t¢ cbtain
infermation concerning optimum values of some of the design parameters.

MEASUREMENT OF WEAK MAGNETIC FIELDS BY OPTICAL PUMPING METHODS
Phys. Abstr. 13148/1961; Arch. Sci. (Switzerland), V. 13, No. Fasc.
Spec., Pgs 21-8, 1960.

P.L, Bender

9th Colloque Ampdre Paper (See abstr. 4734 of 1961). A review and
comparison of the d.c. alkali vapour magnetometer (Abstr. 6470 of 1957),
the self-oscillating alkali vapour magnetometer (Abstr. 7317 of 1957s
6349 of 1958), and the helium magnetometer (Abstr. 722 of 19593 13415
of 1960), Effects of orientation of the field are considered, and
recent modifications made for specific applications are menticned. Feor
abgolute measurements of slowly changing fields, the d.c. alkali wvapour
magnetometer is preferred. When orientation is not maintained, and
fast response is desired, modifications of the self-cscillator are
superior.,

INVESTIGATION OF STATIC MAGNETIC FIELDS BY MEANS OF NUCLEAR RESONANCE
Phys. Abstr. 5563/1953; J. Phys. Radium (France), V. 13, Pgs T1S-2S,
December 1952.

G.J. Béné, P.M, Denis, R.C., Extermann

Describes measurements of the magnetic field strength H of an

electromagnet and of a Helmhocltz coil system using the relationw=7 H,
where & is the resonance frequency and‘Y'the gyrcmagnetic ratio.
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ON THE MEASUREMENT OF THE SPECTRAL DENSITY OF A NOISE IN GEOPHYSICS.
APPLICATION TO THE EARTH-IONOSPHERE CAVITY

Phys. Abstr. 6947/1963; C.R. Acad. Sci. (France), Vol. 255, No. 19,
Pgs 2496-8, (5th November 1962). In French.

R. Benoit, A. Houri

The naturally occurring vlf resonances of the earth-ionosphere
cavity were analysed by a statistical method, the spectral density
being obtained by filters and integration. The conclusions are that
the theoretical resulis of Galejs (Abstr. 508 of 1963), which give an
exponential profile for the electron density in the lower ionosphere,
agree remarkably well with the experimental results, and this fact
shows that the method of spectral analysis used is satisfactory.

ON THE FEASIBILITY OF AN ACOUSTIC ANALOGUE OF VLF ELECTROMAGNETIC
PROPAGATION

AD 30851; U.S., Navy Electronics Laboratory, San Diego, California,
Rept. No. 434.

R.T. Beyer, G.E. Hudson

It is feasible, in principle; to form an acoustic analogue of v1f
electromagnetic wave propagation in two dimensions. Such an analogue
would enable the laboratory experimenter to study (1) the effects of
the curvature of the earth and of scattering from suitable surfaces,
and (2) the effects of "absorption" by the ionosphere either for a flat
earth or a ocurved earth.

RADIOSPECTROSCOPY (THE FIFTY-TEIRD KELVIN LECTURE) .

EE Abstr. 1766/1964; Proc. Instn. Elee. Engrs. Paper 4019, publ. Nov.
1962 (Vol. 109B, 457-63).

B. Bleaney

Gives a survey of the theoretical and practical development of
radio-frequency spectroscopy from the early work of Debye on soluticns
of polar molecules %o the more recent work in maser technology. The
author begins with a discussion of the concept of relaxation time followed
by a summary of the important features of the techniques of radiospeo-
troscopy. The gyroscope analogy is introduced in relation to a nugclear
magnetic measurements using moclecular beam techniques. The increasing
activity in post-war years resulting from the development of radar is
emphasised leading in particular to the increased importance of absorption
spectroscopy at microwave frequencies. The application of the various
principles to practical devices is described. These include microwave
amplifiers and oscillators, high stability frequency standards, accurate
magneticfield measurements and the use of the proton magnetometer for
archaeological surveys. The last of these has been used to detect field
variations as small as 5 x 105 e.m.v.
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PRINCIPLES OF OPERATION OF THE RUBIDIUM VAPOUR MAGNETOMETER

Phys. Abstr. 5430/1962; Appl. Optics (USA), V. 1, No. 1, Pgs 61-8,
January 1962.

A,L, Bloom

Discusses some of the basic problems involved in designing and
using a magnetometer employing optical pumping. Particular attention
is given to magnetometers of the self-oscillating type, i.e. those
that are analogous to masers in that the resonant properties of the
spin system itself are used to sustain continuous oscillation at the
resonant frequency. Among the topics treated are amplitude variations
with orientation, sensitivity, behaviour in extremely weak magnetic
fields, and response to rapid field changes.

THE RELATION OF MAGNETIC MICROPULSATIONS TO ELECTRIC-CURRENT AND SPACE
CHARGE SYSTEMS IN THE LOWER IONOSPHERE

Phys. Abstr. 6964/1962; J. geophys. Res. (USA),V. 67, No. 1, Pgs 177-
81, January 1962,

H.A. Bomke

During August and3September 1960, a very large wire loop (area
about 100 km2) was used to record different types of earth-magnetic
micropulsations at Baxter State Park, Maine. The average values of
the magnetic amplitudes were compared with the average values of the
electric amplitudes of the same type of micropulsations. There is
strong indication that for micropulsations in the 1 cps range the ratio
E/H is about 100,000 ohms, whereas for micropulsations in the range
between 0.1 and 0.0l cps, E/H is of the order of 10 ohms. The distinc-
tion is made between electric~dipole radiation, produced by free
electric space-charge oscillations, and magnetic-dipole radiation,
generated by closed electric currents. The former are assumed to be
connected with the absorption of auroral particles in the ionosphere,
whereas the latter are the result of the absorption and reflection of
hydro-magnetic waves in the lower ionosphere. Simul taneous recordings
of the same micropulsation events with two different loops showed an
amplitude ratio that corresponded to the loop sensitivity ratio only
for the longer micropulsation periods (10 to 100 sec.). The micro-
pulsations around 1 cps often showed a much stronger signal on the
small than on the large loop. This seems to indicate that the sources
for the 0.1 to 0.0l cps micropulsations are large (at least of 10 km
diameter), while the 1 cps sources are very often small (of 400 to 500
m., diemeter.
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NEW POSSIBILITIES OF PROTON MAGNETOMETERS

Phys. Abstr. 15982/1962; Ann. Geophys. (France), Vol. 18, No. 1,
Pgs 62-91. In French.

I.G. Bonnet

The advantages offered by the method of nuclear polarization as
far as magnetometers are concermed are studied. New methods are
suggested which are likely 1o improve the accuracy and the linearity
characteristics of the field-into-frequency transformations. The
problem of the reading of the information is also studied simultaneously
and a continuous process is proposed which optimizes the resolutiom
power of the systiem and the compensation of noise effects.

A METHOD OF MEASURING WEAK FIELDS BY FREE PRECESSION IN CONJUNCTION
WITH ELECTRONIC PUMPING

Phys. Abstr. 13149/1961; Arch. Sci. (Switzerland), V. 13, No. Fasc.
Spec., Pgs 629-33, 1960,

M. Bonnet, M, Servoz-Gaven

9th Colloque Ampdre (see Abstr. 4734 of 1961). A new method is
proposed in which the increase in magnetization necessary for observation
of free precession is obtained continuously by means of nuclear polari-
zation. This overcomes restrictions on rate of repetition of measurement
set by relaxation times in the technique of Packard and Varian (Phys.
Rev. (USA), V. 93, 941, 1954). The sample is about 100 cm3 of a solution
of the substance K2N0(803)2 subjected to sufficient power at 56 Mc to
saturate the free electron spins, Brief details of the apparatus and
results are given.

EXPERIMENTS ON THE DISTORTION OF THE FLELD OF A MAGNETIC PROBE (DEVELOPED
BY P. FORSTER) IN THE PRESENCE OF A FERROMAGNETIC BODY

Phys. Abstr. 3641/1954; Elektrotech. u. Maschinenbau (Bult) (Austria),

V. 70, Pgs 452-5, October 15, 1953.

F. Brandstaetter

Describes investigations of the Fdrster probe previously described
(Abstr. 2824/1952). The magnetic field in the neighbourhood of the two
Permalloy cored coils forming the double transformer of the instrument
was measured with 8 small search coil with and without the presence of a
thin iron strip. The effect of the strip was to increase the concen-
tration of the field into two sharp maxima on either side of the coil.

MEASUREMENT OF MAGNETIC FIELDS IN VERY SMALL AIR GAPS WITH THE AID OF
THE FORSTER PROBE

Phys. Abstr. 13647/1962; Acta phys. Austriaca, Vol., 15, No. 1&2,

Pgs 80-9 (1962). In German.

F. Brandstaetter

It is possible to determine the field strength in a small gap of
1?/“ of a recording head by means of remanence measurements on a
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calibrated magnetic tape. The field strength cannot be inferred
simply from the measurements, since the latter have a longitudinal
and a transverse component. The P8rster probe is particularly
suited for separation of these components. For small excitations
the transverse magnetization of the tape is negligibly small. G of
the recording head is made so sensitive that the tape is saturated,
the magnitude of longitudinal and transverse field strengths can be
determined separately. The marked difference between the saturation
values of transverse magnetization in the homagenous field and the
gap field demonstrate the strong inhomogeneous magnetization of the
tape in the latter field.

DESIGN BASIS OF DIFFERENTIATING AMPLIFIER FOR VARIABLE LOW-FREQUENCY
PHENOMENA.

EE Abstr. 3854/1961; Blektronik (Germany), V. 9, No. 12, Pgs 371-2,
December 1960.

R. Buock

A mathematical study of the problem of achieving the most accurate
differentiation with a simple RC network in the sub-audio range. It
is shown that accuracy is greatest when the values of both R and C are
a minimum and that an error not exceeding 1.5% is practicable at a
frequency of 20 cps. A method of calibration for the amplifier is
outlined.

HIGH ALTITUDE MEASUREMENTS OF THE EARTH'S MAGNETIC FIELD WITH A PROTON
PRECESSION MAGNETOMETER

J. Geophys. Res. (USA), V. 61, Pgs 547-558, 1956.

L.J. Cahill, Jr., J.A. Van Allen.

No abstract

INVESTIGATION OF THE EQUATORIAL ELECTROJET BY ROCKET MAGNETOMETER
J. Geophys. Res. (UsA), V. 64, Pgs 489-503, 1959.
L.J. Cahill, Jr.

No abstract

A STUDY OF THE OUTER GEOMAGNETIC FIELD
Phys. Abstr. 25937/1963; IEEE Trans. nuclear Sci. (USA), Vol. NS-10,
No. 3, Pgs 10-19, July 1963.

L.I. Cahill, Jr.

An account is given of the knowledge of the outer geomagnetic field
before 1958. The types of magnetometers avaiable for use in satellites
are described and their relative merits considered. A survdy is made of
the magnetometer measurements made in U.S. and Russian satellites and space
probes. Measured. data indicating a boundary between the magnetosphere
and the solar wind between 10 and 15 Rg are reproduced. An extensive
bibliography is included.
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MAGNETIC FIELD MICROPULSATIONS AND ELECTRON BREMSSTRAHLUNG
Phys. Abstr. 4703/1962; J. geophys. Res. (USA), V. 66, No. 10, Pgs 3599-
36g6, October 1961.

W.H. Campbell

A report of observations made near College, Alaska, in June-July
1960, using a geomagnetic transient-flux meter with a flat response in
the frequency band, 0.4-0.04 cps, and a balloon-borne geiger counter to
measure bremsstrahlung electrons of energies > 50 keV. On 28th June the
records showed an SC of micropulsation aetivity coincident with a burst
of auroral bremsstrahlung at 1050 UT.

SYSTEM FOR LOW-FREQUENCY NOISE MEASUREMENTS
EE Abstr. 10711/1962; Rev. Sci, Instrum (USA), Vol. 33, No. 6, Pgs 654-5,
June 1962.

P.C. Caringella, W.L., Eisenman

A system for measuring low-frequency noise speotra of thermal detectors
is described. Its features also make it useful for other noise measuring
applications. Low equivalent input noise is realized by incorporating an
RCA 6CW4 Nuvistor in the system preamplifier. A constant bandpass of 0.3
o/s is maintained over the entire tuning range of 1 to 50 c/s by utilizing
a heterodyne-type spectrum analyser modified for this application. A
typical thermistor bolometer noise spectrum is given.

VLF PROPAGATION MEASUREMENTS FOR THE RADUX-OMEGA NAVIGATION SYSTEM
C.J. Casselman, D.P. Heritage, M.L. Tibbals
See Section I, Page 25,

RECORDING ATMOSPHERIC RADIO NOISE

EE Abstr. 6961/1960; Electronic Technol. (GB), V. 37, No. 9, Pgs 346-9,
September 1960.

C. Clarke

An investigation was made of the technique required for tape-
recording noise at field stations, using simple equipment, with a view
to the recordings then being sent to a central research centre for
analysis. The method involves recording the i.f. noise envelope
obtained from a receiver with a bandwidth of 300 cps centred about 10 ke,
By limiting the replay bandwidth by means of-a high-pass:fllter.and
adjusting the record bias for optimum response, an amplitude range of
60 dB may be recorded without distortion. The main limitation comes
from unwanted amplitude modulation caused by misalignment of the tape
and contact variations between the head and the tape. This modulation
may be reduced to a standard deviation of between 5 and 10% for half-
track recording on professional-type or the highest priced domestic-
type equipment. A comparison of noise structure on 24 ke obtained
from direct measurement and via the medium of tape recording shows that
the results are statistically indistinguishable.
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TESTS OF UNDERWATER REMOTE CONTROL SYSTEM
AD 240 411L; 1960.
U.S, Coast Guard, Washington, D.C.,

Laboratory and field tests are described of an underwater remote
control system. The equipment tested included a transmitter and two
different receivers. On receiver was designed only for remote
operation:.of a relay. The other can be used either to receive voiose
oommunications or to actuate a relay. It was concluded that the
field tests proved the system operated according to required speci-
fications in so far reliable relay operation was obtained at a range
of one-half mile along the perpendicular bisector of the line connecting
the transmitting electrodes. Factors which might greatly increase the
reliable range of operation are noted.

THE MEASUREMENT OF THE VERTICAL ELECTRIC CURRENT IN THE ATMOSPHERE
EE Abstr. 3677/1963; J. atmos. terrest. Phys. (GB), Vol. 24, Pgs
997-8, November 1962

R.H. Collingbourne

Describes an apparatus for measuring the vertical electrio current
in the atmosphere, similar to that recommended by Chalmers (Abstr.
11030A of 19623 J. atmos terrest. Phys. (GB), 297-302 (April 1962)),
which has been in regular use at Kew Observatory since 1931. The results
obtained with this instrument are summarised.

AN ELECTRONIC MAGNETOMETER
EE Abstr. 5138/1955; J. Sci. Instrum (GB), V. 32, No. 10, Pgs 385-6,
October 1955.

B.G. Cragg

A probe unit oontaining a miniature c.r.t. is brought into the
field to be measured, and the resulting deflection of the eleotron beam
is automatically compensated by a voltage applied to the elesotrostatio
deflecting plates. This voltage is proportional to the magnetic field
for steady fields and for fields changing at not more than 1 ke¢. Using
standard components an output of 12.5 V/oersted is obtainable with a
drift of about 1 mV/min. The smallest field measurable is thus 107
oersted.
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MAGNETOMETERS. I. DEFINITIONS AND THEORY. II, APPARATUS FOR
MEASUREMENT OF THE EARTH'S FIELD.

EE Abstr. 4636/1954; Arch. tech. Messen (Germany), Issue No. 217,
(Ref. J62-1), Pgs 37-8, February 19543 Issue 220 (Ref. J62-2), Pgs
115-18, May 1954.

O. Dahl, A. Kussmann

Pt I discusses the theory of magnetometric measurements. Pt II
describes compass—magnetometers, double compasses, theodolite-magneto
meters, electrical magnetometers, torsion-magnetometers, deflector-
magnetometers (McNish) and recording magnetometers (variographs).

THE OBSERVATION OF VERY LOW FREQUENCY ELECTROMAGNETIC SIGNALS OF
NATURAL ORIGIN
A Thesis for the degree of Ph. D., University of California at Los
Angeles, Migrafilm, Phosographic Service; Univ. of California, Los
An§0109.24; California,
0.E. Deal

This investigation is an attempt tc determine the nature and
gsource of natural elec*tromagnetic signals in the little known frequency
band from 25 to 135 cps. A correlation was found between the seasonal
mean diurnal variations of signal level in this band and of atmospheric
potential gradient at sea. The following corollary results have been
established: (1) +that at least a large fraction of the signal in the
25 to 135 ops band is due to radiation from lightning strokes. (2)
that this radiation is propagated over great distances with little
attenuation.

MAGNETOMETER SYSTEM FOR ORIENTATION IN SPACE
Electronics (USA), V. 33, No. 15, Pgs 55-8, April 1960.
H.E. De Bolt

Describes a method of space vehicle orientation by lining up an
axis of the wvehicle with the direction of the earth's magnetic field.
The system uses optical pumping of the 23S metastable energy level cf
helium to achieve alignment and is capable of detecting magnetic fields
smaller than 0.0 s Which permits direction measurement at distances
greater than 50,000 miles, from the earth.

STUDIES OF THE DIFFRACTION OF ELECTROMAGNETIC WAVES BY CIRCULAR APERTURES
AND COMPLEMENTARY OBSTACLES: THE NEAR-ZONE FIELD

EE Abstr. 2589/1955; J. appl. Phys. (USA), V. 26, No. 3, Pgs 336-45,
March 1955.

M.J. Ehrlich, S. Silver, G. Held

Techniques for measuring both the electric and magnetic field
distributions are presented and the general experimental problems.are
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discussed., Data are given for the tangential components of the
electric and magnetic vectors in the principal planes in the immediate
neighbourhood of the diffracting structures and axial distributions
for the corresponding components. The results extend the range of
the data available previously. The predicted uniformity of the tan-
gential magnetic field in the aperture plane, for the case of a wave
incident normally is verified. An experimental test was made also

of the electromagnetic Babinet principle.

MEASUREMENT OF TWO-DIMENSIONAL FIELDS
Rev. sci. Instrum (GB), V. 25, Pgs 480-5, 1954
W.C. Elmore, M.W. Garret

No abstract

EQUIPMENT FOR OBSERVATION OF THE NATURAL ELECTROMAGNETIC BACKGROUND
IN THE FREQUENCY RANGE 0.01-30 CYCLES PER SECOND

Paper No. 42, in Marine Science Instrumentation, V.1, R.D. Gaul and
others Editors, Plenum Press, 1962.

W.N. English, and Others

The instruments designed and constructed for measuring the
geomagnetic background between 0.01 and 30 cps, which has a great
dynamic range in frequency and time, are described, Large effective
area detector loops combined with high gain, very low noise amplifiers
form an effective receiving system. Methods of absolute calibration
are discussed.

MAGNETIC-FIELD PICKUP FOR LOW-FREQUENCY RADIO-INTERFERENCE MEASURING
SETS

EE Abstr. 180/1960; Inst. Radio Engrs. (UsA), Nat. Convention Record,
M, Epstein, R.B. Schulz

The Hall effeot in _indium antimonide is used to measure magnetic
fields in the range 10-5 G from 30 ke, and ferrite rods are used to
concentrate the magnetic flux. Use of the semi-conductor leads to a
uniform frequency response down to d.c., direct single point cali-
bration, detection of flux density at a point, negligible loading
effects on the H field and the use of a very small detector. Details
are given of a special element configuration which effectively places
in series a number of Hall effect voltages for providing a high output
signal, together with design theory for ferrite flux-concentrators.
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A NUCLEAR MAGNETOMETER

Phys. Abstr. 7114/1961; Energia Nuoleare (Italy), V. 7, No. 10,
Pgs 705-16, Ootober 1960.

G. Faini, A. Fuortes, O. Svelto.

Describes the design and the testing of an apparatus for the
measurement of the earth's magnetio field, based on the principle of
nuolear induotion. The method uses the pre-polarization teohnique of
Packard and Varian that has proved to be best suited for measurements
of weak magnetic fields, but differs slightly by using relatively strong
pre-polarization of the nuolear sample, followed by & small and sharp
"rotation" field. Partioular oare was given to the maximization of the
signal-to-noise ratio, and to the extraction of the maximum information
from the nuclear signal. In this way, it was posgible to obtain an
aocuracy of 10-5 for absolute measurements and 10~® for relative ones.
In conclusion, the results of some measurements are discussed.

MEASUREMENTS OF MAGNETIC FIELDS BY MEANS OF NUCLEAR MAGNETISM

EE Abstr. 190/1962; Alta Frequenza, (Italy), V. 30, No. 5, Pgs 339-47,
May 1961.

G, Faini, 0. Svelto

Two methods are described, based respeotively on nuclear induction
and nuolear resonanoe. The former is more suitable for weak fields (tens
of Gauss) and the latter for strong fields (thousands of Gagss). The
absolute accuracy obtained is of the order ¢f 1 part in 107-.

SIGNAIL-TO-NOISE CONSIDERATIONS IN A NUCLEAR MAGNETOMETER

Nuovo Cimento Supply (Italy), Vol. 23, No. 1, Pgs 55-66 (1962).
Phys. Abstr. 11747/1962.

G. Faini, O. Svelto

The aocuracy in relative measurements of magnetio fields with nuclear
magnetometer depends basically on the signal-totnoise ratio in the sensing
ooil. This ratio is evaluated in this paper as a function of the ooil's
geometrioal parameters, and graphs are shown whioh allow the optimum
geometrical dimensions to be chosen. In this way 1t has been possible to
build a coil showing an effeotive signal-to-noise ratio of 540 at amplifier
ou‘l:;gn]lt5 with a sensing volume of water of 160 cm (a.mplifier bandwidth =
10 ¢/s).
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DESCRIPTION OF THE EQUIPMENT OF A STATION FOR RECORDING VERY FAST
CHANGES IN THE EARTH'S MAGNETIC FIELD

Phys. Abstr. 1581/1961; CR Acad. Sci. (France), V. 251, No. 5,
Pgs 671-3, August 1960.

H. Fcurnier

The station at Nivernais, a branch of the Centre d'Etudes
Géophysiques, is equipped with mu-metal bar type induction magnetometers.
The electronic amplification system has a very low back-ground noise
level with an exceptional sensitivity attaining 1/2000 gamma/mm of
writing speed for periodic variations of 4.5 sec duration., Three pass
bands cover the tctal interval frem 0.025 to 30 sec. Calibration is by
means of an auxiliary ultra-linear magnetic field of known amplitude
and of variable period.

ANALYZERS FOR ATMOSPHERICS
EE Abstr. 3674/1954; RC 53 Riun. Assoc. Elettrotec. Ital. (Italy),
V. 40, Fasc. 2, Paper 222, 3 p., 1953.

G. PFrancini

Two possible designs are described for an equipment which will
present directly a spectrum analysis of received atmospherics. The
first uses a delay line to convert a simple transient into a repetitive
signal by recirculation. This new data is examined by a panoramic
receiver. In the second scheme a number of separate filter channels
are provided to cover the useful band. The outputs from these channels
are selected by an electronic switch and presented on a c.r.o. A
variant of this latter idea using a switching tube is at the moment
under construction.

A MAGNETOMETER FOR MEASURING THE EARTH'S FIELD USING NUCLEAR PARA-
MAGNETIC RESONANCE WITH DYNAMIC NUCLEAR POLARIZATION. I. THEORETICAL
BACKGROUND

Phys. Abstr. 4689/1962; Onde elec. (France), V. 40, Pgs 590-5,
September 1960.

J., Freycenon, I. Solomon.

The theoretical problems associated with the design of a n.m.r.
magnetometer for measuring the earth's magnetic field are discussed.
It is shown that for such weak magnetic fields the simple absorption
techniques are not sufficiently sensitive. Weak magnetic fields can,
however, be measured to high accuracy using the technique of dynamic
nuclear polarization. This artificially increases the polarization of
the samples by increasing the population of the level of high energy
at the expense of the lower. This is done, for the case of protons
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in water, by utilizing the coupling which exists between the protons

and the electron spins of a paramagnetic radical dissclved in the water.
It has been shown that when this coupling exists if a suitable electronic
transition is saturated by applying an r.f. field perpendicular to the
field to be measured, at a frequency f,, the polarization of the nuclear
spins is increased in the ratio fe/fo where £, is the freguency of the
nuclear transition, The material used in this case is a solution of
potassium nitrosodisulphonate Ko NO(SO )2 in water. The experimental
arrangement and results are described 1In the following abstract.

A MAGNETOMETER FOR MEASURING THE EARTH'S FIELD USING NUCLEAR PARA-
MAGNETIC RESONANCE WITH DYNAMIC NUCLEAR POLARIZATION. II. CONSTRUCTION
AND USE.

Phys. Abstr. 4690/1962, Onde elect. (France), V. 40, Pgs 596-601,
September 1960,

J. Freycenon

See atove atstract. This article describes the construction and
performance of such devices. Possible applications and modifications to
improve the performance are suggested.

GRUNDZUGE DER ANGEWANDTEN GEOELEKTRIC
Manz. Wien, 1949 °
V. Fritsch,

ELEKTRISCHE MESSUNGEN AN RAUMLICH AUSGEDEHNTEN LEITERN
Verlag G. Braun, 1960.
V. Fritsch

A MAGNETOMETER WITH MAGNETIC PROBE
EE Abstr. 2006/1954; Elektrotech. Obzor. (Czechoslovakia), V. 42, No. 6,
Pgs 342-8, 1953.

B. Fr¥hlich

Thecretical basis, and description of a portabtle magnetometer
with a magnetic probe which can be used for the measurement of magnetic
fields as well as of magnetic characteristics of magnetized or unmag-
netized materials. The instrument is essentially based on the occurrence
of a second harmonic in certain circuits saturated by an a.c. component
when an additional d.c. component is present. The instrument can be
used for measuring the magnetic fields of the earth and its variations,
the distribution of magnetic fields, for instance of coils, in geophysical
research, and as a compass for remcte indication.



EFFECT OF RECEIVER BANDWIDTH ON TEE AMPLITUDE DISTRIBUTION OF VLF
ATMOSPHERIC NOISE

EE Abstr. 3490/1961; J. Res. Nat. Bur. Stand. (USA), V. 65D, No. 3,
Pgs 299-304, May-June 1961.

F.F. Fulton, jr.

The distribution function of envelope voltage for short samples
of atmospheric radio noise as received by a communications receiver in
the v.l.f. range always shows a marked departure from that obtained
for Gaussian noise. It is considered that this departure is caused by
strong noise pulses which do not overlap in time, and the effect of
changes in the receiver bandwidth on the observed distribution function
is deduced by consideration of the changes in the receiver impulse
response. A transformation is obtained which gives an excellent approxi-
mation to the change in a mathematical representation of the distribution
function in the range of probabilities below 1%. Empirical relationships
are suggested which give useful estimates of the change in the distribution
function over the total range of probabilities,

ON THE THEORY OF AMPLITUDE DISTRIBUTION OF IMPULSIVE RANDOM NOISE
EE Abstr. 4795/1961; J. appl. Phys. (USA), V. 32, No. 7, Pgs 1206-21,
July 1961.

K. Furutsu, T. Ishida

Two phenomenological models are considered by which impulsive
random noises can be described: (a) Poisson noise, consisting of the
superposition of independent, randomly occurring elementary impulses.
Much electronic noise belongs to this type and the familar physical
examples are precipitation noise, ignition noise, and solar "static"j
(b) Poisson-Poisson noise, consisting of the superposition of independent,
randomly occurring Poisson noise, each type of Poisson noise forming a
wave packet of some duration. Atmospheric noise is a representative
example of the latter type. The attempt at first is made to deduce the
general amplitude distribution for each model; then because the noise
gources in nature are spatially distributed and noise strength decreases
with distance so that the amplitude of the received noise sometimes
depends seriously on this spatial distribution of noise sources, the
amplitude probability distributions are considered according to the two
typical cases of the discrete and continuous spatial distributions, and
are compared with those of actual atmospherics. Moments of even order
and correlation functions are also calculated for each model. Finally,
the dependence of the assumptions used on amplitude probability distri-
bution are discussed. The distributions obtained are, in some cases,
found to be independent of the adopted models and some of the used assump-
tions in a wide range of noise amplitude.
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RECENT METHODS FOR MEASURING THE ELEMENTS OF THE EARTH'S MAGNETIC FIELD
EE Abstr. 367/1964; Stud. Cercetari Stiint, Fiz. Stiin%, Vol. 13, No. 1,
Pgs 51-64 (1962). In Rumanian.

N. Galiniceno, I. Visorian

Describes the following methods with their performance characteristics
and limitations - saturated core magnetcmeters; utilization of the Hall
effect; magnetcstructive methods; two methods utilizing the deviation of
free electrons in a magnetic field and, finally, nuclear resonance methods.
14 referencses,

NOTE ON A PROPOSED THREE-COMPONENT AERO-MAGNETOMETER
Phys. Abstr. 5787/1954; New Zealand J. Sei. Techrol. B, V. 35,
Pgs 1-3, July 1953,

V.B. Gerard

For observation by this instrument, flying is restricted to clear
nightsy; and star pheotographs are taken by a non-magnetic camera mounted
on the fluxgate gimbal mechanism of z total-force aero-magnetometer.

The camera's optical axis is parallel to the total-force fluxgate, and,
by identifying the stars photographed, +the orientation of the total-
force fluxgate is determined and *he magnetic declination and dip calcul-
ated. Tests made on tke ground, with an experimental camera, indicated
that this proposed method is feasible, and that the expected error would
be about + 0.2° in both declination and dip.

A SIMPLE, SENSITIVE, SATURATED-CORE RECORDING MAGNETOMETER
EE Abstr. 2760/1955; J. sci. Instrum. (GB), V. 32, No. 5, Pgs 164~6,
May 1955.

V.B. Gerard

A versatile saturated-core magne tometer, desigrned to meet a number
of geophysical uses, is described. Comparisons with a standard magnetic
observatory wvariometer show that the large amount of negative feedback
used to keep the instrument very stable. It has good h.f. response, and
is simple *to manufacture and service.

THE PROBLEM OF THE SPECTRAL ANALYSIS OF THE SPACE HARMONICS OF A QUASI-
STATIC ELECTRIC FILELD

EE Abstr. 6116/19613; Radiotekhnika i Elektronika (USSR), V. 4, No. 12,
Pgs 2040-6, December 1959.

G.M. Gershtein, A.V. Khokhlov

A method of amalysing the space-~harmonic spectira of high-frequency

fields in periocdic structures is prorosed. The method is based on the
Shockley~Ramo induced current theorem and consists in simulating tke
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field by transforming the space harmonics to time harmonics of induced
current and subsequent spectral analysis of the latter. The relation-
ship between the spectra of the space and time harmonics is examined
and experimental measurements on the space harmonic spectrum of the
azimuthal field component of a four-segment inverted magnetron structure
rotating with respect to a2 fixed probe are described. The results
obtained by this method agree with theoretical spectra and with those
obtained using an electrolytic tank.

SELF-BALANCING FLUX-GATE MAGNETOMETERS
EE Abstr. 4058/1958; Trans. Amer. Inst. Elect. Engrs I (UsA), V. 77,
Pgs 213-16, 19583 Commun. and Electronics (USA), No. 36, May 1958.

W.A. Geyger

The application of the self-balancing magnetic—amplifier technique
in the realm of flux-gate magnetometers is considered. A second-
harmonic type of self-balancing flux—gate magnetometer is described
which is operated in conjunction with a push-pull magnetic amplifier
in such a way that the d.c. flux in the high-permeability cores of the
magnetometer is completely balanced by opposing d.c. flux. Thus, the
magnetic field to be investigated, e.g. the earth's field in the
vicinity of the magnetometer, remains substantially undisturbed. The
compensating d.c. flux is linearly proportional to the average value
of the polarity-reversible undirectional output current of the magnetic
amplifier. With infinite internal gain ("eritical regeneration") this
current is varied by an infinitesimal d.c. flux increment in the cores
of the magnetometer and may be indicated and/or recorded by means of
high-precision moving-coil instruments or d.c. potentiometer recorders.
In a modified arrangement, the self-balancing flux-gate magnetometer
is used as a "gradiometer" for measurement of inhomogeneity of magnetic

fields.

THE RING-CORE MAGNETOMETER —~ A NEW TYPE OF SECOND-HARMONIC FLUX-GATE
MAGNETOMETER

Trans. Amer. Inst. Elect. Engrs I, Vol. 81, 65-72 (1962) — Commun. and
Electronics, No. 59, March 1962. EE Abstr. 9017/1962.

W.A. Geyger

A new type of flux-gate element employing an ordinary toroidal core
without air-gap has been developed. By using tape-wound or laminated
niokel-iron-alloy ring cores (inside diameter—-outside diameter ratio in
the range from 0.85 to 0.98; mean diameter 0.5 to 1.5 in or less) with
semiciroularly wound and differentially connected second-harmonic
detector windings, a sensitivity of 1000 4 A/Oe or 1 V/Oe can be
achieved. The possibility of utilizing such cores as field-sensitive
elements in second-harmonic flux-gate magnetometers and gradiometers is
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revelled. Although the a.c. excitation windings may be supplied either
from a rotating machine or from a vacuum-tube oscillator, a preferred
method is to combine the flux-gate element with a switching-transistor
magnetic—coupled multivibrator in such a way that the oscillation
frequency is solely determined by the parameters of the ring core and
its excitation windings. Various circuit configurations and different
techniques are described for extracting the second-harmonic or total-
even-harmonic output information from ring-core flux-gate elements -
including the use of such elements in self-balancing flux—-gate magneto-
meters and gradiometers.

NEW TYPE OF FLUX-GATE MAGNETOMETER
J. appl. Phys. (USA), Suppl. to Vol. 33, No. 3, 1280-1, March 1962.
Phys. Abstr. 13643/1962.

W.A. Geyger

The use of an ordinary toroidal core without air-gap as a flux-gate
magnetometer has been overlooked. A magnetometer using such a core as
the field-sensitive element with semi-circularly wound and differentially
connected second-harmonic detector-windings was developed. The semi-
circular portions of a nickel-iron alloy ring core act here like two
separate cores (corresponding to the two parallel nickel - iron - alloy
strips or scrolls of conventi nal forms of flux-gate elements), ag far
as second-harmonic flux components are concerned. By using tape-wound
or laminated (Washer—type) Superalloy cores having i.d.- o.d. ratios in
the range from 0.85 to 0.98 a sensitivity of 1000 4 amp/Oe or 1 V/Oe can
be achieved. Such "ring-core'" flux-gate elements" make it possible to:
(1) wuse altrathin, 1/8th mil tape and correspondingly high excitation
frequencies, 10-40 kc/s; (2) make "point measurements" by reducing the
core diameter to 0.5 in. or lessj (3) minimize the magnetizing-current
requirements; (4) obtain linear characteristics; (5) eliminate memory
effects; (65 facilitate matching of the magnetic characteristics of the
two active parts of the flux-gate element which belong here to the same
core; (7) detect very small changes in the earth's magnetic field; and
(8) apply multiple detector windings on a common core. The power require-
ments of a portable magnetometer, operated from a 6V battery, were reduced
to 50 mW by combining the ring-core flux-gate element with a switching-
transistor magnetic—-coupled multi-vibrator in such a way that the oscil-
lation frequency is solely determined by the parameters of the ring core
and its excitation windings.

FLUX-GATE MAGNETOMETER
EE Abstr. 383/1963; Electronics (USA), Vol. 35, No. 22, 48-52, lst June
1962.

W.A. Geyger

Describes the development of a ring~core flux-gate magnetometer
suitable for use in earth-satellite equipment with solar-battery power
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supplies. The magnetometer has a toroidal core with semicircularly
wound second-harmonic detector windings. Its a.c. excitation is
achieved by a transistorized magnetically-coupled multivibrator with

an oscillation frequency determined by the parameters of the ring core
and its excitation windings. The core swings between saturation

levels eliminating memory effects. The unit is small and light and has

a power consumption not greater than 20 to 50 mW. The evolution of

the ring core from the conventional parallel bar core is discussed
together with different types of torodial core magnetometer circuits.
These circuits can be sub-divided into two main groups: (1) trans-
former type circuits with several winding units isolated from each

other and used separately as a.c. excitation sindings and second-harmonic
detector windings; and (2) bridge and differential circuits with auto-
connected winding uphits acting simultaneously as a.c. excitation windings
and second-harmonic detector windings.

RING-CORE FLUX-GATE MAGNETOMETERS WITH SELF-SATURATING CIRCUITS

EE Abstr. 374/1964; IEEE Trans. Commun. Electroniecs (USA), No. 68,
508-14, September 1963.

W.A, Geyger

In the fundamental-frequency types of flux-gate magnetometer
described in this paper, ordinary toroidal cores without air gap operate
ag field-sensitive elements in self-saturating push-pull circuits, as
used in the magnetic emplifier art. The simplest form of such a magneto-
meter consists essentially of a half-wave bridge circuit, in which the
two toroidal magnetic amplifier cores are replaced by the semi-circular
portions of a single ring core having two or four equally rated gate
windings and acting as a flux detector. In a modified arrangement, two
half-wave push-pull circuits with ring-core fluxgate elements are com-
bined in a full wave system, which may be utilized either as a very
sensitive magnetometer or as a gradiometer for the measurement of the
inhomogeneity of the magnetic fields.

MEASUREMENT OF ATMOSPHERIC NOISE
EE Abstr. 6116/1959; J. instn. Telecomm. Engrs (India), V. 5, No. 1,
Pgs 2-16, December 1958.

B.B. Ghosh, S.N. Mitra

Two methods of measuring atmopheric noise levels subjective and
objective, are described. Technical aspects of the instrumentation
for carrying out the measurements are critically examined and the results
of experiments, used as a basis for subjective measurements, are de-
scribed. A statistical correlation between the two methods is estab-
lished. Values of minimum signal strength required for satisfactory
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reception of broadcast programmes obtained by the subjective method
followed at Delhi are presented for the period from November 1955 to
Ma-ch 1958. Diurnal seasonal and frequency variations of these
values are given in the form of graphs. Absolute values of noise
for different months, frequencies and times of the day are given
separately in an appendix.

ELECTROMAGNETIC MAGNETOMETER FOR DIRECT OR BACKED-OFF MEASUREMENT
EE Abstr. 845/1962; Alta Frequenza (Italy), V. 30, No. 6, Pgs 433-
43, June 1961.

G. Giachino

The instrument was designed to measure directly from 0.025 At/m
to 25 At/m.with provision for backing-off currents for measurement up
to 600 At/m. A probe coil is supplied with a constant sinusoidal
current sufficient to drive it into saturation. The presence of a
continuous magnetic field produces second harmonics in the voltage
across the coil. The harmonic is detected by comparison in phase and
amplitude with a reference voltage at twice the frequency of the coil
feed. The output is proportional to the net d.c. field in the coil.
Full circuit details are given, with component values.

ELECTRONIC MAGNETOMETER WITH HIGH SENSITIVITY

EE Abstr. 12071/1962; Publ. 1st Electtrotec. Naz. Ferraris (Italy),
Vol. 26, 127-41 (1961). In Italian.

G. Giachino

An experimental magnetometer is described which utilizes detection
of a second harmonic. Details of the following circuits are givens
the generator of the excitation current, the measuring probe, the signal
amplifier, the frequency doubler, the detector, and the stabilized supply
for the compensating ourrent. The range of the instrument is between
0.1 to 600 Ampere-turns/m.

UNDERWATER ELECTROMAGNETIC DETECTOR

Columbia University Division of War Research, Memorandum, 1943. Available
from Office of the Publication Board, Department of Commerce, Washington,
25, D.C. — PB 67708 (CUN DWRM G10/R129), $ 1.00.

G.D. Gillet

No abstract.
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SFERICS MONITORING SYSTEM
EE Abstr. 4256/19613; Inst., Radio Engrs (USA), Trans., V. I-9,
No. 3, Pgs 315-26, December 1960.

E.G, Goddard

This monitoring system was developed for use at three arctic
sltes to study sferic population; +the diurnal, seasonal and auroral
effects on v.l.f. propagation; and the locations of sferic sources.
The system is an integrated assembly of electronic, photographic, and
electromechanical equipment capable of being operated in several
different modes to gather the following datas (1) number of sferics
occurring in four 20-dB-intensity levels in four 6~hr-time blocks;
(2; bearing of individual sferics;(3) waveform of individual sfericss;
(4) time-integrated bearing patterns; (5) noise level and signals in
the 12-to 30-kec rangs. A secondary frequency standard at each site is
checked against WWV or WWVH daily, and provides a common time reference
for the records from all sites. A modified Watson-Watt d.f. system
with a crossed-loop aerial provides instantaneous bearing. Instantan-
eous sense is achieved by combining the crossed-loop signals with the
signal from an cmnidirectional aerial. In addition to the sense
function, the latter aerial also provides signal energy to a scanning
receiver, a multi~threshold-time-blecck events counter, and a signal
waveform channel.

THE OBSERVATION OF SHORT PERIOD FLUCTUATIONS IN THE GEOMAGNETIC FIELD

A thesis submitted for the degree of Ph,D. (Physies), University of
California at Los Angeles, Microfilm, Photographic Service, University
of California, Los Angeles, California.

P.A., Goldberg

The investigation reported here was undertaken to determine the
character of geomagnetic fluctuations in the frequency range between
one and 100 cps. Such fluctuations cannot be studied by instruments
normally used in geomagnetic observations because of limitations of
their magnet systems. Three recent attempts to observe such short
period fluctuations by using detector coils have led to discordant
results. A systematic study of the problem of using detecior colls
for this purpose was made. The principle limitations to the obser-
vation were found to be tube noise from the system amplifier, and
interference from power lines. It was found possible to make the
effect of all system noise negligible through the use of a properly
designed detector coil of large area. A 60 cycle rejection filter,
although incapable of eliminating noise due to power line fluctuations,
was valuable in indicating the presence of disturbancesdue to power
lines. Pourteen observing sites were tested, but only two were free
from detectable power line interference. A new high performance
system was developed, employing a detector coil of equivalent area
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20 times that used by vrevious investigators. With this system
observations were made in 2.2 to T8 osps band at selected sites

where poewer frequency interference was 20,000 times less than previ-
ously reported. Uuder these favourable conditions magnetic fluctua-
tions were observed cccurring in bursts of short duration usually less
than orne second, in contrast to the continuous fluctuation noise
previously repcrited. The burst activity varied from day to day. On
an active day bursts occurred as frequency as five itimes per mirute,
while on a quiet day bursts were often separated by five minute intervals.
The burst activity was found to have no sigrnificant correlaticn with
ordinary geomagnetis variables. Howsver, in a comparison of burst
activity with the free electron density of the F2 layer, for 270 half-
hour intervals, it was found that during pericds of high burst activity
the electrorn density was significantly greater than its monthly median
value. Possible origins ¢f these short pericd fluctuations in the
geomagnetic field ars discussed and further extensicns of the investi-
gation are suggested.

NEW MOVING--IRON MAGNETOMETER
EE Abstr. 3216/1953; J. Rech. Cent. Nat. Rech. Sci. (France), V. 21,
Pgs 286-91, December 1952,

E. Gondet

It consists essentially of three magnetic cores arranged alcng a
commcn axis witk the outer cnes fixed and the inner one free o rotate
about an axis perpendicular to the magnetic axis. A coil is mounted
on each of the fixed cores and the rotatior of the central element
induces a voitage in them which can be measured, and depends on the
magnitude of the external magnetic field and the speed of rotation of
the moving ccre. The coils can be used to balance out the steady part
cf the field so that the variations are easily observed. Design con--
sideraticns are discussed and details of a unit which has been tested
are given. At 8 speed of 6000 r.p.m. it is possible to measure to about
1o, The instrument is well adapted for recoerding the compwtnents of
the earth's magnetic field.

THE NEW METHOD OF CALCULATING MAGNETIC NOISE

EE Abstr. 12059/1962; Dokl. Akad. Nauk SSSR, Vol. 144, No. 1, Pgs 97-100,
1st May 1962, In Russian,

S.N, Gorodenskii

The calculation relates %o the wstimate of magnetic noise level in
airborne and space vehicles which will be used for the detection of small
magnetic fields. The instruments are particularly sensitive to the
effects of small rotations in the field to he measured. The effect of
induced currents in conducting parts of the vehicles is taken into acccount.
(English trans. in: Soviet Physics — Doklzdy (USA)).
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SOME PRELIMINARY EXPERIMENTAL TESTS OF A NOVEL METHOD OF RADIATING AT
VERY LOW FREQUENCIES
R.N, Gould

See Section II, Page 151.

THE APPLICATION OF A FLUXGATE MAGNETOMETER TO AN AUTOMATIC ELECTRONIC
DEGAUSSING SYSTEM

Phys. Abstr. 18979/1961; Canad. J. Phys. V. 39, No. 9, Pgs 1357-68,
September 1961.

R.L. Graham, J.S. Geiger

The three-~component fluxgate magnetometer developed by Serson was
adapted to provide correction signals to the degaussing system of the
Chalk River iron-free £ -ray spectrometer. Improved electronic oir-
cultry was developed for the magnetometer which minimizes the zero
error and reduces to < 10-4 gauss long-term drift caused by component
aging. The degaussing coil arrangement used to generate uniform
magnetic field components opposite to those of the earth is indicated
and the ourrent regulation system is described briefly. The method in
which the magnetometer correction signal is introduced into the current
regulators i1s shown and an example is given of the performance of this
degaussing system during a magnetic storm.

USING DIGITAL TECHNIQUES IN L.F. SPECTRUM ANALYSIS
EE Abstr. 802/1962; Eleotronics (USA), V. 33, Nec. 46, Pgs 78-81,
11th November 1960.

B. Grand, L. Packer, J.L, West.

A detailed desoription is given of a system by means of which
signals in the frequency range 0-0025 to 1000 ops are converted to
signals in the range 250 to 100,000 ops, thus permitting the use of a
standard heretodyne speotrum analyzer. The method used is to sample
the input signal, convert the samples to binary ocoded form and store
the resulting numbers; +these are then read out of the store repetitively
at a higher speed and re—converted to analogue form before feeding to
the speotrum analyzer. The effect of repetitive analysis upon the
apparent spectrum is discussed and it is shown that a resolution of
0,25% of the maximum frequency in any range may be achieved. Seven
input ranges are available, determined by the cut~off frequency of the
input filter, the sampling rate in each case being 5 times the cut-off
frequency. Typical speotra obtained from low-frequency signals are
illustrated.
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DIELECTRIC PROPERTIES OF ICE AT VERY LOW FREQUENCY AND THE INFLUENCE
OF A POLARIZING FIELD

Helv. Phys. Acta. V. 28, Pgs 300-303, 31st August 1955. In German.
H. Granicher, C. Jaccard, P, Scherrer, A. Steinemann.

Measurements at frequencies down to 0.7 cops are reported. The
loss factor passes through a low frequency maximum which is distinguishable
from that associated with the dipole dispersion by its different tempera-
ture dependence, The effect ¢f impurities is to shift the maximum towards
higher frequencies. Application of a unindirectional field does not
affect the permittivity of the pure crystals but eliminates the low-frequency
dispersion when impurities are present.

THE USE OF A TOTAL-FIELD MAGNETOMETER IN THE MAGNETOTELLURIC METHOD OF
VERTICAL RESISTIVITY PROFILING

Phys. Abstr. 13821/1963; J. geophys. Res. (USA), Vol. 68, No. 3,

Pgs 869-75, 1lst February 1963.

A.W, Green, Jr.y, B.H. List.

Recent work has indicated that orthogenal E and H components of the
magnetotelluric-micropulsation field may be used in the investigation of
the vertical resistivity structure of the earth. Most of the techniques
used are based cn the assumption that the micropulsation field resultis
from vertically incident electromagnetic waves. In their simpler form,
the techniques are also tased on the assumption that the earth model to
be studied is layered in a horizontally homogeneous manner. Under these
cenditions, the vertical H component is zero and a total-field magneto-
meter will measure the north-south H component of the geomagnetic micro-
pulsation multipled by a constant, This measurement may be used in the
usual way with an east-west current measurement for the determiration of
resistivity. Tbkus, it is possible; in regions of known horizontal homo-
geneity, to exploit the high sensitivity, portability, and freedom from
vibration effects of an cptical pumggn magnetometer. An experiment is
desoribed in which the ratios of §H7|§ﬁ:’xi for steady-state magneto-
telluric waves of the lccally predominant pericds were computed from E-W
earth current and total-field magnetometer records at a test site near
Dallas, Texas. The test site was located in a sedimentary basin in
which 14,000 f£{ of horizontally lying Cretaceous and Paleozoic sediments
of low resistivity rest on g highly resistive; Precambrian basement. The
experimentally determined IE;L/ x| ratios were in gocd agreement with
theoretical values ottained by the methed of Berdichevsky and Brunelli
(1959) who used resistivity and structural data obtained from a nearby
well.,



FIELD MEASUREMENTS BY THE HARMONIC METHOD: THEORETICAL CONSIDERATIONS
EE Abstr. 4641/1959; Nachrichtentechnik (Germany), Vo. 9, No. 4,

Pgs 173-80, April 1959.

J. Greiner.

This is a method of measuring a relatively weak steady field by
superimposing it on an alternating field whose amplitude is sufficiently
great to saturate an iron core. The strength of the steady field is
determined by measuring the amount of second harmonic of the polarizing
a.c. field.

SUR L'INFLUENCE DE LA SELF-INDUCTION DES BOBINAGES A NOYAU MAGNETIQUE
UTILIZES POUR L'ENREGISTREMENT DES VARIATIONS RAPIDES DU CHAMP MAGNETIQUE
TERRESTRE

Ann. Geophys. (France), Tome 13, No. 3, 1957.

G. Grenet

Dans un appareil utilisant une bobine de self-induction non
négligeable et un galvanomdtire plus ou moins couplés on peut réduire
4 quatre le nombre de constantes caractérisant l'appareil. L'une
des constantes (F x 1) caractérise l1'amplification, une autre (v) 1a
pulsation moyenne de l'appareil, enfin deux constantes seulement (D et
E) determinent la forme des caractéristiques. On montre comment la
considération des appareils sans réaction equivalenis ou des circuits
8lectriques équivalents facilite la compréhension des phénomdnes
observés.

A TECHNIQUE FOR THE RAPID ANALYSIS OF WHISTLERS
EE Abstr. 5212/1957; Proc. Inst. Radio Engrs (USA), V. 45, No. 6,
Pgs 806-11, June 1957.

J.K. Grierson

Discusses the design of a new type of sound spectrograph. This
instrument is of the single-channel scanning type, but its basic action
is to scan the frequency-time plane in frequency at a fixed time rather
than, as in existing instruments, in time at a fixed frequency. First,
a very short section of the signal to be analysed (roughly equal in
duration to the reciprocal of the bandwidth of the analysing filter) is
stored in the instrument electronically. The stored signal is then
read out repeatedly many times faster than its original speed, and this
repeated waveform is analysed by a variable-tuned filter which sweeps
once very rapidly through the expanded frequency band which the signal
now occupies. The varying output from the filter, representing the
variations of the amplitude of the signal with frequency at one particu-
lar time, 1s recorded as one line of a scan across a continuous strip
display. Finally, the stored sample of signal is erased, replaced with
the next sample, and the whole process repeated. An a.f. speotro-
graph of this type appears to combine speed of operation with fine
resolution in frequency.
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MEASUREMENT OF WEAK MAGNETIC FIELDS OF TERRESTRIAL TYPE
Phys. Abstr. 16474/1961; Arch. Sci. (Switzerland), Vol. 13,
No. Fasc. Spec. 567-620, 1960.

P, Grivet

9th Colloque Ampdre (Abstr. 4734 of 1961). Following a brief
description of the earth's magnetic field and its variations, a full
review is given of the various modern techniques developed both for
the relative and absolute measurement of the field. Devices based
on nuclear magnetic resonance in liquids are discussed in detail.

THE DESCRIPTION OF A RANDOM PROPAGATION CIRCUIT BY THE COHERENCE
BETWEEN ADJACENT FREQUENCIES

Electromagnetic Theory and Antennas, Proceedings of a Symp. held at
Copenhagen, Denmark, June 1962, edited by E.C. Jordan, Pgs T47-T755.
Tor Hagfors

The properties of the response of propagation circuits with
statically varying parameters is studied by means of a spaced fregeucny
correlation function. This correlation function is shown to be
related to the power pulse response of the circuit. Certain analogies
are made with the theory of random noise and it is shown in terms of
examples how the theory may be applied to the investigation of random
propagation circuits.

THE MODULATION OF A PROTON MAGNETOMETER SIGNAL DUE TO ROTATION
Phys. Abstr. 465/1963; Geophys. J. (GB), Vol. 7, No. 1, Pgs 131-41,
September 1962.

S.H. Hall

Expressions for the amplitude and frequency modulation of the
signal from a rotating proton precession magnetometer are derived by
treating the net magnetization of the proton-rich fluid as a simple
dipole. The instantaneous frequency modulation is depicted in two
sets of curves, either of which can be used dependent upon the choice
of angular quantities used to specify the instrument's attitude
during rotation. In practice the frequency is measured by counting
methods and this results in a mean frequency for the counting interval,
An expression for the mean frequency is derived and the method of
correction discussed.
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A LOW FREQUENCY PEASEMETER
EE Abstr. 1477/1959; Electronic Engng (GB), V. 31, Pgs 13-15, January 1959.
N. Hambley.

This unit provides quick and accurate measurement of the phase
differenoe between two waveforms. The waveforms:. operate gates which
allow electronic digital counters to display the phase difference in
degrees. The phase measuring equipment requires an input level between
1l Vand 10 V rm.m.s. The frequency range is 1 cps to 100 ops but the
upper limit oan be extended, by a simple modification, to 3 kec.

RAPID GEOMAGNETIC FLUCTUATIONS
Phys. Abstr. 2516/1962, Tellus (Sweden), V. 13, No. 3, Pgs 432-7,
August 1961.
S. Haraldson

Presents an investigation of VLF oscillations (0.2—200 cps) in the
earth's magnetio field. The measurements were made in the archipelago
of Stockholm (59° N) during the period July 1957 - June 1959. The
oscillations were recorded by two different instruments: a high-speed
Heiland oscillograph and a low-speed Esterline-~Angus recorder. In the
Esterline-Angus diagrams a morning minimum at about 8 o'clock looal
time was found. In the Heiland oscillograms three different features
were founds (1) Frequent ooccurrenoe of sinusoidal fluotuations presenting
a few very narrow bandsj (2) oscillations in the H-and Z-component are
sometimes simultaneous, sometimes not; (3) the amplitudes in the Z-
component are smaller than in the H-component. I+t was not possible to
find a correlation between the fluctuations and other geophysiocal phenomena.
A possible mechanism for generation of the sinusoidal oscillations is

discussed.

RANDOM FLUCTUATIONS IN VERY LOW FREQUENCY SIGNALS REFLECTED OBLIQUELY
FROM THE IONOSPHERE

J.K. Hargreaves

See Seotion I, Page 48.

THE MEASUREMENT OF ATMOSPHERIC RADIO NOISE BY AN AURAL COMPARISON
METHOD IN THE RANGE 15-500 KC,

EE Abstr. 443/1960; Proc. Instn. Eleot. Engrs. (GB), Paper 3115E,
V. 107B, Pgs 39-52, January 1950,

J. Harwood, B.N. Harden.

Atmospherio noise received on a vertical aerial is compared with
a locally-generated keyed signal to estimate the level at which the
signal is 95% intelligible. This method was used in earlier high-frequency
equipment and has been adapted for the range 15-500 ke, The apparatus and
its method of operation are described. Results obtained at a number of
sites are discussed in relation to more objective measurements, In partiocular,
deduced noise powers are compared with existing world-wide predictions,
revealing some differences.
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ATMOSPHERIC RADIO NOISE
EE Abstr. 4100/1958; Electronic Radio Engr., V. 35, No. 5, Pgs 183-90,
May 1958.
J. Harwood, C. Nicolson \

A description is given of equipment used to measure the character—
istics of atmospheric noise. The measurements relate to the envelope
of the noise after passage through a narrow-bandwidth receiver, and the
following parameters were recorded: (i) the average voltage; (ii) the
average of the parts exceeding a series of voltages; (iii) the number of
excursions per second above these voltages; (iv) the proportion of time
for which these voltages were exceeded. A method of automatically
recording the parameters of the noise envelope is described.

ATMOSPHERIC RADIO NOISE AT FREQUENCIES BETWEEN 10 KC AND 30 KC
EE Abstr. 3256/19568; Proc. Instn. Elect. Engrs. (GB), Paper 2619R,
V. 105B, Pgs 293-300, May 1958.

J. Harwood

Measurements of the characteristics of very-low-frequency atmos-
pheric noise in Southern England have been made with automatic equipment
during the last few years. The results are described in terms of
statistical parameters of the envelope at the output of a narrow-band
width receiver (300 cps between 3 db points). The average voltage of
the envelope, recorded via an integrating circuit with equal charge and
discharge time-constants of 8 sec, showed shorti-term fluctuations of
about 5% and clear diurnal and seasonal variations. The r.m.s. voltage,
deduced by integration of measured amplitude probability distributions,
varied between 4 and 8 times the average voltage; the values were very
dependent of the incidence of large infrequent pulses. The noige was
always much more impulsive than fluctuation noise. The character of the
noise was always approximately the same in spite of substantial changes of
average voltage from time to time. Variations of the intensity .and-
structure with frequency and bandwidth were examined.

REMARKS ON THE MEASURABILITY OF ELECTROMAGNETIC FIELDS
G. Heber
See Addendum, Page 545.

UBER DIE MESSUNG KLEINSTER MAGNETISCHER FELDER MIT HALLGENERATOREN
H.V. Hieronymus, H. Weiss
See Addendum, Page 546.

HIGH RESOLUTION AND THE MEASUREMENT OF WEAK FIELDS BY NMR
G. Hochstrasser; G. Béne, R. Extermann
See Addendum, Page 546.

A COMPARISON OF MEASUREMENTS MADE WITH TWO N.M.R. MAGNETOMETERS OF
DIFFERENT TYPES: THE SOLAR ECLIPSE OF 15TH FEBRUARY 1961.

G. Hochstrasser, A. Erbeia

See Addendum, Page 547.
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INSTRUMENTATION FOR RECORDING AND ANALYSIS OF AUDIO AND SUB-AUDIO
NOISE

D.D. Howard

See Addendum, Page 547.

A DEVELOPMENT OF THE USE OF THE ELECTROLYTIC TANK FOR FIELD STUDIES
J. Hudson
See Addendum, Page 547.

REMARKS ON THE MEASURABILITY OF ELECTROMAGNETIC FIELDS
Phys. Abstr. 2416/1958; Nuovo Cimento (Italy), V. 7, No. 5,
Pgs 677-84, lst March 1958.

G. Heber

Indeterminancy relations are derived, which express the facts,
that only 4-dimensional averages of electromagnetic fields are
measurable and that also an average cannot be measured with unlimited
accuracy simultaneously with the position of the averaging region in
space—~time continuum.

THE EPHI SYSTEM FOR VLF DIRECTION FINDING

J. Research (C. Engineering & Instrumentation), Nat. Bur. Stands.
65C, Pgs 43-49, January-March 1961.

G. Hefley, R.F. Linfield, T.L. Davis.

No abstract

SOME OBSERVATIONS OF THE GEOMAGNETIC FLUCTUATION SPECTRUM AT AUDIO
FREQUENCI ES
Phys. Abstr. 1593/1961; J. Geophys. Res. (USA), V. 65, No. 8,

Pgs 2545-7, August 1960.
J.R. Heirtzler, D.L. Nichols, R.A. Santirocco

Graphs of geomagnetic fluctuation spectra in the range 10 to
10,000 cps at two sites in the north eastern United States are given
and compared with earlier results (Abstr. 3540 of 1948; U.S. Naval
Ordnance Lab., Navord rept. No. 4009 of 19573 Abstr. 5217B of 1957,
Proc. Inst. Radio Engrs, V. 45, No. 6, Pgs 787-94, June 1957). Com— -~
putations of cross—correlation coéfficients between the envelopes of
noise observed simultaneously at two frequencies show that there is
a loss of time coherence between the fluctuations near 2 k¢ and those
at other frequencies.

ATMOSPHERIC WAVEFORMS WITH VERY LOW-FREQUENCY COMPONENTS BELOW 1 KC
KNOWN AS SLOW TAILS

J. Atmos. terrest. Phys.(GB), V. 10, Pgs 266-287, 1957.

F. Hepburn

Extensive observations are described of the forms, magnitude,
quasi-period, and delay relative to the high-frequency component of
the slow tails of atmospheric waveforms and the variations with time
of day and propagation distance. Theoretical considerations of
possible source conditions and propagation characteristics fit the
observations.
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AUTOMATIC SYNCHRONOUS EXCITATION OF SUSPENDED SYSTEMS
Phys. Abstr. 2925/1964; Bev. Sci. Instrum (USA), Vol. 34, No. 11,
Pgs 1254-T7, November 1963.

F.V. Hunt

The sensitivity and the signal-to-noise ratic cf electrically
deflected measuring instruments, such as magnetometers or galvanometers,
can be increased significantly by reversing the exciting current periodi-
cally at the fundamental resonance frequency of the suspended system and
observing the peak amplitude of the oscillatory dynamic deflection. If
these current reversals are made to occur exactly at the midpoints between
successive zeros of deflectiony,; the oscillations of the suspended system
will he stably maintained .at the resorance frequency with a ratio of
dynamic to static deflection of approximately 4/f whered is the logarithmic
decrement for free cscillation, This note describes electronic apparatus
devised fcr controlling automatically the required guadrature timing of the
ourrent reversals, The cirocuits comprise a photocell-actuated Schmitt
trigger, a bistable flip~flop, a timing capacitor, and a voltage comparator.
Small timing errors due to finite slit width and bysteresis in the voltage
comparatcr are of opposite sense and can be made to cancel.

NOL VECTOR ATIRBORNE MAGNETOMETER TYPES 24 AND 2B

U.S. Naval Crdnance Labh.,, White Oak, Maryland, Rept. No. 1187, 180 p.,
illus., 1954.

H.R. Irons, E,0. Schonstedt

No abstract

ON SCME PROBLEMS CONCERNING THE ACCURACY OF WAVE FORM ANALYSIS OF
ATMOSPHERICS

Bull, Research Inst. Atmospherics, Nagcya Univ., Vol. 4, Pg 90 (1953).
In Japanese.

H. Ishikawa, H. Ito.

Auvthors attempt to determine the accuracy of the mesasurements cf wave—
form fine structures which were resorded on photoegraphie films during the
observation period. 1t has been discussed first the acocuracy of width
measurement of pulse which usually presents itsslf frequently on the wave—
form during thunderstorm and it has been pointed out 4the possibilities of
over—-estimatior. of pulse widtk owing to a fast sweeping speed of the bright
gspot on C.R.T. screern and those of under—estimatiorn of that cwing to a slow
sweeping speed. The sweep length of the bright spot on CRT screen generally
fluctuates within 6% of its mean length, wbick is attributed to the insta-
bilities of one shot sweeping device and supplying voltage in power line.

It has been also made clear that the width cf sweeping line broadens from
wave-top to wave-tall ancd that this effect can be explained rather reasonably
from the possible distortion of one shet sweeping waveform. Finally it has
been made clear from cur estimation that the width of a sweeping line re-
presents almost the diameter c¢f btright spot on CRT screen when the time of
sweeping of tright spct is larger than 6 milli-seconéds.
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ANALYSIS OF THE OUTPUT OF ROCKET-BORNE MAGNETOMETERS

EE Abstr., 11414/1963; Canad. J. Phys., Vol. 41, No. 8, Pgs 1252-62,
August 1963.

M. Ito

The output is analysed for assumed simple angular motions of the
magnetometer frame of reference. Calculated output records are given
and a qualitative analysis is made by referring to a simple pictorial
model for the magnetometer output pattern.

A PROPOSED EXPERIMENT TO DETERMINE ELF PROPAGATION CHARACTERISTICS
Abstract in Proceedings of the 1960 Conference on the Propagation of
ELF Radio Waves, Nat. Bur. Stand. (USA), Boulder Labs., Technical Note
No. 61, 1960.

A.G, Jean, W.L. Taylor

A plan for establishing an experiment at the Boulder Laboratories
to study the propagation of radio waves at extremely low frequencies
(ELF) is described. The technique consists of receiving the same
atmospheric at two or more stations situated approximately along a
great—circle which passes through the source. The attenuation suffered
by the atmospheric in propagating between two stations can be calculated
from the spectra of the waveforms using methods developed at the Boulder
Laboratories. Recently, the analtyical techniques were extended to
include calculations of relative phase velocities. Recently, ELF
recording stations were installed at Fairbanks, Boulder and Maui.
Preliminary results obtained with this network confirm the feasibility
of locating lightning discharges in certain areas of the Pacific Ocean
and of obtaining two station waveform observations of sufficient
quality to warrant performing detailed transient analyses.

CALIBRATION OF LOOP ANTENNAS AT VLF

J. Res. Nat., Bur. Stand. (UsA), V. 65C, No. 3, Pgs 189-193, July-
September 1961.

A.G, Jean, H.E, Taggart, J.R. Wait

A technique and the equipment used for the precise determination
of field strength of signals received from VLF transmitters is described.
The equipment, which is battery-operated, contains provisions for the
reception of VLF signals and the generation of standard fields to an
accuracy of 5%. Both the receiving and transmitting antennas are loops.
The field stirength is determined in terms of a quasi-static magnetic
field with the two loop antennas positioned coaxially at a spacing of
approximately two meters. Although the technique was developed for
use at VLF, it can be used at highér freguiancies for calibrating loop
antennas, generators, and voltmeters, and for determining effective
heights of antennas, or similar applications.
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OBSERVED MAGNETIC EFFECTS FROM METEORS
Phys. Abstr. 16407/1960; J. geopbys. Res. (USA), V. 65, No. 5,
Pgs 1617-19, May 1960.

AW, Jenkins, C,A. Phillips, E. Maple, Jr.

See Abstr. 5432/1950, 1942/1959. A preliminary analysis of data
from the I.G.Y. programme on geomagnetic fluctuations in the range 1-50
cpsy, indicates a correlation between meteoric activity and the average
(rectified and integrated) level of fluctuation. The frequency range
was subdivided into six approximately octave bands. For every major
meteor shower, with one possible exception, in the three months considered,
there is a peak in geomagnetic activity in the 1-5 ops bands only. Other
peaks occury, not coincident with meteor showers, but these appear in all
the six bands and are attributed to thunderstorms.

GROUND-CONDUCTIVITY DETERMINATIONS AT LOW RADIO FREQUENCIES BY AN ANALYSIS
OF THE SFERIC SIGNATURES OF THUNDERSTORMS

J. Geophys. Research. Voli. 66, No. 10, Pgs 3233-3244, Cotober 1961.

J.R. Johler, C.M, Lilley

A technique is described for determining the conductivity of the
ground at low frequencies with the aid of sferlc pulses from thunderstorms.
The paper 1s illustrated with an actual conductivity determination, and
the detailed compariscn of waveforms predicted theoretically with those
observed experimentally indicates that an effective value of conductivity
can te measured to a precision of one or two signifioant figures. The
results of the analysis indicate application of both experimental and
analytic techniques to other propagation studies, such as the evaluation
of the refleotion and transmission properties of the lower ionosphers.

DATA REDUCTION INSTRUMENTATION FOR RADIO PROPAGATION RESEARCH
July 19613 (NBS Tech. Note. No. 111). (PB 161612). $1.00,
W.,E. Johnson

No abstract

THE PIONEER I, EXPLORER VI AND PIONEER V HIQH-SENSITIVITY TRANSISTORIZED
SEARCH COIL MAGNETOMETER

EE Abstr, 1790/19613; Inst. Radic Engrs (USA) Trans., V. SET-6, No. 3-4,
Pgs 114-21, September-December 1960,

D.L. Judge, M.QG. McLood, A.R., Sims.

The magnetometer described was designed for the purpose of measuring
the distant geomagnetic and interplanetary magnetic fields. The sensing
element is & coil fixed in the frame c¢f a spinning vehicle. The associated
nonlinear amplifier has & dynamic range of approximately three decades and
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an equivalent noise threshold of 6.0 microgauss. This system was
flown in the Pioneer I, Explorer VI and Pioneer V paylcads to detect
both absolute magnitude and directional changes in the magnetic field
intensity at great distances. The complete unit enclosed in an
r.f.~shielded container weighs one pound.

APPLICATION OF ELECTRON SPIN RESONANCE TO THE MEASUREMENT OF THE EARTH'S
MAGNETIC FIELD

Phys. Abstr. 2315/1964; Arch. Sci. (Switzerland), Vol. 14, Special No,
132-7 (September 19561). In French. (Ampere Colloquium, Leipzig, 1961).
(See abstr. 23198 of 1963).

P, Jung, J. van Cakenberghe

An apparatus is described using the absorption of DPPH with an
alternating 10 G field superimposed on the earth's field. The latter
is measured from the asymmetry it produces. By using a rotating field
and servo a compass ig realized. The sensitivity is independent of
the field strength measured, in contrast to n.m.r. and optical pumping
magnetometers. It is also able to measure faster field variations.

THREE METHODS OF MEASURING MAGNETIC FIELDS. I. MEASUREMENT BASED ON
THE GENERATOR PRINCIPLE. II. MEASUREMENT OF THE FIELD ON THE AXIS OF
MAGNETIC ELECTRON LENSES. III. MEBASUREMENT BY THE PROTON RESONANCE
METHOD.

Phys. Abstr. 6722/1954; Philips tech. Rev. V, 15, Pgs 49-62, August
1958

B.F. JHrgens (Pt. I), A.C., van Dorsten A.J.J. Franken (Pt II),

H.G. Beljers (Pt. III).

Three instruments for the measurement of magnetic fields, based
on three entirely different principles, are described. The firsgt of
these makes use of an extremely small coil {outside dia. 1 mm., length
1.5 mm.), mounted on the shaft of a small synchronous motor and rotated
with constant angular velocity in the field to bg measured., The
measuring range is very wide, viz. 10~4 to 3Wb/m“ (1-30,000 gauss.) and
the accuracy is 3%. The second instrument was developed especially for
the measurement of fields along the axis of magnetic eleciron lenses.
A long thin solenoid, the winding direction of which is reversed at the
centre, is suspended vertically by two flat springs and is mounted so as
to coincide with the axis of the electron lens. When a constant 50 cps
alternating current is passed through the solenoid, an alternating force
acts upon the coil, this being proportional to the magnetic induction at
the point where the winding changes direction, By this method the field at
any point on the axis of a magnetic electron lens can be measured simply
and quickly with an error of < 1%. In the third method, a small con-
tainer of water is placed in the field to be measured. A weak alter-
nating field set up at right angles to this field, brings the hydrogen
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nuclei of the water molecules into resonance. The frequency at which
this proton resonance occurs is proportional to the strength of the field
to be measured. The method is very suitable for the accurate, absolute
measurement of strong homogeneous magnetic fields (error £ 0.0l%).

A FLUXMETER DEVICE FOR THE OBSERVATION OF RAPID SMALL CHANGES IN THE
EARTH'S MAGNETIC FIELD

Annals of the IGY, V. 4, Pergamon, Pgs 304-305, illus., 1957,

A,G. Kalasnikov

Equipment used in the USSR for recording magnetic variations of
small amplitudes.

A STUDY OF THE KUBECKI "MAGNETIC" TUBE AS A MAGNETIC FIELD INDICATOR

AD 502723 English translation from Dok. Akad. Nauk. SSSR, V. 56, No. T,
Pgs 703-705, 1947, by E.R. Hope, DRB, Canada.

A,G., Kalashnikov, N,V. Krasnogorskaya.

No abstract

THE HALL COMPASS
E.A. Keller

3ee Part ViiI. Pzge 531,

EINIGE BEMERKUNGEN ZUM PROTONENMAGNETOMETER
Z. angew. Phys. (Germany), V. 11, Pgs 495-497, 1958.
G. Klose

Discussion of sources of error.

THE CONSTRUCTION OF INDUCTION PICK-UPS FOR LAGNETOTELLURIC INVESTIGATIONS
Phys. Abstr. 9122/1963; Izv. Akad. Nauk. SSSR, Ser. geofiz. 1962, No, 10,
Pgs 1381-96. In Russian. Bnglish trans: Bull Acad. Sci. USSR, geophys.
Ser. (USA), No. 10, Pgs 860-9, October 19623 publ. Jan. 1963.

M.V. Kolmakov, I.A, Zelensov

The elements of the theory are described. Results are given of the
experimental determination of various parameters of the devices. Methods
of increasing the sensitivity and of lowering the range of the recorded
freguency ara aiscussed. Principles for the construction of improved
devices are given.
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A STUDY OF THE APPLICABILITY OF THE KUBECKI "MOSAIC" MULTIPLIER AS A
MAGNETIC FIELD INDICATOR

AD 50272; English Translation from Igv. Akad. Nauk. SSSR, Geographical
and Geophysical Series, V. 15, No. 1, Pgs. 43-50, 1951, by E.R. Hope,
DRB, Canada.

N.V. Krasnogorskaya

No abstract

DER HALLGENERATOR UND SEINE ANWENDUNG IN DER MEBTECHNIK
Elektron. Rundschau (Germany), No. 1, February 1960.
F. Kuhrt

Die intermetallischen Verbindungshalbleiter Indiumantimonid und
Indiumarsenid erm¥glichen die Herstallung leistungsf#higer Hallgeneratoren.
Ihre elektrischen Eigenshaften werden diskutiert. Unter den anwen-
dungsbelispielen aus der meBtechnik werden die messung magnetischer felder,
die leistungsmessung und leistungsoszillografie, die kontaktlose
signalgabe, die umsetzung kleinster bewegungen in eine elektrische
spannung sowie die statische abfragung von magnetogrammen behandelt.

FUNDAMENTAL PROPERTIES OF FLUX GATE MAGNETOMETERS WITH (EVEN HARMONIC)
PULSE OUTPUT

EE Abstr. 846/1962; Rozprawy elektrotech. (Poland), V. 16, No. 4,
Pgs 475-92, 1960.

J. Kulikowski, M, Nalecz

A straight line approximation to the B-H curve is used in presenting
the theory of the magnetometer. The approximation consists of assuming
different values of 4 for the saturated and unsaturated regions. It is
shown that the mean value of the total even harmonic output is proportional
to the field intensity and fairly independent of small changes of
amplitude or waveform of the excitation voltage. Formulae of Rozenblat
(Abstr. 187/1958 and other papers) are quoted to account for the core
shapse. Measurements were carried out at 50 cps using permalloy cores
and a synchronised mechanical rectifier. Sensitivity of 10-3 A/m is
claimed.

LABORATORY SIMULATION OF VLF PROPAGATION AND UNDERGROUND ANTENNA
PERFORMANCE

T.C. Larter, M,E. Louapre, A.P. Stogryn

See Section I, Page 65.

-243-



IDENTIFICATION AND EVALUATION OF MAGNETIC~FIELD SOURCES OF MAGNETIC
ATRBORNE DETECTOR EQUIPPED AIRCRAFT

EE Abstr. 2512/1962; Inst. Radio Engrs. (USA), Trans., V. ANE-8, No. 3,
Pgs 95-105, September 1961.

P. Leliak

A general method for identifying and evaluating magnetic sources
agssociated with the magnetic airborne detector—equipped aircraft is
described. It is derived for the compensation of magnetic noise
related to the manoeuvers of the aircraft. Mathematical formulae are
included with a uniform engineering method, independent of the type of
magnetic source encountered, for analysing magnetic airborne detector
records., A method for calibrating magnetic sources while in flight is
also offered.

SENSITIVE RECORDING MAGNETIC FLUXMETER

Phys. Abstr. 3825/1960; J. sci. Instrum. (GB), V. 36, No. 9, Pgs 388-9,
September 1959.

P. Lerond, A. Thulin.

The fluxmeter described uses a taut-suspension galvanometer, the
torque of which is compensated by positive feedback. This latter is
furnished by a servo-operated potentiometer, the wiper of which follows
the motion of the galvanometer light spot. The device is an adaption
of a commercially available recorder and permits recording of flux-
variations as low as 100 Maxwell-turns per second.

VLF UTILIZATION AT NASA SATELLITE TRACKING STATIONS

Radio Science Journ. of Research NBS/USNC—URSI, Vol. 68D, No. 1, Jan.
1964, Pgs 43-45.

C.H. Looney, Jr.

The time and frequency requirements of the network of NASA satellite
tracking stations are described, and it is shown that the VLF transmissions
from WVWVL satisfy many of these. There are great potentialities inherent
in the use of these gignals or suitable modification of them, for obtaining
extremely accurate standard time synchronizations. NASA tracking stations
will greatly extend their usage of VLF reception .in the near future, not
only to obtein automatic frequency corrections, but for the purposesof
research in the area of time and frequency dissemination.

MEASUREMENT OF MAGNETIC FIELDS BY NUCLEAR RESONANCE
EE Abstr. 2110/1959; Electronic Engng (GB), V. 31, Pgs 138-40, March 1959.
G.C. Lowe

A simple feedback circuit is described which employs the phenomenon
of nuclear magnetic resonance to measure magnetic fields over a wide
range with a minimum of readjustment of the circuit elements to an
accuracy of at least 0.01%.
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A METHOD FOR THE MEASUREMENT OF THE PARAMETERS OF A TWO-LAYER STRATIFIED
EARTH

EE Abstr. 301/1964; IEEE Trans. Antennas and Propagation (USA), Vol.
AP-11, No. 3, Pgs 366-9, May 1963,

S.W. Maley

A two-layer stratified model is assumed for the earth. The
distances involved are assumed to be sufficiently short that the earth
can be considered flat, The measurement of the parameters of the top
layer can easily be made from the surface, but the parameters of the
lower layer are somewhat more difficult. A method is given for the
evaluation of these quantities in terms of measurements of propagation
between two aerials located at the surface of the earth, The
theoretical solution for the field of an aerial located at the surface
of a flat stratified earth has been given by J.R. Wait. This solution
is taken as the starting point; it is put into a form which explicity
shows the influence of the parameters of the lower layer. The method
of least squares is then used to evaluate the unknown parameters in terms
of the measurements. This process allows the use of a large number of
measurements which are essentially subjected to an averaging procedure.
This prevents localized irregularities in the earth's surface from unduly
affecting the results.

AN OPTICALLY-PUMPED MAGNETOMETER FOR THE STUDY OF THE (MAGNETIC) FIELD
IN SPACE

EE Abstr. 4542/1961; Ann. Radioelect. (France), V. 16, Pgs 3-8,
January 1961.

L. Malnar, J.P. Mosnier

Describes a magnetometer based on the magnetic resonance of caesium
vapour. Optical pumping is used to produce resonance and for its de-—
tection. A laboratory model was designed and its performance compared
with that of a Qulf magnetometer. The sensitivity of the model is at
present 17 and is to be improved to 0.17Y .

MAGNETIC MEASUREMENTS IN SPACE
EE Abstr. T7475/1960; Electroniecs (USA), V. 33, No. 32, Pgs 47-51,
5th August 1960.

D. Mansir

Starts by outlining the objections of sending magnetometers into
space. Describes magnetic measurements made from the Vanguard 11X
satellite using a proton precession magnetometer which is described,
together with a circuit showing how control is obtained. Future
satellites will use optically pumped alkali-vapour magnetometers whose
principles are outlined.

=245~



SUB~AUDIO FREQUENCY (1¢TO 50 CPS) GEOMAGNETIC FLUCTUATIONS AT DENVER,
COLORADO

E. Maple

See Addendum, Page 553.

ELECTRON BEAM MAGNETOMETER
L. Marton and Others
See Addendum, Page 554.

USE OF AN OPERATIONAL AMPLIFIER WITH HELMHOLTZ COILS FOR REDUCING AC
INDUCED MAGNETIC FIELDS

Rev. of sci. Instrum (USA), V. 32, No. 11, Pgs 1192-95, November 1961.
L,A. Marzetta

A feedback system is described for cancelling magnetic fields
resulting from alternating ocurrents. The design features of an
operational amplifier are offered. In addition the nature of the
phase shift contributed by mutual inductance elements in the feedback
path is discussed. Magnetic fields with a flux density of one milli-
gauss can he reduced by about two orders of magnitude with the system.

ELECTRONIC RECORDING OF THE TRANSIENT VARIATIONS IN THE EARTH'S MAGNETIC
FILELD

Annals of the IGY, V., 4, Pergamon, Pgs 281-286, 1957.

A, Maxwell

Equipment developed at Jodrell Bank Experimental Station.

TIM: A BRUSHLESS GENERATING MAGNETOMETER

EE Abstr. 2148/1960; J. sci. Instrum (GB), V. 36, No. 11, Pgs 471-4,
November 1959

W.C. McCutchen

TIM (the turbo-inductor magnetometer) is an air-driven generating
magrnetometer which uses indusctive output to avoid brushes and slip rings,.
The resulting mechanical simpiicity allows this magnetometer to be made
very small while tke high rotaticn speed, which is possible because
there are no brushes, makes the magnetometer quite sensitive. It is
most suitable for measuring static cf very nearly static magnetic fields.
The output is an audio-frequency signaly, and the accuracy depends chiefly
on how accurately the amplitude and frequency of that signal are measured.

A RECORDING MAGNETIC VARIOMETER
Phys. Abstr. 8071/1955; Canad. J. Phys., V. 33, No. 7, Pgs 364-8,
July 1955.

J.H. Msek, F.S. Hector

The circuit and detecting head of an electronic recording magnetio
variometer are described. The apparatus will give continuous and
immediately observable values of variations of magnetic field as small
as 10-5 oersted, if recessary.
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A FREE NUCLEAR INDUCTION METHOD OF MEASUREMENT OF WEAK MAGNETIC FIELDS.
Zh. tekh. Fiz. (USSR), V. 28, Pgs 910-912, 1958.
A.V, Melnikov and Others

No abstract

PICK-UP DEVICES FOR VERY LOW FREQUENCY RECEPTION
Electronics, Vol. 34, Pgs 68-69, April 1961.
G.J. Monser

The sensitivities of loop and whip antennas vary by as much as 60 db
over the frequency range 10 cps-10 kec. The advantages of using a Hall
device as a receiving element are discussed.

DESIGN OF A SECOND HARMONIC FLUX GATE MAGNETIC GRADIOMETER

Phys. Abstr. 7948/1961; Rev. sci. Instrum (USA), V. 32, No. 4, Pgs 444-8,
April 1961,

R.1I, Morris, B.,O. Pedersen

An instrument for the measurement of gradients in the earth's
magnetic field is described. The gradiometer, of 15 ft base length,
is capable of operation for long periods with an error less than 207y
(59 /m). Detectors are of the tuned, second harmonic flux gate type.
An automatic ambient-field nulling feature was introduced to ease the
requirement for exact matching of the magnetic characteristics of the
gradient detectors.

EQUIPMENT FOR THE INT. VLF COMPARISON AND RESULTS OF MEASUREMENT OF
PHASE VARTATION BETWEEN HAWAII AND TOKYO

Phys. Abstr. 24480/1962; J. Radio Res. lab. (Japan), Vol. 10, Pgs 127-
36, March 19630

K. Nakajima, K. Suzuki, Y. Azuma, K. Akatsuka, K. Nakamura

For the purpose of performing the international comparison of the
standard frequencies between JJY and other foreign stations, the gtandard
VLF's are generally used. This report describes the outline of the
equipment capable of measurement with much higher precision than 3 parts
in 1010 per day and the results of phase comparison of VLF waves between
the JJY standard and the frequency f19.8 ke/s) transmitted from NPM
(Hawaii).

ANTENNAS FOR DETECTING MICROPULSATIONS
Nat. Bur., Stands. (US), Tech. News Bull, 45, Pg 83, May 1961.

No abstract
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MEASUREMENT OF STEADY MAGNETIC FIELDS BY THE INDUCTIVE METHOD.
II MEASUREMENT OF THE TIME INTEGRAL OF THE E.M.F. WITH THE BALLISTIC
GALVANOMETER. DIRECT METHQDS.

EE Abstr. 5033/195435 Arch. tech. Messen (Germany), No. 221, Pgs 129~
32, June 1954.

H. Neumann

The following are discussed: measurement of flux as a basis for
the determination of induction, field strength, permeability and ooil
area; fundamentals of the ballistic method, errors due to too short
galvanometer period; galvanometer constant and sensitivity, increasing
sensitivity (amplifying methods); sensitivity oontrol, soales and
associated apparatus; oalibration; air-flux correction (measurements on
iron c0res).

ARTIFICIAL PRODUCTION OF LIGHTNING ATMOSPHERICS. SEA-GOING LIGHTNING
GENERATOR

EE Abstr. 7722/1960; Electronics (USA), V. 33, No. 30, Pgs 53-5, July
22nd 1960.

M,M. Newmann and Others

Details are given of schooner-borne equipment used with a 10,000 ft
helicopter—-supported aerial to produce high~power 1l.f. pulses similar
to lightning atmospherics. The regavolt generator used produces
in the aerial a peak output power of about 30 MW, the oalculated field
strength of a 20 k¢ pulse being about 20 mV/m at a distance of 1000 km
from the a.riai, The generator can be triggered manually or from a
time standard which is synchronised with WWV signals. A block diagram
shows the general arrangement of the transmitting and receiving
equipment used. Some circuit details are also given of the transmitter
and of the phase shifter used for synohronising the crystal—-controlled
frequency standard with the WWV signals. The equipment affords a means
for studying the 1l.f. propagation over long distanoes, with possible
practical applications in the fields of long-range communication and
navigation, The use of inverted-L or semicircular aerials for generat-
ing "whistlers" is suggested.

MEASUREMENT OF SMALL DIRECT MAGNETIC FLELDS WITH FLUX-GATE MAGNETOMETERS
EE Abstr. 4038/1959; Rozprawy elektrotech. (Poland), V. 4, No. 3,

Pgs 323-49, 1958.

P,J. Nowacki, M. Naiecz, J. Kulikowski

The operating conditions of single~core magnetometers, when supplied
from & sinusoidal voltage source or from a sinusoidal current source,
are explained. Some special types of single—core magnetometer are
considered: with perpendicular fields and with variable impedance.
Bridse—type magnetometers are also described.
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AN EXPERIMENTAL PROOF OF THE MODE THEORY OF VLF IONOSPHERIC PROPAGATION
T. Obayashi, S. Fujii, T. Kidokoro.

See Section I, Page80,

MEASURED FREQUENCY SPECTRA OF VERY-LOW-FREQUENCY ATMOSPHERICS
Phys. Abstr. 8426/1960; J. Res. Nat. Bur. Stand. (USA), V. 64D,
No. 1, Pgs 41-8, January-February 1960,

T. Obayashi

New spectroscopes recording continuously the amplitude-frequency
spectra of VLF atmospherics have been developed. Two receivers cover
the frequency ranges 1 to 10 kc and 5 to 70 kc sweeping the respective
bands repeatedly, and their outputs are displayed on intensity-modulated
cathode~ray tubes which are photographed on slowly moving film,
Observations have been carried out since June 1958, and it appears
that the results provide an excellent experimental basis for comparison
with the mode theory of v.l.f. ionospheric propagation. It is found
that the frequency spectrum of distant atmospherics indicates a
pronounced absorption near 3 to 5 k¢, a broad intensity maximum around
10 to 20 k¢, and a general decrease towards higher frequencies with
undulating peaks. The selective absorption bands appearing in the
spectrum are variable according to the time of day and seasons. These
changes may be interpeted loosely as an ionospheric effect which is
assoclated with the cut-off frequency of the waveguide bounded by the
earth and the ionosphere. The solar flare effect on v.l.f., atmos-
pherics propagation is also revealed, which indicates a sudden shift
of the spectrum to higher frequencies owing to the increase of iloni-
zation and the lowering of a reflecting height of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>