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ABSTRACT

This bibliography is an outgrowth of a conference held at the

University of California at Los Angeles in June I960 to discuss the

aspects of long-range high-frequency radio propagation that affect

radio location and direction finding, and the related problems of

measurement and analysis. A group of the papers presented at the

conference was published in the Radio Propagation Section (Section D)

of the Journal of Research of the National Bureau of Standards, May -

June issue, 1961. In connection with the conference the Numerical

Analysis Research Staff of UCLA prepared a bibliography of published

work on the conference subject covering the period 1935-1959. For

this Technical Note the UCLA bibliography has been edited and extended

to include some papers published in I960 and the first half of 1961.

This compilation, though by no means exhaustive, includes over 850

titles on direction finding and related topics ranging from instrumental

details through observations and data analysis to theories of propagation.
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Bibliography on Direction Finding and Related Ionospheric
Propagation Topics (1955-1961)

Introduction

In June I960 a conference on transmission problems related to

high-frequency direction finding was held at the University of

California at Los Angeles under its sponsorship and in cooperation

with the Office of Naval Research. The purpose of the conference

was to discuss the aspects of long-range high-frequency radio

propagation that affect radio location and direction finding, and the

related problems of measurement and analysis. A group of the papers

presented at the conference was published in Radio Propagation,

Section D of the Journal of Research of the National Bureau of

Standards (Volume 65D, Number 3, May-June 1961).

In connection with the conference the Numerical Analysis

Research Staff of the University of California at Los Angeles prepared

a bibliography of published work on direction finding and related topics

for the period 1955-1959, which formed the basis for this Technical

Note. For the present work the UCLA bibliography was edited and

extended to include some of the papers published in I960 and the first

half of 1961 as well as some earlier ones which came to the editor' s

attention.

The selection of titles to be included in this bibliography was

based on a rather broad interpretation of direction finding and related

topics. The topics range from instriimental details through observations

and data analysis to theories of propagation. Such breadth of coverage

militates against exhaustiveness especially in fields not closely related
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to direction finding in the narrow sense of the term. Nevertheless it

is hoped that a representative sample of papers from these fields has

been included; at least enough to suggest some new approaches or

solutions to some users of the bibliography. The editor would

appreciate comments on the work, particularly in regard to serious

omissions, new developments, or errors of citation. These will be

collected for use if future supplements or revisions are decided upon;

the commxonications would probably influence the decision.

The bibliography was brought up to date principally by searching

all issues of Electrical Engineering Abstracts from January I960

through July 1961 under the relevant subjects. In addition, certain

recent bibliographies and the reference files of some NBS personnel

were searched for pertinent titles. The bibliographies on radio wave

propagation edited by Wilhelm Nupen and listed under his name were

particularly useful. Another important source was the Backscatter

Literature Survey prepared by Hagn, Nielson, and Smith. Their

contributions and those of the NBS personnel whose files were opened

to the editor are gratefully acknowledged.

References to individual articles have been confined to the period

1955 through about mid-1961, iinless the article was a review of the

field. General works such as bibliographies, proceedings of confer-

ences, surveys, and textbooks were included as far back as about 1940

in order to provide access to the earlier literature. Such general

works were accepted with an even broader interpretation than the

individual articles; some indication of their usefulness is given by

mentioning the number of references, the inclusion of abstracts and

so forth.
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During World War II both sides did extensive work on radio

direction finding, the results of which were largely classified. Since

then much of the literature and many of the original laboratory reports

have been declassified. Some bibliographies and surveys of this

literature are listed herein under the name of the country in which the

research was carried out. A more complete bibliography and a

discussion of some of the wartime work is given in a paper by K. A.

Norton entitled "Radio Wave Propagation During World War II"

published in Proc. IRE for May 1962. The editor is grateful to

Mr. Norton for providing a copy of this paper prior to its publication.

Since the principal emphasis was to be on long-distance propa-

gation, only a few papers on tropospheric propagation have been

retained. These include some papers indicating the magnitude of

tropospheric refraction and some whose theory or techniques could be

applied to long distance direction finding. A recent tropospheric

bibliography is listed under R. L. Abbott.

"A Survey and Bibliography of Recent Research in the Propagation

of VLF Radio Waves" by James R. Wait was published as NBS Tech-

nical Note No. 84 in May I960. Therefore the present listing includes

only references to later published works not included in his bibliography.

The titles are arranged alphabetically by the first author' s name

and when there is more than one author by the names of the co-authors.

When there is more than one paper by the same author, or authors,

the arrangement is chronological. Occasional titles are listed under

the institution or organization issuing them. Similar articles by the

same author but published in different journals have sometimes been

included for the convenience of users having access to only one of the

journals.
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The abbreviations of the names of periodicals are mostly those

used by Chemical Abstracts. The titles of articles in foreign journals

are given in English followed by the original journal citation in

transliteration and an indication of whether the journal or article has

been translated (when such information was available). No attempt

has been made to give the complete citation of the article in the

translated journal since this usually agrees with the original except

for pagination. Whenever possible the citation includes volume number,

issue number, month and year to assist the user in locating references

even when there is a typographical error in one of these.

Since there are over 850 titles in the bibliography, a group of

code letters was devised to classify the articles according to broad

subject and type. Opposite each author' s name there is a key consisting

of a year and from one to three letters indicating the most important

categories into which the paper can be classified. In most cases the

year of publication is given in the key. However, for conference

proceedings the year of the conference is usually given in the key and

the year of publication in the citation. For translated textbooks the

key shows the year of publication in the original language and the

citation the year of publication in English.

A list of the categories and some of the topics placed in each is

given below. It should be noted that the selection of categories was

most frequently based on the title and abstract of the paper and often

on the title alone. Despite these shortcomings, it is hoped that by

merely scanning the keys the user will be able to find the types of

articles in which he is interested.
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I would like to thank Mrs. Dorene Briels for her help in

preparing the card file of references used to bring this bibliography

up to date. I am especially grateful to Mrs. Marion Andrews for

checking many of the citations, merging the card file and the original

list while typing the manuscript, and patiently making corrections on

the copy.

O. D. Remmler

Editor
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Letter Key for Bibliography on Direction Finding and Related Topics

List of Topics Included in Categories

Letters(s)

D

N

Category

Bibliographies

c Conferences

s Surveys

Te Texts

M Miscellaneous

Direction Finding

Antennas

Navigation

Propagation

Kind of Topics Included

Bibliographies; Literature Surveys;
Articles known to contain many
references

Proceedings of conferences, meetings,
symposia

Surveys; reviews; monographs

Textbooks

Manuals; handbooks; theses; project

reports; general works other than

those above

Specifically concerned with direction

finding or angle of arrival in the

narrow sense of the term

Especially narrow beam; steerable;

scanning; phased arrays; interfer-

oraeters; azimuthal or vertical

Aircraft navigation, collision avoidance
and landing systems; space vehicle

tracking; aircraft tracking; ship-

board navigation

Ionospheric theories; refraction oi*

bending; scattering; interference;

fading; reflection; ground constant

measurements; atmospheric measure-
ments; ionospheric measurements
and characteristics; ray tracing;

directional propagation theories
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Letters(s) Category

R Radar

Instrumental

Kind of Topics Included

Especially when concerned with,

determining azimuth or elevation;

radar techniques or instrumentation
of possible use in direction finding

systems

Instruments; measuring systems and
techniques; instrument testing and
checking; errors in systems;
directional navigation aids; phase
measurement; antenna pattern

measurements

O Observational Ionospheric data or measurements;
both azimuthal and vertical direction

of arrival measurements; back-
scatter; properties of earth or

atmosphere; analysis of author' s

observations

St

Th

Statistical

Theoretical

Statistical theory; statistical analysis

of observations; statistical methods

Physical theories; fundamental
principles; non-statistical mathe-
matical derivations; calculations

based on theory; analysis of other

author' s observations; relation of

theories to observations; theory of

antennas
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DISTRIBUTION OF TITLES AMONG CATEGORIES

Total Nixmber of Titles - 856

Letter Category Number of titles with letter

24

18

54

15

11

159

158

54

393

66

282

190

37

232

Total Number of Letters Used - 1693

B Bibliographies

C Conferences

S Surveys

Te Texts

M Miscellaneous

D Direction Finding

A Antennas

N Navigation

P Propagation

R Radar

I Instrumental

O Observational

St Statistical

Th Theoretical
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Bibliography on Direction Finding and Related Ionospheric

Propagation Topics (1955-1961)

Abbott, R. L. 60-B
Bibliography of tropospheric radio wave scattering.

Technical Note No. 80 (PB 161581) Boulder Laboratories,

NBS, U. S. Dept. of Commerce, 79 pp. , 681 refs. (titles),

author and subject indexes, grouped by year of publication

(Nov. I960).

Adcock, F, 59-1, D
Radio direction finding in three dimensions.
Proc. I. R.E. Australia^, No. 1, 7-11 (Jan. 1959).

Adachi, S. , and Y. Mushiake 57-A, I

Studies of large circular loop antennas.

Rep. Res. Inst. Elec. Commun. Tohoku. Univ. B 9,

No. 2, 79-103 (Sept. 1957).

Adachi, S. , and Y. Mushiake 57-A, I

Directive loop antennas.

Rep. Res. Inst. Elec. Commun. Tohoku Univ. B9,
No. 2, 105-112 (Sept. 1957).

AGARDograph 34 58-C
Sporadic E ionization -- papers presented at the

Ionospheric Research Meeting, AGARD Avionics Panel,
Cambridge, England, B. Landmark, Technical Editor

(Sept. 1958).

Aggarwal, K. K. 59-0,St
Statistical analysis of fading on short wave transmissions.
J. Inst. Telecomm. Engrs. (New Delhi) 5, No. 4,

230-237 (May 1959).
~

Agy, v., K. Davies, andR. Salaman 59-S, O
An atlas of oblique -incidence ionograms.
Technical Note No. 31 (PB 151390) Boulder Laboratories,
NBS, U. S. Dept. of Commerce, approx. 120 pp. (Nov. 1959).
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•^gy> v., and K. Davies 59-P, O
Ionospheric investigations using the sweep frequency
pulse technique at oblique incidence.

J. Research NBS 63D . No. 2, 151-174 (Sept. -Oct. 1959).

Aksenov, V. I. 58-P, Th
On the scattering of electromagnetic waves from sinusoidal

and trochoidal surfaces of finite conductivity.

Radiotekhnika i Elektronika 3_, No. 4, 459-466 (Apr. 1958).

(In Russian). Translation in Radio Engineering and
Electronics.

Aksenov, V. I. 60-P, O
Experimental investigation of electromagnetic wave
scattering from periodically uneven surfaces.

Radiotekhnika i Elektronika _5, No. 5, 782-795 (May I960).

(In Russian), Translation in Radio Engineering and
Electronics.

Albrecht, H. J. 60-P, Th,I
Analysis of ionospheric paths in long-range propagation.

Indian J. Meteorol. Geophys. 11, No. 1, 57-63 (Jan. I960).

Albrecht, H. J. 6l-P, Th
Applying the chordal-hop theory of ionospheric long-range
propagation of echo-signal delay.

Proc. I.R.E. Computer issue 49, No. 1, 356-3 57 (Jan. 1961)

(Ltr.).

Alcock, G. Mck. 56-P,0
The prediction of maximum usable frequencies for radio

communication over a transequatorial path.

Proc. Inst. Elec. Engrs. (London) 103B , No. 10, 547-552
(July 1956).

Al'pert, Ya. L. 57-P, Th
Certain problems in ionospheric physics. Electron
density fluctuations and radio wave scattering.

Uspekhi Fiz. Nauk 6j_, No. 3, 423-450 (Mar. 1957).

(In Russian).
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Al'pert, Ya. L. 57-S,P

A short sketch of present ideas on the propagation of radio

waves in the ionosphere.

Izvestiia, Ser. Geofiz. Ij^, 1418-1430 (1957) 56 refs.

(In Russian).

Al'pert, Ya. L. , V. L. Ginzburg, and E. L. Feinberg 53-Te,P
Radio propagation.

Gos. Izdat. Tekhniko-Teoreticheskoi Literatury, 883 pp. ,

124 tables, 128 figs. , 373 references (1953). (In Russian).

Ament, W. S. 60-P, Th
Reciprocity and scattering by certain rough surfaces.

IRE Trans, on Antennas and Propagation AP-8 , No. 2,

167-174, (Mar. I960).

Ancker, C. J., Jr. 58-N, D
Airborne direction finding -- the theory of navigation errors.

IRE Trans, on Aeronaut. Navigational Electronics ANE-5,
No. 4, 199-210 (Dec. 1958).

Anderson, J. T. 59 -N, I

Determination of the orbit of an artificial satellite.

Proc. IRE 47, No. 9, 1658-1659 (S ept. 1959).

Anderson, L. J. 58-P
Tropospheric bending of radio waves.
Trans.Am. Geophys. Union 39, No. 2, 208-212 (Apr. 1958).

Anderson, R. E. 58-1, D
Bearing memory improves direction finder.

Electronics 3_1_, No. 5, 44-48 (Jan. 31, 19 58).

Anderson, R. E. , and A. D. French 59-N,I
Tracking Pioneer IV beyond the moon.
IRE Nat. Con, RecordJ7, pt. 5, 152-157(1959).

Anderson, S, R. , and R. B, Flint 59-N
The CAA doppler omnirange.
Proc. I.R.E. 47, No. 5, 808-821 (May 1959).
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Anderson, W. L. , N. J. Beyers, and R. J. Rainey 60-P, Th, O
Comparison of experimental with computed tropospheric
refraction.

IRE Trans, on Antennas and Propagation AP-8, No. 5,

456-461, (Sept. I960),

Appleton, E. V. 59-P, O, Th
The normal E region of the ionosphere.

Proc. I.R.E.^, No. 2, 155-159 (Feb. 1959).

Appleton, E. , and A. J. Lyon 57-P,Th
Studies of the E layer of the ionosphere - I. Some relevant

theoretical relationships.

J. Atmospheric and Terrest. Phys. jjO, No. 1, 1-11 (1957).

Appleton, E, , and A. J. Lyon 6l-P
Studies of the E layer of the ionosphere - 11.

Electromagnetic perturbations and other anomalies.
J. Atmospheric and Terrest. Phys. 21, Nos. 2/3, p. 73

(June 1961).

Arnolds, R. 60-R,I
Radar display transmission by line storage.

Electronik9, No. 6, 171-178 (June I960). (In German).

Aronov, I. A. , and G. Kh, Novik 59-1

Electronic phasemeter with a range -180° to + 180**.

Priborostroenie, No. 1, 20-22 (Jan. 1959). (In Russian).

Translation in Instrum. Constr.

Arsac, J. 57-A, Th
Application of mathematical theories of approximation to

aerial smoothing in radio astronomy.
Australian J. Phys. 10, No. 1, 16-28 (Mar. 1957).

Arsac, J. , and J. C. Simon 57-P
Fluctuation problems in long distance propagation.

Onde Elect. ^, No. 362, 495-497 (May 1957). (In French).

Ashbrook, F. M. , and D. D. Stevenson 60-N,I
The Navy' s portable satellite tracking stations.

IRE Trans, on Space Electronics and Telemetry SET-6,
No. 1, 41-45 (Mar. I960).
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Ashton, W. F. 60-R,I

Fixed-coil display system for data extraction.

Proc. Inst. Elec. Engrs. (London) paper 3245E, 6 pp.

(Mar. I960). (Symposium on Data Handling and Display

Systems for Air Traffic Control). To be republished in

107B (I960).

Ashwell, G. E. , and C. S. Fowler 60-1

Phase -measuring equipment for VLF propagation

investigations.

Electronic Technol. 37, No. 7, 252 -255 (July I960).

Badessa, R. S. , V. J. Bates, et al 59-A, I

Phase stabilization techniques for electronically scanned
arrays.

Res. Lab. of Electronics, Mass. Inst. Tech. , Cambridge.
Tech. Report on Contract AF30(602) 1862, RADC-TR-
59-44, AD-228707, 86 pp. (4 June 1959).

Baechle, J. R. , and R. H. McFarland 60-N,I
A flush-mounted runway antenna for use with the F. A. A.

directional glide -path.

IRE Trans, on Aeronaut. Navigational Electronics ANE-7,
No. 2, 32-39 (June I960).

Bagaryatskii, B. A. 6l-S,P
Radar reflections from aurorae.
Uspekhi Fiz. Nauk. 73_, 197-241 (Feb. 1961). Translated
in Soviet Physics Uspekhi, £, No. 1, 70-95 (July-Aug.

1961). 83 Refs.

Bailey, A. D. 57-Th,I, D
An application of the principle of least squares in automatic
radio direction finding.

Proc. Nat. Electronics Conf. j^' "715-727 (1957).

Bailey, A. D. , J. D. Dyson, et al 61-M, D
See Illinois, U. of



-14-

Bailey, A. D. , and R. L. Sydnor 58-St, I, D
An investigation of signal amplitude to bearing deviation

correlation as a function of time in high frequency radio

direction finding.

Proc. Nat. Electronics. Conf. J^, 1015-1028 (1958).

Bailey, D. K. 58-P
The effect of echo on the operation of high frequency
communication circuits.

IRE Trans, on Antennas and Propagation AP-6, No. 4,

325-329 (Oct. 1958).

Bailey, D. K. , R. Bateman, and R. C. Kirby 55-S

Radio transmission at VHF by scattering and other

processes in the lower ionosphere.

Proc. I.R.E. 43_, No. 10, 1181-1231 (Oct. 1955).

Bailey, V. A. 58-P, Th
Some methods for studying wave -propagation in a uniform
magnetoionic medium.
J. Atmospheric and Terrest. Phys. 12, Nos. 2/3,
118-125(1958).

Bain, W. C. 55-P, O, D
On the rapidity of fluctuations in continuous -wave radio

bearings at high frequencies.
Proc. Inst. Elec. Engrs. (London) 102B , No. 4, 541-543,
550-553 (Oct. 1955).

Bain, W. C. 56-1, Th,D
The theoretical design of direction finding systems for high
frequencies.

Proc. Inst. Elec. Engrs. (London) 103B, 1 13-1 19 (Jan. 1956).

Bain, W. C. 56-1, D
Adcock direction finder. Polarization errors due to aerial

bending.

Wireless Engr. 32, No. 1, 20-24 (Jan. 1956).

Bain, W. C. 56-1, D
Possible errors of a particular wide -aperture direction-

finder.

Proc. Inst. Elec. Engrs. (London) 103C , No. 12, 313-324
(Mar. 1956).
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Bain, W. C. 56-P, O, D
Fluctuations in continuous -wave radio bearings at high,

frequencies.

Proc. Inst. Elec. Engrs. (London) 103B, p. 560 (July 1956).

Bain, W. C. 58-P, O
The angular distribution of energy received by ionospheric
forward scattering at VHF.
Proc. Inst. Elec. Engrs. (London) pt. B, Suppl. 8, 53-55,

73-78 (Jan. 1958).

Bain, W. C. 60-P, Th
The received-amplitude distribution produced by radio

sources of random occurrence and phase.

Proc. Inst. Elec. Engrs. (London) 108C, Monograph 389E,
20-24 (July I960).

Bain, W. C. 6l-P,0. D
Directional observations on delayed signals on an
ionospheric forward-scatter circuit.

Proc. Inst. Elec. Engrs. (London) 108B, 253-256 (May 1961).

Bain, W. C. 61-1, 0,D
Phase difference observations at spaced aerials and their

application to direction finding.

J. Research NBS 65D (Radio Prop. ), No. 3, 229-232
(May-June 1961).

Bain, W. C. 6l-P, O
Studies of ionospheric forward scattering using measure-
ments of energy distributions in azimuth.
Proc. Inst. Elec. Engrs. (London) 108B , 241-252-(May 1961).

Bain, W. C. , and C. B. I. Glass 56-P
The polarization of very long radio waves reflected from
the ionosphere at oblique incidence.

Proc. Inst. Elec. Engrs. (London) 103C , 447-448 (June 1956).

Bain, W. C. , and E. Golton 60-Te,P
Some effects of the ionosphere on signals from earth
satellites.

Space Research, edited by Kallman, 272-285. North-
Holland Publ. (I960),



-16-

Bakhareva, M. F. 59-P, Th
The correlation between waves o£ different frequencies

travelling through a layer of statistically inhomogeneous
medium.
Radiotekhnika i Elektronika 4, No. 1, 141-155 (Jan. 1959).

(In Russian). Translation in Radio Engineering and
Electronics.

Ball, C. O. , and W. D. White 60-A,I
Simulation tests on an interference rejection antenna system.
IRE Int. Conv. Record_8, pt. 8, 3-9 (I960).

Balser, M. 57-P
Some observations on scattering by turbulent inhomogeneities.

IRE Trans, on Atnennas and Propagation AP-5, No. 4,

383-390 (Oct. 1957).

Bandyopadhyay, P. 57-P
Models of the lower ionosphere as may be inferred from
absorption results.

Indian J. Phys. ^l. No. 6, 297-308 (June 1957).

Banerji, R. B. 55-St, O
The autocorrelogram of randomly fading waves.
J. Atmospheric and Terrest. Phys. _6, No. 1 (1955).

Baranul'ko, V. A. 60-P, O
The transmission of signals during storms.
Radiotekhnika 15, No. 6, p. 18 (June I960). (In Russian).

Translation in Radio Engineering.

Barber, N. F. 56-P,St
A correlation treatment of fading signals.

J. Atmospheric and Terrest. Phys. 8_, No. 6, 318-330(1956).

Barber, N. F. 57-1, D
Correlation and phase methods of direction finding.

New Zealand J. Sci. Technol. B38, No. 5, 416-424 (1957).

Barber, N. F. 58-A,I,D
Optimum arrays for direction finding.

New Zealand J. Sci. 1, 35-51 (1958).
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Barber, N. F. 59-A, I, D
Design of ' optimum' arrays for direction finding.

Electronic and Radio Engr. 36, No. 6, 222-232 (June 1959).

Barber, N. F. , and D. D. Crombie 59-P, Th
VLF reflections from the ionosphere in the presence of a

transverse magnetic field.

J. Atmospheric and Terrest. Phys. 16, 37-45(1959).

Barton, D. K. 59-R,0
Sputnik II as observed by C-band radar.

IRE Nat. Conv. Record_7, pt. 5, 67-73 (1959).

Bass, F. G. , and V. G. Bocharov 58-P,Th
On the theory of scattering of electromagnetic waves from
a statistically uneven surface.

Radiotekhnika i Elektronika 3_, No. 2, 180-185 (Feb. 1958).

(In Russian). Translation in Radio Engineering and
Electronics.

Bateman, R. , J. W. Finney, E. K. Smith, L. H. Tveten,

and J. M. Watts 59-P, O
IGY observations of F -layer scatter in the Far East.

J. Geophys. Research 64, No. 4, 403-405 (Apr. 1959).
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Direct H. F. backscatter from the F region.

J. Geophys. Research 65_, No. 7, 1993-2002 (July I960).
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Random errors in aperture distributions.

IRE Trans, on Antennas and Propagation AP-7, No. 4,
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A contribution to the theory of the goniometer and coordinate
transformer.
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Baur, K. 56-1, D
Direction finding deviation of a 6 -mast Adcock.
Nachrtech Z._9, No. 7, 299-305 (July 1956). (In German).
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Baur, K. 56-1, D
The total error of an Adcock direction finding system.
Arch. Elektrotech. Ubertragung 10_, No. 11, 491-493
(Nov. 1956). (In German).

Baur, K. 56-1, D
An investigation of the sensitivity of the direction finder

Telegon III with and without rectification.

Telefunken Ztg. _29, No. 114, 289-290 (1956). (In German).

Baur, K. 58-1, D
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Stegen, R. J. 60-A, Th
Gain of Tchebycheff arrays.
IRE Trans, on Antennas and Propagation AP-8 , No. 6,

629-631 (Nov. I960).



-98-

Stein, S. 58-P
The role of ionospheric layer tilts in long-range HF radio
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Stein, S. 58-P
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Some fading cTiaracteristics of regular VHF ionospheric
propagation.
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(In Russian). Translation in Radio Engineering and
Electronics.

Tatarskii, V. I. 56-P
On the fluctuations in amplitude and phase of a wave
propagating in a weakly inhomogeneous atmosphere.
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Travers, D. N. 57-1, D
The effect of the mutual impedance on the spacing error
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Delay-line secondary responses in A.M. and F. M. sweep
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Effect of antenna radiation angles upon HF radio signals

propagated over long distances.

J. Research NBS 65D (Radio Prop. ) No. 2, 167-174
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Indian J. Phys. 3£, No. 1, 36-46 (Jan. 1956).

Villard, O. G. , Jr., S. Stein, and K. C. Yeh 57-P, O
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Doklady Akad. NaukS.S.S.R. 102 , No. 3, 469-472(1955).
(In Russian). Translation in Russian Physics "Doklady".

Vitkevitch, V. V. 58-P,0
An investigation of ionospheric inhomogeneities by radio

-

astronomic methods.
Radiotekhnika i Elektronika^ , No. 4, 478-486 (Apr. 1958).

(In Russian). Translation in Radio Engineering and
Electronics.

Vitkevitch, V. V., and Y. L. Kokurin 57-P, O
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in the ionosphere.
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A bibliographic outline of work performed on the Sandia
Corporation' s terrain return program under Sandia
Purchase Orders EL-586, EL-2167, EL-1451, 54-3052.
AER Report 20-A, Sandia Corp. Report SCR -21 6, Phys-
ical Science Lab. , New Mexico College of Agriculture &
Mechanical Arts (10 July 1956).

Wells, H. W. 57-P,0
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of the bearing of short radio waves.
Proc. Phys. Soc. B 69 , pt. 3, 311-320 (Mar. 1956).
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Wilkins, A. F. , and E. D. R. Shearman 57-P,

I

Back scatter sounding: an aid to radio propagation studies.
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J. Atmospheric and Terrest. Phys. 8_, Nos. 4/ 5, 240-246
(Jan. -June 1956).

Yaffee, M. S. , W. R. Smith, and J. B. Skully 59-R,I
Mobile radar pinpoints enemy mortar positions.

Electronics 22, No. 38, 34-37 (Sept. 18, 1959).

Yakovlev, O. I., and V. I. Bocharov 59-P, Th, O
On the back scattering of short radio waves.
Radiofizika 2, No. 3, 370-373 (May 1959).



-114-

Yeh, K. C. , and G. W. Swenson, Jr. 59-P, O
The scintillation of radio signals from satellites.

J. Geophys. Research_64, No. 12, 2281-2286 (Dec. 1959).

Yeh, K. C. , and O. G. Villard, Jr. 60-P, O
Fading and attenuation of HF radio waves propagated over

long paths crossing the auroral, temperate and equatorial

zones.

J. Atmospheric and Terrest. Phys. r7_. No. 4, 255, 270

(Feb. I960).

Yerg, D. G. 59-P, Th
An analysis of drifts of the signal pattern associated with

ionospheric reflections.

J. Geophys. Research 64, No. 1, 27-31 (Jan. 1959).

Yonezawa, T. , H. Takahashi, and Y. Arima 59-P, Th
A theoretical consideration of the electron and ion density

distributions in the lower portion of the F region.

J. of the Radio Research Labs. (Tokyo) 6, No. 23, 21-46

(1959).

Zhevakin, S. A., and V. M. Fain 56-P, Th
The theory of nonlinear effects in the ionosphere.
A. Eksper. Teoret. Fiz. 30_, No. 3, 518-527 (1956).

(In Russian). Translation in Soviet Phys. JETP 3, No. 3,

417-425 (1956).
~

Ziehm, G. 55-N,I, D
Explanation of the difficulty of direction finding with
short-and boundary-waves on board ship.

Frequenz_9, No. 9, 3 10-3 18 (Sept. 1955). (In German).

Ziehm, G. 55-A, I, D
Ferrite aerials for goniometer directionfinders.
Telefunken Ztg. 28^, 227-234(1955). (In German).

Ziehm, G. 57-A,I
The current distribution on vertical cylindrical reflectors.
Frequenz 11, 233-243 (Nov. 1957). (In German).



-115-

Ziehm, G. 57-1, D
Symmetry requirements for cables in two -channel direction

finder installations.

Frequenz 11, No. 9, 287-294 (Sept. 1957). (In German).

Ziehm, G.

Balanced phase capacitive goniometer.
Frequenz 12, No. 9, 293-299 (Sept. 1958). (In German).

58-1

Ziehm, G.

Reception and direction -finding using electromagnetic
waves in sea water.

Telefunken Ztg. 33, 141 -150 (June I960). (In German).

60-P, Th, D

Zinke, O. , and H. Brxinswig

High frequency measuring apparatus.

Stuttgart: S. Hirzel 8+ , 50 pp. ,
(Monographien der

elektrischen Nachrichtentechnik 3b). (1959). (In German).

59-1

Zinke, O. , and H. Brunswig
High frequency measuring techniques.

Stuttgart: S. Hirzel 14+, 234 pp. (1959). (Monographien
der elektrischen Nachrichtentechnik 3a). (In German).

59-1

* U.S. GOVERNMENT PRINTING OFFICE : 1962 0—660602





U. S. DEPARTMENT OF COMMERCE
Luther H. Hodges, Secretary

NATIONAL BUREAU OF STANDARDS
A. V. Astin, Director

THE NATIONAL BUREAU OF STANDARDS

The scope of activities of the National Bureau of Standards at its major laboratories in Washington, D.C., and

Boulder, Colorado, is suggested in the following listing of the divisions and sections engaged in technical work.

In general, each section cmries out specialized researcti, development, and engineering in the field indicated by
its title. A brief description of the activities, and of the resultant publications, appears on the inside of the

front cover.

WASHINGTON, D. C.

Electricity. Resistance and Reactance. Electrochemistry. Electrical Instruments. Magnetic Measurements
Dielectrics. High Voltage.

Metrology. Photometry and Colorimetr^. Refractoraetry. Photographic Research. Length. Engineering Metrology.

Mass and Scale. Volumetry and Densimetry.

Heat. Temperature Physics. Heat Measurements. Cryogenic Physics. Equation of State. Statistical Physics.

Radiation Physics. X-ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological Equipment.
Nucleonic Instrumentation. Neutron Physics.

Analytical and Inorganic Chemistry. Piwe Substances. Spectrochemistry. Solution Chemistry. Standard Refer-

ence Materials. Applied Analytical Research. Crystal Chemistry.

Mechanics. Sound. Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Rheology. Combustion
Controls.

Polymers. Macromolecules: Synthesis and Structure. Polymer Chemistry. Polymer Physics. Polymer Charac-
terization. Polymer Evaluation and Testing. Applied Polymer Standards and Research. Dental Research.

Metallurgy. Engineering Metallurgy. Microscopy and Diffraction. Metal Reactions. Metal Physics. Electrolysis
and Metal Deposition.

Inorganic Solids. Engineering Ceramics. Glass. Solid State Chemistry. Crystal Growth. Physical Properties.

Crystallography.

BoUding Research. Structural Engineering. Fire Research. Mechanical Systems. Organic Building Materials.

Codes and Safety Standards. Heat Transfer. Inorganic Building Materials. Metallic Building Materials.

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathematical Physics. Op-
erations Research.

Data Processing Systems. Components and Techniques. Computer Technology. Measurements Automation.
Engineering Applications. Systems Analysis.

Atomic Physics. Spectroscopy. Infrared Spectroscopy. Solid State Physics. Electron Physics. Atomic Physics.

Instrumentation. Engineering Electronics. Electron Devices. Electronic Instrumentation. Mechanical Instru-

ments. Basic Instrumentation.

Physical Chemistry. Thermochemistry. Surface Chemistry. Organic Chemistry Molecular Spectroscopy. Mole-
cular Kinetics. Mass Spectrometry.

Office of Weights and Measures.

BOULDER, COLO.

Cryogenic Engineering Laboratory. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Cryo-
genic Technical Services.

CENTRAL RADIO PROPAGATION LABORATORY

lono^here Research and Propagation. Low Frequency and Very Low Frequency Research. lono^here Re-
search. Prediction Services. Sun-Earth Relationships. Field Engineering. Radio Warning Services. Vertical

Soundings Research.

Radio Propagation Engineering. Data Reduction Instrumentation. Radio Noise. Tropospheric Measurements.
Tropospheric Analysis. Propagation-Terrain Effects. Radio-Meteorology. Lower Atmosphere Physics.

Radio Systems. Applied Electromagnetic Theory. High Frequency and Very High Frequency Research. Modula-
lation Research. Antenna Research. Navigation Systems.

Upper Atmosphere and S|)ace Physics. Upper Atmosphere and PlasmaPhysics. Ionosphere and Exoqihere Scatter.

Airglow and Aurora. Ionospheric Radio Astronomy.

RADIO STANDARDS LABORATORY
Radio Physics. Radio Broadcast Service. Radio and Microwave Materials. Atomic Frequency and Time-Interval
Standards. Millimeter-Wave Research.

Clrcalt Standards. High Frequency Electrical Standards. Microwave Circuit Standards. ElecUonic Calibration
Center.



4

i

II

NBS

i

r-^M^Tf?


