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Summary

If you buy too much ham stuff, your house will overflow with Amateur
Radio equipment. Steve, K60OIK will show how to continue collecting
ham stuff even if your house is overflowing. The secret is to collect
stuff that occupies no space. Radio information, in the form of articles,
papers, books, or other publications, is available online. Whether it is
an article from Popular Electronics, a home-study course from
National Radio Institute, a book on antennas, an NAB Engineering
Handbook, or papers from the IEEE or Bell System Technical Journal,
it is available online if you know where and how to look. Steve will
show the sources of information (software, archival articles, papers,
and books) that Google often fails to find and yet is free and will
OCcupy no space other than on your hard drive.
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The Four Ages of a Ham
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Tactical Error: Opening a Go Kit First Thing...

“ALONE
AT LAST!”
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Journal of the California Historical Radio Society, Spring/Summer 2020
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... Leads to the Fifth Age
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Sources of Information that Takes No Space

= FARS web site “Radio Links”

= Sherwood Engineering

= ARRL magazines

= Other Amateur Radio magazines

= Online repositories

= |EEE Xplore

= Internet Archive

= Bell System Technical Journal

= MIT Rad Lab series

= Royal Society

= arxXiv

= Defense Technical Information Center (DTIC)
= World Radio History archives

= Books and hidden gems

= Best radio museums in America to visit
= Listen to the Golden Age of radio
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FARS Web "Radio Links” — Software & Presentations
https://www.fars.k6ya.orqg/others

= General circuit analysis and design (5)

= Filter design (1)

= |Inductors and inductance (1)

= Transmission lines (3)

= Smith charts, match networks, and tuners (11)
= Miscellaneous RF routines (1)

= Antenna modeling (10)

= HF propagation prediction (7)

= VHF/UHF propagation prediction (2)

= Morse code practice and apps (20)
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Sherwood Engineering Receiver Test Data
http://www.sherweng.com/table.html

Sort column

0 A 00 » R R
De 5 O No 0 d
00 »] [0 0 0 Pa 0 Pa
de 5 aB 5 aB 5 o _
b ab b ab b
LO Noise Corrected 05/10/19 -127 45 0.60 154 10
Yaesu -13680 1.62 3 >147 0.200 155 50 A Trk Presel >115 110 20 110 2
FTdx-101D -1418 0.585L 0.1251
Added 9/29/14
FlexRadio Systems -118 3.0 2.0 145 10 108
6700 13502 1,002 Var 130 preamp Off 02502 155 50 B Band Pass 115 99 20&2 20&2
Hardware Updated
Added 12/30/20 -126 4.2 0.63 152 10
Yaesu -135b0 1.462 3 141 0.21b 153 50 B Half Octave 105 107 20 107 2
FTdx10 -1408 0.545L 0155t
Added 02/11/18
Icom -131 2.40 0.40 b b
IC-R8600 1420 0.672 3 125 0.128 o t | BHafoctave| 100 iy 20 o 2
Second sample -1302 0.492b i r
S/N 02001177
Added 11/10/15 -135 0.27
Elecraft 1380 % 3 150 0.200 i s | BBandpass 110 1074 20 % 2
K3S -14510 S 0.0810
Added 3/17/17
-135 0.27
Bl 138 o 3 150 0.200 = 10 | BBandpass | 110 10621 20 1052 2
2nd Sample 14510 0.452 0.0810 146 50
10 meter data o P
Added 02/23/15
Elecraft -136 1.0 0.27 145 10 107#
K3 (RX Gain Recal) -1390a 0.3 3 i 0.202 147 dplamsoand'Bass e gl G 1049 2
New Synthesizer
Added 04/25/16 -123 8.5 0.65
lcom 135t 1.852 3 149 0.168 = | ATrkprese 100 1102 20 = 2
1C-7851 -1415L 1.165L (0) 7t
Added 10/15/18 -131 21 0.39 155 10
Kenwood -140b0 0.530 3 >151 0.13k 156 50 B Half Octave >118 106 20 105 2
TS-890S -1418 0.14b1 0.10b%
Added 10/02/12
Hilberling -128 54 0.45 144 10 105%
PT-8000A -141b 1.0 3 142 0112 149 50 A Trk Presel 100 105 20 2
Hardware Rev 2.00
Added 08/10/12 123 12 09 104t
Elecraft e = 3 138 oo 144 10 B Band Pass 110 105 20 96u 2
KX3 ¥ 5 Al 65¢
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ARRL Magazines

= |ndex search o _
http://www.arrl.org/arrl-periodicals-archive-search

» Ham Radio: 1968 — 1990
» NCJ: 1973 — present
» OTA: 2020 — present
» QEX: 1981 — present
»  QST: 1915 — present
= QST PDF archive
> QST: 1915 - 2011
= Digital magazine (PageSuite) archive
» NCJ: 2020 — present
» OTA: 2020 — present
»  QEX: 2020 — present
» QST: 2012 — present
= Article supplement files

>  http://www.arrl.org/gexfiles

> http://www.arrl.org/gst-in-depth

= QST Product Reviews and Extended Test Reports

>  http://www.arrl.org/product-review
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Amateur Radio Magazine Archives

= CQ magazine

» Index list 1980 — 2011
https://cg-amateur-
radio.com/cq 1980-
2011 master index.html B Y

» Archive: 1945 — 2020 Bt T DO T O=
All except last 2 years B
https://hamcall.net/cqcai

= 73 magazine

> Index search
https://hamcall.net/73

» Archive: 1960 — 2003
https://archive.org/details/73-

magazine
= List of worldwide ham magazines

> https://en.wikipedia.org/wiki/List of a
mateur radio magazines
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Online Repositories

= Bona fide

>
>
>

>

>

IEEE Xplore https://ieeexplore.ieee.org/Xplore/home.jsp
World Radio History https://worldradiohistory.com

Internet Archive — over 34 million books and papers
https://archive.org

arXiv — over 2 million academic and professional papers
https://arxiv.org

Project Gutenberg — over 60,000 free ebooks
https://www.gutenberg.org

ManyBooks — over 50,000 books, copyright expired or self published
https://manybooks.net

Free-Ebooks.net — over 40,000 ebooks, textbooks and manuals
https://www.free-ebooks.net

= Shadow libraries

>

>
>

Z Library — over 10 million books and 85 million articles and papers
https://z-lib.org or https://3lib.net

Library Genesis (LibGen) https://librarygenesis.net

Sci-Hub — over 85 million academic and professional papers and articles
https://sci-hub.st
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IEEE Xplore

https://ieeexplore.ieee.org/Xplore/home.jsp :
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IEEE, IRE, AIEE - periodicals, conference
publications, and standards back to 1872

IET, IEE — periodicals and conference pubs
IBM — select periodicals

ACM —joint periodicals and conference pubs
ASME - joint periodicals and conference pubs

Beijing Institute of Aerospace Information (BIAI) —
Journal of Systems Engineering and Electronics

Electrochemical Society, Inc. (ECS) —joint
periodicals and conference pubs

Lucent — Bell System Technical Journal 1922 —
1983

MIT — eBooks
Morgan Claypool — eBooks

Optical Society of America (OSA) — joint
periodicals and conference pubs

SMPTE - standards, select periodicals, and
conference pubs

Tsinghua University Press (TUP) — Tsinghua
Science and Technology

VDE VERLAG - conference pubs
Wiley — IEEE/Wiley eBooks

Steve Stearns, K60OIK

978-1-4244-9561-0/11/526.00 ©2011 IEEE

Non-Foster Circuits and Stability Theory

Stephen D. Stearns
Technical Fellow
Northrop Grumman Corporation
San Jose, CA
stearnsiiees. org

Abstract—Antenna  engineers have realized that non-Foster
creuits offer new approaches to antenna loading, broadband
impedance matching, and making single- and double-negative
metamaterials (SNG, DNG) having considerable bandwidth
Non-Foster circuits are examined from the ive of active

[, ANTENNA IMPEDANCE MATCHING

Passive impedance matching of antennas is subject to two
theoretical restrictions on achievable match handwidth. Fano

lincar network theory, A definition of & non-Foster network is
given. Realizability amd synthesis of such networks & discussed
followed by a discusion of stability assessment for linear eireuits
generally and non-Foster circuits in particular. Anexample of a
non-Foster impedance matching network designed and built to
match an  eectrically small monopole is deseribed. The
impedance match bandwidth of the non-Foster cirewit was found
w0 excend the infinite-complexity Fano limit by a sulbstantial
margin

[ INRODUCTION

Mearly ninety years ago, OJ, Zobel and RM. Foster
determined necessary and sufficient conditions for a 2-terminal
immittance function to be passive and lossless [1, 2], A non-
Faoster network can be defined as a network (i, a topology or
linear graph for connecting together circuit elements having
known { mathematically exact) terminal behaviors) which must
contin one oF more non-Foster parts. A non-Foster part is an
element or a 2-erminal subpetwork whose immittance is
imaginary at all real frequencies and the derivative of whose
reactance or susceptance function is zer or negative at one or
mone redl fequencies. It is worth noting that a non-Foster
network need not contain negative capacitors or inductors. In
wview of Carlin and Youla, anmy rational dn\-mg-p::ml
immittance  function whatsoever can be realized using a
mestricted class of elements that includes exactly one negative
and one positive resistor [3, 4],  Hence, while networks
contining negative capacitors or indudors are categorically
non-Foster, so too anre networks that contain neither of these
elanents. A non-Foster network need not show non-Foster
behavior a its tenminals, A perfect umuld.mt matching
network will kave a constant resi & its input imped
Hence, neither an extemal test of terminal behavior nor mTcrnal
inspection of element types necessanly reveals that a given
network is mon-Foster,.  Only by examining all possible -
terminal subnetworks that can be topolo gically separated from
the network can one establish whether the natwork is non-
Foster,

1942

bounded the return loss-bandwidth product and Cadin-La
Rosa bounded the insettion gain-bandwidth product. The
former addressed reflection from maich nedwork inpui and the
latter addressed power transmission through the network 1o a
qurJIex load. The Fano bound applies to match networks that
are passive and lossless, The Carlin-La Rosa bound applies to
match networks that are passive and reflectionless.  Neither
bound applies & metworks that are not passive. Non-Foster
networks are active and therefore not subject to either bound.
Indeed, one can show that unlimited match handwidths are
possible in principle. The demonstration relies on the fact that
an anterma impedance function can be approximated over any
desired band of frequencies by a positive-real rational function
of finite order.  An anterma mmpedance function may be
transcendental, 1fpoles and zeros are the only singulanties and
ame isolated and denumerable, a sequence of mtional finctions
of mereasing order may be defined that converges to the
anterma impedance,.  Each mtional approximant in this
sequence has a Darlington representation as a finite-order
lossless reactance 2-port terminated by a resistor,  For every
such reactance 2-port, one may construct an inverse 2-port b_',
formal inversion. Thus a sequence of matching networks is
defined that matches the amtenna over arbitrarily great
hand width.

Four canonical realizations of a formal inverse matching

network are presented. A formal inverse of any 2-port can be

as a cascade of three 2-ports — a NIC, a copy of the

Z-pon to be inverted with its pors reversed, and a second NIC.

The inversion is straightforward to prove using transmission

matrices, i.e. ABCD chain matrix pammeters. Suppose the 2-
port to be inverted has the transmission matrix

A5 Bis] 1 s Bls|
= | and T, = L
et [{‘{s] I:[.:]_'m """" ,w—nr_‘[r_‘(.e] Als) ]
and let the NIC have general transmission matrix
5 [
Tye =| 79 - @)
: ——e
then  the “MIC-reversed-network-NIC"  cascade has a

transmiss ion matrix given by the matrix produd

AP-5/URSI 2011
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The Internet Archive [Tj INTERNET
https://archive.org LU ARCHIVE

= An online library devoted to “universal access to all knowledge”

= Free books, movies, software, music, and web sites

>

VvV V V VY

>

34 million books and texts

7.4 million movies, videos and TV shows
797,000 software programs

13,991,923 audio files

4.1 million images

661 billion web pages

= Wayback Machine can retrieve 661 billion old/defunct web pages

= Folkscanomy includes user scanned books and documents and
sound recordings

= Approximately 150 petabytes (150,000 terabytes) of stored data
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Hidden Gems from Folkscanomy !
https://archive.org/details/folkscanomy

= Electronics books

> https://archive.org/details/folkscanomy electronics

= Electronics articles

» https://archive.org/details/folkscanomy electronics articles

= Amateur radio

» https://archive.org/details/folkscanomy hamradio

= Mathematics

> https://archive.org/details/folkscanomy mathematics

= Physics and science

> https://archive.org/details/folkscanomy science
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Hidden Gems from Italy (many in English) !
http://www.introni.it/riviste.html

General electronics — circuits, devices, systems

> http://www.introni.it/manuali elettronica%20e%?20radiotecnica.html

Transistor manuals and catalogs

> http://www.introni.it/cataloghi transistori.html

Vacuum tube manuals and catalogs

> http://www.introni.it/cataloghi valvole.html

Audio — amplifiers and speakers

> http://www.introni.it/manuali audio.html

Military boat anchors (old radio gear)

> http://www.introni.it/surplus.html
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Bell Labs

Bell Telephone Laboratories

Research and Developmant Unit ol the Bell System

1920s

1925 First high-fidelity
sound recording

The reproducible sound
range is extended by
mare than an cctave at

each end of the scale.

1925 Fax service First
commercially successful
facsimile or

A selection of its most important innovations in the decades leading up to the breakup of its parent company, AT&T, in 1984, and how they helped lead to some of the latest technologies.

Bell Labs: A Hive of Invention

(

1930s

1932 Radio astronomy Earliest
detection of radie noise coming from

1932 Wide-range audio
reproduction A speaker
system is divided into three

the center of the Milky Way galaxy.

1940s

1950s 1951 Direct-distance dialing
N

o operator necessary for
long-distance calls.

1960s

sion of multiple voice signals.

1962 Digital transmission,
switching First digital transmis-

bands using bass woolers,
midrange horns and tweeters,

1940 First long-distance
computing Remote
operation of a computer,
at Bell Labs in New York,
by a teletypewriter in
MNew Hampshire.

1947 The transistor

A landmark invention.
Replaced vacuum tubes
and mechanical relays;
transformed electrenics.

phy system in the U.S.; an

early data network.

1927 Negative
feedback amplifier
Cuts distortion In
Ipng-distance telephony:
also aids development of
radio and high-fidelity
amplifiers.

1927 First long-distance
television transmission
Live television images of
Herbiert Hoover are sent

via phone lines from
Washington to New York.

1933 First transmission
of stereo sound

A symphony concert is
broadcast live over
telephane lines from
Philadelphia to Washington,

1946 First commercial |

mobile phone service

At most, three subscrib- | ==

ers per city could make
calls at one time: each
caller's phone apparatus
welghed almost 80

1948 Information theory
Calculates maximum
capacity for any commu-
nicalions system and
shows how to send

1954 Solar cells First use of
the sun's energy to create a
practical level of electricity.

1956 First

1960-62 First communications satellites
Echo is first to reflect a voice signal from
coast to coast; Telstar | shows an orbiting
relay can amplify and resend multiple
phone and TV transmissicns.

telephone cable

Designed and implemented
by Bell Labs; could carry up
10 36 simultaneous calls.

1962 Paging system Bellboy pager is
introduced at the Seattle World's Fair.

1963 Touch-tone telephone
Enables voice mail and call centers.

H
f—

PHONES

1970s and '80s

1969-72 UNIX operating system
and C programming language
Makes large-scale networking of
varied computing systems, and
the Internet, practical.

INTERNET

1976 Fiber-optic network
The first test of Bell Labs'
experimental Ightwave
communication system
begins in Atlanta, Information
is carried by pulses of light

digital messages N
essentially error-free.

1957 Digitized music First
demonstrations of digitized and e’

1965 Evidence of the Big Bang 1978 First commercial cellular network
pounds. Enabled data compres- i
computer-synthesized music. Discovery of cosmic background Installed by Bell Labs in Chicage. =
sion and cryptography. radiation from beyond the Milky Way. w e
\. 1%
<
1937 First electronic 1947 Cellular

Recreates human speech.

1939 First binary digital computer
Mathematical operations perfarmed in
binary form, using on-off relays. It took
30 secends to determine the guotient

of two eight-digit numbers.

§ This building, on West Street in Manhattan,

Source: Aatel-Lugent
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became the home of Bell Labs in 1925,

A Bell Labs paper was the
first to propose a network of
small interlocking cell sites
tracking users as they move,
passing their calls from one
site to another without
dropping the connection.

Steve Stearns, K60OIK

1958 The laser “Light Amplification by Stimulated
Emission of Radiation” was described in a Bell

1969 Charge-coupled device

1979 Digital signal processor
A solid-state chip that transforms

An essential component of cellphones,

The Musray Hill, Labs paper. Itis crucial for communications, patterns of light into infarmation. Vital modems, PCs and video game systems.
N, buildings surgical and DVD technologies. to digital cameras, high-definition
opened in 1941

television, medical endoscopes
and video conferencing,

1980 Digital cellular phone
Better sound quality, greater
channel capacity, lower cost.

Bl Labs openex
in Holmdel, N.1.,
In 1962. It was
vacated in 2007.

1982 Fractional quantum hall
effect Discovery of a new
state of subatomic matter that
wins the Nobel Prize.

BILL MARSH/THE NEW YORK TIMES

LEFT AND CENTER PHOTOS COURTESY OF ALCATEL-LUCENT USA INC. AND THE AT&T ARCHIVES AND HISTORY CENTER; RIGHT PHOTO: EZRA STOLLER/ESTO
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Bell System Technical Journal Seminal Works

Information Theory

Hartley RVL, “Transmission of information,” 1928

Shanrion CE, “A mathematical theory of communication,” 1948

Shannon CE, “Communication theory of secrecy systems,” 1949

Kelll¥ JL, “A new interpretation of information rate,” 1956 o

Wolf JK, Wyner, AD, Ziv J, “Source coding for multiple descriptions,” 1980 ) _

Anick, D, Mitra, D, Sondhi MM, “Stochastic theory of a data-handling system with multiple sources,” 1982

Mathematics
Molina EC, “A Laplacian expansion for Hermitian-La%i%e functions of high order,” 1936

Rice SO, “Mathematical analysis of random noise,”

Hamming RW, “Error detecting and error correcting codes,” 1950

Clos C, “A study of non-blocking switching networks,” 1953

Prim RC, “Shoriest connection networks and some generalizations,” 1957 )

Slepian D, Pollak HO, “Prolate spheroidal wave functions, Fourier analysis and uncertainty,” 1961
Lin'S, “Computer solutions of the traveling salesman problem,” 1965

Graham RL, “Bounds for certain multiprocessing anomalies,” 1966

Kernighan BW, Lin S, “An efficient heuristic procedure for partitioning graphs,” 1970

Data Transmission

Fletcher H, Munson WA, “Loudness, its definition, measurement and calculation,” 1933
Dudley H, “The carrier nature of speech,” 1940 )

Shannon CE, “Prediction and entropy of printed English,” 1951

Gilbert EN, “Capacity of a burst-noise channel,” 1960

Data Storage
Bobeck AH, “A new storage element suitable for large-sized memory arrays: the twistor,” 1957
Semiconductors

Bardeen J, Brattain WH, “Physical principles involved in transistor action,” 1949

Shockley W, “The theory of p-n junctions in semiconductors and p-n junction transistors,” 1949

Uhlir A, "Electrolytic shaping of germanium and silicon,” 1956

Smits FM, “Measurement of sheet resistivities with the four-point probe,” 1958

Trumbore FA, “Solid solubilities of impurity elements in germanium and silicon,” 1960

Sze SM, Shockley W, “Unit-cube e>épre_55|o_n for space-charge resistance,” 1967 ) N

Nicollian EH, Goétzberger A, “The Si-SiO, interface: electrical p"rope?r(gles as determined by the metal-insulator-silicon conductance,” 1967

Boyle WS, Smith GE, “Charge coupled semiconductor devices,” 19
Optics
Fox, AG, Li T, “Resonant modes in a maser interferometer,” 1961 ] ) o
Marcatili EAJ, Schmeltzer RA, “Hollow metallic and dielectric waveguides for long distance optical transmission and lasers,” 1964
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Foster’s Reactance Theorem, BST7J, April 1924

A Reactance Theorem
By RONALD M. FOSTER

Syxopsis: The theorem gives the most general form of the driving-point
impedance of any network composed of a hinite numter of self-inductances,
mutual inductances, and capacities. This impedance is a pure reactance
with a number of resonant and anti-resonant frequencies which alternate
with each other. Any such impedance mar be physically realized (pro-
vided resistances can be made negligibly small) by a network consisting of a
number of simple resonant circuits (inductance and capacity in series) in

rallel or a number of simple anti-resonant circuits (inductance and capac-
ity in parallel) in series. Formulas are given for the design of such net-
works. The variation of the reactance with frequency for several simple
circuits is shown by curves. The proof of the theorem is based upon the
solution of the analogous dynamical problem ef the small oscillations of a
-system about a position of equilibrium with no frictional forces acting.

N important theorem! gives the driving-point impedance? of
any network composed of a finite number of self-inductances,
mutual inductances, and capacities; showing that it is a pure reactance
with a number of resonant and anti-resonant frequencies which
alternate with each other; and also showing how any such impedance
may be physically realized by either a simple parallel-series or a
simple series-parallel network of inductances and capacities, pro-
vided resistances can be made negligibly small. The object of this
note is to give a full statement of the theorem, a briel discussion of
its physical significance and its applications, and a mathematical

proof.
TaE THEOREM

The most general driving-point impedance S obiainable by means of a
finite resistanceless nelwork is a pure reactance which is an odd rational
Sunction of the frequency p/2r and which is completely determined,
except for a conslant factor I, by assigning the resonant and anli-
resonant frequencies, subject to lhe condition that they alternate and
include both zero and infinity. Any such impedance may be physically

! The theorem was first stated, in an equivalent form and without his proof, by
George A. Campbell, Bell System Tm'rm't::} Jowurnal, November, 1922, pages 23, 26,
and 30. By an oversight the theorem on page 26 was made to include unrestricted
dissipation, Certain limitations, which are now being investigated, are necessary
in the general case of dissipation. The theorem is correct as it stands when there is
no dissipation, that is, when all the R's and s vanish; this is the only case which is
considered in the present paper.

A corollary of the theorem is the mutual equivalence of simple resonant compo-
nents in parallel and simple anti-resonant components in series. This corollary

ad been previously and independently discovered by Otto ]. Zobel as early as
1919, and was subsequently published by him, together with other reactance theorems,
Bell System Technical Journal, Janvary, 1923, pages 5-9,

* The driving-point impedance of a network is the ratio of an impressed electro-
motive force at a point in a branch of the network to the resulting current at the
same point.

259
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MIT Radiation Laboratory Series
https://www.jlab.org/info resources/mitseries

Alternate http://www.introni.it/riviste radlab.html f“\ ‘

X

27 volumes + index volume
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The Royal Society
https://royalsociety.org

= More than 365 years of scientific
publishing

= Content is free depending on
date published

> Between 2 and 10 years old is
free

» 70 years or older is free, i.e.
1952 or older

= Philosophical Transactions,
1655 - 1886

> http://rstl.royalsocietypublishing.
org/content/by/year

= Philosophical Transactions A,
1887 — present

> http://rsta.royalsocietypublishing.

org/content/by/year
= Proceedings A, 1837 — present
» https://royalsocietypublishing.org

/lol/rspa

VIIL A Dynamicel Theory of the Blectromagnetic Field. ByJ.CLERk MaxweLL, F.R.8.
Received October 27,—Read December 8, 18064,

PART I_INTRODUCTOLY.

(1) THE most obvious mechanical phenomenon in electrical and magnetical experiments
is the mutual action by which bodies in certain states set each other in motion while
still at a sensible distance from each other. The first step, therefore, in reducing these
phenomena into scientific form, is to ascertain the magnitude and direction of the force
acting between the bodies, and when it is found that this force depends in a certain
way upon the relative position of the bodies and on their electric or magnetic condition,
it seems at first sight natural to explain the facts by assuming the existence of some-
thing either at rest or in motion in each body, constituting its electric or magnetic state,
and capable of acting at a distance according to mathematical laws.

In this way mathematical theories of statical electricity, of magnetism, of the mecha-
nical action between conductors carrying currents, and of the induction of currents have
been formed. In these theories the force acting between the two bodies is treated with
reference only to the condition of the bodies and their relative position, and without
any express consideration of the surrounding medinm.

These theories assume, more or less explicitly, the existence of substances the parti-
cles of which have the property of acting on one another at a distance by attraction
or repulsion. The most complete development of a theory of this kind is that of
M. W, Wessr*, who has made the same theory include electrostatic and electromagnetic
phenomena. :

In doing so, however, he has found it necessary to assume that the force between
two electric particles depends on their relative velocity, as well as on their distance.

This theory, as developed by MM, W, Weper and C. NEuMaNN{, is exceedingly
ingenious, and wenderfully comprehensive in its application to the phenomena of
statical electricity, electromagnetic attractions, induction of currents and diamagnetic
phenomena; and it comes to us with the more authority, as it has served to guide the
speculations of one who has made so great an advance in the practical part of electric
science, both by introducing a consistent system of units in electrical measurement, and
by actually determining electrical quantities with an accuracy hitherto unknown.

# Flectrodynamische Mansshestimmungen, Leipzie Trans. vol. i. 1849, and Tavror's Scientific Memoirs, vol.v.
art. xiv, .

+ «Raxplicare tentatur quomedo fiat ut lueis planam polarizationis per vires eloctricas vel magneticns decli-
netur,"—Halis Baxonum, 1838,

MDCCCLXY, Ir
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Cornell University Library arXiv
http://arXiv.org

= QOpen access to 2,025,238 papers

>
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Physics
Mathematics
Computer Science
Quantitative Biology
Quantitative Finance
Statistics

Electrical Engineering and System
Science
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= Self-published papers not peer
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Some are draft manuscripts
submitted to journals and awaiting
acceptance or rejected

Lower Bounds on Q for

Finite Size Antennas of

Arbitrary Shape

Oleksiy

Abstract—The problem of the lower bound on the radiation
for an arbitrarly shaped finite size antenma of non-zero volume is
fi lated in terms of eq dectric and i
densities distributed on a clised surface coinciding with anterma
exterior surface. When these equivalent currents radiate in free
space, the magnetic current augments the dectric current, so that
the fidds interior to the surface vanish. In contrast to approaches
based solely on electric the proposed eTsures
no stored energy interior to the antenna exterior surface, and
thus, allows the fundamental lower bound on () to be determined.
To facilitate the computation of the bound, new expressions for
the stored energy, radiated power, and ¢} of coupled electric and
magnetic source currents in free space are derived.

Index Terms—Hectrically small antennas, frequency band-

width, magnetic currents, physical bounds, Poynting's theorem,
quality factor, () factor, rdiastion, reactive energy, stored energy

1. INTRODUCTION

HYSICAL lmitations on the bandwidth of electrically
P small antennas are nomally established in terms of lower
bounds on the antenna radiation quality factor (. Among
the shapes of finite size, the problem has been solved in
closed form only for a sphere [11H[3] and an infinitely long
cylinder [4]. In the limit of vanishingly small antennas, the
range of closed-form bounds is wider and includes truncated
cylinders [5], circular disks, needles, and toroidal rings [6]
as well as various spheroids [7]. For other shapes, the lower
bound on @@ has o be found mumerically by solving either
scattering or radiation problem.

The scattering approach by Gustafsson et al. [B] involves
a free parameter that needs to be set empirically, whereas
the mdiation approach [91-[11] is momr mbust and does
not requine any calibration. On the other hand, the radiation
approach that is based on the expressions for the @ of an
electric source current radiating in free space [12] is generally
applicable only for antennas of zero volume, such as thin-
sheet or thin-wire antennas, An attempt to determine Q@ for
an antenna shape of finte volume using solely equivalent
electric currents on its surface will not result in a fundamental
lower bound, because it will include the energy stored in the
shape's volume. The bound will be valid for air-core antennas,
for example, spherical wire antermas [13], [14], but not in
general, Indeed, spherical dipole antermas with magnetic cores
can exhibit (s not just below the air-core bounds [15], [16],
but very close to the Chu lower bound [17]-[19] and even

The suthos is with ge Department of Electrical Engineering, Hectromag

netic Systems, Technical University of Denmark, DE-2800 Kgs. Lymghy,
Denmark (email: oskidelekira.diu di)

5. Kim

to the fundamental lower bound [207], which no passive linear
time-invariant antenna can overcome, The (J for a cylindrical
dipole antenna was also shown able o go helow its air-core
bound [17]. This means that io find the absoluie lower bound
for a given shape the interior stored energy must be excluded.

This paper presents an approach to determining the lower
hound on @ for an arbitrary finite size anterma shape based
on equivalent electric and magnetic current densities on the
antenna exterior surface, whose respective radiation mutually
cancel inside this surface. The resulting (@ is then the true
lower bound for a given shape. In [7] (with comections in [21]),
this approach was applied to vanishingly small antennas; here,
it is extended to antennas of finite size. To implement the
approach, two problems have been solved:

1) Closed-form expressions for the ¢ of coupled electric
and magnetic currents in free space have been derived
without any approximation (Section IT).

2) A procedure for computing the magnetic current density
given the electric current density on the antenna surface,
such that the fields interior to the surface vanish, has
been established (Section TIT),

The main theoretical results are summarized in Tables 1
and 1T that provide a complete set of expressions necessary
to evaluate the stored electric and magnetic energies as well
a5 the radiated power, and thus @, for any combination of
electric and magnetic source currents in free space,

Besides solving the problem of the lower bound on ¢, the
presented expressions and methods allow the @ of metal-
dielectric antermas to be computed using equivalent electric
and magnetic current densities on their surfaces,

II. STORED ENERGY AND RADIATION Q FOR ELECTRIC
AND MAGNETIC SOURCE CURRENTS
The radiation ) defined for a lossless antenna as
s (WE, W™y
Q= 2u7( Fad [1)]

where w is the angular frequency, requires the stored electric
W and magnetic W™ energies as well as the mdiated power
P 1o be determined first,

A, Stored Energy

Following the procedure of [3], [22], [23], we will derive the
stored energy associated with electic and magnetic currents
distributed in wolume 17 by integmting over the entire space
Vie the difference between the total energy density and the
energy density of the propagating field in free space. First, we
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United States Patent

Strom

USO0E025810A

6,025,810
Feh. 15, 2000

[.9] (11] Patent Number:
(451 Date of Patent:

[54] HYPER-LIGHT-SPEED ANTENNA

[76] Invenior: David L. Strom, 1615 Geoeva St

Aurora, Colo. 80010

[21]  Appl. No.: 08/942,824
[22] Filed: Oct. 2, 1997

Related U.S. Application Data

[60] Provisional application No. 60/0128,204, Oct. 2, 1996,

Primary Examiner—on Wong
Assistant Examiner—James Clinger
Attorney, Agent, or Firm—Rick Martin

[57] ABSTRACT

A method 1o transmit and receive clectromagnetic waves
which comprises generating opposing magnetic fields hav-
ing a plane of maximum force ruaning perpendicular to a
longitudinal axis of the magnetic field; generating a heat
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and output port; and generating a communications signal
into the input and output port, thereby sending the signal at
a speed faster than light.
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World Radio History (former American Radio History)
https://worldradiohistory.com

= David Gleason’s archive devoted to history of broadcasting,
radio, electronics, technology

= Books, magazines, newsletters, correspondence courses
= Hundreds of titles, over 5 million digitized pages
= Sample titles

» Popular Electronics

» Electronics lllustrated

» Electronics

» Bell Laboratories Record (not to be confused with BSTJ)

» Handbooks: NAB Engineering Handbook, Radio Engineering, Radio
Handbook, Reference Data for Radio Engineers

» Home study courses: NRI, CREI, DeForest Technical School/DeVry
= Technical books

» https://worldradiohistory.com/BOOKSHELF-
ARH/Bookshelf Technical.htm
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Books Galore !

= G.Z. Ayzenberg, Shortwave Antennas, revised edition, translated from Russian, 1962
»  https://apps.dtic.mil/sti/citations/AD0706545

= C.A. Balanis, Antenna Theory: Analysis and Design, 3" ed., Wiley, 2005
»  https://archive.org/details/Antenna.Theory.Analysis.and.Design3rd.Edition

= K. Henney, Radio Engineering Handbook, 4t ed., McGraw-Hill, 1950
»  https://archive.org/details/radioengineering00henn

= K. Henney, Principles of Radio, 2" ed., Wiley, 1934
»  https://archive.org/details/principlesofradiOOhenn

= F. Langford-Smith, The Radiotron Designers Handbook, 3" ed., Wireless Press, 1941
»  https://archive.org/details/radiotrondesigne00lang

= E.A. Laport, Radio Antenna Engineering, McGraw-Hill, 1952
»  http://www.snulbug.mtview.ca.us/books/RadioAntennaEngineering

= J. Layton, Directional Broadcast Antennas: A Guide to Adjustment,... , TAB Books, 1974

»  https://worldradiohistory.com/BOOKSHELF-ARH/Technology/Directional-Broadcast-Antennas-
Leyton.pat

= S.J. Orfanidis, Electromagnetic Waves and Antennas, Rutgers U., 2008
»  http://ecewebl.rutgers.edu/~orfanidi/ewa
= S.A. Schelkunoff and H.T. Friis, Antennas: Theory and Practice, Wiley, 1952
»  https://archive.org/details/antennastheoryprO00sche
= S. Seely, Radio Electronics, McGraw-Hill, 1956
»  https://archive.org/details/RadioElectronics
= F.E. Terman, Radio Engineering, McGraw-Hill, 1932
»  https://archive.org/details/radioengineering00term
= A.D. Watt, VLF Radio Engineering, Pergamon Press, 1967
»  http://www.introni.it/pdf/Watt%20-%20VLF%20Radio%20Engineering%2014.pdf
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The Great Courses

= 7,327 video courses available from Kanopy
= Kanopy streaming is free to Santa Clara County Library patrons

= Courses on many subjects

Economics & Finance Food & Wine Health, Fitness & Nutrition
History Hobbies & Leisure Literature & Language
Mathematics Music & Fine Arts Philosophy & Religion
Professional & Personal Skills Programs for Youth Science
Travel

= Learn about physics —relativity, qguantum mechanics, nuclear
physics

= |Learn about history — ancient history, modern history, rise of
empires, major wars, U.S. history

= Learn the principles of cooking from a chef
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Best Radio Museums in America to Visit

= Spark Museum of Electrical Invention (former American Museum of Radio and Electricity),
Bellingham, WA https://www.sparkmuseum.org

= Bay Area Radio Museum, California Historical Radio Society (CHRS), Alameda, CA
https://californiahistoricalradio.com

= Southwest Museum of Engineering, Communications and Computation, Glendale, AZ
http://www.smecc.org, open by appointment

= Farnsworth TV & Pioneer Museum, Rigby, ID https://www.farnsworthpioneermuseum.org
= Pavek Museum of Broadcasting, St. Louis Park, MN https://[pavekmuseum.org
= Museum of Broadcast Communications (MBC), Chicago, IL https://www.museum.tv

= National Voice of America Museum of Broadcasting, West Chester, OH
http://www.voamuseum.org

= Early Television Foundation and Museum, Hilliard, OH http://www.earlytelevision.org
= National Capital Radio & Television Museum (NCRTV), Bowie, MD https://ncrtv.org

= National Electronics Museum (NEM), Linthicum, MD
https://www.nationalelectronicsmuseum.org

= Antique Wireless Association (AWA) and Museum, Bloomfield NY
https://www.antiguewireless.org/homepage

= Vintage Radio and Communications Museum of Connecticut, Windsor, CT
https://www.vrcmct.org

= Museum of Broadcast Technology (MBT), Woonsocket, RI
https://www.wmbt.org, open by appointment

= InfoAge Science History Center Museums, Wall, NJ https://infoage.org

= John M. Rivers Communication Museum, College of Charleston, SC o
https://speccoll.cofc.edu/explore-our-collections/john-m-rivers-communication-museum
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California Historical Radio Society
https:/ /californiahistoricalradio.com

FROM THE BIRTHPLACE OF BROADCASTING
CAavLrropNia Histonicar RPAnio Sociery
HOME OF THE BAY AREA RADIO MUSEUM € HALL OF FAME

&

30 Steve Stearns, K60IK Foothills Amateur Radio Society February 25, 2022


https://californiahistoricalradio.com/

Maritime Radio Historical Society
https://www.radiomarine.org
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WLW - The Nation’s Station

Randy Hall, K7TAGE https://youtu.be/CbHjcwloTiY

Barry Mishkind
https://www.oldradio.com/archives/stations/cinc/wlwpix.htm
Hugh Stegman http://www.ominous-valve.com/wlw.html
Dick Reiman http://www.ominous-valve.com/wlw _hist.txt
John Price https://jeff560.tripod.com/wlw.html

Jim Hawkins http://[-hawkins.com/wlw.shtml

Jim Watson http://www.crosleyradios.com

Photo from The Crosley Broadcaster, Dec. 15, 1933
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Old Time Radio

= CD lending libraries
» Spark Museum media collection
— Massive collection of original media dating back to Edison

» Society to Preserve and Encourge Radio Drama, Variety and Comedy
(SPERDVAC) https://www.sperdvac.com

— Downloadable transcripts

= Free streaming
» Archive.org https://archive.org/details/oldtimeradio
» OTR.Network Library http://www.otr.net
» Old Radio World https://www.oldradioworld.com

= Commercial sites
» Old Time Radio Lovers https://oldtimeradiolovers.com

» Radio Archives https://www.radioarchives.com

» Radio Spirits https://store.radiospirits.com
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https://www.sperdvac.com/
https://archive.org/details/oldtimeradio
http://www.otr.net/
https://www.oldradioworld.com/
https://oldtimeradiolovers.com/
https://www.radioarchives.com/
https://store.radiospirits.com/

VR

Listen to The Golden Age of Radio

~
-
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Archive.org https://archive.org/details/oldtimeradio or OTR.Network Library http://www.otr.net
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http://www.otr.net/

The End

This presentation will be archived at

https:/lwww.fars.kbya.org/docs
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