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Introduction

This handbook is primarily devoted to radio wavepagation.
This is not a topic specific to crystal radio bat tadio
generally and here with a mind to LW/MW propagatiofor
many in the crystal radio hobby, long-distance p&oe, or
DX, is an interesting and sought after goal. Ustierding
propagation adds to the joy of the hunt. Additibnaas
crystal sets have no amplification or signal madifion other
than rectification, they are more subject to thgavées of
atmospherics and propagation irregularities.

We open with Tom Giella's excellent layman's ovewiof
MF propagation. This discussion reviews mediungdency
propagation from a thoroughly modern standpoinhefigting
from land and space-based tools and 100 yearsogfgss in
understanding the phenomenon. This is the answerifa
propagation is your only interest then you can ste@ding
after this article. Following this we step backtime to the
days of spark transmission and unamplified receptid-irst
Chen-Pang Yang reviews the intellectual backgroahdhe
scientists and engineers who were involved and riee
observations they were working to explain. Fronrehé
provide source documents written by the playersniedves.
These give a feel for the excitement of discovend a
advancement that characterize the early days df.rdeinally,

| provide a personal study on propagation madehé late
1980's. This gives some personal perspective db age
highlights the interesting kind of projects avaié@atio the
hobbyist.

Of general note, the web is a marvelous sourceatd dnd

information. Many long-time crystal set buildersiJdamany
others have created dedicated sites to dissenimfarenation



and resources, to share their creations and kngeledam NOTES:
eternally in your debt. All of the material in thimndbook is

copyright for which | have not sought permissiomefiefore

this is not presented for publication or copy. dtdnly my

personal resource. | encourage anyone finding dbjsy to

pursue ON THE WEB the web pages identified within.

include the name of the author and web addressach e

section. | wish to sincerely thank every authorsprged for

their excellent pages and ask forgiveness for nitingdinto

this handbook.

Kevin Smith
2013

www.lessmiths.com/~kjsmith/crystal/crOintro.shtml
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Below is my “ionosond” display for that day.
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Would that | had such equipment back in 1987. Tithave
changed and so has the hardware with which wehugethe

work goes on!
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Postscript 2010

Atomic particles

The above report describes a study | made baclo&y -
1991. At the time my tools included a good comroations
G x receiver (Yaesu 7700) coupled to a Commodore 64puten
The connection was cobbled together via the game po
interface. Looking back, it seems amazing thavarked at
all. Today with modern receivers like my Ilcom RWB can
connect directly to a modern personal computer viite
radio’s built-in interface. Monitoring several lEnbecomes
an easy pursuit with the correct software.

Particle radiation

Below | provide two figures made with my currentuge The
date 18 October. The record shows simultaneoustonsron
2.5, 5.0, 10.0, 15.0, and 20.0 MHz WWV. The eadiesds
to interpret are for 10 and 15 MHz. For 2.5 anlibz the
record is best interpreted in terms of D-layer apson. 20
MHz is barely reached except for two small blipsl&tand
17h CST.

01 mm

Toseph J. Care
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small compared to the 15MHz carrier. On top of tisa@
second interesting beat in the amplitude with 4GQ@csecond
period or about 0.02Hz (also seen on the powertispak
Voila! No noise at all, just signal everywhere.

Supplemental Records

Data from file: 43un910.txt

Power

00 04 08 L2 16 20 24 28 3.
Frequency in Hz (Line Spacing = 8.4138-3)

Power spectrum of the data collected on 04 Jun@8.18he
data was converted to the frequency domain via ari€o
transform.

2 a6 40

Fin.

280

MEDIUM FREQUENCY RADIO WAVE
PROPAGATION THEORY NOTES

Layman Level Explanations Of "Seemingly" MysteriddB
Radio Wave Propagation Occurrences

By: Thomas F. Giella, WAHM
http://www.wcflunatall.com/propagation5.htm

0.) Introduction.

Welcome to the "W4HM Medium Frequency Radio
Propagation Theory Notes" weblog styled websitent@oed
within you will find the most comprehensive expldoa of
medium frequency radio propagation occurrences la t
Internet.

In my personal opinion understanding and takingaathge of
low/medium/high frequency radio propagation cowdisi is an
integral part of successful DX operation. Thereftis site
exists as an educational tool.

This website is permanently under construction asd new
data and research information continuously. If yme any
spelling or sentence structure errors I've overaokplease”
feel free to advise me, thanks! Also feel free &k dor
inclusion on this website of "legitimate” propagatitheory.
Remember that the definition of "theory” means thiae
concept has not or can not be definitively proven ai
laboratory setting but can be inferred via systanstdy.

These theory notes are primarily applicable to36@-529 kc
long wave aviation and marine navigation beacordp&0
meter band, 530-1700 kc AM broadcast band, 160 mete
amateur band and 120 meter shortwave tropical besad



band. However much of the content is also appleablthe
3000-30000 kc HF shortwave spectrum.

A while back | became involved in a propagationeeesh
project of sorts on 10, 6 and 2 meters. | have wgeta
propagation beacon currently on 10 meters, theuéegy is
28131 kc USB +1500 Hz using 25 watts. Actually éher a
group of hams running the propagation beaconseirti$. and
around the world. Basically it's a marriage betwekgital
PSK31 and APRS technology, actually software's euna
computer that is interfaced to a transceiver. Beaco
transmission will commence on other HF bands inftitere,
with the ultimate aim of all HF bands and even hgers. It's
been very interesting so far watching Es and Fagetion
openings on 10 meters, when conventional propagatio
wisdom says that the opening should not be ocaurrin
knowledgeable observer can also pick out Sporad{&&
openings. You can learn more about the conceptlibkirg
here for HF PropNET.

| have attempted to keep the propagation theorjaeagions
in simple to understand layman terms, because long
complicated technical explanations can be borind anake
one's eyes glaze over. Unfortunately though sonestiwhile
trying to keep things simple, certain definitiongganings and
technical aspects can get watered down or even \sth
tends to open me up to criticism from certain fellspace
weather scientists that just don't understand thecational
and public relations concept of the keep it simptepid
(KISS) principle. | choose to use W6SAIl's (SK) "l§IS
method of writing and communicating. | have fouhdttthis
method works best whether it be in teaching abpace or
atmospheric weather or any other subject.

seen the characteristic signature of signal fadTiigre are in
fact two periods of fading superimposed, one ofuab®0
seconds, the second about 5 seconds. The fadinghkas
typical rounded crests and sharp drop to the sépgraodes.
This pattern results from the beat amplitude of twomore
interfering signal frequencies.
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characteristic signature of signal fading

The second chart is from a run of only seven migfiging
about a tenth second interval between readingsreTtiee
fading signature shows with about 50 beats over tthe-
minute interval shown. Fading generally resultsnirdhe
interference of the same signal arriving from tvaths at the
receiver. A power spectrum of the data shows angtmeak
around 0.4 hertz corresponding to the dominant (&&i/m or
0.4b/s). For a beat to be set up the signals irayellong
separate paths, (presumably a single hop and aledboip)
they must not merely be arriving slightly out ofagle but also
with a difference in frequency of 0.4Hz. That sksfextremely
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The "Grass", Noise Revealed

Some final words and observations concerning thasyj, the
noise on the records with the very high frequertdidden
within that noise lies some interesting signals azd
interesting message. This "noise" seen on the dsderin fact
just more signal, but at a higher frequency thdmave been
presenting. The following charts were made on O#,J4988.
They were taken specifically to look at the higkginency
content of the signal. It should be noted thatathikcharts the
signal strength scale remains exactly the samen &l ithe
previous charts so the amplitude of the "noise#, range from
crest to node is quite significant when comparedhto daily
variations being measured.
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characteristic signature of signal fading

In the above case | gathered a standard 3200 powets 29

We hams are a curious lot with inquiring minds. Aod
number of us have a keen interest in low, mediuigh land
very high frequency radio wave propagation mecimasiand
this website conglomeration is directed at thisvéand looking
group.

We also have a segment in our radio service thaasically
disinterested in radio propagation and don't ferécessary to
understand it in order to successfully work DX, ethiis
certainly okay. However within this group existtotal lack of
understanding concerning the most basic aspethe aubject.
Often times | will hear them say, "The band is taif'. This
lack of basic knowledge can be traced back to itensing
process where very few questions exist in the epaats.

Then we have a third and smaller group with giganthaway
egos that insist that they are omniscient by vidgtiheir Extra
Class license, ARRL DXCC entity totals and “possibl
electrical engineering backgrounds. Anal Retentiypes?!
They spend their time arguing with ignorance (Afoiss)
against explanations put forth via this and otlegrsists, with
solid backgrounds in atmospheric and/or space weath
physics. You know who you are and should be ashaofied
yourselves.

1.) Medium Frequency Radio Wave Propagation Overvie
Popular Myth- We don't understand medium frequenaaiio

wave propagation mechanisms and therefore it che't
forecasted.

Fact- Yes it can and is on a regular basis at W4HM

minutes with no filter giving a half-second peribétween MF/HF/6M Frequency Radio wave Propagation Forecast

points. The chart shows four minutes of data and oan be

278 3



http://Iwww.solarcycle24.org and MF at
http://www.wcflunatall.com/propagation.htm .

a.) Medium frequencies encompass 300 to 3000 ke Th
simplest way to look at medium frequencies withpees to
propagation issues from a layman's point of viestoiaccept
the fact that propagation is poor the majority leéf time (See
definition #6. Electron Gyro Frequency Absorption),
especially past approximately 1250 miles (one otifva off of

the E layer), with occasional short-lived good pési as far as
3200 miles.

Medium frequency radio waves possess ellipticahization,
with the signal splitting into ordinary and extredimary rays.
These rays can propagate in or out of phase, nftee out of
phase. The out of phase extra-ordinary ray repteserb0%
power loss on the receive end of a path.

b.) Why is medium frequency propagation poor th¢onitg of
the time? D layer absorption! At daytime the D kayhich is
at an approximate height of 30-60 miles in the repbere,
totally absorbs medium frequency RF signals theoritgjof
the time. | say the majority of the time becausehigher
latitudes, during the winter season and especétllthe low
part of a sunspot cycle, daytime penetration of $kfhals
through the weakened D layer and then refractianthe E
layer and/or Sporadic E (Es) clouds does occurtherdissue
is the fact that the D layer does not totally djzegr at night.
Many books that deal with wave propagation errosgostate
that the D and E layer's disappear after sunset|ytancorrect
thanks to Galactic X-Rays, Galactic Cosmic Rays and
Lightning.

otherwise. Increased ionization levels increase shgnal
absorption as well. Also, times of high solar atyivbring
instabilities in the earth's geomagnetic field. Batf these
effects have an important impact on signal strength

Opening hours vs Flux
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Solar activity (flux) vs length of openings

Solar activity (flux) on the other hand does indéedrove the
conditions in terms of the length of the openiregpecially for
levels of flux above about 120. This is logical whe
considering the overall increased ionization levilhile the
increased ionization may actually hurt signals bgreasing
absorption and causing greater geomagnetic ingaliildoes
make for longer openings. Next: The "grass”, noésealed..
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Signal Strength by Solar Activity

The following charts show the relationship of soffux to

signal strength and to the length of time for arropg for
propagation along a circuit. Color coding provides

indication of the variation due to season as se¢he previous
section. In this case | have distinguished "summnfeon

"winter" data on these charts in the following wayinter =
October to March, Summer = April to September.

Signal (1700-2000) vs Flux
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Plot of signal strength averaged over the middajodel700 -
2000UT

Plot of signal strength averaged over the middajodel700 -

2000UT (11-13 CST).

For both summer and winter seasons | see a weakehlit
inverse relationship of decreasing average sigmehgth with

increasing solar flux. It has often been stated phapagation

improves during times of high solar activity, thiata suggests
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c.) Background electromagnetic radiation in the ol 10
Angstrom range (Hard X-Rays) is a major sourceonization
of the day time D layer, with our Sun as the sowt€osmic
Rays, also playing a role.

The following information was contributed by Carl
Luetzelschwab K9LA, a scientist and all around yoesy with
a very good understanding of radio wave propagation

..... A couple years ago | was playing with PropRiio on a
one-hop 936km path on 160m during daylight. | gdtt

absorption versus sunspot number. | expected a nice

monotonic increase as the sunspot number incre&sedhe
plot showed that absorption started at about 60tEeso
sunspots and was constant out to a sunspot nunfitasoot
50. Then it started climbing, reaching 100dB atuaspot
number of 150. This suggested that there was samgetither
than hard X-rays and Galactic Cosmic Rays as thecsoof
daytime D region absorption. So | dug into Davie8d (page
61), Hunsucker and Hargreaves (page 31), and Brigkge
233). They all seem to point to the Lyman-alph& lof the
solar spectrum at 1215 Angstroms ionizing NO as rtizen
source of the quiet daytime D region. So in ternfismy
absorption versus sunspot number plot, the flatigroup to a
sunspot number of 50 is probably due to the Lymiphaaline
ionizing NO. Then above a sunspot number of 50herel X-
rays start contributing as the Sun becomes moieeact

Carl has produced two really good .pdf files on Ifi6ter
propagation in 2003 and 2004. Read them here: 166eM
Propagation & Disturbances To Propagation . He al® a
propagation website with allot of good information it at
K9LA's Amateur Radio Propagation. In 2009 Carl proetd
yet another excellent article on 160 meter openatibls This



Solar Minimum Better or Worse Than the Last SolamiMum Opening by month
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When plotting the length of time of the openingsskegson the
situation is reversed with longer openings showangeak but
real preference to the summer season. This resuittsipally
from the longer time of ionizing radiation on thendsphere,
but in this case moderate to high levels of sdlax €an add
one to two hours of additional opening per daygiea with
the oft-stated general conclusion that winter éshibst time for
long distance communication by HF radio, but givitie
1000 1000000 scatter | would temper that by addressing moreetyothe
Eieciran dansity (alim™) question of solar activity. Next: Signal strengtly bolar

lonosphere lon Types activity..

T e
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1700-2000h av signal strength by month
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This chart, already presented in section 3.2, lyledrows that
the summer season does not provide the same sigaafth
that can be found in winter. In general summer oggEnhave
low signal strength and greater variation from dayday.
Overall they are less dependable. The chart disshgs data
collected under conditions of different levels aflas flux,
(low flux in green to high flux in red). Curiouslyhere is a
clear association between the strongest signalsrentbwest
levels of solar flux.
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Also speaking of the ionosphere at and near salsimmam the

mid and high latitude D layer of the ionospherenasosphere
altitude cools approximately 2 degrees C, contraicts
thickness and signal absorption in the layer ireesa

While I'm visiting the subject of electromagneticiiation, our
Sun emits electromagnetic radiation and mattes essult of
the nuclear fusion process. Electromagnetic radiatat
wavelengths of 100 to 1000 Angstroms (Ultravioliet)izes
the F layer, radiation at 10 to 100 Angstroms (Sefays), as
well as Galactic Cosmic Rays ionize the E layerlaG& X-



rays, Galactic Cosmic Rays and Lightning are tlasoa that
the E layer is "always" present at night time, Ehéayer also.
Background electromagnetic radiation in the 1 tcAbg@strom
range (Hard X-Rays) is a major source of ionizatbthe day
time D layer,

Via K7RA's weekly ARRL Propagation Forecast Bulieti46
published on November 9, 2007:

In last week's bulletin, Carl Luetzelschwab K9LAidsdéhe
closest measurement we have to radiation thatesriize F2
region is the GOES X-ray data at 0.1 to 0.8 nm.LAKSays
that is not correct- he received an e-mail fromiaiel Keane,
K1MK, with the following information:

"There does exist an instrument that measures EJat flux
directly. That is the SOHO Solar EUV Monitor (SEM)
http://Jumtof.umd.edu/semflux. One SEM channel cs\salar
EUV in the 17-70 nm range. The other channel mosijost
the 30.4 nm resonance line of singly ionized helilmmost
models, this 30.4 nm line by itself represents 2%5of the
energy input to the thermosphere/ionosphere.”

Galactic Cosmic Rays are not rays at all, but piai They
are ionized atoms, atoms with missing electrongirgnfrom

a single proton up to an iron nucleus and beyoridymically

protons and alpha particles, which have 2 protond 2

neutrons. They originate from deep space, beindymed by a
number of different sources, such as other stard, more
exotic objects, such as supernova, which are ekmostars
and their remnants, neutron stars, black holes, disthnt

galaxies. Cosmic Ray particles travel very clostheospeed of
light, and are highly energetic.

Signal Strength by Season

After spending some four years collecting and ariaty
propagation data, it is reasonable to have a fesemations
concerning the subject. | have often read gendeaérments
concerning propagation versus time of year and sykele, so
how did this study compare? Keep in mind that thiire data
set is from a single circuit, Ft. Collins, Coloratio Houston,
Texas, and that it is for a single frequency, 16.8MHz. While
it cannot be generalized to all HF radio, it pr@sich good test
under semi-controlled conditions. Another assunmptiuat is
implicit in all this data is that the transmittedvper remained
constant over the whole period. | will make thasuamption
while noting that | did not ever confirm it to bei.

The following charts addresses the question ofadigtrength
and opening hours versus season. Color coding geevan
indication of the variation due to solar flux, ks will be
explored more in the next section.
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Supplemental Records
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Major flare at 1805UT, (1205 CST). Also note theseing
signal dropout and return.
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While on the subject of distant galactic objeots,12/27/2004
more than a dozen spacecraft recorded the brigévest from
outside the solar system ever observed in the riistd
astronomy. This gamma and x-ray producing supee fleas
emitted by a Magnetar star named SGR 1806-20. sthisis
an estimated 50,000 light years distant in the tedlation
Sagittarius on the far side of the Milky Way galaapd
obscured behind dense interstellar clouds. A simellent also
occurred in 1998.

Upon arrival at Earth the X-rays were powerful egiouo
increase absorption in the D layer of our ionospleetd create

a dayside Sudden lonosphere Disturbance (SID) and a

blackout of radio signals, amazing!!! To read mabeut this
rare event check out this link at:
http://skyandtelescope.com/news/article_1464_1.asp and
http://www.sciencedaily.com/releases/2006/02/060825628.
htm .

d.) Recently | saw a post on the Topband Refleletmenting
the seemingly unexplainable differences in 160 pgapion on
certain paths from night-to-night. is there a readde
explanation? Yes, unfortunately small increasethéndensity
of the night time D layer over short periods oféincaused by
smaller solar flares and also the general vartghilf the solar
background X-Ray flux level of greater than AO, dmve a
profound negative impact on propagation in the foofn
increased absorption of high and even mid latitodeium
frequency signal paths, both on the medium frequei!

broadcast band, 160 and 120 meters. Why? It odgstd0
electron volts (ev) of energy to ionize the atmesphand 1-10
Angstrom x-ray photons energize the atmospherefattar of
100. This translates into D layer absorption of iwed
frequency signals. The lower half of the mediungdrency



broadcast is always affected first followed by tipper half of
the medium frequency AM broadcast band, then 1@0120
meters. If you learn nothing else on this websieenember
this simple explanation and pass the word.

e.) After much personal observational research avés year
period, I've come to the conclusion that high and ketitude
TA and TP propagation paths tend to open up ortlr &n
approximate three day period of time passes withrargetic
proton event of no greater then (10+0) on the nmadiu
frequency AM broadcast band, 160 and 120 meters.

f.) Also there are daily extremes of the backgroxmay flux

level. So even though the daily average might heeen pretty
good at say Al.1, the daily "extreme" maximum cobéde
been C1.5, which would have been bad and would tavsed
a short period of increased D layer absorption.

g.) Though high latitude paths on the day lightesaf the
Earth are primarily effected, night time high latie paths can
also be impacted by higher intensity energetic gravents.
This fact is still stubbornly opposed by some otlige very
knowledgeable space weather physicists hung up igh h
latitude threshold Riometer data tied to Polar @aporption
(PCA).

h.) Another wrench in the gears preventing consisgood
propagation on medium frequencies is related tor&fio-D
(Ds) absorption. Sporadic-D (Ds) occurrences haventer-
relationship with brief but intense Sun based aralaGic
Cosmic Rays, extremely large positive cloud to gmbu
lightning strokes and interrelated Elves. Very étgirsts of
Gamma Rays have also been observed to occur inrmiign
with Sprites.
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record for 01 April, 1988, detail

The above view focuses in on 18 to 21 CST showingem
detail in the features. They clearly represent mumevhere
the ionosphere electron density is passing replyatedugh

the critical density for propagation. These featushow a
sinusoidal variation in electron density with aipdrbetween
25 and 30 minutes, (from drop to drop). | interptae

variations as density waves propagating in the sphere. A
test of this would require one or preferable twbeotbeacons
being monitored at a close frequency to see whelieesame
features appear offset in time. Note also on tre &hart that
there are two signal loss periods between 9 an€3T as

well, more evidence of unsettled conditions in Ehiayer that

day.

Similar features appear on other records alreadgemted in
this article such as 06 January, 1989.
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Density Waves

On a number of records | found interesting featuxbsch
were not easily explainable. The record below farApril,
1988 shows a series of falls and jumps in signegngth
between 18 and 21 CST. Similar features can ocouthe

morning side as well as the evening side, but seldear
midday.
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record for 01 April, 1988
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i.) Also there is another unavoidable problem, Magnionic
Power Coupling. Antenna polarization plays a lamge in the
success of a long haul DX contact. As a mediumuieeqy RF
signal traverses Earth's magnetic lines of force an
perpendicular manner on high and mid latitude patag

between W3 land and SM, higher angle horizontatilapzed

signals are more readily absorbed than lower anggcally

polarized signals. On other propagation paths a@n globe

opposite results can be found, i.e., horizontalhlapzed

signals suffer less absorption on a propagatioh patween
VK6 and W6 or S9 and W4.

Magneto lonic Power Coupling expert NM7M Robert Bm
PhD. has a good educational thread on this bugalpothe
May 2002 Topband Reflector. The thread can readtsin

entirety by going to this link Topband Reflector 12002
Archives Layer .

Also an excellent but more technically oriented siteb
covering 160 meter propagation and more is the "HF
Propagation Tutorial" by NM7M Bob Brown, Ph.D. and
hosted by ON4SKY Thierry Lombry and can be found at
http://www.astrosurf.com/luxorion/gsl-hf-tutoriam¥ym.htm
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US/UK World Magnetic Chart — Epoch 2000
Horizontal Intensity - Main Field (H)
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Electron density versus altitude as per section Bhis chart
shows lines of criticality for different transmissifrequencies
on the Houston - Ft. Collins circuit. As the ionbspe ionizes

in the morning or recombines in the evening, thesig
passes critical in the altitude range of 220 to R60 Note that
the F-Layer density never falls below critical 8MHz, but
does affect 10 through 20MHz. The November 1988 wes
somewhere between solar minimum and maximum. (from
Tascione, 1988)
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Diurnal Electron Density Estimate
Mid - N 1088

- Novernber, 19
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curve of the diurnal change in ionosphere density

The plot shows that the ionosphere goes throughoming
period of fairly rapid ionization peaking perhapswnd 10am
CST (1600UT). Then the process stops and revegsesg
through a slower recombination period in the evgrind into
the night until near ionosphere sunrise the procasasin
reverses and repeats the rapid ionization. This jplofact
compares quite well to published mid-latitude icmde data
such as Olivier and others, 1988. It is even pdessilvhere
circumstances permit, to see more rapid ionospheriations
as described in the following section. Next: Dgnsitves..

Supplemental Records
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US/UK World Magnetic Chart — Epoch 2000
Vertical Component - Main Field (Z)
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Horizontal & Vertical Components Of Earths Geomdgne
Field
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US/UK World Magnetic Chart -- Epoch 2000
Declination - Main Field (D)
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Poor Man's lonosonde

My reading suggested a solution to the ionizatisabem

described in the previous section. This solutispensed with
the notion that the jump in signal strength wassediby some
jump in F layer ionization. It can be found in tledationship

between the main parameters affecting propagafitect -

electron density (cm”-3), v - frequency, and acidant angle
measured from vertical. The expression is as fallow

Nec = 1.2 x 10"4 v*2 cos™2 a

If this expression were true, then it was simplelévise a test
to confirm it. If the ionization truly proceeded at much
slower rate, it should affect different radio fregaies at
different times, in a regular manner. The beaconVWy

transmits as previously stated at several freqesnd.5, 5.0,
10.0, 15.0, and 20.0 MHz. With this beacon, | comlgintain

the same basic circuit geometry. In mid Novemb&88l|

conducted a series of recordings at 5.0, 10.0,, En@ 20.0
MHz which, when plugged into the above expressiavegne
discreet electron densities.

F Elev Angle a Frequency
5MHz 10MHz 15MHz 20 MHz
250 71 3.34+E4

240 71 1.24+E5
230 72 2.59+E5
220 73 4.26+ES5

The signal jump would give me the exact time that F layer
passed the calculated critical density. The follmvchart is
my curve of the diurnal change in density, a sdrtRoor-
man's" ionosonde.
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electron density, radio frequency, and incidentl@nghich |

explained in section 2.3. The answer to the prolpeesented
itself quite simply: My circuit, Ft. Collins to Hston had a
fairly fixed geometry (if you assume a constant height

for the refracting region, close but clearly nohsm@nt), and a
single radio frequency of 15 MHz. The only variatien is

the F layer density which goes critical at abo 2.10"5

cm”-3. Below that density there can be no propagaths the
F layer ionizes, quite slowly perhaps, it passes tritical

density and causes the sudden jump in strength aeeny

records.

Pretty neat.. If you gather data and think abotliirey, you are
bound to learn something fascinating. The abovaticgiship
quickly suggested to me the experiment describedhé
following section.
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Earth's Magnetosphere

j.) Geological effects such as earthquakes and awdc
eruptions, as well as meteorological effects such

troposphere originating Internal Buoyancy/Gravity aW's

(IBGW), stratospheric level Quasi-Biennial Oscitiats

(QBO) and stratospheric warming (See definition #20

Stratospheric Warming) have a negative effect omliume

frequency RF signals in the form of small to medinoreased
absorption variations of medium frequency RF signé the
D layer caused by traveling ionosphere disturbarftés's).

Also temperature and moisture discontinuities (bn
inversions) can refract/scatter medium frequencjoraignals
in unpredictable ways, most notably on high transdi RF

power levels.

k.) The Quasi-Biennial Oscillation (QBO) is a wishift in the
equatorial stratosphere, an oscillation from e§sterwesterly
and back on the time scale of approximately tworsy€a6
months) and is a source of Internal Buoyancy/Gyawaves
(IBGW's) which create absorptive perturbationshia D and E
layers.
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1) A note, the E-valley/F layer ducting propagatimechanism
does not exist only during gray line periods. Ingdr
Buoyancy/Gravity Waves (IBGW's) are a source ofdheting
mechanism and allow for occurrences of ducting glany
propagation path in total darkness. Measuremettteofiming

of arrival of propagated medium frequency RF signal
demonstrates the existence of the ducting mechamnisrsus
conventional numerous E layer land/ocean surfaps tadich,
would allow for approximately 40 db of attenuatmma North
America to Europe propagation path.

Another note! When it comes to 160 meter vertigebana's
you can get a lower take off angle (TOA) from d fu#t wave
vertical or electrical 1/4 wave tee vertical of 20-deg., versus
~30 deg. with the inverted L. However it's a mooinp as the
night time E layer MUF blocks 160 meter low angle
transmitted radio signals from ever reaching tHey€r to be
propagated. So unlike with high frequency propageti
medium frequency propagation success does notreetfue
lowest of take off angles.

Also higher take off angles of 30-40 deg. via tineeited L are
better able to take advantage of the low signa Bwalley-F
layer propagation duct mechanism, a form of Chotdap
propagation.

A solar flux of at least 150 is necessary for noaitstable
formation of the E Valley/F Layer ducting mechanism
Therefore formation of the duct is less prevaldrthe bottom
of solar cycle and long haul propagation poorersalar
minimum.
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Record for 30 November 1990, detail

At the time | had the idea that the rise in sigstaéngth in the
morning, (and drop in the evening) was associatieectty

with the ionization of the reflecting F layer. Aket layer
ionized under the rising sun the signal would pigk The
records though could not be interpreted in that meanAs |

thought about it, | realized that there were twobfgms with
my theory: First, | noted the curious fact thatr&eon the F
layer, and therefore ionization, took place up te @r two
hours prior to the morning jump in signal stren¢gnd vise
versa in the evening). If the rise in strength wassed by a
rise in ionization, why didn't it occur earlier? Geadly, the
duration of the jump, sometimes in just seconds faagoo

rapid. The volume of refracting space in the iomesp was
simply too large to be illuminated by sunrise andiie so
rapidly.

Thinking about this problem sent me to the textisoakd
literature. There | learned about the relationdhépween the
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lonization Problem

Early on in my project | encountered a problem fre t
interpretation of the data. Most records like tine delow for

30 November 1990, showed a very rapid increaseiginab

strength from near 60 (SO, no reception) to a marinof 120

or more (S9+, extremely strong).
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Record for 30 November 1990

The time from nothing to maximum was often undeniaute
or two, as shown in the detail chart below wherthaenminute
around 7:36 am CST the signal makes its jump. (BfEs
shows some of the tight detail available on thems which
looks spiky on the normal 15-hour presentation tsfar
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m.) Yet another mechanism to deal with that impawgslium
frequency radio wave propagation in a negativeifasis the
D Layer Mid Winter Anomaly. It is a period of inased
medium frequency radio wave absorption at high arid
latitudes occurring in mid winter and is associattth sudden
stratospheric warming and the Quasi Biennial Catdilh

(QBO).

n.) The HAARP ionosphere research program, earkega
volcanic eruptions, thunderstorms, lightning (esgéc
positive cloud to ground strokes), elves, tornagdbesricanes
and even man made activities such as rocket lasnche
including the space shuttle, are all sources oG{Bs). Many
times I've heard ham's lament that propagationgeésy to go

to crap due to another space shuttle launch, enaesthey are
correct.

0.) Another issue facing medium frequency AM braesic
Band DXers and 160 meter operators is lower lagitud
propagation path absorption due to the EquatoriaigR
Current. This phenomenon acts as a repositoryriecipitated
electrons and the end result is unpredictable mediequency
RF signal blockage absorption and refraction. Apson is
similar to higher latitude Aurora absorption.

p.) LF propagation theory is out of my realm fromstandpoint
of formal education. Alan Melia G3YNK is studyingFL
propagation and has made some very interesting\atigms

and put forth some fascinating theories.

Here are some interesting website links concerhiRgand
ELF radio propagation theory.
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LF PROPAGATION THEORY INFO BY ALAN MELIA
G3YNK (link broken)

PROPAGATION OF LONG RADIO WAVES BY JA.
ADCOCK VK3ACA (link broken)

RADIO WAVES BELOW 22 KC
http://www.vif.it/

2.) Aurora Oval Blockage, Absorption And Refraction

The aurora ovals "generally" have a negative impact
medium frequency propagation. If the path over Whiou are
communicating lies along or inside one of the Aar@vals,
you will experience degraded propagation in oneseferal
forms; strong signal absorption, brief periods wésg signal
enhancement, which is mainly caused by tilts initmesphere
that allow signals to become focused at your locatr very
erratic signal behavior in the form of strong aagid fading,
etc., caused by a variety of effects such as rpaltitng,
anomalous and rapid variations in absorption, n@aigcircle
propagation, horizontal or side refraction and/aratter
(skewing) due to changes in electron density ardrigation
changes. (See definition #7. Propagation Path Sigwi

When the Aurora Oval zones are contracted andidimially-

thin coinciding with low geomagnetic activity, & possible for
a medium-frequency transmitted signal to propaghateugh
the Aurora Oval zone without being heavily absortsd
skirting underneath it.
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Major flare and geomagnetic storm, propagation nehas
much of a chance! Return..
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record of 01 September, 1990

This record for 01 September, 1990 indicates thait all
geomagnetic activity necessarily destroys propagatilhis
day with Ap=26 had conditions ranging from quietntajor
storm yet the openings remain generally good. Gegomiic
storms in fact can be quite local and do not arpifaicate
poor communications. Recall that my recordings quiybe a
small portion of the ionosphere located about hayflvetween
Ft. Collins, Colorado and Houston, Texas.

Supplemental Records
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During periods of very low geomagnetic activityeas of the
Aurora Oval zones may only have a latitudinal thiess of
approximately 300 miles. But radio signals refleicteom the
E layer can travel over distances of as much ast@aR250
miles at heights below the ionosphere for low takeangles
of between 10 and 25 degrees. When the geometrstisight,
the medium-frequency transmitted signal can litgral
propagate underneath and through the Aurora Oveszato
the polar ionosphere which is less disturbed aomh fthe polar
ionosphere back into the middle latitude ionospheriéhout
ever coming in contact with the highly absorptiveirréra
lonosphere. This type of propagation is not as eseyou
might think and it can provide unusually stableagpaiegion
path openings to (TA) Transatlantic and (TP) Tracsfc
regions. But because the Aurora Oval zone expamds a
contracts constantly, such conditions often do last very
long. (See definition #3. Equatorial Ring Current).
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3.) Equatorial Ring Current-

A phenomenon that acts as a repository for predgt
electrons in the vicinity of the magnetic equafiire electrons
travel by spiraling around north south magnetitdfies at a
frequency called the 'gyro frequency. The end teisulbwer
latitude propagation path medium frequency trarteahitRF
signal blockage and absorption via the D layer.okpton is
similar to higher latitude Aurora Oval absorptiamdais inter-
related with same.

A reliable gauge for measuring the up to three lifeyering
post geomagnetic storming medium frequency tranechiRF
absorption is the Dst index, measured in nT's #ni estimated
value from Kyoto Japan and is based on a formutagé
negative values after a major geomagnetic storricatels a
high Equatorial Ring Current level. (See definitié® Aurora
Oval Blockage, Absorption And Refraction). Heraisebsite
link to the Kyoto, Japan Dst Index
http://swdcwww.kugi.kyoto-
u.ac.jp/dst_realtime/presentmonth/index.html anc tb.C.
Berkeley website link http://sprg.ssl.berkeley.efst/ index
and a NASA GSFC website link
http://sprg.ssl.berkeley.edu/dst_index . (See difin #2.
Aurora Oval Blockage, Absorption And Refraction)nciher
excellent source of a daily Dst figure is at
http://lwww.alan.melia.btinternet.co.uk/latest.htm .
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record of 15 June, 1990

Another storm ending on 15 June, 1990 in the suns@ason
has in this record nearly wiped out the openingliypt Ap for
the record also a high 47. Similarly, the flare atmtm on 26
May, 1990 with an Ap=38 had terrible results for
communications.
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Unsettled to Active Field Response

Solar activity can cause disruptions of the earthagnetic
field leading to choppy or poor openings. The usialse of
these disruptions is the interaction of chargedtiges
expelled from the sun by flares with the earthisogphere.
Being charged, they carry magnetic field lines frtm sun
and distort the local earth field lines. The effeere most
pronounced when the sun's magnetic poles are ezlevih
respect to the earth's. Even when sunspot actggms low
particles can still be ejected through coronal $i@gied disrupt
local conditions.
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record of 15 January, 1988

This record of 15 January, 1988 was taken on titeday of a
major geomagnetic storm. The planetary "Ap" valge,
measure of geomagnetic activity) was a high 45. dpenings
here are choppy, short lived but still with goaghsil strengths
typical of a winter record.
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4.) Coronal Mass Ejection (CME)-

A Coronal Mass Ejection is the name given to antigie of a
large amount of matter from the Sun's outer atmesplor
corona. These ejections typically comprise milliafigons of
material in the form of charged particles and canseen
because the material reflects sunlight. When onehefe
ejections is directed towards the Earth (or corelgrslirectly
away from the Earth), it looks like a roughly cilau"halo"
surrounding the blanked out Sun.

The "Halo CME's" are those CME's which are moreljiko

impact the Earth than those which are shot ouigat engles
to the Earth-Sun line. Energetic protons emittednguCME's
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play a major role in increased day time and nighetD layer
absorption of medium frequencies.

Coronal Mass Ejections were once thought to be ¢etely

initiated by solar flares. However it is now knotrat many
(CME's) are not associated with Solar Flares bstead with
collapsing Solar Filaments. If a (CME) collides fwthe Earth,
it can excite a Geomagnetic Storm if the polarity toe

Interplanetary Magnetic Field (IMF) has a negatign. We

must be vigilant in watching for geo-effective (CME in

order to not be caught by surprise with a seemisgtlden and
unexpected Geomagnetic Storm. (See definition #@larS
Filament). (See definition #11. Geomagnetic/lonesph
Storm). (See definition #16. Solar Flare).

Coronal Mass Ejections are not random meaningiegsiens
but instead a process by which the Sun expels @mpl
magnetic signatures enroute to changing its magpetiarity
or said a different way the swapping of the Sun&gmetic
poles. Basically the Sun swapped its magnetic jiplat the
peak of present solar cycle 23 somewhere betwelgn2000
and December 2001. The next polarity swap will ochuring
solar cycle 24 somewhere around 2012.
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Map for the winter 88/89 which shows the typicalogh
openings and strong signals. Major flares on 30, B8¢ 1802
UT (1202 CST); 06 Jan, 90, 1805 UT (1205 CST); a3 89,
1734UT (1134 CST); and 27 Jan, 89, 1917UT (1317 )CST
Solar flux during the period was understandablhtigvering
between 154 and 170 in early December, jumping8® tb
290 through January 89.
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Major flare at 1805UT, (1205 CST). Also note thesreing
signal dropout and return.
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5.) Coronal Hole-

The Corona is not part of the Sun's surface.ifistead part of
the Sun's atmosphere, much like Earth's troposplzenal

Holes are low density areas associated with opegnet

field lines and are found near the Sun's polekeabbttom of a
sunspot cycle and everywhere during a cycle maximam
Coronal Hole is a dark region where a breakdowrthia

magnetic field structure in the solar corona hazioed. From
these regions stream the high velocity solar windt tis a
source of geomagnetic storming on Earth.

Coronal Holes occur most often on the downside sblar
cycle and their absence at the bottom of a sokle@nd at the
beginning of the next, allow for the best mediuregfrency
radio propagation conditions. Many think it's tleavér solar
flux values seen at the bottom of a solar cyclé @kaounts for
improved propagation conditions but it's actualigtty much a
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lack of Coronal Holes and geomagnetic storming.e(Se
definition #11. Geomagnetic/lonosphere Storm).

One thing to keep in mind is that the high velosibfar wind
stream emanating from a Coronal Hole is a neutral
phenomenon with respect to the Bz (magnetic commupraf

the Interplanetary Magnetic Field (IMF). If the Bamponent

is negative (southward) prior to arrival of the asostream,
there will exist a tendency to see a larger swiegative after
the disturbance arrives. If the Bz component isitpes
(northward) prior to arrival of the solar streamere will exist

a tendency to see a larger swing positive afterdiseirbance
arrives.

“July 23, 2007
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See

«http://www.ips.oz.au/background/richard/power_1888mll
» for a description of the event and its effectQimebec. Next:
Unsettled to active field response..
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record of 27 January, 1989, detail

The above detail shows more clearly the sudden firtmpved
be a rise back to the former signal level. This \&apretty
typical flare, strong but not truly large. Anothexample of a
typical flare comes from the record of 06 Janud8g9. The
winter and spring of 1989 was a very active pefudflares
and | caught them repeatedly on many records amépefor
December 89 / January 90 shows. On the 10th of Ma&@89
there occurred a truly powerful outburst which kled radio
communications for several hours and the geomagsé&aim
that followed three days later was so severe thatdacked out
the power grid in Quebec, Canada, and caused wihder
auroral displays as far south as Florida.

record of 10 March, 1989
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6.) Solar Filament-

A relatively cool and dense ribbon of gas held thege by

solar magnetic fields. From Earth they usually @ppes

relatively dark lines across the face of the Suntimes the

magnetic lines holding the filament open up crepta

tremendous eruption similar in size and impact @aonal

Mass Ejection (CME). (See definition #4. Coronal d¢la
Ejection). (See definition #11. Geomagnetic/lon@sph
Storm).

7.) Correlation Of Energetic Protons, Solar Flud &p & Kp
Indices With Medium Frequencies-

I've been observing energetic proton levels, a$ agethe Ap
& Kp indices for 35 years and see a direct cori@iabetween
high energetic proton levels above 10 MeV (10+Q) pnor
propagation on high and at times mid latitude mediu
frequency paths at day AND night, where as the K #dices
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don't as readily correlate. (See paragraph threlefifition #2.
Aurora Oval Blockage, Absorption And Refraction)dan
(definition #7. High Latitude Path Skewing) for arther
explanation on the lack of correlation of Ap & Kpdices with
medium frequency propagation conditions.

High solar flux values are "incorrectly" consideréal be
detrimental to medium frequency signals both doimesstd
TA/TP, as more absorption can be present as timsrhigted
signal makes two trips through the D layer, neawise and
sunset. However most medium wave frequency RF signa
excess of 3100 miles are propagated via the Ewallayer
ducting and/or Chordal Hop/Pederson Ray propagation
mechanism and a high solar flux value ensures agtE
valley/F layer duct mechanism. Actually a solaxfbf at least
150 is needed for a consistent E valley/F layetidganode.

The main reason that medium frequency radio prafmaga
"seems to be better" at the bottom of a sunspde dgaot so
much due to lower solar flux levels BUT due to muebs
geomagnetic activity.

Keep in mind though that the 10.7 cm (2800 MHzasdlx

index is not a "reliable" gauge of ionization inr@mosphere,
as the energy of photons at this frequency is v dm the
order of one million times. However most are usedsolar
flux and sunspot number and it's a hard habit éakrA better
indicator is the inter-related background X-rayxfluSee
definition #1 paragraphs e & f).

An elevated energetic proton flux level greatemtt{@0+0)
creates noticeably increased winter time day arat yeund
night time D layer absorption of medium wave freggies,
especially on high latitude propagation paths butan also
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Flare Response

Flares result from the sudden release of tremendmaunts
of energy from the sun's surface. Some eight minafeer a
flare bursts on the sun, high energy ultravioletliagon
impacts the earth ionizing all the ionosphere layer the
process. While this might be expected to enhancayer
propagation, the D layer density quickly becomeaque to
the signal causing a sudden fadeout. Depending hen t
duration of the flare, the fadeout will last frominotes to
hours and then as the ions recombine there follaws
logarithmic rise back to normal. The following redoof 27
January shows a classic flare signature againiam evinter
record.
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record of 27 January, 1989
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Summertime blues, solar flux good at 153, Ap=1@itprquiet
day but with lousy reception.
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negatively impact mid latitudes, depending on ftiterisity of
the event.

Elevated energetic proton events too small to begesized as
a Polar Cap Absorption event (PCA) can still impigh and
at times mid latitude medium frequency propagapaths in
the form of excessive D layer absorption.

((((Note, high latitude medium frequency radio pagation
paths can still be disturbed for days and up toksiefellowing
the end of an official >10 MeV (10+0) proton ev))j.

GENERAL GUIDELINES CONCERNING CORRELATION
OF PROPAGATION INDICES TO ACTUAL MF
PROPAGATION CONDITIONS-

NOTE!!! The propagation indices “interpretatiorste my
personal intellectual property. Therefore the pgapien
indices interpretations contained herein is copyeg © 1988-
2013 by Thomas F. Giella, W4HM, all rights reserved
Reproduction of information herein is allowed witho
permission in advance as long as proper crediténg

All 13 of the following indices have to occur assdebed
below in order to see the best global medium fraquéMF)
radio wave propagation possible.

1.) Dropping geomagnetic field indices numberskatter, Kp
of 0 best.

2.) A daily sunspot number under 100, under 70. best

27



3.) A daily sunspot number no higher then the IfOréutine
stable formation of the E Valley/F Layer ductingahanism.

4.) Previous 24 hour Ap index under 10, fewer tfafor
several days consecutively are best.

5.) Previous 3 hours Kp index fewer than 3 for naititude
paths, fewer than 2 for high latitude paths, Odeveral days
consecutively is best.

6.) Energetic proton flux levels no greater than eV
(10+0).

7.) Background x-ray flux levels of AO for severdhys
consecutively.

8.) No current STRATWARM alert.

9.) Interplanetary magnetic field (IMF) Bz with @oGitive
number) sign, indicates a lesser chance of higtudst path
aurora absorption/unpredictable refraction or scaig of
medium frequency RF signals, when the Kp is above 3
10.) A -10 or better towards a positive number Dstex
during the recovery time after a geomagnetic stasnielated
to the equatorial ring current. A positive numtsebest.

11.) Galactic cosmic rays decrease to -3 unitsvbelero and
trending towards zero.

12.) Energetic electrons no greater than 2 MeV ) 2+0

13. A solar wind speed of less than 300 km/s foess days
consecutively.
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"Ideal" recording with winter response, good opgnimidday

sag, and long evening period with strong signagpéon.
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Major flare at 1609UT (1009 CST).
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average strength for the midday period 1700 - 2000

1700-2000h av signal strength by month
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The following section shows the signature of arstidee since
finally, that's what all this is about!

Supplemental:
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GENERAL GUIDELINES CONCERNING CORRELATION
OF PROPAGATION INDICES TO ACTUAL HF
PROPAGATION CONDITIONS-

NOTE!!! The propagation indices "interpretatiorste my
personal intellectual property. Therefore the pgapien
indices interpretations contained herein is copyeg © 1988-
2013 by Thomas F. Giella, W4HM, all rights reserved
Reproduction of information herein is allowed witho
permission in advance as long as proper crediténg

All 14 of the following indices have to occur assdebed
below in order to see the best global high frequéhif-) radio
wave propagation possible.

1.) Dropping geomagnetic field indices numberskatter, Kp
of 0 best.

2.) A daily sunspot number of 150 or higher, 200hayher
best.

3.) A daily sunspot number of greater than 100 rfmutine
stable formation of the E Valley/F Layer ductingahanism.

4.) Previous 24 hour Ap index under 10, fewer tRafor
several days consecutively are best.

5.) Previous 3 hours Kp index fewer than 3 for raititude
paths, fewer than 2 for high latitude paths, Odeveral days
consecutively is best.

6.) Energetic proton flux levels no greater than @V

(10+0).
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7.) Background x-ray flux levels greater than Bt $everal
days consecutively, greater than C1 best.

8.) No current STRATWARM alert.

9.) Interplanetary magnetic field (IMF) Bz with @oGitive
number) sign, indicates a lesser chance of higtudst path
aurora absorption/unpredictable refraction or scaig of
medium frequency RF signals, when the Kp is above 3

10.) A -10 or better towards a positive number Dstex
during the recovery time after a geomagnetic stasnielated
to the equatorial ring current. A positive numtsebest.

11.) Rising positive T index number. The T Indeacks with
the F2 layer critical frequency (foF2) and sunspamber
(SSN) and indicates the capability of the F2 lagerefract RF
signals.

12.) Galactic cosmic rays decrease to -3 unitsvbelero and
trending towards zero.

13.) Energetic electron flux levels no greater tiarMev
(2+0).

14. A solar wind speed of less than 300 km/s feesd days
consecutively.

8.) E Valley/F Layer Propagation Ducting Mechanigtmdrdal
Hop Propagation-
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6-Jul-90

150

Strength
2
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record taken on 06 July, 1990

This chart shows a fairly typical (if there is suahthing)

"summer" record taken on 06 July, 1990. The day stemhg

solar flux at 209, and the geomagnetic field wasienately

quiet. Still, the signal was weak most of the dashvots of

noise and levels only in the S3 - S5 (80 - 90) early week

later on 13 July the opening made a brief appearamahe

morning and then headed south all day. Good dagdo
fishing.

| have taken averaged hourly signal strengths fbr2@0
records and put them on a spreadsheet to makeefurth
analyses. The following graph shows the averagmgth for
the midday period 1700 - 2000 UT (10am to 1pm CST)
averaged together and plotted by month. That lissetiruary
data regardless of year together, all June and osth.f
Although some years may be better overall, youctearly see
the seasonal signature with good autumn to spiignmiasand
poor summer reception.
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generally the records are choppy and noisy, fadsng far
bigger problem.
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period of June and July, 1988
On 24 June of this period there occurred a majareflat

1609UT (1009CST) which closed the window for sekera
hours.
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Antenna polarization plays a large role in the sgsmf a long
haul DX contact. As a medium frequency RF signaveérses
our planets magnetic lines of force in a perperdicmanner
on high and mid latitude paths say between W3 & SM,
higher angle horizontally polarized signals are enoeadily
absorbed then lower angle vertically polarized aignOn
other paths on the globe opposite results can badfoi.e.
horizontally polarized signals suffer less absomption a
propagation path between VK6 and W4.

You would expect a true long path QSO on 160 to be
theoretically possible but improbable on most palitsng any
season. However a G to VK long path might be paessitihe

E Valley/F layer ducting propagation mechanism be t
Chordal Hop propagation mechanism is involved. A heter
signal can traverse a daylight path via these mafizn modes

if the transmitted signal enters/exits at each ethe path at

or near sunrise/sunset when the D layer ionizatiomweak
(ionosphere tilting).

There is an upward tilt of ionosphere layers towate east at
sunrise. As a result, signals coming from the \aestrefracted
upward at steeper angles and are therefore heatelr o
higher angle antennas. The opposite is true at foreset.

A note though, the E-valley/F layer ducting propage
mechanism does not exist only during gray line quisi
Internal Buoyancy/Gravity Waves (IBGW's) are a seupf

the ducting mechanism and allow for occurrencesuating

along any propagation path in total darkness. Measent of
the timing of arrival of propagated medium frequerRF

signals demonstrates the existence of the ductieghamism,
versus conventional numerous E layer land/ocearfaceir
hops.
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The majority of the time medium frequency RF signal
excess of approximately 3200 miles propagate v Eh
Valley/F Layer propagation mechanism or via the 1@ab
Hop (mostly on HF near local sunrise and sunsetpagation
mechanism. Typically the majority of transmit amais
radiation must be focused between 40-60 deg. tere¢he E
Valley/F Layer duct. (See definition #23.) The Giig/Gray
line Propagation).

A solar flux of at least 150 is necessary for noaitistable
formation of the E Valley/F Layer ducting mechanism
Therefore formation of the duct is less prevalgrtha bottom
of solar cycle and long haul propagation poorersalar
minimum.

You won't see this in any mainstream books on racive
propagation but the vast majority of the time MR arF
signals travel around the world not by successiweshoff of
the F/F2 layer and the surface of the earth, wheih®e
landmasses and/or the ocean, but either betweeit thad
F/F2 layer. This is especially true on long paths.

Well Known Chordal Hop LP Routes Courtesy Of Larry
Duncan K4WLS-

Here are some well known Chordal Hop LP routes fthm
East Coast and Mid-West:

Late Afternoon, Mid-February to Mid-March - Western

Australia and beyond, and Southern Malaysia: Préubely
20M.
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This map shows the period of March and April, 1988t you

see the strong morning and evening signal (in bs)vand the
midday sag in yellow to green. On the right thenaldgor the
record of 22 April becomes poor, (blues). This wasactive
day with geomagnetic disturbances disrupting tlepagation.
Also in this map you can see typical evening spiorémiv-

level propagation after the main opening has endspgecially
in early March.

In contrast to the above "winter" view, the follmgi map
shows the doldrums of summer. It is for the pedbday and
June, 1988. | characterize the propagation in sumase
generally longer duration, but with lower signalesgth and
much greater day to day variability. It is not wmaisto have a
good strong opening for an hour or two in the ewgnbut
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0700-1000 Local, Early to Late Summer - Eastern and
Southern Africa, and Indian Ocean: 20, 15, 17,d® 10M
(17 through 10M depending on Solar Flux).

0800-1000 Local, Early Fall - Western Australia a8cE.
Indian Ocean: 20M

0500-0700 Local, * December - Malaysia, Indoneaia S.E.
Asia: 40M

Sunset to 1 Hour Before, Fall to Mid-December - dlédand
Eastern Asia: 40M

0700-0800 Local, Mid-December - Middle East:
Predominately 20M

Sunset to 1 Hour Before, Mid-December - Northerrddit
and Eastern Asia: 20 and 40M (20M depending onr $dle).

* Sporadically as late as early March

If one is lucky enough to be on the receive end afucted
medium frequency signal due to an IBGW or two, angfe in
the vertical and/or horizontal electron gradientl ailow the
RF to drop out of the duct at your QTH. Galactics@i Rays
also play a role in where an RF signal drops otihefduct.

A note, high solar activity in the form of incredsienization
created by ultraviolet and X-ray radiation, can iiil the E
Valley/F Layer ducting region with medium frequency
absorptive ionization and interfere with the E ¥glF Layer
ducting mechanism. In a sense the E/F layer dustis down
and the medium frequency RF signal can only proggaga
between the E layer and land/ocean surface, ajtehiangle
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and with more signal loss. This closing of the doah be
reciprocal on each end of the propagation path e way
only. (((((When closing of the duct occurs the adage of a
low angle vertical radiator is lost, with a highakeoff angle
horizontal dipole making the contact still possibkbeit
maybe weaker.)))))

Medium frequency radio waves possess ellipticahuzation,
with the signal splitting into ordinary and extredimary rays.
These rays can propagate in or out of phase, nftee out of
phase. The out of phase extra-ordinary ray repteserb0%
power loss on the receive end of a propagation path

As follows is a recent experience | had in Floridih this
propagation mode on 160 meters.

| began listening for DX on 160 meters at 5:00 p8ir&his
evening February 05-06, 2006. | was watching the2@®
spot and the stations in ME to VA were working istas in
Europe and Africa. | could hear the stateside aatieal well
but not a peep out of any DX.

Then right at my local sunset which was at 6: 1588 it was
like flipping a switch as all the DX stations jusftowed up. It
was a classic example of the E Valley-F Layer dhagti
mechanism propagation mode with the duct openingight
over Florida as the ionized layers changed heigith whe
arrival of the gray line terminator.

Once the DX showed up | heard oodles of CW DX wtati
including VQILA and 6W/G4WFQ who were 55 on the
receive loop. MMOSJH, G3FPQ and I7RIZ showed up on
phone between 1841 and 1849 kc and they were 8idnit
bother to work anything this time as the only coiest! heard
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Seasonal Variations

The record presented in the previous section repted a
nearly "ideal" winter record. | found that wintepenings were
generally dependable with a distinct jumps in tlerming and
drop in the evening, and good strong receptiondayl. 06
October, 1989 was another good day. It is possiblémap”
the data from week to week in order to visualizev e
propagation openings change with time. The follgvahart
shows a map of signal strength contoured agaimst. tLocal
Central Standard Time is on the Y-axis and caletidae on
the X-axis. Each day starts at the bottom and moypeshe
next day starting again at the bottom next to i@ tight of)
the prior one so the calendar flows to the righddifionally,
the Gray curves running along the upper and lowetigns of
the map indicate local Houston sunrise and suesgectively.
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is an asymmetry to the opening as well with a lomgeiod of
strong signal in the evening than in the morninaftiibute this
to the geometry of the Houston-Ft. Collins circuith Ft.

Collins being to the west. By the time the F laigarizes in the
morning at a point halfway between Houston andQ&tlins,

the lower D layer is already ionized, conversatythie evening
there is still a couple of good hours remaining tfee F layer
after the D has dissipated.

Base level, (S0) on this record is 58, the solar that day was
quite high at 239 and the geomagnetic field wa®tquihe
resulting record is pretty close to ideal whiclagually quite
unusual. In all, the project ran for nearly fourse from just
after sunspot minimum to past sunspot maximum asdlted
in nearly 200 weekly records. The next section joes
additional views giving a flavor of the variabilipossible, and
why.
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that I've never worked were VQILA and 6W/G4WFQ and
couldn't break the pileups with 100 watts.

9.) Electron Gyro Frequency Absorption-

Unfortunately medium frequencies fall within or yerear the
electron gyro-frequency which is in the approximegege of
630 to 1630 kHz and of course the AM broadcast hamii
160 meter band is very close to these electron gyro
frequencies. There is a direct correlation betwihenstrength

of Earth's magnetic field lines and electron gyemtiencies.

Basically, the electron gyro frequency is a measafrehe

interaction between an electron in the Earth's aphere and
the Earth's magnetic field. The closer a transuhitteedium
frequency carrier or sideband wave frequency thécelectron
gyro frequency, the more energy that is absorbetheygyro

(spinning) electrons from that carrier wave frequerThis is

especially true for medium frequency signals trimgel
perpendicular to the Earth's magnetic field, megniigh

latitude NW and NE propagation paths. Unfortunatedis

form of medium frequency signal absorption is ALWBY
present.
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Prop lab F;rb Saftw
10.) Medium & High Frequency Radio Signal Propawati
Path Skewing-

Medium & High frequency radio signal propagationttpa
skewing occurs due to changes in the "horizont&tteon
gradient. Put in simple layman's terms the trartemhitRF
signal will "always" seek to propagate along ththpaith least
absorption, which almost always means via a daspath.

As an example a medium frequency signal (say 1880 k
transmitted from Norway to New England, which ia =i polar
great circle path, will be directly absorbed maisthe time by
the Aurora Oval, with the remaining signal skirtisguth and
then west on the darkness path via the E layevjragrin New
England from say the SE rather then the expectegdifE

Another example is a high frequency (say 28400 sighal
transmitted from Florida that arrives from the SEBpperton
Island (FO/TX5), which is located in the EasternrtiRdPacific
Ocean near 11 degrees north latitude and 110 degvest

36

17-Feb-89
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The above record shows a fairly "classic" respdsea 15
hour run. In all my runs regardless of duratiomllected 3200
samples only. That was an expedient to simplify the
programming, keep the record within the memory tbnaf a
Commodore 64, and have a simple multiple of theh-hig
resolution screen's 320 pixel width. For a nomit&hour run
that translates to about one record each 17 seowhith is
more than sufficient for the project. In additiohactually
sampled continuously between saves and read thegevef
many readings for each saved record. Even theme tise
considerable fading and short second to minuteesnaise
which accounts for the "grassy" surface.

Note also two important features of the record, Wby sharp
discontinuities at the beginning and end of theetopg”, and
the general sag or lower strength of the signainat-day.
More on the discontinuities later, the sag itsalfdue to
increased absorption by the lower D layer at itched full
ionization near midday and dissipates by the aftenn There
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Daily Record

My study utilizes the WWV time standards beaconFat
Collins, Colorado. That transmitter emits at 2.5@0000,
10.000, 15.000, and 20.000 MHz. | monitor the 15Avitjnal
which provides a strong signal at my station in ston,
Texas. 10MHz openings last longer into the nightvbould be
useless for flare detecting at that time as thehssnset! | use a
Yaesu FRG7700 receiver which is not terribly expensnd
extremely stable once it has warmed up.

The interface between the receiver and computes wse
voltage to ohms converter which proved very acdsptaut,
being a resistance device, was susceptible to tampe
induced drift. In Houston that was generally onlgrablem in
the spring or fall where large changes in day tog da
temperature are typical in the Gulf of Mexico'stleaagainst
the continent for dominance of the climate of tlegion. |
made occasional calibrations as necessary to thefdoe and
kept the base level within a narrow range. Theovaihg list
gives the correspondence between the digital sigmahgth
readings presented on the charts and the radiofset&
output:

S-meter Computer

S0 60

S3 79

S5 90

S7 101

S9 112
+10db 132
+20db 157

record of 17 feb, 1989
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longitude. This relatively short path contact givélse
appearance of the double hop Sporadic E (Es) patipag
mode, which frequently occurs during a low pointairsolar
cycle, when actually it is a skewed F2 layer prapiag mode.

A general east-west band of high (25000-35000 kayimum
usable frequencies (MUF's) exist north and souththef
geomagnetic equator
http://www.spacew.com/www/realtime.gif . These baatlow
for the existence of the north-south propagatiordenoalled
Trans Equatorial Propagation (TEP). In any eveatdbntact
between Florida and Clipperton Island was made thia
horizontal gradients that existed in the band ghhMUF's
north of the geomagnetic equator.

Trunemiter

Side View Of High MUF Bands North & South Of The
Geomagnetic Equator

By the way skewed propagation paths are the notinerghan
the exception on medium frequencies, especiallyt pas
approximately 3200 miles.
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11.) Geomagnetic/lonosphere Storm-

A worldwide disturbance of the Earth's magnetosplaard or
ionosphere, induced by direct connection to the 'sSun
Interplanetary Magnetic Field (IMF), distinct fromegular
diurnal variations. Basically it's a precipitatiai electrons
trapped within our magnetosphere, as the electomfigle.
The end result is a reduction of the MUF of theld&r. (See
definition #3. Equatorial Ring Current). (See ditiim #4.
Coronal Mass Ejection). (See definition #5. Corohalle).
(See definition #6. Solar Filament).

Geomagnetic Storm Levels

Planetary K Indices Geomagnetic Storm Level

K=5 G1 Minor
K=6 G2 Moderate
K=7 G3 Strong
K=8 G4 Severe
K=9 G5 Extreme
Active K=4 K-0=A-0
Unsettled K=3 K-1=A-3
QuietK=0, 1, 2 K-2=A-7
K-3=A-15
A= 100-400 Severe K- 4= A- 27
A= 50-99 Major K- 5= A- 48
A= 30-49 Minor K- 6= A- 80
A= 16-29 Active K- 7= A- 140
A= 8-15 Unsettled K- 8= A- 240
A= 0-7 Quiet K- 9= A- 400
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Critical Density {from Tassione, 1988)
Nec=1.2x10% w2 cos*2 a
where Nec = cm3

v=frequency

= incidentangle from vertical

F a0 Kt
Nec <250 x10°6

F 300

F 200

F 100

v=15.000 MHz

Net => 259105

Ft Collins e 1400 KM - Houston

Graphical presentation of the relationships betweba
frequency, ionosphere electron density, and prdjgaga
incident angle measured from vertical are given tle
expression:

Nec = 1.2 x 1074 v*2 cos”2 a ...(from Tascione,8)98

For the given circuit parameters:
v =15.000 MHz
a=72d..(h =230 KM)

Then the Critical ionosphere density from the folavia
Nec = 2.59 x 105 cm”-3.

For densities lower than that value the signal pélss out of
the ionosphere into space. For densities abovevtdlae the
signal will continue to propagate, but with incriegs
absorption on this circuit.
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“critical" density needed to return reflections eTitelationship
between the three parameters (Nec = electron gefusit®-3),
v = frequency, and a = incident angle measured frertical)
is given by the following expression, (Tascione38Q

Nec = 1.2 x 10"4 v*2 cos"2 a

It should be noted that this expression is for dnitical

situation only. Where the angle is approximatelpwn based
on the circuit geometry and the frequency is kngnecisely,
the density calculated will be the lowest densitgtt below
which, no return (reception) will be possible. Alimwave of
a given frequency therefore will continue to traupwards
into an ionosphere layer until it reaches the elemavhere the
density rises to the “critical" level (Nec) and thave will be
turned back to earth.

For most HF radio communication the main reflectienger is

the F layer situated between 200 to 300 KM altituflee D

and E layers are generally too weakly ionized toobenuch

importance except during the day over shorter diss.

lonization, although falling, persists through mudhthe night
in the F layer as well. Intense ionization of thiayer causes it
to warm and split into a second, higher, level ngiithe day,
returning to a single layer at night. There are alsasonal
variations on the theme. The E layer, about 1004EDup,

can persist into the night to some extent and it there
are occasional “clouds” or masses of E level idiumavhich

can drift causing sporadic radio openings when gt

geometries exist. The D layer at about 80 to 90 KNMnly

useful for propagation during the day recombiningickly

after sunset. In the negative sense, it absorlmlsigpassing
through it to or from the F layer.
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Solar Radiation Storm Levels

Flux Level of > 10 MeV Solar Radiation Storm Level
Particles

10 S1 Minor

102 S2 Moderate

103 S3 Strong

104 S4 Severe

105 S5 Extreme

Medium Frequency Radio Blackout Levels

Peak X-Ray Level and Radio Blackout Level
Flux

M1 and (10-5) R1 Minor

M5 and (5 x 10-5) R2 Moderate

X1 and (10-4) R3 Strong

X10 and (10-3) R4 Severe

X20 and (2 x 10-3) R5 Extreme

((((Note! Unfortunately elevated Kp indices of @tld as a 3
will create absorptive conditions for medium fregeye signal
propagation on higher propagation paths)))).

Initial phase of a geomagnetic storm is that pevitxén there
may be an increase of the middle latitude horiddntansity.

Main phase of a geomagnetic storm is that periodnatie
horizontal magnetic field at middle latitudes isnggmlly
decreasing.

Recovery phase of a geomagnetic storm is that goevioen

the depressed northward field component returnsctonal
levels.
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By the way effects of the solar wind on the magsebere
decreases as we approach the Summer/Winter sokstide
increase at the Fall/Spring Equinox. Why? Basicilly the
orientation of Earth's magnetic field with respect the
Interplanetary Magnetic Field within the Solar Win&/hen
solar material and shock waves reach Earth théctsf may
be enhanced or dampened depending on the angldiah w
they arrive.
http://science.nasa.gov/headlines/y2001/ast26dem?2list10
1234.

The Wang-Sheeley Interplanetary Magnetic Field (IMF
Model is used to predict Sun's IMF polarity. Whie polarity
of the IMF is negative a visible mid latitude Auaodisplay is
likely as a Coronal Mass Ejection (CME) strikes tharth's
magnetic field.
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Radio Wave Propagation

Because the different
levels in the ionosphere are
electrically ~ conducting,
they interact with
electromagnetic radio
waves bending them in
much the same manner
that glass or water bends
light. The refractive index
of a layer in the ionosphere depends on |ts elmmmsr(y and
has an effect on waves according to their wavelerigevels
with higher electron densities (higher altitudes eveh
recombination is slower) have lower refractive @edi. As a
wave passes up from below into such layers theyejetcted,
or bent back down towards the lower electron deriaigers.
The amount of bending depends on the incident aanglethe
frequency of the wave. Higher frequencies are &fected.
Finally, in passing through conducting layers, gygein the
wave vibrates the electrons thus transferring senegy into
the layer and being partially absorbed in the pgsce

For much of the radio spectrum the frequenciessimgly too
high to be refracted back to the earth given timgeaelectron
densities which exist and propagation angles requiThis is
not true in the HF band of frequencies betweenahfendred
hertz and about 30 megahertz. There a delicatedxlexists
where, depending on the natural variations in dersfi the
ionosphere, radio waves may be either refractett bache
earth or passed out into space. For the case difcaler
incidence and a given ionospheric density there witical
frequency above which no reflection will be receive
Inversely, you can say that for a given frequerture is a
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The early study of the ionosphere involved meaguis

density variations and electrical properties. Ma&trk was

done in conjunction with radio studies and radiovegaremain
the primary way to probe its structure. Studiesufoon its
variability and the nature and causes of distureanén the
process much has been learned about the solastt@te
connection. With a communications receiver andnapuiring

mind, anyone can reach above the sky and touchn¢he

space environment.

Altitude (Km)

Flayer Eledron Density Nec  (em?)
Daytime to nighttime electron concentrations whicimstitute
the midlatitude lonosphere. Graph with variationaEen solar
minimum and solar maximum curves. (from Tascior@g8)
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12.) Geological/Meteorological Effects On Mediuneguency
Propagation-

Geological effects such as earthquakes and voleanjations,
as well as meteorological effects such as Tropasphe
originating Internal Buoyancy/Gravity Waves (IBGW's
Stratosphere level Quasi Biennial Oscillations (QB&hd
warming (STRATWARM) have a negative effect on mediu
frequency RF signals in the form of small to medinoreased
absorption variations of medium frequency RF signéd the

D layer, due to traveling ionosphere disturbanddb's).

Also temperature and moisture discontinuities imed| with
cold frontal inversions and air mass triple pointslved with
extra-tropical low pressure systems can refradfradt or
scatter medium frequency radio signals in unpretietways,
most notably on high transmitted RF power levelbisTis
another concept that a fellow Physicist and exjperbptics
took me to task over.

As far as medium frequency refraction it's moreniigant at
say 3000 kc, then 1850 kc or 1500 kc. But it's aisore
noticeable with higher transmitted RF powers,\WSAI 1530
50 KW and even more so with BSKA 1521 KC 1000 K\ an
now defunct 2000 kc region 100 KW marine stations.

We know that the medium frequency spectrum is éefias
300-3000 kc but the differences in refractive préps
between 300 and 3000 is very significant At 3000e{taction
is a good description, on 160 scattering, at 308if@ction.

Using the strictest definition of RF refractiors &ffect on 160

meters is small but it has been measured by gowernm
researchers as significant enough to impact 160t the air
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mass triple point. In my opinion scattering is adiuthe more
consistent propagation medium for 160 meters al@rzpld
front, away from the extra-tropical cyclone center.

However the temperature and moisture discontirmitiethe
vicinity of a triple point air mass structure suah seen with a
mature extra-tropical cyclone is very complex ahaddf The
NW quadrant of the extra-tropical cyclone is theakion that
the original government researchers identifiedhasregion of
existence for the complex temperature/moistureodiscuity
structure that allows for refraction of RF signals low as
1500 kc. | have not been successful at garneritg fdam the
federal government that can be released to thergjepeblic.
NOAA has been similarly stymied and therefore iswno
conducting similar research.

The QBO is a wind shift in the equatorial strateseh an
oscillation from easterly to westerly and back lo@ time scale
of approximately two years (26 months) and is arc®wf
Internal Buoyancy/Gravity Waves (IBGW) which create
absorptive perturbations in the D and E layers amdn
possibly the F 1/2 layer. A note, the E-valley/Elaylucting
propagation mechanism does not exist only duriray dine
periods. Internal Buoyancy/Gravity Waves (IBGW'sg &
source of the ducting mechanism and allow for aenges of
ducting along any propagation path in total darknes
Measurement of the timing of arrival of propagateddium
frequency RF signals demonstrates the existentieeafucting
mechanism, versus conventional numerous E layel/daran
surface hops.

The HAARP ionosphere program, earthquakes, volcanic

eruptions, thunderstorms, lightning (especially ifpees cloud
to ground strokes), elves, tornadoes and hurricanédseven
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Earth's lonosphere

The density and
composition of the earth's
atmosphere changes with
height above the surface.
From the sun, solar
ultraviolet radiation
impacts the upper
atmosphere, ionizing the
atoms there in the process
of being absorbed. As the density of the atmospfete to
very low levels the time it takes for ionized efects and their
atomic nuclei to recombine becomes sufficientlyglaa form

a persistent ionized zone. This zone of ionizediges is
called the earth's ionosphere. Due to the chemistryhe
atmosphere, density variations, and varying endeggls in

the ionizing ultraviolet radiation, the ionosphévems distinct
zones or layers which have been given the rather
unimaginative names of D, E, F1 and F2 with indreas
height above the earth.

With the complex interplay of the different factarsolved,
the ionosphere varies considerable with time. Ragul
variations form from the diurnal rotation of thertiabringing
different parts of the atmosphere under the ramtiagiffects of
the sun, and from seasonal changes, and from thalare
change in solar energy associated with the surspte. Other
more random variations result from interactionstef earth's
magnetic field with the charged particles in theosphere,
and from disturbances to the magnetic field by rsativity.
Its behavior also varies by latitude, with polarid#atitude,
and low-latitude regions all behaving in charastériways.
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visible and radio wavelengths. Visible-light obseEs/
generally monitor the sun in Hydrogen-alpha liglitere the
flares shine brightest. Radio observation has ticadilly

utilized the very low frequency band. AccordingMo. Hudak,

(Sky and Telescope, 1984) this method required®+guiet

observing site, something simply not available t@sm
amateurs today. This report describes observatisirgy his
method of shortwave fadeout to detect flares. Iditadh, the

data gathered reveal several other interesting gzshena
which | describe as well.
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man made activities such as rocket launches inujudhe
space shuttle, are all sources of (IBGW's).

Many times I've heard ham's lament that propagati@s
going to go to crap due to another NASA Space &hutt
launch, in a sense they are correct.

COD—heab higsy fweatner codody
THUNDERSTORM
PHENOMENA

ELVES

ELF | VLF

[ T cAMMA
JETS GRAVITY
WAVES
sen | TIPP: -

LIGHTNING

Troposphere Height Jet Streams And Lightning/Thestdems
And Their Interaction With The lonosphere



13.) Polar Cap Absorption (PCA)-

An anomalous condition of the polar lonosphere whgr
medium frequency (300-3000 kc) radio waves are raest
and LF and VLF (3-300 kHz) radio waves are wavealegdiat
lower altitudes than normal. In practice, the apton is
inferred from the proton flux at energies greatemt10 MeV
(10+0), so that PCA's, Polar Radio Blackouts andtd®r
Events are interrelated and often simultaneous.

((((NOTE!! high latitude radio propagation pathsynstill be
disturbed for days, up to weeks, following the ewfdan
official proton event.)))) This fact is still stubinly opposed

by some otherwise very knowledgeable space weather

physicists, hung up on threshold Riometer readings.

14. Sunspot Group-

Sunspot groups are bipolar magnetic concentraggions on
the photosphere of the Sun where magnetic fieldngths
many thousands of times stronger than the Eartbignetic
field reside. Sunspots appear as dark spots osuttiece of the
Sun because temperatures in the dark centers spstsdrop
to approximately 3700 K compared to 5700 K for the
surrounding photosphere. The difference in tempeganakes
the spots appear darker than elsewhere. Sunspatalty last
for several days to several weeks. They are seerotate
around the sun, since they are on the surface,tla@dsun
rotates fully every 27.5 days.

Sunspot groups have a magnetic classification lasvis
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Solar Flares

The study of solar flares is
driven by both practical as

well as scientific reasons.
Flares are  explosive
eruptions of energy on the #&
surface of the sun. These §
releases are the most g
powerful form of solar
activity and occasionally
have severe impact on terrestrial commumcatlords Eower
distribution. Tight magnetic fields associated widttive
regions on the sun form sunspots. These magnegidsfi
become twisted and kinked, storing tremendous atsoah
energy. The process that causes the flare enelepseeis not
well understood, and no predictive model existscitallows
scientists to know in advance when or where a flalieerupt.

The energy released in a flare occurs over thespdttrum of
wavelengths from the radio to visible, to ultraeibénd x-ray.
By far the major release of energy is in the shomsavelength
ultraviolet and x-ray regions. Ultraviolet energdiates away
from the sun at the speed of light and, upon inipgcthe
earth's ionosphere 8 minutes later, rapidly ioniaksevels
disrupting communication. Charged particles reldaisethe
outburst take longer, arriving about 1 to 4 dayeraf major
flare. They interact with the earth's magnetic dfiausing
further communications disruptions and auroral ldigp

Fortunately, flares last only a short time, upéwesal hours in
their extended, or "main" phase after the initiatdp. Given
their terrestrial effects and short duration, fafeave long
been a welcome challenge to amateurs observingo#it b
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A - Alpha (a single polarity spot)

B - Beta (a bipolar spot configuration)

G - Gamma (an atypical mixture of polarities)

B-G - Beta-Gamma (a mixture of polarities in a doamitly
bipolar configuration)

D - Delta (an opposite polarity umbrae within segl
penumbra)

B-D - Beta with a Delta configuration

B-G-D - Beta-Gamma with a Delta configuration

Sunspots usually come in groups with two opposiets ®f

spots. Whether two or twenty sunspots exist in diquéar

group they are counted as one sunspot group anterech

such as 10500. That number would signify sunspoumgr
number 10500, with the number counting system Ieginin

1972 if my memory serves me correctly.

One set of sunspots will have a positive or nortlgnetic field
while the other set will have a negative or soutagnetic
field. See image below.

The magnetic field is strongest in the darker patsthe
sunspots called the umbra and weaker and moredmbaizin
the lighter part called the penumbra. The twisteaiymetic
fields associated with sunspot groups are one soafche
solar flares, coronal mass ejections and geomagse&iirms
that wreak havoc with the ionosphere here on Earth.
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2006/07/31 00:00
Magnetogram Image

The current system of counting sun spots hails faopnevious
era when direct observation of sun spots was imtigre
inaccurate. The sunspot number is derived by cogntiO
points for each sunspot group and then adding et ffior
each spot. So if a sunspot group contains 1 indalidunspot
the official count becomes 11. 4 individual sunspat a
sunspot group equals 44 sunspots. (See definiddnPiage).

15.) Short Wave Fadeout (SWF)-

During a Sudden lonosphere Disturbance (SID), wisctied
to a Solar Flare and Coronal Mass Ejection, abinpeased
ionization of the D layer results in reduced tatatbsorption
of medium frequency circuits which are refracted e
lonosphere on the sun lit hemisphere of the edrttis is
known as a Shortwave Fadeout (SWF).

Solar flares produce copious amounts of electroeidgn
radiation including energetic protons which inceeaghe
ionization of the daytime D layer. Medium frequency
communication depends on the refraction of sigfrals the
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Aindices (a, A, ap, and Ap)
Indices derived from the K index but converted tdinear
scale as follows:

7 89

K 012 3 45 6
a 0 3 7 15 27 48 80 140 240 40

The Ap, or planetary A index is an average daifyore which

| have commonly used to indicate geomagnetic cimmdit The
equivalent values are defined thus:

Ap Condition

0-7 Quiet

8-15 Unsettled

16-29 Active

30-49 Minor Geomagnetic Storm
50-100 Major Geomagnetic Storm
>100 Severe Geomagnetic Storm
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Some Definitions

Sunspot Number

This is a measure of the number and area of batividtual
sunspots and sunspot groups. Naturally this iscbasevisual
observations from a number of observatories, tha daduced
and averaged. Sunspot numbers were introduced 48 b§
the Swiss astronomer J.R. Wolf and have been eaézljlwith
caution, back to around 1610 making this the lohges
continuous record of solar activity available. Spotsnumbers
range from lows near 0 to highs over 200 during imarns of
solar activity.

Solar Flux

In many ways similar to the sunspot number, andl wel
correlated, the solar flux index is a measure tdrs@dio flux

at a frequency of 2800MHz, or 10.7 cm as it is camiy
called. This measure was introduced in 1947 at v@tta
Canada and has obvious advantages over the sumsmier

in that it does not rely on visual, often subjeetdbservations.

K indices (K, Kp)

Quasi-logarithmic index of geomagnetic activityatéle to

quiet levels for a local recording station. Theseasurements
are taken over a 3-hour period and reported orake d O to

9. Planetary (Kp) values are determined from deienf12 to

13 stations worldwide. This indice was begun in 924 the

Institut fur Geophysic, Goéttingen University, Gemya
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higher E and F2 layers and these signals mustlttax@ugh
the D layer at least twice.

Lower frequencies are affected first and highequencies
last. The stronger the event, the stronger theadioin of the D
layer, the higher the frequency effected via abtsmmp

Daytime E layer propagation of the medium frequeAdy

broadcast band and 160 meters (See definition #&rv@w)
usually only occurs during the winter season ame@sally at
higher latitudes with a lower sun angle, also athibttom of a
sunspot cycle, therefore Swift's rarely are rarayiced. The
80/75 meter and 40 meter bands are most noticesfelyted,
with the higher bands least affected.

An SWF can last from several hours on the loweyfencies
to minutes on the higher frequencies. (See dedimitil6. Solar
Flare).

16.) Solar Flare-

A day side Earth bound solar filament and/or apjpnate C5
class or higher solar flare can move the protor #ti0 MeV
(10+0) and initiate large scale high latitude pggi@n path
absorption but even smaller C4 class flares anckeveare the
culprit behind hour-to-hour and night-to-night \aions in
signal strength on the MF AM broadcast band andréters,
both stateside and DX. This transfer of increaseasitly and
RF signal absorption from the day-side D layerightiside of
the ionosphere occurs through high level neutratiei
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X-Ray Class Solar Flare. The rank of a solar flzased on its
X-ray energy output. Flares are classified by thdeo of
magnitude of the peak burst intensity () measuethe earth
in the 1 to 10 angstrom band as follows:

Class (in Watt/sq. Meter)

B- | less than (l.t.) 10.0E-06

C- 10.0E-06 l.e.= I L.t.= 10.0E-05

M- 10.0E-05 l.e.= | l.t.= 10.0E-04

X-1g.e.=10.0E-04

Background radiation in the 1 to 10 Angstrom raidard X-
Ray's), as well as Solar and Galactic Cosmic Rayd a
ionization of Nitric Oxide (NO) in our atmosphers the
source of ionization of the D layer.

Basically a C-class solar flare possesses enefdythé level
of an M- class solar flare and an M-class solaeflaossesses
energy 1/10 the level on an X-class solar flaree(8efinition
#15. Shortwave Fadeout).).

Solar flares are not random meaningless explosiohinstead

a process inter-related with Coronal Mass Eject{@MIE's),

by which the Sun expels complex magnetic signatenesute

to changing its magnetic polarity or said a differevay the
swapping of the Sun's magnetic poles. Basically $m
swapped it magnetic polarity at the peak of preSerar Cycle
23 somewhere between July 2000 and December 20€4. T
next polarity swap will occur during Solar Cycle 24
somewhere around 2010-2011.
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A true confession, while | can ponder for hours plassible
physical reasons behind a discontinuity in the data
personally get little pleasure from soldering twoires
together. With modern Pentium PC computers its @b
best just to purchase a manufactured A/D circuid an
concentrate on the science. My own C64 retired sdtan the
end of this study in 1991.
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described a scanner controller project for use with
Commodore 64. Two circuits were presented of whate
was an interface between the radio automatic gaintral
(AGC) and a C64 computer "paddle” port. | suspethedt the
unit would work as well with my Yaesu 7700 shorteav
receiver and there followed correspondence withNIxloney.
He was a great help and in fact he had the sanie. rétle
circuit had one major drawback from my perspectivayas
battery operated and | was proposing to make regula
observations of 15 plus hours duration. Finally sodution
came in the form of a modification by my clever ther in
Seattle allowing the interface to run off the 11vpower
supply or the radio itself.

With the hardware in place after my years of waitih was
ready to go to work. September 1987 was only a gaat the
minimum between sunspot cycles 21 and 22 and the so
activity was still fairly low, but picking up rapi@ My goals
included both detecting flares and a more gener& of
observing radio propagation variation from minimutm
maximum in the sunspot cycle, a project therefastitig
several years. In actual fact | gathered data weékdm
September 1987 until July of 1991. Each Fridayyelawould
switch on the computer and radio and, with a homelBasic
program, monitored WWV's signal at 15MHz.

A technical note on the interface. The device wdikgsaking
the variable voltage output of the receiver's AGiguit,

accessible easily from the rear of the unit, amiveding it to
a variable resistance. The Commodore 64 computee gert
could read both joysticks and the even-then obsofgtme
"paddles" which worked on resistance. The comprgad the
resistance and converted it to digital values, il-uanalog to
digital interface.
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2003/11/04 19:48
Image Of An X45 Class Solar Flare Click To Enlarge

Click for X45 Super Solar Flare Movie
http://www.wcflunatall.com/x28superflare031104.gif

17.) Sporadic-D (Ds) Absorption & Wave Guiding-

Sporadic-D (Ds) occurrences have an inter-relahigpnsvith

brief but intense Sun based and Galactic X-rays @athctic
Cosmic Rays, huge positive cloud to ground lighgnstrokes
and interrelated Elves and Sprites. Very largetsuntsGamma
Rays have also been observed to occur in conjunetith

Sprites.

Sporadic-D (Ds) absorption occurs both at day aightn
Much of the night time occurrence of Sporadic-D )Ds
absorption is often masked by lightning QRN, ad aela lack
of radio operation during thunderstorm events, dwethe
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lightning strike hazard and also due to the openatd being
able to recognize the mode due to unfamiliarityhwit It's
doubtful that you will read about the Sporadic-D s|D
phenomena anywhere else other then on this website.

While on the topic of lightning and propagation, ianized

lightning channel which normally has a maximum dééen of

approximately a silver dollar, can reflect RF miligk meteor
trails do. I've personally noticed it on the 70 band, as a
single propagation burst lasting 1/4 to 1/2 seco(fee
definition #20. D Layer Mid Winter Absorption Anoiy

18.) Sporadic-E (Es) Absorption, Blocking & Refiaat

Just as the E layer is the main refraction medianmfedium
frequency (300-3000 kc) signal propagation within
approximately 5000 km/3100 mi, so is a SporadicHs) (
cloud. Sporadic-E (Es) clouds occur at approxinyated0
km/60 miles in altitude and generally move from E8E
WNW.

Like Stratosphere level warming and Troposphereellev
temperature and moisture discontinuities, Spor&dic{Es)
clouds can depending on the circumstances abstotk br
refract medium, high and very high frequency Rfalg in an
unpredictable manner.

The main source for "high latitude" Sporadic E (El§uds is
geomagnetic storming induced radio aurora activity.

The main source for "mid latitude" Sporadic-E (EB)uds is
wind shear produced by internal buoyancy/gravityvesa
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Solar Flare detection by Shortwave Radio
Kevin Smith
http://www.lessmiths.com/~kjsmith/radio/rOctntsrsht

Introduction:
Fun with radio, a hobbyists’ dash into the ionosphee..

This is the tale of a snes
project long in the
making, nurtured over
three years of thinking
and patience, of
persistent attention, and
finally of research and
discovery. | hope it will
fascinate and inspire the reader as much as mdxblf

The object of this study was to observe solar $lawa
shortwave radio. The technique, described in aplaty Mr.
John Hudak, (Sky and Telescope, Nov. 1984), inwlve
monitoring the shortwave signal of a distant beacowl
looking for a characteristic fadeout signature dative of a
solar flare. The equipment utilized in the artiakeluded a
shortwave receiver and a chart recorder. | wasested in this
project and had the necessary receiver, but na odzorder so
things merely stewed in my mind. It would not besyea@r
practical to purchase a chart recorder for a simglepose.
Instead | considered ways of utilizing a Commodé#
computer for the purpose of recording the data.

Things stood that way for three years until one déyle
shopping with my family | picked up a Radio Electics
magazine quite on a lark. Reading it later at hbmeas quite
stunned to find an article by Dr. Frank Maloney ebhi
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(IBGW's), that create traveling ionosphere distodes
(TID's), most of which are produced by severe tlensirm
cell complexes with overshooting tops that penetiato the
Stratosphere. Another tie in between Sporadic-B éfsl a
severe thunderstorm is the Elve.

The main sources for “low latitude" Sporadic-E )(Elsuds is
wind shear produced by internal buoyancy/gravityvega
(IBGW's), that create traveling ionosphere distodes, most
of which are produced by severe thunderstorm cetiplexes
tied to tropical cyclones. High electron content the
Equatorial Ring Current also plays a role.

The forecasting of Sporadic-E (Es) clouds has Idegn
considered to be impossible. However it is posdiblelentify
certain troposphere level meteorological conditioimat can
lead to the formation of Sporadic E (Es) cloudseQm as
mentioned above the severe thunderstorm cell comple

Sporadic-E (Es) clouds have been observed to ligiticcur
within approximately 150 km/90 mi to the right ofsavere
thunderstorm cell complex in the northern hemisphevith
the opposite being observed in the southern hemispiTo
complicate matters is the fact that Sporadic-E (Hs)ds that
initially form to the right of a severe thunderstocomplex in
the northern hemisphere, then move from ESE-WNW et
up to the left of the severe thunderstorm complexthie
northern hemisphere. So one has to look for SpofadiEs)
clouds on either side of a severe thunderstormametiplex.

Things get even more complicated when two severe

thunderstorm cell complexes exist approximately0tG2000
miles apart.
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Not all thunderstorm cell complexes reach seveveldeand
not all severe thunderstorm cell complexes pro@&meradic-E
(Es). This is where knowledge in troposphere plsysiad
weather analyses/forecasting is necessary. Cointzitiie |
have a B.S. in Meteorology and an M.S. in Spacerfda
Physics and am qualified to identify which severe
thunderstorm cell complexes are most likely to pozd
Sporadic-E (Es) clouds.

Some of the key elements in identifying which sever
thunderstorm cell complexes have the potential riodpce
Sporadic-E  (Es) via wind shear, from internal
buoyancy/gravity waves, that produce traveling &piwere
disturbances include:

1.) Negative tilted mid and upper level long wanaghs.

2.) Approximate 150 knot/170 mph jet stream jet esathat
produce divergence and therefore create a suckimgim
effect above thunderstorm cells, that assist thistden cells

in reaching and penetrating the Tropopause into the
Stratosphere.

3.) 500 mb temperatures of -20 deg. C or colderichvh

produce numerous positive and negative lightninisband
inter-related Sprites and Elves.
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DISCUSSION

Leonard F. Fuller (by letter): Operators using continuous
waves have frequently observed that sltho the received night
signals may be stronger on the shorter waves, fading is so
much more frequent on these that they are often commercially
inferior to longer waves even for night work.

‘This may be explained by the following:

If the mean of the observations on curve Figure 13 of the
American Institute of Electrical Engineers’ paper mentioned by
Professor Marchant are plotted, a curve of received watts is
obtained following approximately the curve of energy radiated
from the transmitting antenna.

This is as it should be and is the reason for the first of the
practical observations of operators. The second may be ex-
plained by the following consideration of the theory of Fgure 3
of Professor Marchant's paper.

As he points out, interference bands, in the sense in which
they are usually understood in light phenomens, do not exist
if we consider the path of transmission parallel to the earth
surface as & whole or even locally at A and B. Inasmuch as the
possible number of Heaviside cloud arrangements are infinite,
there are possibilities of an infinite number of points similar
to A and B. Thus regions of weak or strong signals may be
entirely irregular as to dimensions and spacing.

These regions are produced by the superposition of two
waves of the same frequency, out of phase, rather than by the
combination of twa waves of different frequency. The relative
amount of signal fading or amplification at a given point is
therefore dependent upon the angular phase displacement of
the two intorfering waves. This displacement is dependent upon
the actual of the on the
under side of the Heaviside layer. Assuming the contours of
this layer constantly changing, it is obvious that the longer
the wave length the less the phase displacement of the interfering
waves for a given change in the Heaviside layer. Thus fading
may be less troublesome on the longer waves and their com-
mereial value enhanced thereby.




Fuller's results now confirm this explanation, tho it is neces-
sary in addition, in the San Francisco-Honolulu tests, to as-
sume refraction. It is to be hoped that experiments may be
continued, since, besides giving a great deal of information on
radio telegraphic technology, such tests may enable us to gain
further knowledge of the nature of the upper atmosphere, at
altitudes higher than those at which balloon observations are
possible. The author wishes to express his indebtedness to
Professor Wilberforce for his co-operation.

SUMMARY: Variations in received signal strength are ascribed partly to
A et

ite irregular, and that refraction of the traveling waves ia probably existent

Oversh(;u(‘;;i,ﬁg Top Is The Puffy Blister Just
To The Right Of Center Of Flat Ice Anvil Top

4.) Approximate 150-175 knot/172-200 mph updrafithin
thunderstorm cells complexes that create overshpdidps
(see photograph above) that penetrate the Tropepatssthe
Stratosphere (See definition #20 on Stratospherézniihg),
launching upwardly propagating internal buoyanciy
waves, which create traveling ionosphere disturbanand
then wind shear.
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Lightning And Thunderstorms And Their InteractiorithVThe
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19.) Long Delayed Echo (LDE)-

A fairly common propagation mechanism by which ah R
transmitted signal returns to the sender withirb®62econds
and in rare cases of up to 30 seconds. Researttie ih980's
with HF OTHR discovered one propagation mechanignchv
involves ducting of the transmitted signal in thevdfley-F
layer duct region of the ionosphere. A signal tliagealong a
magnetic field line much like a lightning inducedigtler is
another possibility.

The best time to observe an LDE is during the Splihg
equinox period when conditions are more balancedh@
ionosphere. LDE's are very noticeable on amatedr SW
broadcast signals between 17-28 mc with a peak tiear
maximum usable frequency (MUF). As recently as 2803 |
did my own brief experiments using Morse code (@A)the
15 meters band. | personally observed LDE's of nmn o
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would he weak, whereas at B the difference in path would be
just over 6 half wave lengths and the signals would therefore
be strong. These phenomena can hardly be described as due to
the production of an interference band in the sense in which it
is usually understood, when speaking of interference phenomena
in light. The interference between the rays traveling along the
different paths i¢ entirely fortuitous, and the regions of electro-
magnetic lightness and darkness are probably scattered in a
most irtegular way. The explanation here given, tho only one
of an infinite number of possible explanations, is consistent with
all the observations made by Mr. Fuller, and it is one which
eorre;mndn very closely with what may be anunpawd from our
ledge of the upper he
made recently by Mr. Cohen' that Austin’s rrsulm could be
represented by a !olm\l]l of the form:—

_K (|+ND) oo

also has a bearing on l.ine subject, as it would seem to point to
the strength of scattered waves, reflected from the lower face
of the Heaviside layer. Mr. Fuller's results therefore, lend
weight to the theory that the reflecting surface formed by the
Heaviside layer is quite irregular, or rather they point to the
existence of an irregular mass of reflecting clouds which form the
lower surface of the layer. Combined with this, there must be &
certain amount. of refraction to enable the rays to get round the
arc of nearly 30° of the earth's surface which they have to cover
in going from San Francisco to Honolulu, as already explained
by Eccles.t

Altho one can do no more than speculate on the eauses of
phenomena occurring in media of whose properties one can have
no direet experimental knowledge, the facts seem to be ade-
quately explained by some such conception. The Heaviside
cloud theory may therefore be considered as further established.
The author's own experiments which, unfortunately, have been
completely interrupted by the war, pointed in the same direc-
tion, tho the distance over which he was working, London to
Paris (650 km.) was comparatively short. In the account of his
tests published by the Institution of Elcetrical Engineers® he
emphasized the “cloud” theory first suggested by Fessenden as
the most likely explanation of the phenomena ohserved, and Mr.

#Cuhen, “Electrician,” Volume 76, p. 743.

eles, ¢ ", loe.

HProe. L. E.
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in Figure 3, interference might take place between the waves
reflected from two regions C E and DF. If one assumes a reflect-
ing surface of such a naturc® that the angle of incidence of a ray
on it changes considerably for slightly differing altitudes as
indicated in the figure, i. e., if the reflecting surface is irregular,
a series of rays may be reflected at different angles by such &
cloud at such points as C E (closely adjacent) in directions C 4

Ficune 3

and E B, and it is easy to see that the difference in length of the
path from € to A direct, and by the path € D A may be an odd
number of half wave lengths, while the difference in length of
path from E to B direct, and by the path EF B may be an even
number of half wave lengths® If this is the case, the distance
between the two positions A and B at which the two waves
would reinforce and neutralize each other respectively, may
vary within wide limits. The diagram has been drawn to cor-
respond, as nearly as possible, with the conditions given in
Mr. Fuller's paper in which he has two stations 9 miles apart.
The difference in length of the two paths to A is about 30 kilo-
meters and to B about 26 kilometers. For a wave length of
7,500 meters, the signals at A would be strong, since the dif-
ference in path is 8 half wave lengths, at B the signals would be
weak, since the difference in path is nearly 7 half wave lengths.
For n wave length of about 8,500 meters the difference in path
to A would be just under 7 half wave lengths so that signals

is perhaps misleading to speak of angle of incidence when the dimene
sions of the reflecting surfnce are of the same order of magnitude as the wave
lnn;th e incident radintion i realy scatiered,

he disgram has been drawn with the two interfering ruys in one
plan e cens that the rays may be reflected from other direetions not
coplanar.

s

transmitted signal of approximately 1.5-3 secomuis lacould
hear a mushy kind of Doppler shift on my returnéghal
frequency.

Claims of very long delayed echo's (VLDE) on thelesrof
hours a4nd even days have been reported sincestfiening
of radio. Time periods of this magnitude would pdio the
"seeming possibility" of a refracting ionospherpeymedium
outside of Earth's own ionosphere, possibly somesvipast
Pluto in the Oort Cloud. However no evidence sohzs been
found of such a medium and 99% of reported VLDE& a
"probably" hoaxes.

http://heim.ifi.uio.no:80/~sverre/LDE
http://www.gslnet.de/member/la3zal/prop

20.) Sudden Stratospheric Warming (STRATWARM
ALERT)-

Sudden Stratosphere Warming is a major temperahaege
of the Winter time Polar and middle atmosphere froma
Tropopause, where the Troposphere transitions ifite
Stratosphere to the base D layer of the ionosphérieh is at
Mesosphere level. The warming lasts for many daystame
and is characterized by a warming of the Stratasphe
temperature by some tens of degrees (temperatueesian),

in unison with adjacent Troposphere cooling.

Another way to explain Stratosphere Warming is goma
disturbance of the Winter time Polar middle atmesphrom
the lower Stratosphere to the Mesosphere, resuftmg a
breakdown of the single Arctic Circumpolar Vortexa two
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circulation cells. Air trapped in the vortexes isxed by the
new meridional flow and is exposed to sunlight.aBdlyman
Alpha ionizes the Nitric Oxide (NO) gasses, resgltin an
increase in electron density and producing stroregliom
frequency signal absorption at D layer height.

A little related Troposphere level Meteorology:

Interrelated with the splitting and shifting of th&rctic

Circumpolar Vortex, is a Troposphere level negatNerth

Atlantic Oscillation (NAO) and Pacific-North Amedc
Anomaly (PNA), mid and upper air height anomalytemat.

This equates to a large high pressure ridge in &edtiorth

America extending northward all the way into thek¥n

region of Canada and a deep trough in the EastemhN
America, from the eastern U.S. extending down itie

Yucatan region of Mexico, with a second ridge i thestern
North Atlantic Ocean. This pattern is also calleddaal

blocking ridge and taps Siberian Arctic air, segdinacross
the North Pole into the eastern 2/3's of CanadathedJ.S.
providing for very cold surface temperatures.

As the Stratosphere lies below the lonosphere, lwiscat
Mesosphere and Thermosphere height, you would xmece
to see Stratosphere Warming effect medium frequency
propagation in any way BUT medium frequency sigrids
propagate off of Troposphere temperature inversiang
moisture discontinuities and a temperature inversis
involved with Stratosphere Warming. So it's probatilat a
medium frequency signal could do any number ofghiwhen
scattering off of a temperature inversion at anyiglie
Unfortunately though some otherwise very knowlediea
Physicists stubbornly resist this concept.
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|
Difference

Gurve | puge, | Son Frandisco Ti in lulnl}};’i(:‘:adlhux_;.ﬂ
o iF | et | AR Sames
i waves.
5 (Mar. 8 3pm— 3.54pm. 28 km. | alllight
6 | “ 15 1030am— 12pm. |21 “ |
7 i “ 15 $pm— dpm. |33 © | o
8 Apr. 1 3am— 4am. [28 ¢ all dark
10 [May17 1130am— (2am. (15 © | alllight
1 % 24 1025am—1125am. 36 ¢ ¢ &
12 ¢ 24 12am— 12am 14 ¢ o
3 June13 245am.— 330am, ;20 “ | all dark
| i average |
14 % 22 1030am—1115am. 15km. i alllight
15 “ 28 1045am.—1130am. 36 “ 1 % ¢

There is, of course, o difference between the day and night
records in that the variations at night, due to altering wave
length, are usually greater than they are in the day time, thus
showing that the interfering waves are more nearly equal in
intensity at night than they are by day. This is clearly shown
in Figure 13 of Mr. Fuller's paper. The morning records give
large variations also, and it would appear that altho the inter-
vening space is fully lit, night conditions of semi-transparency
still supervene, One of the most interesting results mentioned
at the end of Mr. Fuller's paper is that he finds that the character
«of the land or water between the stations appears to make very
little difference in long distance transmission, i.e., that the
signals over land are as strong as they are over water. This
seems almost conclusive proot that the observed signals are due
to rays which are almost entirely refracted and reflected. The
result, of course, is at variance with observations with shorter
wave lengths over smaller distances. In dealing with inter-
ference phenomena it may be assumed therefore that the two
rays travel round the earth thru the narrow passage lormed
by the earth and the Heaviside layer, being refracted as they
pass, as was explained by Dr. Eecles, and being also reflected
from the lower surface of the Heaviside layer.

If one assumes a ray refracted so as to follow nearly the
curvature of the earth, which strikes a reflecting surface as shown

nr
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In Figure 13 of his paper he obtains the following results—

Wave lengths for which minimum Wave lengths for which maximum
values of signal strength are found  values of signal strength are found

Skm 6 km.
7 e 8
0 _

1f the two interfering rays travel along their two different paths
in the same direction independently of wave length, it is evident
that the difference in length of path must be an odd number of
half wave lengths for 5 kilometers, 7 kilometers, and 10 kilo-
meters waves, and an even number of half wave lengths for the
6 kilometers and 8 kilometers waves.
Let a he the difference in length of path,
7

Fn=9="20n-1)

then d=gm=

where i is any odd number.

Tn the same way Esg(m—l)sg(m—ti)‘

This gives a series of equations from which m and @ ean be
found, which give fairly consistent results. The average value
obtained solving them gives m=7 or 9 (the values of m
tound are 7.5, 8 and 9) and 0=17.5 or 22.5 kilometers, a re-
sult very different from that found by the simple reflection
theory.

From the other curves given in Mr. Fuller's paper, in which
maximum and minimum points are shown with varying wave
length, the difference in length of path of the two sets of inter-
fering waves may be readily caleulated. The results of these
caleulations are given on the following page. (All records are
for transmission from San Francisco to Honolulu.)

There is no relation observable between the difference in
length of path of the interfering rays and the state of the sky,
i. e., whether it is all light or all dark, but the variation in the
difference of path is evidence that the observed phenomena are
due to reflections from irregularly placed surfaces and lends
support to the “Heaviside Cloud” theory.

s

You can almost always correlate the coldest weather
occurrences with poor medium frequency signal pgapan
conditions.

Also Stratospheric Warming (STRATWARM) has a negati
effect on medium frequency propagation, due toeiasing
medium frequency radio wave absorption by the Rrdayia
upward propagating Internal Buoyancy/Gravity Waves
(IBGW's).

This phenomenon also occurs in Southern Hemisphémeer
but is less pronounced.

U. Of Berlin Germany Stratospheric Research Groayet.
http://www.geo.fu-berlin.de/en/met/ag/strat/indémh

21.) D Layer Mid Winter Absorption Anomaly-

A period of increased medium frequency radio wave
absorption at high and mid latitudes occurring iid mvinter
and is associated with sudden stratospheric warmindthe
Quasi Biennial Oscillation (QBO). If you look in yp radio
logs for 160 meters you will notice that most ofiygood DX
contacts are in the fall and spring. This is du¢h® D Layer
Mid Winter Absorption Anomaly. (See definition #17.
Sporadic-D (Ds) Absorption & Wave Guiding). (Sedimnidon
#20. Sudden Stratospheric Warming (STRATWARM
ALERT).

Weather In The Upper Atmosphere
http://www.albany.edu/faculty/rgk/atm101/weathemht

57



22.) F3 lonosphere Layer-

A PDF Atrticle Via IPS Australia About The Long Sesped
But Only Recently Verified F3 lonosphere Layer
http://www.wcflunatall.com/F3layer.pdf

The F3 layer primarily exists only in the viciniof the Earth's
magnetic equator. This may represent part of affasagion
for (TEP) Trans Equatorial Propagation.

23.) The Gray line/Gray line Propagation-

A general east-west transition between daytime ragtittime
(twilight)  where enhanced propagation conditiomsay"
occur. Near local sunrise the absorptive D layes Yt to
become illuminated by the Sun, though the highealiitude
F/F2 layer has. Inversely near local sunset therpbse D
layer is losing illumination by the Sun, though thigher in
altitude F/F2 layer still is. There is also a sg#ening and
weakening process in the E layer, as well as atiggeand
altitude changes in the D, E and F layers.

This process can allow for enhanced propagatioritions
within the general north-south gray line corridéris most
pronounced on 30, 40 and 60 meters and less 86 end 160
meters. Actually most gray line propagation on h@ers and
to a lesser extent on 80 meters is perpendicdifgint(angles)
to the corridor. In my professional observation gray line
propagation enhancement process is still not totaitierstood
and it's benefit exaggerated to almost mythicalpprion.
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ferences in length of path for the two rays at angles 6 and §’
which interfere at the points distant D and (D+«) from the

sending station respectively must equal %= %

Hence a (‘![D,(”M) )

(D) 2"
Reducing this quantity we arrive at the condition

(N ) e

Bui aem=\/1+(%")’.
then

Putting now 1=6 km., a=14.4 km. (the values given in Mr.
Fuller's paper), seci=1.26 and =37.6° since it is evident
that the — sign must be taken.
Substituting now for sec ¢, its value found above,

nh
o =0.76.
If D=3,700 km. and k=80 km., D being the distance between
San Francisco and Honolulu, and k the height usually assumed
for the Heaviside layer, it follows that

0= QTOXATO0 55 times,
or the rays reflected by the Heaviside layer must go up and down
35 times between it and the earth to give an interference band
of this width. This is certainly not likely to happen without
considerable loss of energy of the reflected ray, which would
prevent sharpness of the interference band. Moreover, such
reflections as these would give a difference in path for the two
rays of )
D (sec—1) =3,7000.26 =960 km.

THE HEAVISIDE CLOUD THEORY
Now the very interesting curves given by Mr. Fuller in which
he shows that weakening and strengthening of the signal oceurs
as the wave length at the sending station is altered, indicate
that the difference in length of path of the two interfering rays
is much less than that calculated above.
s
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theory, and that the other is reflected by the Heaviside layer and
by the earth's surface.

Altho it is hardly to be expected that reflection will be
regular, in the first instance it may be advissble to consider the
conditions which govern the width of interferonce bands formed
by regular reflections between plane surfaces. Let the two
surfaces be represented by O P and Q E distant k kilometers
from each other.

Let n be total number of successively reflected rays, and 8
the angle at which the reflected ray strikes the Heaviside layer.
It is easily seen that

tand= %‘ (Ses Figure 2)

Frovre 2

The differcnce in length of path for two rays going from
A to B, one directly along the surface of the earth and the other
reflected by the surface O P is given by

2(2ues-2)

For the whole series of n reflections, this equals D (secf—1),
and it is seen that this is dependent only on the value of # and D.
If one assumes a ray impinging on the reflecting layer at a
slightly different angle, 6', the difference in length of path to &
point distant D+« from the sending station will be
(D+a) (secd'—=1). To get the distance between interference
bands, differentiate D (sec i —1) with respect to D, making the
necessary substitution for see ,

nh\?
(D (seed—1)] _ “_Q’_{\’{*(*_) ‘1}_)
am =
{ nh\? n*h*
(s (3)-0)-( 1 )
it (1)
If @ be half the width of an interference band, i. e., the distance

from a dark to s light patch, the difference between the dif-

su

(See definition #8.) E Valley/F Layer Propagatiomcbng
Mechanism/Chordal Hop Propagation).

24.) Plage-

A patchy H-alpha brightening on the solar disk camin

found in or near active regions of which can last Several
days or so. A Plage is irregular in shape and bbrian

brightness and marks areas of nearly vertical eimgrgr

reconnecting magnetic field lines. Often times aspot group
will emerge from a Plage. (See definition #14. $ots
Group).

Note! | make no claim of ownership of the imagesptiiyed
on this website. Also | have attempted to keepptiepagation
theory explanations in simple to understand layrtemms,
because long complicated technical explanationsbeamoring
and make one's eyes glaze over. Unfortunately thoug
sometimes while trying to keep things simple, darta
definitions, meanings and technical aspects canwggered
down or even lost.

Therefore use these definitions at your own riskhwio
guarantee or warranty implied. The explanationstaioad
herein is my intellectual property and copyrighted1988-
2013 by Thomas F. Giella, W4HM, all rights reserved
Reproduction of information herein is allowed witho
advanced permission as long as proper credit &ngiv

Thomas F. Giella W4HM

Retired Meteorologist & Plasma Physicist
Lakeland, FL, USA at

w4hm at tampabay dot rr dot com
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of the atmosphere which act as reflectors and refractors for the
waves that are used for the transmission of radio signals.

Other facts bearing on the presence of this layer have been
dealt with by Dr. Eeeles in & paper published by the Royal
Society.” It will not be necessary to reproduce the argument he
uses to prove its existence, that may be assumed. It is the
object of this paper to discuss to what extent the Heaviside
Inyer can explain the phenomena described by Mr. Fuller.

THEORY OF INTERFERENCE BANDS ON A SPHERICAL
REFLECTOR

In the first place, the conditions governing the prod
of interference bands on a spherical surface with a surrounding
envelope, also of spherical form, whose internal surface acts as a
reflector, may be discussed. It is usually sssumed that the
height at which the Heaviside layer becomes sufficiently con-
ducting to act as a reflector is about 50 miles (80 km.). This
is shown to scale in Figure 1, the points 4 and B corresponding
respectively with San Francisco and Honolulu. Tt is clear that
the passage between this layer and the earth is very much in the
nature of a narrow crevasse between two parallel surfaces or
reflecting mirrors.

e

Fiaure 1

It is sufficient, as a first approximation, to consider, therefore
the formation of interference bands by reflection from a pair of
flat parallel surfaces. The distance between the bands of electro-
magnetic lightness and darkness is determined by the fact that
the difference between the paths of the rays reaching these
points by two alternative routes is half a wave length. If
the difference in distance along the two paths is a multiple of
a wave length the point is one of brightness; if it is an odd
number of half wave lengths the point is dark.

Tt may be assumed in the first instance that one ray travels
along the surface of the carth, as supposed in Sommerfeld’s

*Eceles, “Proc. Roy. Soc." A, Volume 87, pp. 79-99.
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to that already available for the discussion of this subject, and
it may be useful, therefore, to consider them in their bearing on
the existence and probable nature of what, in this country, is
generally called the ‘‘Heaviside layer.”

Tho it is usually called by this name, Professor Fleming!
observed recently that it was Sir James Dewar, who was one of
the first to draw attention to its existence. In a lecture to the
Royal Institution in 1902%, when discussing the constitution
of the atmosphere Dewar pointed out that there were really two
parts to it: the lower part in which atmospheric currents eircu-
lated, and in which the constituents were similar to those of the
atmosphere at lower levels, and the upper part in which the
distribution of gases was governed by their density. In two
lectures delivered recently to the Royal Institutiont, Professor
Fleming has discussed the formation of this upper ionized layer
and the causes which produce it. He points out that, in order
to produce ionization in such a gas as oxygen, by light radiation,
it is necessary to have a wave length of the order of 1,500 to
1,800 dngstrom units (107 mm.), that is, light which is far
beyond the ultra violet end of the spectrum. If such light really
produces any ionization, then it is to be expected that the
ionization would be reduced at night; and, therefore, that
signals might be expected to vary in strength at night, if these
ionized gases are the cause of signal variation. Professor Fleming
suggests, however, that at heights of the order of 60 miles
(100 km.), where the ordinary constituents of the atmosphere
disappear and are replaced by hydrogen and helium and pos-
sibly other lighter gases, the most likely agency in producing
ionization is the solar dust projected from the sun and trans-
mitted to the earth thru the agency of light pressure. This
explanation of the production of an upper ionized layer of gas
is verified by the fact that the time interval elapsing between
the passage of a sun spot across the solar meridian and the
corresponding magnetic storm, as shown by Arrhenius, is about
45 hours, a figure which agrees fairly closely with the time
Professor Fleming calculates that a particle of 1,200 &ngstrom
units diameter would take to pass from the sun to the earth.
‘Whatever the cause which produces this layer, there is little
doubt that such a layer exists, not necessarily in the form of a
shell concentric with the earth, with fairly flat surfaces, but more
likely in the form of large masses of gases in the upper regions
necmcmn. Volume

e ey e 11, p. 223,
'IAC,EH.
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CHEN-PANG YEANG:
The study of long-dist: i Vi ion, 1900-1919

GUGLIELMO MARCONT § TESTS of the trans-Atlantic wircless tel egraphy made
semsational news at the tum of the 20th century. Since the early 1890s, the lalian-
born i had ished radio ion links spanning
as far as the English Channel but what he did in 1901 was unprecedented. He
attempted to exchange telegraphic Sgnals between Britain and North America with-
out submarine cables or other mediation. Marconi’s moment came on December
12. Sitting in & station on a hill in Newfoundland, Canada, Marconi and his assis-
tant George Kemp heard regular sharp clicks from earphones connected to the
receiving apparatus. They had hearda wireless message transmitted from the high
antenna tower energized by a spark-gap circuit located at Poldhu, England. The
New York Times quickly featured Marconi's story.’

* Dibner Institute for the History of Science and Technology, and Program in Science
Technelogy, and Society,  Technology, 38 M: i Drive, Cam-
bridge, MA 02138 (cpyeang @mitedu)

1 thank Jed Buchwald, Evelyn Hammond, Hermann Heus, David Kaiser, RobMartello,
David Mindell, Gearge 2and various versions of this draft
Tam also grateful for the help of the following people in accessing primary sources: Kun-
Hau Ding, Brendan Foley, Wilhelm Fufl and the staff of Deutsches Museum Archives
(Munich), the United States Nationzl Archives (Washington, D.C.), Instimute of Electrical
Engineers Archives (London), MIT Institure Archives (Cambridge, MA), Harvard Univer-
sity Archives (Cambridge, MA), and the library of the Air Force Research Labaratary
(Hanscom, MA). A part of the content of this paper was presented at the Joint Atlantic
Seminarinthe History of Physical Sciences at the Chemical Heritage Foundation, Philadel-
phia, on September 28-29, 2001

‘The following abbrev ncmsmelued AP Annaten mm,m DM, Dentches Museun.
Archiv, Munic h; (b
documents):0bir, Royal Sﬁdew of London, Obituary notices offdfmu PRS, Royal Soci-
ety of London, Procezdings
1. Ortien E. Dunlap, Marconi, the man and his wireless (New York, 1937), $7-102, and
Degna Marconi, My father Marconi (New York, 1962), 111-120.

HSPS, Volume 33, Part 2, pages 369-404. 1SSN 0890-9997. 02003 by The Re gents of the Universiyy
of Califomis. All Tights reserved. Send requests for pemission 1o eprint to Rights snd Permissions,
University of California Press, 2000 Center St, Ste. 303, Berkeley, €A 947041223
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The trans-Atlantic wireless test not only caught the attention of the general
public, corporate capitalism, and the electrical industry for its technolo gical impli-
cations, but also raised a curious scientific question. To establish a link across a
distance as long as one sixth of the earth's perimeter, the wireless waves had to
travel along a path conforming tothe curved surface of the earth. Why do wireless
waves, which behave much like optical and acoustic waves, not follow rectilinear
trajectories? Why does the curvature of the carth not block them?

This paper shows how these problems were tumed into mathematical repre-
sentations, and how the empirical observations made by industrial practitioners
evolved toward quantittive experimental data. It explores how engineering tech-

logies affected how traditi i -

ticians shaped mmerical problems and approaches, and how thearetical tenden-
cies of late-19t-century microphysics drectedthe formation of physical models.
t also di how the probl, ission emerged as a con-
junction of distinctcollective cultures, and how the se cultures meshed with broader
social contexts.

Two alternative theories of the peculiarly long transmission were proposed
the wave propagating along the surface results from diffraction by the body of the
earth; and the wave bounces back and forth between the earth's surface and a con-
ducting layer in the upper atmosphere. While theorists discussed these altema-
tives, experimenters worked on constructing empirical quantitativerelations among
the physical variables involved in long-distance transmission.

Three communities of researchers may be ideniified. European mathematical
physicists rhed theoriesand math-
ematics o convert the diffracied fields into numerically mactable forms. Anglo-
American electrical
reflection and explored the conducting properties of the sir. American wircless

pirical formula g g the relation between re-
ceived wave intensity and distance for given \La\alznwr_hs It proved difficul: to

sand

decide between the two models. Thi qt of the
diffraction theorists di: with the i The reflection theorists
could a\plam Lhebend.mﬂ of the waves ami static noise qualitatively, but could not
mak T in 1919 whenthe English

‘mathematician George Neville Watson developed a new mathematical technique
for the diffraction theories and used it to demonstrate the superiority of the reflec-
tion approach.

The three different practices were si shaped by distinct i
traditions, purposes, and research styles. The long-distance radio experiments re-
lated to pragmatic instrumentality in wireless engineering: to test the validity of
‘high-p itters and sensitive radio < for the first |
station of the U.S. Navy. The mathematics of series or integral approximations
usedin the diffraction theories i ri-
able analysis in mathematics. The reflection model, which began as a speculation

! of the fan-mi ?

Proceedings of the Institute of Radio Engineers: 1%
THE HEAVISIDE LAYER*

By
E. W. MARCE.\NT, D.Sc, M.LE.E.
(Davip JARDINE or or
LiverrooL)

The formulas which have heen obtained for the strength of
signals received at a station when a measured amount of high
frequency power is sent into a distant transmitting antenna (as
the result of investigations and measurements by Austin and
others) are well known, and have been dealt with fully in Mr.
Fuller's paper before the American Institute of Electrical
Engineers.!

It is within the knowledge of all radio operators that signals
vary widely in strength, often in the course of a few minutes;
and such variations can most easily be explained by reflection
and refraction from moving masses of “‘cloud” or ionic fog.
The surface wave theory developed by Sommerfeld, while

ission over long di round the curvature
of the earth, does not explain these sudden changes. The fact
that these changes occur more. by night than by day provides
further evidence that the reflection and refraction theory of
which Dr. Eccles has been, in this country, the chief exponent,
is the most likely one to explain observed phenomena.

The experiments described by Balsillie* in which he found
that dust storms occurring along the line of transmission affect
signal strength, when the transmission is in the direction in which
the wind is blowing, are of interest, as they indieate that the
atmosphere immediately adjacent to the earth is a factor in the
absorption of waves. The chief phenomena, however, which
require further explanation are (a) the sudden variotions in
signal strength at night, and (b) that comparatively emall
changes in wave length may make relatively enormous changes in
the strength of received signals. The experiments recently
deseribed by Mr. Fuller® have added much exact information

-nm'ema by the mw Al nI 18, 1916,
Froccedings of the A1 E. E” Vol lume 34,
o

367,

“Electtin
1Proc. A. L E. E.," loc. cit.
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© = BIGNAL FROM PHILADELPHIA

» = BioNaL FROM NorroLx

STRENGTR OF SiGNALS RECEIVED AT WASHINGTON

These communities worked toward different goals, legitimized different method-
ologies, and gave priority to different technical and social concerns.
bt N : . .

practices, and those of the i exhibited more than
P 1 Although the three ies were tied wogether by the
( 1 i ion), the most

important aspect of their intertwi mzd history was not the mutually exclusive and
competitive answers they reached, but their contributions of different pieces of
knowledge eventually subsumed in the solution.

The three ities’ essential and the content of
their interactions may be understoed by analyzing their epistemic status—their
judgments about what was known, what was important to know, and possible to
know. Here reference to the teachings of Pierre Dubem and Sylvain Bromberg are
in order. Duhem di ims of a physical theory: [toexplain] a group
of laws experimentally established, and “to summarize and classify logically a
group of experimental laws without claiming to explain these laws. "2 Duhem's
‘mathematical calculus for organizing scientific knowledge included quantitative
and logical reasoning, numerical predictions, and recursive revision. Similarly,

theory as an i device that could systemati-
cally generate answers to questions fmm theory as an answer to a why question®
Following Duhem'sand s theori i status,
is known, important to know, and stslblz to know amounts to deciding whether,
for the historical actors, a piece of is or
an answer to 2 question or a part of a question-answering device.

The essential distinction between the diffraction theorists and the reflection
theorists concemed the Kiads of questions sked aad the kinds of knowledge re-
quired, notthe theirphysi Th
sists developed rigarous mathematical thecries o seprescat 2 physical model that
aimedto accountfor only one wireless

For this single they could mobili ive reasoning and con-
solidate mumerical predictiens from mathematical theorics. The reflection theo-
elaborate physi seve ire-
only long-di issi diurnal and sea-
sonal variations of signals and ic noise. But their ical tools
- behind th i ists’. The diffracti i d
? ? Th theorists asked questionsabor

the causes of various puzzling observations. Their theories were mainly explana-
tions. But until a late stage they did not contain a systematic means for giving
qualitative or quantitative predictions

2. Pierre Duhem, The aim and structure of physical theory (Princeton, 1982), 7
3. Sylvain Bromberger, “A theory about the theary of theary and about the theory of theo-

ries,” in Bromberger, On what we know we don't know: Explanation, theory, linguistics,
and how quesiions shape them (Chicago, 1992), 52-74.
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Theepistemic approach helps to understand the activities of theex perimenters
as well. The questions they asked y wanted toknow the perfor-
‘mances of transmitters and receivers under operating conditions in order that the
T.S. Navy's first long-distance wireless would function properly. They were not
motivated by theory-driven questions to conduct experiments. Likewise, their
‘measured results served as reference for engineering specifications rather than as
tests of theories. Because, however, the physics-trained experimenters believed
that the measured results in terms of 2 formula, which
was much more ? raw the theoriststo work with, served
they did provide material for checking

1. EMPIRICAL OBSERVATIONS

Guglielmo Marconi inventeda itter and receiverfor wirel
inthe 1890s. Oliver Lodge in Britsin, Alexnder Popoffin Russia, Edouard Ducretet
in France, and Ferdinand Braun in Germany made similar inventions about the
same time.* The European and American govemments, commercial and industrial
enterprises, and inventors, engineers, and scientists quickly recognized the poten-
tial ofths devis .. Numerous
raphy were developed between 1895 and 1920.
Tothe enginecring communities, the primary concer with wireless telegra-
phy was the imp of receivers, and of measure-
ments.’ They were not as in g the process of
as in engineering transmitters andreceivers. They had too little information about
wave propagation in the real world for which they intended the devices. To pro-
ceed, they needed to establish the empirical phenomena of wireless wave trans-
‘mission. That task began only in the first few years of the 20th century.
The empircal problem may be sated a oflows: under what envircnmental or

doesthe icenergy experience a
certain amountof change. The relevantmajor i before 1910
consistedof:

= Marconi's of wireless over one sixth of the
earth.

« The effect of the terrain. The maximum effective transmission distance ofa
wireless wave is the longer the greater the ground conductivity; thus a wave over
sea usually propagates farther than one over land. The British naval officer Henry

Jackson effect from i ducted on his own

while serving on British warships between 1899 and 1902.5

4. Hugh G.1. Aitken, Syntony and spark: The origins of radic (New York, 1976), 198,

5. E.g, Jonathan Adolf Wilhelm Zenneck, Wireless lekgrap})) (New Yark, 1915); John
Th ic hony(London, 1916)

6. Henry B. Jackson, “On the phenumenaanec‘mgm=umsmssxmote].ecmcwaiesu\ex

the surface of the sea and the sarth,” PRS, 70 (1802),254-272
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SUMMARY: The strength of received signals from two stations was mess
ured at the Bureau of Standards over a period of about two

transmitting wave length was 1,000 mecers, spark frequency, 1,000, and i
Nk ol e sekme ltiock; Tl

ion in intensity of receive

and discuseed.

DISCUSSION
Robert H. Marriott: It will be found interesting and
instructive to compare what Dr. Austin has found with the
results I described in my paper on “Radio Range Variation™
before the Institute, (PRocEEDINGS OF THE INSTITUTE oF Rapio
ExciNeens, Volume 2, Number 1, page 37) and especially with
chart 3, Figures 1 and 12 of that paper.

Alfred N. Goldsmith: It is evident from Dr. Austin’s
results that for the particular stations under consideration, the
day of best transmission is close to January l1st, and the day of
most difficult transmission to July 15th. The average ratio of
received energy in winter to received energy in summer (for the
extreme cases) is found to be 8.3. However, this last result is
not very accurate, since the individual values of the ratio lie
between 3.9 and 10.

108
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was 69 ohms. The figure shows a well marked difference between
the summer and winter intensities, but the great variation among
the mdlwdunl vuluos makes it difficult to draw quantitative

vations on ding days in several instances
differing from each other in a ratio of more than two to one,
while the errors of observation are certainly less than 10 per cent.
Rough curves have been drawn among the individual points of
observation, indicating the general course of the changes. The
Philadelphia values in general lie higher than the Norfolk values,
with the exception of those taken in the Autumn of 1912 before
certain changes were made in the Philadelphia antenna which
appear to have increased its efficiency. No observations were
taken in Norfolk after November, 1013, as changes in that
station made it impossible properly to make comparison between
the observations before and after that time. Notwithstanding
the irregularities among the observations, a few facts appear
fairly certain: The seasonal variations seem to be different in
different years, the minimum of 1912 being higher than that of
1913. The rise in the curves in the Autumn of 1912 appears to
be steeper than that of 1913, the practical maximum being
attained by November Ist in 1912 and not until the middle of
December in 1913. It has not been found possible definitely
to connect the strength of signal with the changes in foliage con-
ditions, altho it is possible that this is an important factor in
the variations. Contrary to the ideas previously held, there
seems to be no very marked connection between rainfall and the
transmission of the signals. This was especially noticeable in
the Autumn of 1912, when after a dry period, rain set in and fell
heavily for four days. This, however, caused no certain increase
in the strength of the received signals.

This preliminary series of observations shows that for a
thoro study of the subject it will be necessary to observe at least
twice a week, and preferably every day, for & long period of time.
From these observations it will then be possible to derive average
values from which the general course of the phenomena can be
deduced with some degree of accuracy. It may then be possible
by comparison with the curves of meteorological and magnetic
phenomena to find relations which will help to explain the
seasonal changes, and also the irregularities among the single
observations.

Most of the observations have been taken by my assistant:
H. J. Meneratti, Chief Electrician, U. S. N
i
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= Awave goes furtherin dry than in humid air (Jackson).
« The maximum effective distance atnight exceeds thatin daytime (Marconi)?
Noise, “static,” or “stray wave" is more serious at night than in day time (Jack-
son). during the summer than during the winter (Jackson), and at low than at high
latitudes (Popoff. Feriyi, and Turpain) *

« The received energy generally increases with the length of the wave and the
arrangement of the antenna.

= The radiation pattern of an antenna system can be different at different direc-
tions. A vertical aerial receives maximum energy when tilted along the transmis-
sion direction: several acrials with identical phase delay can givea strongly direc-
tional transmission (Marconi, Zenneck, Sigsfeld, Braun) *

Until 1905, th, 1t isted of along vertical
atitslower endto a spark gap. The amplitude of recei rrenti of
the direction of the receiver's location with respect to the antenna, provided the
receiver is on the ground. In 1906, Marconi suggested that a directional effect

1dbe obtained with ahorizontal antenna T currentatiains
the maximum when the transmitter-receiver direction lies along the direction of
or antenna. Typically,reception is a mi t angles
0f 110°0r 250°. The minimum loci and the shape of the radiation pattern vary with
Figure1i pattems Marconi mea-

sured.
Many of the empirical were qualitati ions that made
cither ontological assertions identifying phy: s\::al factors relevant o the propaga-
tion of waves or quasi-g link-

ing propagation with increase or decrease of a physical quantity. Quantitative de-
scriptions of the empirical observations existed as tabulated data, not mathemati-
cal formulas. Ho T far this was from ideal sci
entific evidence, theorists had no choice but o use them as empirical evidence for
their Ri d controlled quanti onlongd

wave mansmission remained to be done.

7. Dunlap (ref. 1), 122-127; Guglielmo Marceni, “A note on the effect of daylightupon the
propagation of elecromagnetieimpulses over long distances,” PRS, 70/(1902), 344-347.
8. See Fleming (1ef. 3), 851-852.

9.Gi “Onmethods whereby felectric waves maybemainly
confined to certain dirsctions, and whereby fa receiver may be restricted
clectric waves emanating from cenain directions,” PRS, 77 (1906), 413-421; Ferdinand
Braun, “On directed wireless telegraphy,” Electrician, 57 (1906), 22224, 244-248. CF.
Friedrich Kurylo and Charles Susskind, Ferdinand Brauwn: A life of the Nobel prizewinner
and inventor of the cathode-ray oscilloscope (Cambridge, 1081), 134, 143, 170.

10. Marconi (ref. 9).
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FIG: 1 The sadiation pattems of Maroonis direcive sutemna. Left pencl, the mamsmitiers antenns
3 o 3607, Maroni (=£.9), figs.
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2. SURFACE DIFFRACTION THEORTES
The British initiative

To the community of physicists in the late 19th cennury. the phenomenon of
1 ion was notalto gether unfamiliar The physi-
iy picture sssociated with this phenomencn could be found in the physical optics
of ion and in acoustic scattering theory. Lord Rayleigh had developed aset
of analytic technigues to deal with the acoustic problem.*

 Between 1901 and 1919, two groups ici mathema-
i Rayleigh' ic ati dis
One was a British group at Cambridge University plus the French mathematician
Henri Poincaré. The other group was led by the mathematical physicist Amold
Sommerfeld at the University of Munich and the German electrical engineer
Jonathan Zenneck.

Hector Munro Macdonald received a bachelor's degree at the University of
Aberdeen beforemoving to Cambridge University, where he became fourth Wran-
glerin Tripos of 1889. Hi: agenda was set by the Adams
Prize problem of 1901 : to describe the propagation of clectromagnetic waves un-
dera number of boundary conditions with simple geometry. Published in 1902 as

i i
based on an encrgy expression to study the effect of an antenna on its electrical
i1l and to solve the diffraction field at the edge of a perfectly

11. John William Stutt, The theory of sound (New York, 1943).

Proceedings of the Institute of Radio Engineers: 1%

SEASONAL VARIATION IN THE STRENGTH OF
RADIOTELEGRAPHIC SIGNALS*

By
Louvis W. AusTiv, Pr.D.

(Director of the United States Naval Radiotelegraphic Laboratory)

In 1912, experiments were begun at the Bureau of Standard
on the measurement of the strength of the receiving antenna
current produced by signals sent from the radio stations in the
Philadelphia and Norfolk Navy Yards. The object of the experi-
ments was the determination of the variation in the strength of
the signals at different times of the year.

It had been known qualitatively that the winter signals in
general were stronger than those of summer, especially when the
transmission took place overland. The reason ordinarily given
for this was the absorption of the waves during the summer, due
to the vegetation.

The conditions of the experiments were as follows: The
sending wave length was 1,000 meters, and the spark frequency
was approximately 1,000 per second, the sending antenna current
being kept not far from 10 amperes, and care being taken that
waves of only one frequency were emitted. The height to the
center of capacity of the Philadelphia antenna was 39 meters,
and of the Norfolk antenna 52 meters. The antenna at the
Bureau of Standards is a harp 55 meters high, having an effective
height to the center of eapacity of 30 meters. The capacity is
0.0014 microfarad. The distance from the Bureau of Standards
to the Philadelphia station is 185 kilometers, and to the Norfolk
station 235 kilometers. The method of measuring the received
antenna current has been deseribed in another place.f

The observations are shown in the sccompanying figure.
The i of received current
reduced to a constant sending antenna current of 10 amperes.
The total receiving antenna resistance, including that of coupling,

* Delivered before The Institute of Radio Engineers, New York, Decem-

ber 2, 1914.
1 Bulletin, Bureau of Standards 7, p. 205, 1910. Reprint No. 157.
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rism.” When the news of Marconi's -Atlantic tr: spread

in 1901, Macdonald was ready to work out a theoretical account of the phenom-
enon based on diffraction model.

Macdonald's paper of 1903 begins with a simple model that included all the

supposedly relevant physical ics of wireless wave PThe
transmission antenna appears as a vertically polarized pointcurrent source, the so-
called “Hertzian dipole,” above the ground treated the as

free space with uniform diclectric constant and permeability and zero conductiv-
and the earth as a perfect conductor (figure 2). The model captured some real-
but also erred seriously in giving the atmosphere no role (different from free
space) in wave transmission. All diffraction theorists after began their
theoretical work by imposing the assumption.’*

Tocalculate the intensity of the electric and magnetic fields at any pointon the
<arth, Macdonald solved Maxwell's equations for the electromagnetic fields. He
wrote down the wave equation for the azi muthal component of the magnetic field
intensity in spherical coordinates (the axis of the azimuthis the radius connecting
the earth's centerand the dipole’s location). FollowingRayleigh's Theory of sound.
Macdonald expressed the solution as a series of Bessel-Hankel functions and
Legendre polynomials fHe ined the coefficients of the terms in this series
from the conditions that the field intensity be infinite at the location of the Hert-
zian dipole and the tangential component of the electric field at the surface of the
perfect conducting earth should vanish *

The diffraction theorists in the first twenty years of the 20th century agreed
with all Macdonald's arguments up to this point. They disagreed about how to
approximate the analytical solution in a numerically tractable form. Macdonald
noticed that the problem had exactly thesame form as onedealt within Rayleigh's
Theory of sound. Following Rayleigh exploited the asy mptotic prop-
erties of Hankel functions toestablish that when the wavelength’ is much smaller
than the radius of the carth 4, the field intensity obeys a simple relation. The ratio
of the electric field at the sphere’s surface at the separation angle 8 (the angle
between the oscillator P and the point of observation C as seen from the carth's
center) to the electric field at 8=0° is 1-cosy, 3 being the angle between the ob-
server and the earth's center as seen from the dipole.”

This overly succinct result implies that the electric ficld produced by a Hert-
zian dipole does not vanish at any point on the carth, including the diametrically
opposite point,y = 0°. It means that the earthnever casts any shadow on the propa-

12. Obit, 11 (19:

PRS, 71(1903),251-258

14. Some of them later zssigned the earth a finite conduetivity and dielectric constant, but
others continued to work on the perfect-condueta case.

15. Strut (ref. 11), chapt. 17

16.Thid,
17.1hid,

2;
2;
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FIG. 2 Spherical boun dary condition of the diffraction theory. The sphere Tepresents the cart, the:
small arraw at € the transmission snierna modeled as a vertically polarized Hertrian dipole; the ob-
serveris a Pl

gation of the electromagnetic field. The field can travel anywhere on the earth
Thus the magic of rans-Atlantc wireless ransmission: the field diffacts acioss
the surface of the earth
to Rayleigh's discovery in acoustics™
Us imation scheme had a serious problem,
which Rayleigh pointed out. Raylcwh claimed that a shadowless wireless wave
could not move around the earth since it would lack analogy to the optical case
The wavelength of the wireless wave (less than 50 kilometers) had about the same
ratio to the radius of the earth as the wavelength of visible light had to one inch;
but the light shining on a conducting ball one inch inradius does notcreep around
ihe ball to illuminate its rear surface. Furthermore, Rayleigh points out that
ion did not in fact hold when the
is muuch smaller than the radius of the sphere owing 1o a property of the Bessel
functions that need not be detailed here” Henri Poincaré also pointed out the dif-
ficulty with
In the following decada, the mathematical problem of how to approximate the
exact solution of the diffracted field given by Macdonald was widely discussed

to the notorious Bessel functions. None of these efforts survived criticism_ Discus-

18. Thid, 328.

19 John William Smut, “On the bending of waves around a spherical obstacle,” PRS, 72
(1004), 40-41.

20. Henri Poincaré, “Sur la diffraction des ondes eleemigues: Apropes d'un aricle de M
Macdonald,” PRS, 72 (1904), 42-52.
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H. E. HALLBORG: We should try more transmission ex-
periments between stations lying north and south, so as to be
able to compare ranges with those lying east and west. It has
already been noted by ship stations that the transmission of
signals in a north and south line is superior to that in an east
and west line,

GUY HILL: Referring to the surface waves, Marconi has
used wires on the ground for long distance reception, and some
time ago Fessenden received messages over 600 miles on ground
antennae.

A. E. KENNELLY: We may assume, in the present state
of the theory of radio-telegraphic received signals, that the volt-
age of a signal received from a given steady waye-train is di-
rectly proportional to the maximum height of the receiving an-
tenna above the plane of the equivalent perfect ground surface.
The electric energy of the signal, however, is of course propor-
tional to the received voltage and the received quantity, The
quantity probably depends on the extent of wave surface area on
the wave-front intercepted by the antenna. If this way of con-
sidering the matter is correct, a very low antenna of great length
might give as strong a receiving signal as a high antenna of
small width or surface area.

- ALFRED N. GOLDSMITH: There scems to be a non-
reciprocity of sending and receiving properties, on which Lord
Rayleigh has already commented. A high antenna is necessary
for transmission, but since reception of messages is largely ac-
complished on surface waves (at least for long distances) a low
receiving antenna suffices,

CHARLES A: LE QUESNE, JR.: In a recent number of
the Telephone and Telegrapir Age I find a reference to some ex-
periments by Austin Curtis on an effect of moonlight on reception
of signals. The effects presented were similar to those for
sunlight,

ALFRED N. GOLDSMITH: These experiments wére
ariginally disclosed in The London Electrician for March 21,
1913, (page 1104) and May 2, 1913, (page 143}, and they have
been considered by Dr. Eccles in the same periodical for March
28, 1913, (page 1144). =
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L
antennae, A the wave length, and s, the distance between the
stations,

—a

426 L bV
L]

L=

where a is a constant, equal approximately to 0.0015,

These experiments covered several types of antennae, and
distances up to 1,000 miles (1,600 km.) with various antenna
currents. The current for audibility (thru an equivalent re-
sistance of 25 ohms) was taken as 10 microamperes. It appears
that we need only 5 P or with the dyne receiver
less than 2.5 microamperes. Making this change in the equation
above, the results had in the recent ‘Arlington-Salem tests offer
good substantiation of the relation. With a sending antenna ef-
fectively 450 feet (138 meters) high, and a receiving antenna of
130 feet (40 meters), groups of thirty-word messages have been
consistently received by daylight up to a distance of 2,383 miles
(3,830 km.). From this it can he shown by a graphical solution of
Austin-Cohen equation that the daylight range of an Arlington-
type station to a similar station is 2920 miles (4,700 km.) at a
wave length of 4,000 meters; and rises to 3,400 miles (5,500 km.)
at a wave length of 10,000 meters. (Further details of these
heterodyne experiments, and the Arlington-Salem tests are given
in the latter portion of the next paper in this issue of the Pro-
ceedings. Editor.)

T wish to endorse Professor Kennelly's suggestions. I trust
that the observations will cover all parts of the twenty-four hour
day, and that transmitting station records, as recommended by Mr.
‘Weagant, may be secured.

LLOYD ESPENSCHIED: Such experiments as just pro-
posed can be best carried on by the Navy. They would materially
add to the efficiency of the Weather Bureau's work, if properly
planned.

CAPT. F. ]. BEHR (Coast Artillery Corps, U. S. A.):
This subject is one of great interest to us; particularly the relative
advantages of “damped” and “undamped” waves. These meet-
ings of THE INSTITUTE OF RADIO ENGINEERS are doing
veoman service in calling attention to these points and the proper
method of investigating them.
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sion of the problem was by Cambridge-trained people—and by Henri
Poincaré.

Poincaré tried to work out an adiquat.i and figorous approximate sclution for
the ical problem He worked at it from 1909
until bis death in 1912, publishing mnepapers fn all, including  100-page mono-
raph published in 19103 Poincaré's strategy was to convert the infinite series
obtaimed by analytically salving the wave equation into  definite integral and 1o
employ Cauchy's residue theorem to evaluate it. Like Macdonald, Poincaré ex-
pressed the analytical solution of the wave equation in terms of a series of spheri-
cal harmonics constiruted of Bessel functions and Legendre polynomials. In the
case of a dipole on the ground, the imfinite series can be converted into a sum of
integrals associated with the poles of the spherical harmonics. When the size of the
conductor is much larger than the wavelength, the term corresponding to the pole
with the smallest imaginary part dominates the other terms. Paincaré proved that
the dominant-pole contribution to the field intensity on the spherical surface is
‘propertional to exp[-p(ka)' 8], where 8 is the angle defined in figure 2, k=27/) is
the earth's radius and p is anunspecified constant. The field intensity produced by
2 Hertzian dipale ona spherical conductor has the form of exponentialdecay with
respect 1o the separation angle =

Poincaré’s work invelved esoteric theories of Bessel functions and compli-

ared ioms. Butits had a clear and

ward physical meaning: the diffraction field on & here decays expo-
nentially: the larger the wavelength, the longer the transmission distance. Four
years after Poincaré published his important formula, a debate broke out over
whether the field's decay rate varied with .1, as required by his theory, or with
4172, as revealed from experiment. But Poincaré's result also was incomplete. [t
didnotspecify the numerical values of the decay rate y and the amplitude constant.
Without these values, the mathematical theory of difffaction could nat produce

results strictly tothe data. The task of ob-
taining the missing mumerical value of the decay e fell to John William Nicholson

Nicholson, Cambridge Wrangler began to publish on the diffraction problem
in 1910, He opened with a criticism of Poincaré s method = Poincaré had not car-
ried out the asymptotic approximation of the Bessel functions correctly, and his
procedure for converting the infinite series to anintegral was notadequate Iy rigor-
ous. Nometheless, like Poincaré Nicholson converted the series into an integral
and obtained its approximate value by the contribution from the dominant pole
He ex: the pole structures of d that for ka»>1. the
‘magnetic field intensity is dominated by the contribution from the zero of the de-

21 Henri Paincaré i i G i i palermo,
Rendiconti 29 [1910) 169 259

22 Thid, 201

23. John William Nicholson, “On the bending of electric waves round the earth,” Phile-
sophicalmagazine, 19 (1910), 276,
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rivative of the Hankel function with the smallest imaginary part. The imaginary
part of this zero has the form of p(ka)"”. Thus the approximate field is propor-
tional to exp[-p(ka) 8],

This conclusion is the same as Poincaré's. In addition, Nicholsen solved for
the numerical value of the attenuation coefficient p and obtained the value 0.696
Having this i ion., Nichol: providing quan-
titative predictions of the diffracted electromagnetic waves around the earth.

No quantitative experimental data on wireless wave iransmission were avail-
able when Nicholson finished his caleulation. Still hecould make a definitive and
surprising statement: “diffraction must be a relatively insignificant agency in the
success of experiments such as those of Marconi. "™ Nicholson's confidence came
from a dramatic discrepancy between the numerical scale of the diffraction theory
and thatof Marconi's experiment. The e xponentialdecay at 0 696(ka)" made the
diffracted field diminish much faster than it should have done if diffraction was

ible for long-di wave ission. Although Nicholson continued
to work on the diffraction theory for a few years, he no longer believed that it
could explain long-distance transmission. He thought that reflections from the

upper atmosphere offered a more plausible theory

Nicholson's did not destroy thy iontheory. His
cal solution to Macdonald's predicament was not the final one. Other mathemati-
i ‘methods that gen i different from

‘his_ Also, while the British-French diffraction theorists all stuckto the assumption
that the earth can be modeled as a perfect conductor, which guides the diffracted
field around the earth the German diffraction theoristsdid not focus only on this
case.

German follow-up

In Germany, a group of diffraction theorists worked on the problem of wire-
less-wave transmission over ground. They believed that finite ground conductiv-
ity played & role in several wireless phenomena. They assumed that a “surface
wave" would rise above the ground and creep along the ground surface. The finite
ground conductivity could modify the polarization of the wave. The German dif-
fraction theorists during the 1900s and the 1910s included an clectrical engineer,
Jonathan Zenneck, at ig. the ical physicist Amaold
and his protégés at the University of Munich.

In 1889, while pursuing his doctoral degree at the University of Tubingen,
Zenneck became  assistant of Ferdinand Braun, a pioneer of radio research in
Germany. During their work together (1892 to 1906) Braun's research group com-
peted fiercely with Marconi's team. In 1899, Braun launched experiments onlong-
distance wireless telegraphy inthe Cuxhaven region near Hamburg. Zenneck was

24. Iohn Nicholson, “On the bending of electric waves round a large sphere: IIL” Phile-
sophizalmagazine, 21 (1911, 6768
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their use for a stated amount of energy. But it is as yet an ob-
scure point,

JOHN L. HOGAN, JR.: The point that Mr. Hill suggests
regarding the prominence of reflection (and interference) effects
with sustained waves is well substantiated by some observations
presented by Dr. de Forest before this INSTITUTE. (Proceed-
ing of the Institute of Radio Engineers, Vol. 1, Number 1, page
37.) He shows that if continuous waves pass from a transmitting
station to a receiving station by two different routes, one of which
is direct and the other of which is caused by reflection of waves
which strike elevated cloud layers, very marked interference ef-
fects will be produced at certain frequencies. That is, at definite
wave lengths the signals will be either markedly weakened or
strengthened. Change of wave length may bring the signals to
normal strength.

It is possible that these selective ahsorption effects are
phenomena based on slow resonance, and that therefore they
should he more marked with sustained than with damped waves.
Instances of marked reflective amplification may be responsible
for the transmission of long-distance signals which have brought
forward the contention that the range to be attained by the use of
sustained waves is greater for equal output than with damped
waves. I have discussed this claim with Dr. Austin while in
Washington, and he appeared very sceptical concerning it. We
felt that we had not enough data to warrant acceptance of it and
that there should be no great difference in the transmission of sus-
tained waves as compared with those of low decrement.

It seems to be a wonderful confirmation of Professor Ken-
nelly’s hvpothesis that even such observations as those taken be-
tween Clifden and Glace Bay (where signals were graded in

with the theoretical conclusions.

Tn connection with abnormal daylight absorption treated by
Dr, Kennelly, it is interesting to note that the value and relation
for normal daylight absorption have been partially confirmed.

Tn 1911, Drs. Austin and Cohen, on the basis of experimental

‘work performed from Rrant Rock, gave the following law for the

received antenna current I, in terms of I,, the transmitting an-
tenna current, h, and h., the heichts of transmitting and receiving
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]
by the reflection of the waves from the upper layers of the at-
mosphere rather than in any diminution of absorption. This im-
plies a stratified structure of an ionized atmosphere at night, this
structure being broken up by convection currents of air and
changing illumination during the day.

Observations at Brant Rock and at Arlington show that, tho
the difference between the strength of signals by night and by day
is much less at long wave lengths than at short, still there is
no approach to actual equality in strength of day and night sig-
nals even for very long waves. Thus, with Clifden sending at
7,000 meters, at Brant Rock the received current thru 25 ohms
resistance was from 35 to 55 micro-amperes by day, rising to
100 micro-amperes by night (for autumn and winter). In sum-
mer, the day signals were generally inaudible, varying between
7 and 12 micro-amperes. The night signals were much louder in
this case also.

. ROBERT H. MARRIOTT: The Standardisation Coms
mittee of the INSTITUTE will consider the shunted-telephone
method of recording the strength of signals, as well as other
methods intended for the same purpose, in order that Professor
Kennelly’s suggestion of the codperation of amateur and com-
mercial stations in scientific investigation of transmission may
be put into practise shortly.

ROY A. WEAGANT: It is quite certain that much of the
value of data obtained by amateurs on the strength of signals of
certain commercial stations will be lost unless the commercial sta-
tions can be induced to keep a definite record of their radiation at
various times, The current value in the antenna, the quality of
the note, and the wave length are necessary for such a record.
‘This is not usually done.

GUY HILL: According to your theory of reflection from
conducting upper layers in the atmosphere, might not continuous
(“undamped”) waves be reflected more perfectly than damped
wave trains? This question has a bearing on an effect we wish to
explain, namely the apparent greater range achieved by given
amounts of energy when in the form of continuous radiation.
More observations on this point are needed.

A. E. KENNELLY: T think that if a steady stream of
waves were emitted, they might show these reflections more
markedly: and possibly greater ranges might also be attained by
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deeply involved in the Cuxhaven project. By 1905, Zenneck had become an au-
thoritative figure in the community of telegraphy engineer. In 1906, he became a
professor at the Braunschw eig Technical University =

Zenneck's first work of interest here concerned wave propagation along an
infinite planar interface between the air and a conductor (figure 3).* The novelty
of Zenneck's approach in comparison with the British theorists did not lic only in
the geometry. In contrast to previous work, he did not use any information about
the dipole oscillator to solve the overall field generated by the source and shaped
5y the boundary condition. He suppased 3 particalar farm for the electric and
‘magneti itsatisfied Maxwell 1a d the by d.

condition. This form was a plane wave with field components containing a factor
expli (or+sv)], where @ s the angular frequency and s s the wave number in the
horizontal dis ging into Maxwell's equations and the
boundary condition, he found that the field quantities bove the surface are pro
portional to expli(vi+sw-roz)]. and Lhuse below the surface to expli(vi+sx+r.2)],
where ro= (k-9 72 and k, ands k, are the wave numbers inthe
air and on the ground, respectively. The values of s, 7., and 75, all obtained by
solving simple zlgebric equations, are ined by the dielectri and
conductivitiesof the air and the ground. They were complex numbers.

The physical implications of Zenneclk's field solution are extraordinary. First,
unlike the optical plane waves in free space, Zenneck's wave not only propagates
butalso attenuates along both the x and ¢ directions. In addition, the polarization of
Zenneck's wave is determined by the ground conductivity and dielectric constant.
In contrast to free-space plane waves, the polarization of Zenneck's waves cannot
be chosen freely.

When the ground conductivity is finite (in the scale of earth, stone, or sand
conductivity), the polarization direction of Zenneck's wave inclines along the di-
rection from which the wave comes. Zenneck pointed out that Marconi's experi-
mental results on the directive antenna agreed with this finding. Marconi discov-
ered thatthe receiving antenna receives maximum power when the serial inclines
slong the line of sight between the transmitter and the receiver. According to
Zenneck's theory, the finite ground conductivity causes the direction of polariza-
tion of the propagating wireless wave to incline toward the direction of propaga-
tion; the antenna has maximum efficiency to convert the field into an oscillating
current when it aligns with the polarization direction of the field (figure 4)

Th ion of Zenneck's wave along the ion direction reaches its
‘maximum ata finite ground conducti vity. When the conductivity is either zero or
infinite, the attenuation is zero. A ground with high resistance (a dielectric mate-
rial) could support long-distance propagation. Zenneck zlso showed that the at-

25. Kurylo and Susskind (ref. 9), 73-74,130-173

26. Jonathan AW. Zenneck, “Uber die Farpflanzung ebener elekwomagnetischer Wellen
Iings einer ebenen Leiterfliche und ihre Beziehung zur drahtlosen Telegraphie,” AP, 23
(1807), 846-866.
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FIG. 3 Zennedk's boundary cendition.

tenuation decreases with d is much more serious along the vertical
than along the propagation dircction. The field intensity decreases to 1/ of the
original intensity at 2=0in some centimeters along the vertical and in some kilo-
‘meters along the horizontal. Most of the energy is concentrated near the air-ground
boundary: Zenneck's wave is a “surface wave.’
Zenmeck's work provided a novel insight. Unlike the British and French dif-
fraction theorists, who held that the shape of the carth enabled long-distance wave
‘propagation, Zenneck suggested that the ground resistance also played a critical
Tole. Nonstheless, his paper of 1907 could not be considered as 2 complete work.
Zenneck's wave” is only one possible solurion of the Maxwell's equations and
the boundary . not the solution physical reality
In contrastto the British diffraction theory, Zenneck's approach didnot specify the
source that generated his wave; we notonly have noideahow to generate it, we do
not know whetherit can be generated at all! Enter Amold Sommerfeld
had worked on optical before hetook up radio waves.
His novel approach of converting the solution of a differential equation with a
proper boundary condition into a closed-form complex integral suitable for nu-
‘merical evaluation would become a hallmark of his work ¥ He published his firs:
paper on the Hertzian waves in 1899 * It studied the propagation of electromag-
netic waves along a ing wire. that as current
flows in the wire, the Hertzian wave it produces also propagates along the wire.
Once el 1 were din terms of waves in the acther, there
was no essential difference between the wired and the wircless. Since the energy
transfer associated with the flow of an electric current in a wire could be under-
stood as the propagation of an actherial wave along the wire, it was reasonable to
understand a wave propagating sbove ground in terms of a flow of energy guided
by the ground.

27. paul Forman, “Amel¢ Sommerfeld.” n Dictionary of sclenific biography. 12 (New
York, 1975), 526-529; Amold s i kizze” in

Gesammelie Schriften, 4 (Braunschweig, 1968), 673-682.
28. Ameld “Uber die

Drahtes,” AP, 67 (1899}, 233-200.
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(22) J. A. Fleming, Nature, Vol, 90, Oct. 31 and Nov. 7,
1912, pages 262 and 292, respectively,

(23) J. Zenneck, Leitfaden der Drahtlosen Telegraphie,
Stuttgart, 1913,

(24) J. E. Ives, Philosophical Magazine, May, 1913.

(25) L. W. Austin, Journal Washington Academy of Sci-
ences, June 4th, 1913,

Dr. L. W, AUSTIN (by letter) : An idea, held some time
ago, that the difference between the strength of signals by day
and those by night was due to the ionization of the air around
the sending antenna, caused by the ultra-violet light from the sun,
has been entirely abandoned.

An lanation, that the i strength of
signals at night was due to diminished conductivity in the upper
ing layers of the here at night, seems improbable

in view of data in the possession of the U. S, Navy Department.

This data shows that: (1) In certain regions and at certain
wave lengths the ground absorption is greater than over equal
stretches of salt water in the ratio of as much as twenty to one,
Yet signals are sometimes received in such regions at night with
the same strength as if there were no absorption at all. The sun-
light can hardly affect ground absorption. (2) When working
with sustained waves from arc radio-telegraph sets, the strength
of signals may be great on certain wave lengths and very weak
at other slightly different wave lengths. Thus a change of two
or three per cent. in wave length produces enormous changes in
intensity of signals. The probable explanation of this effect is,
in accordance with Dr. de Forest's suggestion, ( Proc. Inst. Radio
Engineers, Vol. I, No. 1, page 37, 1913) that interference be-
tween a set of waves travelling along the earth and another set
which have been reflected from conducting layers of the upper
atmosphere takes place. There is no doubt as to the existence
of this effect. The probable reasons for the failure to observe
it with spark sets is partly because of the greater changes of
wave lengths employed with such apparatus, and partly because
the shorteness of the wave trains does not permit the direct and
reflected waves to overlap and interfere for any considerable num-
ber of wave lengths.

The most probable explanation of the increased strength of
night signals is to be found in an increase of energy received




208

6
BIBLIOGRAPHY.

(1) M. Abraham, Physikalische Zeitschrift, Vol. 2, 1901,
page 329.

(2) J. Zenneck, Annalen der Physik, Vol. 23, 1907, page
846. o

(3) F. Hack, Annalen der Physik, Vol. 27, 1908, page 43.

(4) P. Epstein, Jahrbuch der Drahtlosen Telegraphie, etc.,
Vol. 4, 1910, page 176.

(5) A. Blondel, Comptes Rendus du Congrés de Nantes,
1898, page 212.

(6) E. T_ccher Physikalische Zeitschrift, Vol. 3, 1901, page

(7) K Lller, Beitrige zur Theorie der Elektromagnetis-
chen Strahlung, Rostock, 1903.

(8) K. Uller, Jahrbuch der Drahtlosen Telegraphie, etc.,
Vol, 2, 1908, page 8.

(9) A. Sommerfeld, Annalen der Physik, Vol. 28, 1909,
page 665.

(10) H. March, Annalen der Physik, Vol. 37, 1912, page 29.

(11) H. Poincaré, Comptes Rendus, Vol. 154, 1912, page
795, or Jahrbuch der Drahtlosen Telegraphic, etc.,
Vol. 3, 1910, page 445.

(12) H.Poincaré, Rendiconti Palermo,Vol.29,1910, page 1.

(13) J. W, Nicholson, Philosophical Magazine, April, 1910,

(14) W. v. Rybenski, Annalen der Physik, Vol. 6, 1913, page
191.

(15) L. W. Austin, Bulletin Bureau of Standards, Vol. 7,
1911, page 315.

(16) Brylinski, Bulletin de la Socité internationale des Elec-
triciens, June, 1906, page 291,

(17) J. A. Fleming, Nature, Nov. 7, 1912, page 294.

(18) J. A. Fleming, The Marconigraph, Vol. II, October,
1912, page 270.

(19) L. de Forest, Proceedings Institute of Radio Engin-
eers, Vol. 1, No. 1, Jan,, 1913, page 42.

(20) W. H. Eccles, Proceedings Royal Society, Vol. 87A,

1912, page 79,
(21) M. Di Experi U ans
dem G biet zwischen Drah T, i

und Lnttelcktrlzna: Berlin, 1912,

73

fe)

FIG.4 T g fa)lee o ty ground
conductivity and diclectric comstant; (<] moderme grownd sonductivity and small grownd dislestric
comstant; The armows denots the direstion of Wave transmission. Zenneck (ref. 26), figs. 4-6.

Sommerfeld recognized that he could resolve the questions how ar whether
Zenneck's surface 1d b; iques he had
developed in the mid-1890s to tackle diffraction problems and wired waves. In
1909 Sommerfeld showed that Zenneck's “surface wave” could be generated by a
vertically polarized Hertzian dipole oscillator located above the flat conducting
surface ™

29. Arnold “Uber di der Wellenin ie,”

AP, 28 (1909),665-736.
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Sommerfeld's problem has the same geometry condition as Zenneck's: an infi-
nite flat interface separating the conducting material below and the airabove. But
different from Zenneck, he put & vertical Hertzian dipole on the ground as the
source of waves. To solve the problem with his Hertzian radiator, Sommerfeld
expanded the Hertzian potential in terms of 2 set of basis functions mare conve-

nient for than 's. However, s
expansion is not a discrete sum of spherical harmonics with various half-integer
onders. As was typicalof his mathe matica spproach in the 18505, was an nie-
ing only the Bessel function of crder 0. The differemt choices
of expansion led to an essential difference betwesn the Britisk-French and the
German theories of diffraction. Sommerfeld noticed that any cylindsical wave in
the form of Clulg ©) expl(g’k")' %2, is a solution of the wave equation where g is
afree parameter and Jo, is the Oth order Bessel function. Sommerfeld's solution of
the Hertzian potential has the form of an ntegral expansion of cylindrical waves
overg.
To evaluate this integral, Sommerfeld used Cauchy's residue theorem to con-
wvert the integral over the entire real axis into a contour integral over the entire

complex plane. The integral came outas the sum of three terms; one of which had
the same form as Zemneck's surface wave. Furthermore, the other terms became
insignificant atlong distance. In short, Sommerfeld proved that Zenneck's surface
wave is the asymptotic solution of the diffracted field produced by a vertically
polarized Hertzian dipole sitting just above the flat boundary surface.

The Gemman diffraction theory differed from the British-Frenchrival by indi-
rectly showing thatnotonly the geometric shape of the boundary surface but also
the resistance of the ground affect the transmission distance. Moreover,

's approach to the difft problems created a unique tradition of
practices. Expanding the field with respect to an integral of cylindrical waves dif-
fered significantly from the common technique that expanded the field over a sum

of discrete- pherical harmoni knew that his approach engen-
dered many problems, which he gave to his students at the University of Munich.
Herman William March wrote a thesis in 1911 extending Sommerfeld's integral

approachto the di ave along a spherical cond Vitold von

wrote on a similar topic in 1913
3. ATMOSPHERIC REFLECTION HYPOTHESES
A few very important phenomena could not be explained by a surface wave

that depends solely upon the isticsof th d. The mo fect, the
daylight effect, and “stray rays” all strongly suggested that the propagation of an

clectromagnetic wave has to do with air as well as ground. This consideration lay
behind the theory that extended wave transmission arises from reflection of elec-

ic waves by an layer in the upper atmosphere.
Around 1902, Oliver Heaviside, Arthur Edwin Kennelly, André Blondel, Henri
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(a) Long waves, because their concentration factor is
larger, that is, they follow the earth more closely. In
fact, in

(b) Any conditions where surface waves predominate, e. g.,
over water.

The increased dielectric constant of moisture laden air may
account in part for certain well-defined interference effects, as
explained by Dr. Lee de Forest .

Dr. W. H. Eccles ™ gives a theory of wave propagation
in ionised air which, under certain conditions, leads to conclusions
directly conflicting with those of Fleming. Thus, according to
Eccles, as a result of ionisation of the upper layers of the atmos-
phere, the wave front may be tilted forward so as to follow the
earth’s surface moré closely; in fact, ionisation might thus assist
long distance transmission. There are, then, two opposing effects,
the relative preponderance of which determines whether the wave |
front is tilted forward or backward.

(a) It is tilted backward if, because of ionisation there is a
deposition of water on the ionic nuclei, with a conse-
quent increase in the dielectric constant.

(b) Tt is tilted forward if the presence of ions of molecular
dimensions increases the velocity of the waves,

Further experiment on these points is highly desirable.

Tt will, hov.evcr be noted, that regardless of whelhe\- effect
(a) or (b) Professor Kennelly's of
the sunrise and sunset effects as due to reflection at the boundary
surface between ionised and un-ionised air still holds. Effect (a)
would provide a more nearly complete reflection.

Tt has been further suggested that the antenna may be actu-
ally discharged by ultra-violet light in sunlight falling on it
(Hallwachs effect). This, and other interesting points relative
to the influence of heric itions on ission and
reception are fully treated in a recent publication by M. Dieck-
mann ¥, The attention of the experimenter in this field is
directed particularly to Professor Fleming's valuable paper before
the British Association '** and to the chapter on electric wave
transmission in Professor Zenneck’s “Leitfaden der Drahtlosen
Telegraphie” * to bath of which sources T desire to acknowledge
my indebtedness for suggesting some of the material given in this
discussion.
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A complete theory of propagation of electromagnetic waves
on a sphere of material of finite conductivity has not yet been
developed. T

There is another source of loss of energy in transmission
which is generally not considered, namely, the loss thru ground
currents in the immediate neighbourhood of the antenna Inas-
much as i b ion of energy und dly takes
place in this vi some interest is attached to conclusions
drawn by Brylinski "® relative to the resistance to alternating
current of a homogeneous plane conductor of indefinite extent,
the current flow being parallel to the plane. (It has been shown
experimentally that this is very nearly the case for actual trans-
mitting stations). Brylinski shows that the resistance increases
with the specific resistance of the material, with the frequency of
the current, and with the damping of the current. Remembering
that the nearest approach to an ideal Hertzian doublet, radiating
without loss in the surrmmdmg medium would be attained by
having a perfect i ing thru the
plane of the doublet, and that :Ins implies that the ground re-
sistance to an infinite distance is zero, we find that long distance
transmission is best attained by the use of sea water grounds,
long waves, and continuous radiation of energy. The first two
of these conclusions are in accord the facts, the third point
is one requiring further investigation.

Relnrmng to the effect af atmospheric ionisation on trans-
mission, an of daylight absorption has been
suggested by J. A. Fleming "7, 98 Tf the upper layers of the
atmosphers are strongly fonised by sunlight, the ions produced
may act as nuclei for the condensation of water vapor. As a
result of the presence of the water drops, and the high dielectric
constant of water (namely, 80) the upper layers of air have a
higher dielectric constant after exposure to sunlight. Fleming
experimentally found that the diclectric constant of steam-laden
air varied between 1.004 and 1.026. Therefore the electric waves
will travel more slowly in the upper layers of air than in the
lower, and the wave front will be tilted backward relative to the
direction of transmission. In consequence of this tilting back
of the wave surface, the entire wave may pass ctly over the
receiving station. The effect is quite similar to diminishing the
concentration factor. On Fleming's hypothesis, daylight ab-
sorption should be least for
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FIG. 5 The suzface-diffraction mods] (left panel) versus the stmpspheric-reflection mocel
{right pane]); the thicker smow gives the direction of the Hentzian oscillator, the lighter ar-
Tows the direction of weve propagation.

Poincaré, and Charles-Edouard Guillaume all considered the possibility of atmo-
spheric reflection® But only Heaviside and Kennelly published their ideas.

Oliver Heaviside, 2 self educated theorist unaffiliared with any academc in-
stitute, developed a ‘model for telegraph-sig anew
formulation of Maxwell's theory, and the technique of operational calculus for
solving linear ordinary differential equations * He never smdied wireless telegra-
phy seriously. But his work on wired si yed a signi
ristic role in his thought on the transmission of wireless waves.

1n 1901, Heaviside was studving the electromagnetic field pattems produced
by an electrical signal uansmitied through s coaxial cable. He obtained the elec-

ic fieldby solvi condition speci-
fied. Additionally, he made various geometric metamorphoses ofthe coaxial cable
1o other mathematically tractable structures, for example, transformation of the
cylindrical condition to a point source sitting on top of a large hemisphere sur-
rounded by another *He found that th: trans-
mission of waves along the curved surfaces and conjectured that the same mecha-
nism accounted for Marconi's wireless signals across the Atlantic Ocean.

He published this idea in 1902, in a short paragraph in an introductory article
on telegraphy in the Encyclopedia Britannica. ™ In it Heaviside observed that, be-
cause boththe seaand the land have non-vanishing conductivities, wireless waves
could travel along the earth’s surface in the same manneraselectromagnetic waves

30. Alexander Russell, “The Kennelly-Heaviside layer,” Nature (24 Oct 1825), 608,

31. Paul Nahin, Oliver Heaviside, sage in solitude: The life, work, and times of an eiectrical
genius of the Victorian age (New York, 1987); 1do Yavetz, From obscurity fo enigma: The
work of Oliver Heaviside, 1872- 1859 (Basel, 1995).

32, Nahin (ref. 31),279-281.

33. Oliver Heaviside, “The theory of electric telegraphy,” Encyclopedia Britannica (10th
edn., 1902, 37 (1802),215.
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travel along a conducting telegraph wire. He added the possibility that traveling
waves arebounded notonly by the earth's surface but also by aconducting layerin
the upper atmosphere. That was all. He did not discuss the source of the conduct-
ing layer, empirical evidence forit, or the behavior of waves propagating between
the concentric spherical conductors.

The other man holding the hypothesis of an atmospheric reflection layer was
Arthur Edwin Kennelly. Bornin India, he left the University of London, where he
was a student, to become a full-time telegrapher. After working in the Eastern
Telegraph Company for years, he joined Thomas Edison's West Orange laboratory
in 1887. The experience transformed him from an operation engineer to a re-
searcher on new electrical technologies. He became a professor of electrical engi-
neering at Harvard University in 1902, and stayed there until 1913 His principal
interests were electric circuits and power systems and his contribution to wireless
telegraphy was comparatively minor. His primary contribution was popularizing
the theories and technologies of wireless telegraphy to the public by providing

of inwireless practices.
He i ical intuitk than i caltheory.

In 1902 Kennelly published a paper with a model similar to Heaviside's.”
Unlike Heaviside, however, Kennelly explained the existence of the atmospheric
condusting layer. The explanation rested on 1.J. Thomson's discovery that the air
has an electric conductivity when thinned. The more dilute the air, the higher the
conductivity. Kennelly evoked the standard dependence of atmospheric pressure
on height and Thomson's ex trapolated experimental formula to deduce that at the
height of 80 kilometers the air conductivity is 20 times that of sea water! After
securing the causal fon of the layer, Kennelly
argued that if the propagation space is confined by the atmospheric conducting
Tayer and the carth surface, then the wave's cnergy density diverges as fast as 2

wave's. In the absence of an e

layer, the energy
density diverges as fast as a spherical wave's. The argument concerning energy
divergence plus the armospheric reflection model account for a higher field inten-
sity over a given distance.

Kennelly's paper in 1902 gave a causal explanation of the existence of the
conducting layer and a more exact estimate of its height. But he did not connect
the hypothesis with observed phenomena. Nor did he devise a quantitative theory
of wave transmission from Maxwell's equations and the given boundary condi-
tion, as the diffraction theorists had done.

34, Karl Willy Wagner, “Arthur Edwin Kennelly, zu seinem 70. Geburtstage,” Elekirische
Nachrichten Technik, 8:12 (1931), 1.

35 AnthurE. Kennelly,“On theelevationof the e lectrically-condieting srataofthe earth's
amosphere, Elecirical woridand engineer, 15 Mar 1902; reprintedin “Kennelly-Heaviside
ionized layer—a classic of science,” Seience news letter. 17 (18 Jan 1930}, 45
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papers relate to the superiority of long wave transmission, and
transmission over water. A further aspect of the problem is
considered in them, namely the effect of the curvature of the
conducting sheet or ground,

It will be remembered that Sommerfeld regarded this con-
ducting sheet as plane, and it would certainly seem that the trans-
mission of electromagnetic waves over an earth quadrant despite
the curvature requires explanation. The papers just cited supply
this explanation. They show that

(a) For a spherical, perfectly mmiuc:lng grmmd the energy

of the wave decreases not as g hul as \/_.9 (6)

where #is the angular separation of the pointsconsidered
measured along a great circle of the earth (neglecting
“scattering”).

It follows, therefore, that the amplitude at any distance from
the antenn will be greater than for a plane ground, and may even
rise to considerable values at the antipodes. There is, however,
a second consideration, namely, the failure of the energy to fully
follow the earth's surface and its consequent re-radiation or
“scattering.” It results in the introduction of what I shall call
the “concentration factor.”*

The theory shows that for a spherical, perfectly conducting
ground

(b) The energy of the wave, taking account of scattering

or re-radiation of energy from the surface wave, is
obtained by multiplying the value obtained under
statement (a) above by the concentration factor:

(0]

where A is the wave length (wave length and dis-
tance expressed in kilometers).
The caleulated values of the concentration factor for a distance
of 5,000 km. is 0.0025 for a wave length of 4,000 meters and
0.0086 for a wave length of 8,000 meters. The advantage of
using long waves is again apparent.
The expression for the energy of the wave obtained accord-
ing to statement (b) above is in reasonable agreement with the
results obtained experimentally by Dr. Louis W. Austin %",

*Usually called “Zerstreuungs Faktor” or “scattering factor”
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media (that is, in space, and in the partially conducting sheet).

The relative importance of the space and surface waves is

found to be determined by the value of p . The value of g for
sea water is 0.03, for pure water 30, for wet earth 6.5, and for
dry soil 300 (for a wave length of 2,000 meters at a ance of
2,500 km.) It is seen that the numerical distance increases with
the real distance, diminishes with increased wave length, and is
Jess for equal distances over sea water than over land. Further-
more, Sommerfeld's analysis shows that the assumption of per-
fect conductivity of the ground is allowable only for short dis-
tances over sea water. The distance from the antenna at which
the surface or space waves predominate is determined as follows:

(a) For small values of the numerical distance, the space
waves predominate.

(b) For larger values of the numerical distance, surface
waves predominate,

() For very large values of the numerical distance, the
space waves may again predominate, but this last ef-
fect may be neutralized by the effect of the curvature
of the earth, and is probably not important in practise.

The surface wave is the more desirable one for long dis-

tance reception because it decreases far more slowly with distance
than the space wave. The numerical distance should therefore
be kept small so that the surface waves soon predominate. This
may be secured by the following mean:

(a) Increasing the wave length.

(b) Increasing the conductivity of the ground.

(c). Increasing the dielectric constant of the ground.

These conclusions are well borne out in practise. Sommer-

feld has also suggested that daylight absorption is due to higher
conductivity of the air causing an increase in U,, and thereby
increasing the numerical distance. In support of this, he men-
tions that Ebert found that the conductivity of air at a height of
2,500 meters was 23 times greater than at the earth’s surface. It
is, however, the opinion of other investigators, notably Messrs.
Zenneck and Pierce, that the ionisation of the air due to sunlight
is entirely insufficient to account for the magnitude of the ob-
served effects,

Sommerfeld's work has been carried further by H, March

19 H. Poincaré U1, U2 7 W, Nicholson ¥, and W. V. Rybcz-
ynski 4. The practical conclusions to be drawn from all these

7

4. QUANTITATIVE EXPERIMENTATION
Naval Wireless Telegraphic Laboratory

Theexperiments done by Louis Austin's team at the U.S. Naval Wireless Tele-
graphic Laboratory in 1910 were thought to be the only high-quality evidence for
long-distance wireless-wave The ical formula synthesi:

from the experimental results, known as the “Austin-Cohen formula,” tumed out
to be the empirical law governing the relationship between the field intensity and

the large: d . Nevertheless, the broad of the empiri-
cal formula made people overlook the fact that the Navy's “experiments” were
actually organized not for sci g d wave trans-
mission but for testing th of the Navy's recently installed

high-power wireless-telegraphy station.

In 1899 the Bureau of Equipment of the U S. Navy established a Radio Divi-
sion to look into replacing flag-and-light si fmalmf’ wn.h vure]ess The plan failed
owing to cultural gaps and the associated sea-
men rejected the new gadgets without performance records. Engineering officers
living in a conservative military culture clashed with the wireless inventors who
preferred flexibility and novelty. The Bureau of Equipment did not have enough
power to overcome the opposition. The Navy ended up on-board radio sets rarely
used by the combat units and without a system of standardized training in opera-
tional and maintenance procedures®

The opposition had much to say forits position. The wireless technalogy of
the early 20th century was unreliable. The mainstream tansmitter (spark-gap dis-
charger) suffered from itshighly d: d Tt receiver (co-
herer) could not follow faithfully the continuous variation of a signal and per-
formed unstably_ To incorporate the radio into operation, the Navy required reli-
able data and relizble instruments for which they could develop standard opera-

ional-mais and schemes. It needed a
research establishment for equipment tests, accurate measurements, and technical
evaluation of wireless technologies.

The head of the Radio Division. Cleland Davis, and the director of the US_
National Bureau of Standards Samuel Wesley Stratton, agreed to station the labo-
ratory be stationed within the existing organizational structure of the Bureau. The
Naval Wireless Telegraphic Laboratory thus was bomn *'1ts first head , Louis Winslow
Austin, a physicist then working at the Bureau, had obtained a doctoral degree at

36.Susan Douglas, ical imovaonand The Navy's adop-
tion of radio, 1899-1919,” in Merritt Roe Smith, ed,, Military enterprise and technology
change: Perspectives on the American experience (Cambridge, 1985), 117-173; Linwood
S. Howeth, History of communications-elecronics in the Unired States Navy (Washington,
D.C., 1963), chapis. 12, 13

37. Louis W. Austin, “The work of the U.S. Naval Radio-Telegraphic Laboratory,” Ameri-
can Society of Naval Engineers Journal, 24 (1912}, 122-141.
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the University of be worked at the Rei th
German model for the Bureau of Standards, which he joined on his retum to the
U.S.in 1904. He was transferred to the Navy Department in 1908 in order to head
the Wireless ic Laborarory. Hestarted with istant, George H. Clark,
and a few part-time technicians

In 1908, the Navy issued a tender for its first high-power wireless station in
Arlington, Virginia. It specified that the transmitter should be capable of sending
messages at all times and at all seasons to a radius of 3000 milesin any navigable
direction. The National Electric Signaling Company (NESCO) obtained the con-
tract in 1909. The wansmitter would be similar w the 100 kilowatt Fessenden

rotary spark di: installed at NESCO' ire-

less station at Brant Rock, Massachusetts. Both the Navy and NESCO knew that
ihis i bing conld nat meetthe lang-distance specificsion in the contract. Noe-
theless, the Navy awarded the contract with NESCO intheb
discharger was the best available. To legitimate the compromise. the Navy re-
quired further technical tests and measurements of the existing system at Brant
Rock while the construction for the Adlington station proceeded * The task of test-
ing and measuring the 100-kw rotary spark discharger at the Brant Rock station
was assigned to the Naval Wircless Telegraphic Laboratory. During the summer
and autumn of 1909, the electricians of the Laboratory conducted preliminary
measurements on the wireless sets at Brant Rock and on communications from
there to the scout cruisers Birmingham and Salem.®

From subsequent field tests done in July, 1910 Austin synthesized the first
empirical formula governing the relation between distance and radiation intensity
for long-range wave transmission. That realized the major aim of the tests: o
evaluate the communication qualities of particular wireless sets, namely the
Fessenden motary-spark mansmitters, not to produce an empirical law for the sci-
enceof wave Austinpaid attention to particular i
than general regularity

The experiments of 1910 werenot the first attempts to obtain quantitativerels-
tions between received antenna current and distance. William Duddell and L.E
Taylorin Britain and Camille Tissotin France did similar experimentsin 1904 and
1906. Within a range of 50 miles, they discovered that the current is inversely
proportionalto distance " Austn's tests ran to 1000 miles. Birminghan sailed about
1200 miles south from Brant Rock, Salem about 450 miles southeast; through the
voyages the wireless sets at Brant Rock and on the cruisers regularly ransmitied
and received signals from one another, both day and night. The whole experimen-

38 Hugh G J. Aitken, The continuaus wave: Technalogy and American radic, 1900-1932
(Princeton,1985), 88.

39 Austin(ref. 32),125, 147153, and Louis W. Austin,"Some quantitative experiments in
long-distanceradiotelegraphy "Burean of Standards Bulletin, 7-3 (1911), 315-363

40. William Duddell and J.E. Taylor, “Wireless telegraphy measurements,” Electrician, 55
(1905), 258-261, and Camille Tissor,"Note on the use of the bolometer as a detector of
electic waves,” Elecirician, 6 (1906), 843-849
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part in radio telegraphy are A. Blondel ®, E. Lecher ', and
K. Uller '™, ®. However, it remained for A. Sommerfeld in
1909 '™ to give a broad theoretical treatment of the spread of
electromagnetic waves over a partially conducting sheet placed,
as before, in the equatorial plane of the oscillator ; the sheet being
plane. Because of their importance, Sommerfeld's explanations
and his conclusions will be considered in some detail.

He first discusses the fundamental energy distinction between
space and surface waves. Space waves, such as electromagnetic
(Hertzian) waves and sound waves, spread three-dimensionally.
Their energy (per unit area of wave front) is therefore propor-
tional to the inverse square of the distance from the source. Sur-
face waves, such as ripples on water, electric waves on wires, and
elastic waves of surface distortion in solids, decay according to
a different law of energy diminut Thus, for waves spreading
circularly over water, and neglecting dissipative absorption in
the medium, the energy varies inversely with the distance; not as
the inverse square.

Sommerfeld defines a quantity U in his paper as follows:*
PR VEESPTE &

where K is the diclectric constant, u is the permeability,
o is the conductivity, jis V1,
n is the frequency, c is the velocity of light.
From U, and Uz, the values of U for air and the conducting
sheet respectively, he builds up a new quantity p , which he ealls
the “numerical distance.” Tf S is the actual distance, g is de-
fined by the following equation:

Ul — Ui Uis
o ] )
e
Sommerfeld sets up the partial differential equation for his
problem, i s the ry boundary conditions, and, after

a series of elaborate analytical transformations, arrives at the
following value for II, the vector potential at any point:
O=F+ Qq+Q (5)
Herein P represents that portion of II. which is due to a true
surface wave, and (), and (}, represent space waves in the two

'The quantity U is Sommerfeld’s “k". The notation here em-
ploy where possible, that recommended by the Standardisation Com-
mntez of THE INSTITUTE OF RADIO E‘\G[NEE S,
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(b) The electric and magnetic field intensities are in phase.

1t will be noted that these conditions apply .only when the
equatorial plane is a perfect conductor. This is nearly the case
for sea water, but not at all for dry land. J. Zenneck considered
this problem in detail for the case of an imperfect conducting
plane. @ For the case of the partial conductor he found

(a) The lines of magnetic force are parallel to the plane,
the lines of electric force are inclined in the direction
of motion of the wave,

(b) The electric force has a horizental component which is
nearly in phase with the magnetic force.

(c) The vertical component of the electric force and the
horizontal compenent of the electric force are out of
phase with each other.

There is a resultant rotary electric field at the surface of the

plane.

Zenneck gives the following values for the field forces at a
distance from an antenna of height h, of form factora, in which
flows a current I, and from which are radiated waves of length
a:

-Bs
Electric Force = 4 Lx £ 3.(10) * c.6.8. Units (1)
8

-Bs
Moguetic Force = 4 # 20w & @
:

where S is a constant. It will be seen that the values of these
forces are dependant on the wave length.

The effects of the conductivity of the ground plane and of
underground water or rock have been exhaustively studied by
F. Hack ' and P. Epstein '* has given figures for the electric
lines of force of actual waves (of length of 2,000 meters) passing
over soil of high conductivity, and at considerable distances from
the antenna,

Of particular interest in these latter papers is the proof of
the existence of a varying horizontal component of the electric
force on the wave front. Such electric forces exist on wires along
which guided or surface electric waves are passing, and the ques-
tion naturally arises whether we are not dealing with surface
waves if the case of terrestrial radio transmission. Among the
earlier investigators of such guided waves and of their probable
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tal process, including & ion and on-site measure-
ments, and data analysis, wasexecuted by electricians hired by the Naval Wireless
Telegraphic Laboratory and engineers of NESCO.*

in carefull B ;i

y y inthe reporthe wrote
for the Bureau's Bulletin. The itters were Totary-
spark dischargers, powered at 100 kw at the Brant Rock station and 2 kw on the
cruisers. The broadcasts occurred at 1000 meters and 3750 meters. When the sepa-
ration berween the ransmitter and the receiver exceeded 100 miles, operamss used
charcopyrite zinkite rectifiers with g md shunted

to detect the antenna cumrent. Both kinds of sensors had high sensitivity for wealt
current.

During the voyage the electricians noticed several unusual phenomena. After
the departure of the ships, the signals became too weak for detection by the crys-
tal-rectifier detector. Except for 2 few signals taken in the first two days, all the
data were taken by the shunted telephone. In addition, the electricians observed
that the signals received at night were significantly more erratic than those e-
ceived during the day. The signal level at night was usually stronger, but it had
more fluctuation and experienced more disturbance. The nine-day experimental
campaign produced five tables of measured data (for example, see figure 6).

The Austin-Cohen formula

Austin at first tried to fit the daytime data with Duddell's formula that made
received antenna currentinversely proportional to distance. The inverse law gave
‘much higher values than the measured databe yond 200 miles. Then he tried the ad.
hoc assumption that the received current experiences an additional exponential
factor owing to atmospheric absorption. The NESCO engineer Louis Cohen dis-
cavered that a fixed damping coefficient 4 could reproduce all the data for the
ame gth; to capture the data forboth he setd =i,
Thus the exponentialfactor isexp[ai ™ “d)d. They speclhedr_hmu 0.0015, when
the distance d and igth A are expressedin
The Laboratory also sought an empirical law governing the transmitted an-
tenna current and the heights of the transmitting and receiving antennas. Experi
ments conducted between Brant Rock and Washington, D.C. after the sea voyage
in mid-July 1910 showed that the receiving antenna’s current was proportional to
the transmitting antenna current and to the heights of both antennas, and inversely
tothe of the decay factor). Com-
bining these relations, Austin obtained the famous empirical “Austin-Cohen for-
mula:”

41 Austin (ref 39), 320-330
42.10id,326-327.
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FIG.6 gl 1910); 3730 meters. The verticalaxis
represents the Teceived sntenna cument, the harizomal axis the distence. Th 5
fram the Austin-Cahen formuls, the dashed curve from the fmverse law "N” denotes dats from night-

time messurements. Austin (ref. 39), 8g.4.

where I is the current received through an antenna with an equivalent resistance
©f 25 ohm; s, the transmitting antenna current; 7, the height of the transmitting
antenna; hy, the height of the receiving antenna; A the wavelength: d the distance:
and ¢=0.0015; all the lengths being in kilometers and the current in amperes.
Accordingto Austin, the formula is “anequation which will cover the normal day
received current over salt water through 25 ohm for two stations with flat-top
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up this question exp and should to lay a
firm foundation for a theory of long-distance radio-telegraphy
by accumulating mformalmn on the important question of the
electric ion of onr at various
heights above the earlh‘s surface. Something might be done by
the use of a Gerdieu's ionimeter in dirigible balloons or in aero-

planes. University College, London; June 24th, 1913.

ALFRED N. GOLDSMITH: There are a number of ef-
fects in the transmission and reception of signals by radio com-
munication which are as yet only partly explained. Those most
closely related to the present paper may be classified as follows:

(1) The superiority of transmission over water as compared
with transmission over land.

(2) The superiority (under certain conditions) of trans-
mission on high wave lengths as compared with trans-
mission on short wave lengths.

(3) The clinging of electromagnetic waves to the earth's
surface, in spite of the considerable curvature of the

globe.

(4) The superiority of transmission by night as compared

with transmission by day.

(5) The “daylight effect,” or change in intensity of received

SIgnals Et or near sunrise and sunset

Before ifying the proposed of these effects,
we shall consider briefly the bibliography of the propagation
of electro-magnetic waves thru space and over the surfaces of
more or less perfect conductors. The classical papers of Hertz
and his immediate followers have rendered wave transmission
thru space alone thoroly clear. The next problem in order of
complexity is the radiation from a Hertzian doublet (dumb-bell
oscillator) thru the equatorial plane of which a perfect conductor
of indefinite extent stretches. Such a plane conductor may be
regarded as a first approximation to the “ground” of a radio-
telegraphic station.

M. Abraham, in 1901, gave the mathematical solution of this
case ' and its physical interpretation. Considering the wave
at a distance from the oscillator, he found that

(a) The lines of electric force were perpendicular to the

conducting plane, the lines of magnetic force parallel
to it.
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In order that we may test our theories of atmospheric action
on long electric waves, we require the prolonged collection of
statistics as to the variation of the atmospheric stray signals over
long distances. This work would be greatly assisted by the
establishment of numerous stations sending out time and weather
signals over large areas. Such a system will come into operation
to some extent on July 1st, 1913, when time and weather signals
will be sent out from many radio-telegraphic stations at regu-
larly appointed hours. If these signals are made with constant
antenna currents, they will afford the means of testing the trans-
parency of the atmosphere to electric waves over large distances,
and assigning to the received waves a numerical value as regards
intensity. Iam now engaged in working out an improved method
of measuring the intensity of the signals as received on any
given antenna, which, I think, will be an improvement on the
shunted telephone method now used. If we suppose that intel-
ligible signals could be made at any place without intermission
day or night, and all the year round, and of exactly the same
strength at the transmitter, they would be received 1,000 miles
away with different strengths at different times of the day and
year and probably of a cycle of years. Before we can find an
adequate theory to explain this variation, we must tabulate the
variation and express it by curves like the variation of terrestrial
magnetic force or the frequency of sun spots,

There is an increasing body of evidence to connect the varia-
tion with atmospheric ionisation. One of the most useful inven-
tions, in this connection, would be some automatic device for
registering atmospheric ionisation, which could be sent up to
various hengs in an unmanned balloon and then recovered again
like a self-reg h or 1If we could in

“ this way determine the ionisation at various heights and various

times, we should lay a firm basis for a true theory. As yet we
know very little with absolute certainty about the ionisation in
the atmospheric region which begins at about 7 miles elevation,
and is variously called the stratosphere or isothermal region. In
it the temperature gradient is constant, or nearly so, in an upuard
direction. Tf the ionisation is to be by e
conductivity, then we need, almv: all, some solid information on
this subject.

I suggest, therefore, that THE INSTITUTE OF RADIO
ENGINEERS (in the United States particularly) should take
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antennas of any height, with any value of sending current and any wave length,
provided the sending station is so coupled as to give but one wave length. It had
the further limitation that it had been tested on only the Fessenden rotary spark
charger The coefficient 4.25 in equation (1) is particularly dependent on the in-
strument. Austin pointed out it applied strictly only to the antennas used in the
experiments 0f 1910

The Austin-Cohen formula became the most important, and perhaps the enly
quantitative, empirical basis for all theories of long -distance wireless wave trans-
‘mission. Before its publicationin 1911, scientists worried whether their theories
were consistent with physical intuition or wireless know-how, after 1911, they
worried whether their it Austin's quantitative data orthe Austin-
Cohen formula. That altered the epistemic situation significantly

5. DIFFRACTION THEORIES AGAIN

The fit between diffraction theories and the Austin-Cohen formula was far
from satisfactory. The theorists adopted several strategies to save the day. The
German physicist Witold von wedthathi: grecd with
selected data from Austin's report better than the Austin-Cohen formula did. The
English physicist Augustus Edward Hugh Love questioned whether the detector in
Austin's experiments had functioned properly. . the

theirposition g the Austin-Cohen formula. The testcam-
paign made by the U.S. Naval Radio Telegraphic Laboratory in 1913, which was
planned to choose between the rotary-spark discharger and the arc oscillator as the
future standard . gavean to produce more
‘measured data. The Austin-Cohen formula survived the tests.

425% (85}

The Germans

bk i i ion along the earth
surface o an American doctoral student, Hermann William March, who completed
the project in 1911* March expressed the fields as the spatial derivatives of a
Hertzian potential and the general solution of the wave equation as an expansion
in spherical harmonics. The British theorists took such an expansion as a sum over
a discrete index. In contrast, March expanded the solution as an integral over a
continuous index. He matched the integral with the spherical boundary condition
10 determine the functional form of the integrand, which turned outto beinversely

43.Tbid, 340-341
44 Hermann William March, “Uber die Ausbreitun g der Wellen der drahtlosen Telegraphic
auf der Erdkugel, AP, 37 (1812), 20-50.
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proportional to the derivative of the Hankel function with argument ka. To evalu-
ate the integral, March developed the Hankel function for large ka asymptotically
in the same way as Macdonald had done. Then the integral could be calculated
analyically. In March's final result, the Hertzian potemtial is proportional to
expl-ika8)/(Bsin®) " for large ka (8 is the usual angle of separation between the
transmitter and the receiver). March's solution did nothave any exponentialdecay
withrespect to 8 like exp[-p(ka)"*8]: the exponentexp[-#ka8] isa sinusoidal func-
tion of 6.

March's result, though fresh, had the defect of decaying much more slowly
with distance than British theorists predicted and wireless practitionersobserved.
March's mathematical problem was identical to Macdonald's: in integrating the
derivative of a Hankel function for large ka, the asymptotic expansion cannot be
performed in the usual way. The publication of & new version of this error ener-
gized Poincaré, who pointed out the illegitimate approximation in a letier to
Sommerfeld* In a shert published note on the matter, Poincaré observed that
March's greed with Austin's experi data*

Sommerfeld put Rybezinski in the problem. Following Poincaré, Rybezinski
took the dominant contribution of the integral from the pole with the smallest
imaginary part* He replaced March's integral with another similar in functional
form; but the value of Rybczinski's integrand at the projected point of the domi-
nant pole on the real axis equalled that of Poincaré's integrand at the same point.
He thus retained the virtues of bath March's and Poincaré's approximations: the
new integrand was more precise than March's in the region that gives the domi-
nant contribution, and much essier 1o integrate analytcally than Pojncaré's. Ry-
bezinski obtained a radiation imensity proportional to exp[-0. 33(ka)' “8l/(8sind)

Rybezinski showed more persuasively than March that the diffraction theory
could produce an exponentially damped wave along a large spherical conductor.
Rybezinski's factor expl 0 33(ka )**a] differed from Nicholson's factor
expl-0.7(k2)' "), and both formulas disagreed with Austin-Coben's formuls in
their on The theories stuck with decay Tates
inversely proportional to A . wheress the empirical regularity required a2
Nicholson's formulad thanRybezinski's, the Austin-Cohen
formula significantly slower. As we know, Rybezinski justified his form by ap-
pealing to a selected set of data from Austin's paper of 1911 (seven daytime and
four nighttime data points for A= 3750 meters between 400 and 1000 miles). For
these cases, Nicholson's predictions were too low, the Austin-Cohen's too high

Rybezinsid's theory met with approval by some wircless telegraphers, espe-
cially the German school. They hehad given

45 Henri Poincaré to Arnold Sommerfeld, 1 Jan 1912 (DM, HS 1977-28/A,266).

46. Henri Poincaré, “Sur la diffraction des ondes hentziennes” Académie des Sciences
Paris, Compfes rendus, 154 (1912),795.77.

47.Witold von Rybezinski, “Uber di i Wellen in Telegraphic
auf der Erdimgel,"AP, 41 (1913), 181-208
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probably be willing to assist by furnishing a continuous record

of the current and voltage in their sending antenna.

{
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SUMMARY: The influence of solar radiation on radio
transmission is discussed. The changes of intensity of signals
near sunrise and sunset are explained by reflecting effects which
may be expected at the boundary surface or “shadow wall” be-
tween darkness (air of small conductivity) and illumination (ion-
ised air of marked conductivity). The theory and recorded ob-
servations arc found to be in reasonable agreement .

It is proposed that amateur radio telegraphists shall co-
operate with THE INSTITUTE OF RADIO ENGINEERS in
gathering data on the strength of received signals under various
conditions.

DISCUSSION,

DR. J. A. FLEMING (by letter) : The subject of Dr. Ken-
nelly’'s Paper is one which continues to attract great attention
from radio-telegraphists on account of its practical importance.
Unfortunately, it is a large scale effect, and one not very amen-
able to laboratory experiments. Much, however, may be done
by systematic observations of stray atmospheric waves and on
the signals sent out from large stations.

At the British Association Meeting last year, at Dundee,
1 had the honor of opening a discussion on “Some of the Unsolved
‘Problems of Radiotelegraphy,” and at the conclusion of that
paper made the suggestion that the British Association should
appoint a Radio Telegraphic Committee to bring conjoint in-
vestigation to bear on some of these questions. That suggestion
was adopted, and the Committee appointed with Sir Oliver Lodge
as Chairman. The Committee has already held one meeting.
I hope that, as one result, an attempt will be made to organize
systematic observations on the number and intensity of atmos-
pheric stray waves'during the hours of day and night, and over
large areas. This is a work in which we may enlist the assistance
of amateurs, and it has the advantage that it is entirely receptive
work, and involves no production of waves or disturbance of the
ether. Much of the amateur work hitherto done has been merely
playing at radio-telegraphy, and has had no other result except
to disturb commercial work.
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that the theory is more than a working hypothesis. It is a sug-
gestion to be judged according to such further evidence as may
be accumulated. The information at present available is in-
sufficient to demonstrate any theory of the subject. The records
indicate that the phenomena are complicated. It may be that
there are metcorological disturbances of the upper air which
superpose their effects upon a normal diurnal regime. Our
of the here by direct exp fon with manned
balloons is limited to an elevation of about 11 km. By means of
small “sounding balloons,” carrying up self-registering instru-
ments, we obtain occasional records of pressure and temperature
up to about 30 km. Above this level, we have no immediate
prospect of securing observations by direct exploration.
Nevertheless, the twilight limit of atmosphere, or the height at
which the air can reflect twilight, is taken at 75 km. Auroral
discharges in air, and shooting stars in air, are located much
higher.,
It would seem as tho information concerning the upper
hy might be ob thru observatiens of
radio telegraphic signals. The apparatus required for this pur-
pose is simple and inexpensive. It would consist essentially of
a receiving aerial, a detector and receiving instruments, with
some means of estimating the strength of received signals at
different hours of the day and night. The radio telegraphic
amateurs might here render valuable service, by co-ordinating
their efforts in observing sigmals regularly. There is no part of

the world where an amateur, who is in the range of some large

fixed station might not help in this work. It is to be expected
that the accumulation of amateur observations in this way would
‘be useful not only to radio telegraphy, but also to the general
sciences of meteorology and solar physics. THE INSTITUTE
OF RADIO ENGIXEERS might aid greatly in this work, by
enlisting observers using printed instructions for execunng ob-
servations, ing, collating, ing and the
results, Fifty observing stations, grouped at various azimuths
and distances around a single powerful radio sending station,
would Be none too many for the proper checking up of the meas-
urements. In this way, the energy and enthusiasm of any number
of amateur radio-telegraphists conld be utilized to advantage.
Once the system was inaugurated, the large sending station would
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picture of long-d 1 ission. Trans-Atlantic mdio com-
munications was still not fully explained. But at a minimum Rybezinski's theory
gave an approximately correct picture of wave propagation along the earth with-
out X Tote to Wilhelm Wienin November, 1913.
that inski's theory was right and gave a rate of attenuation that
matched tent. But

reflection from
probably played the major role for very

layers in the upper
long-distance transmission!

Rybezinski's work did not fare as well outside as inside the hool
His ad hoc procedure of approximation lacked mathematical rigor. He did not
select the most reliable data. His seven points, taken from the voyage of 1909,
were obtained with instruments still under adjustment and under severe weather
conditions. And four of his data points came from measurements at night fime,
when wireless signals are notoriously unstable. In a paper written in 1914, Austin
criticized Rybezinski's data points for these reasons *#

A new experiment

The results from the test voyages of 1910did notsignificantly hinderthe promise
of the Fessenden rotary-spark discharger. The Arlington station went on line in
February, 1913. The Laboratory tested the transmission equipment. The U.S.5.
Salem proceeded to Gibraltar, 6400 km Washington, D.C.# A critical task of the
voyage was to compare the signal from the Fessenden rotary-spark transmitter
with that from a new technology—the arc transmitier

Thi arc transmitter used the negative resistance CrﬂLid by an e]iﬁ:mc arcina

valueof the negati ise, the electric
arc could be used to design an oscillating circuit with a sharp resonance spectrum.
The accepmnce test for the Arlington station offered 2 gond cpporumity to camry
out of the arc s Sa-
lem simultaneously received signals from the 100 kw Fessenden transmitter. The
round trip to Gibraltar took about six weeks. The arc out-performed the spark ™
Austin: “ At distance over 1000 miles the arc waves appear to begin to show ad-

vantages over the spark waves.”™
The Gibraltar voy age also offered an opportunity totest the Austin-Cohen for-
mula under a set of physical conditions different from those of the 1910 tests: a

48. Amold Sommerfeld to Wilhelm Wien, 20 Nov 1913 (DM, NL 56, 010)

49. Louis W. Austin,"Quant in ission,” Burean
of Standards, Bullerin, 11 (1914), 69-86

30. Howeth (ref. 36), 178-183

31. Austin (ref. 49); John L. Hogan, “Quantitative results of recent radio-telegraphictests
berween Arfington, VA., and U.S.S. “Salen,” Electrician, 63 (1913), 720-723

52. Austinto the Chisf of the Burean of Steam Enginesring 3 Apr 1913, in RG 18, Bureau
of Ships, E 988, 841(24), Box 1926, National Archives, Washington, D.C.
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new (arc) itter, adifferent set
much longer maximum distance (3500 miles).
Austin and John L. Hogan, an engincer at NESCO, found that the day-time
data in 1913 agreed well with the empirical formula. Hogan called the agreement
“exceptionally close.”* Austin went further. He compared Rybezinski's formula,
the Austin-Cohen formula, and the new experimental data. Most data points fell
closer to the Austin-Cohen formula than to R ybezinski's. Austin again: “There can
be no doubt from these results that the theoretical equation [Rybezinski's] gives
values too low to be reconciled with the observations, but that they are in very fair
agreement with the semi-empirical equation.
Still, ing might be th

ths (3800 and ). anda

approach. Austin wiote

T am becoming quite convineed that the theoretical wansmission formulz, given
in your bock, represents approximately the weakest signals observed; while our
Navy formulz gives a fairly good average. Although T have taken a great many
Temstil fulregarding thepowerto which the wave
Iength should be raisedin ‘The cbservati
discerdant, apparently due to selective reflection.

The British

In January, 1914 2new method to infi-
nite series of his diffraction theory.* He introduced a new series, much easier to
sum up. that approximated the original series quite well where the spherical har-
monic of n+1/2 equals ka. Macdonald argued that the new sum well approximated
the old one because the dominant contribution of the sum came from this neigh-
borhood. There he replaced the Hankel functions of order n+1/2 and its deriva-
tives by Hankel functions of order 1/3 and 2/3. He evaluated the integral via
Cauchy's residuc theorem. When ka is large, the pole of the Hankel function of
order 2/3 with minimum imaginary part dominates. Macdonald found that the re-
sultant field intensity had an exponential decay in the form of expl-B(ka)! “sin (B
2)]. The functional form of Macdonald's expenential decay differed from both
Nicholson's and Rybezinski's factors, exp[-p(ka)’ 8]

Enter Augustus Edward Hough Love, still another Cambridge-trained math-
ematician (sccond Wrangler, 1885). At the time he contributed to the theory of
wireless telegraphy he was a professor of Natural Philosophy at Oxford ' In a
paper published in 1915, Love gave a comprehensive overview of the research

33. Hogan (ref. 51), 721

34. Austin (ref. 49), 77-79.

35 Austin to Zemneck, 14 Sep 1916 (DM, NL 053).

36. Hector M. Macdonald, “The wansmissienof electrie waves around the earth's surface,”
PRS,80(1914), 50-61

57 Obir, 3 (1839-41), 468470,
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black dots. There is a reinforcement after the dip, and perhaps
also before it. On the other hand, at sunset, no dip is indicated,
such as the foregoing theory would indicate,

Figure 7 is taken from observations by Messrs. Dolbear and
Proctor ® in March, 1911. Here Glace Bay is again the sending
station ; while there were two independent receiving stations, one
at Somerville, and the other at Revere; both suburbs of Boston.
The diagram, taken from the published article, purports ta give
the general average of all the observations made at both receiving
stations, at a period of the year near the vernal equinox. It will
be seen that there is a dip both at mid-sunrise and at mid-sunset,
with reinforcements both before and after each dip. There is a
nocturnal maximum and a daylight reduction. The results set
forth in this particular diagram are in closer accordance with the
hypothesis here put forward than almost any others, but no ex-
planation was offered or theory advanced in the article, by its
wril

Figure 8 gives some observations reported from Madrid,
and Barcelona in Spain, and also Ceuta, in Africa, nearly op-
posite to Gibraltar. Here the nocturnal maximum is very short.
There is a sunrise and sunset dip, with reinforcement before and
after.

Figure 9 gives a published series of observations reportea
from Clifden, Ireland, as to the diurnal strength of signals from
Glace Bay, N. S. One column gives the diurnal chart for each
day in April, 1911, Here the agreement with the theory is not
s0 good. There is usually, but not always, a dip at mid-sunrise
and mid-sunset. Sometimes the sunrise dip is missing, and some-
times the sunset dip. There is often a reinforcement in the
signals before and after a dip; but in many instances such a rein-

_forcement is not indicated.

‘The records appear to have been made in all cases by shunt-
ing the receiving telephone with inducti down to
the paint of inaudibility. The strength of signals is then esti-
mated from the conductance of the limiting shunt.

Tt appears, therefore, that there is sufficient warrant from the
observations at hand in giving the theory here suggested for the
sunset and sunrise dips further consideration. Tt is not claimed

(8) The Effects of Snnllgxl on the Transmission of Wireless Stnnal!
by B. L. Dolbear and tor, Electrical World, N. Y., Vol. 58,
No. 6. Aug. Sth, 1911, pages 321-323.



mE=

7. General £ all taken at Bomerville and R
Fig. sversge o curven taken at Some evere

WARIATION OF SIGNALS.
AT CLIFDEN

FROM AY 110 » APRIL 911
cone

196

85

status of long-di: irel ion; computed the numerical val-
ues of the diffraction series with an approach different from all previous ones:
compared his calculations with the values obtained from Macodnald's new for-
mula, found them i agresment, and declared Macdonald's theory the best of the

lot; and the 1 di data by g the as-
serted relation between the aud.\bxln) factor. Lhi, results from the shunt-| Leliphcme
and the T wved the fit with his (and hence

Macdonalds) predictions.

Love's method of approximation was numerical. Like Nicholson and
Macdonald, Love approximated the terms in the neighborhood of n+1/2
Then he computes the numerical values of a sufficient number of terms, added
them up, and compared the numerical results with those he obtained from
Macdonald's method at several separation angles ¥

The Austin-Coben formula made the field intensity proportional o [1/8] exp[-
9.6128], which was quite different from all the diffraction formulae, including
Macdonald's * Love saved the phenomena by reinterpreting the measured data.
Love noticed that Hogan used a “law of device™ to convert the data from the mea-
sured audibility factor to the antenna current (hemade the audibility factor propor-
tional to the square of the antenna current). However, from Austin's 1911 report,
this device law did not always hold. Austin's measurements for calibration for
weak signals suggested that the audibility fctor was proportional to the antenna
current. Considering that most data were taken when signals were weak, Love
argued that the proper device law was the direct proportion. He modified Hogan's
data accordingly and thus gave empirical support to the diffraction theory.

Were Love's conclusions justified? No! His numerical method was basedon
assumptions about infinite series identical to Macdonald's; it was not a surprise
that the two methods gave similar predictions. Thereal issuc, whether the underly-
ing assumptions employed for the purpose of approximation were legitimate, re-
mained unsettled. Moreover, Love's reinterpretation of the data was prblematic.
He relied on regularities measured in 1911. Austin reported the same experimental
results as Hogan did in 1913, but he did not discover any significant deviation of
the measured data from the Austin-Cohen formula.

6. ATMOSPHERIC REFLECTION AGAIN

Atmospheric reflection produced much less literature after 1911 than surface
diffraction theories. The wireless communities found it convenient to interpret
radio interms of P flects, difficulttoelabo-
rate a reflection model via or ical means. Sill, i

58 Augnstus EH Love, “The transmission of electric waves overthe surface of the earth ™
Royal Sodiety of Landon, Philasophical transactions A, 215 (1915), 105-131

59.Thid, 116123

60.Thid, 127
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reflection theorists managed to go one step further than Heaviside and Kennelly.
They wished to understand why static noise is greater atnight, and why the trans-
mission efficiency of the wireless signals experiences a diurnal change. Having
differentresearch agendas and satisfied with qualitative explanationsthey didnot
compete directly with the mathematical physicists working on diffraction theo-
ries. Rather, they drew on the intellectual tradition of microphysics, which studied
electromagnetic wave propagationsin various media in order to reveal the internal
molecular structures of materials

William Henry Eccles, who earned a bachelor's degree in physics from the
University of London in physics in 1898, joined Marconi's research team on wire-
less telegraphy in 1899. It was as a professor at the University of London, where
he moved in 1910, that he taught the general wireless communities the empirical
ground of the atmospheric-reflection hypothesis &

Eccles discovered that if static was detected at one station, then it was very
likely to be detected simultancously at others some distance away. He deduced
that the effect involved a long-distance mechanism, perhaps the discharge of at-
mospheric electricity at hundreds or thousands of miles away from the receiver
stations ©Tn a paper published in 1912, he attempted to explain the cause of diur-
nal variations of the static intensity. Since trans-Atlantic telegraphic signals and
static can be transmitted over long distances, they might propagate in a similar
manner * A correct physical model for long-distance wave propagation might ex-
plain the data on trans-Atlantic wireless telegraphy and on static.

In Eccles's model, the earth is surrounded by a permanent conducting

layerin the upper .and another, ic layer between

the Heaviside and the carth. This new layer corresponds to 2 region of air with
T .

fzes the air in this region Since sunlight altemates with penetration into thisre-

gion, the number of charged particles per unit volumeiin it increases with height.

Eccles evoked a simple microphysical model to describe wave propagation in
this medium. When an electric field is applied, the ions move: Eccles deduced the
average induced fonized current from Newton's second law of motion. Incorporat-

ing the induced currentinto Maxwell's cquations, he expressed the refractive in-
dex of the medium in terms of the ions' number density, mass, and charge. From
this simple Maxwellian theory, Eccles demonstrated that the phase velocity of an
electromagnetic wave increases with the number density of fons.

61_Jed Buchwald, From Maxweil A ¥ in the
last guarter of the nineteenth century (Chicage, 1985).

62 Obit., 17 (1971),193-196

63. William H. Eecles and H. Morris Airey, “Note on the elecrical waves occurring in
natwe,” PRS, 53 (1911),145-150

64. William H. Eceles, “On the diurnal variations of the electric waves occuming innarure,
nd on the propegationof electric waves round the bend of the eath, " PRS, 87 (1912),79-
0.

65.Tbid, 88-89
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(5) When both stations are in full sunlight, their signals
are subjected to daylight auuw_ation. by diffused conduction in
the upper air,

(6) When the sunset wall gets behind the eastern station, as
at 17, 17, the wall will temporarily serve as a reflector behind the
latter, and strengthen the signals.

(7) When the sunset wall intervenes between the stations,
the wall will act as an intercepting barrier, reflecting waves back,
and markedly, weakening the signals,

(8) When the sunset wall gets behind the western station,
there will again be a temporary increase of signals by reflection.
After this the conditions should approach those of permanent
shadow, or night time.

In one revolution of the earth, therefore, we should expect
to find maximum strength on full night shadow, a lowered
strength in full daylight, and a marked weakening of the signals,
with the wall between the stations, either at mid-sunrise, or at
mid-sunset. '* Each of these dips in the strength of signals
should be both preceded and followed by -a brief interval of
stronger signals, due to partial reflection, in the same way as a
rough or imperfect sheet reflector behind a lamp intensifies its
Tays.

On the other hand stations on the same parallel of longitude
should have no dip on signals on the equinoxes: but should have
a dip at sunrise and sunset with the sun near the solstice. (De-
cember and June.)

Stations north and south might expect a longer signaling
range than those east and west owing to the aid of partial re-
flections along the shadow wall.

We may now compare the foregoing deductions with re-
corded observations. Figure 6 is taken from observations by Mr.
G. W. Pickard in 1909, ™ as published in Fizure 97 of Prof. G.
W. Pierce's book on Wireless Telegraphy. It will be observed
that there is a marked dip in the intensity of signals received at
Amesbury, near Boston, Massachusetts, when sunrise was about
midway between Amesbury and the sending station at Glace Day,
Nova Scotia, Doth of these stations are indicated in

(6) This provisional theory of the sunrise and sunset dips was first
put forward by the wnlﬂ at :he Rad\n»Telegraphxc Discussion of the
Dundee meeting of the ciation, September, 1912

(7 “Principles of Wircless Telegraphy” G, W. Pierce, New York,
1910, page 135.
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Figure 4. Erojection of the Globe

Figure 5.

Rotation of the Earth with Regard to Sunlight
a8 Viewed from South Pole.
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Ecek i isti firele. model:
ity of wave transmission along the surface of the earth, the radiation directivity of
Marconi's tilted aerial, and the diurnal variation of static. The theory of ionic re-
fraction suggested thatthe larger the density of ions, the higher the phase velocity.
From Eccles's physi  the ion density i ith height as, therefore,
doesthe wave's phase velocity. According to Snell's law, an upgoing radio wave
would be gradually drawn downward by the refraction in the gradually varying
medium. The wave path would curve. Ifits curvature equalled that of the earth, the
wave could run naturally along the surface without any action of the ground mate-
rial. U ion from ionic refre with
the Austin-Cohen formula.

Eccles' theory sugss
When the frequency falls low cnough, the curvature of the refracted wave path
becomes larger than the earth's curvature. In this case, the wave path s obliguely
incident to the ground and the direction of wave polarization no longer remains
vertical. To match the polarization to the maximum extent, the receiving antenna
must be tilted toward the direction of transmitter. Thus Eccles reached the same
conclusion a Zenneck's without using the “surface wave.”

The ionized layer results from sunlight and thus does not exist at night. In
England, the major source of lon g-distance static comes from Africa, where thun-
derstorms and other electrically disturbing weather processes are more severe. In

the daytime, long-di static is by refraction in the ionized layer in

the middleand lower atmosphere. During themight, long-distance static is directed
by reflection from the conducting Heaviside layer in the upper atmosphere. The
waves refracted through the absorptive ionized atmosphere suffer more energy
dissipation than the waves reflected by a conducting surface. Hence static during
the daytime is weaker than that at night.

Eccles's atmospheric refraction theory contained an essential difference from
Heaviside's. In Heaviside's model, radi are guided by th
of the carth andthe ing layerin the upper inaccor
dance with the conductivities of the air and the ground. In Eccles's model, mdio
waves are directed by the refractive condition of the ionized atmosphere and do
notrespond to the condition of the ground. For Eccles, ionic refraction alone ex-
plains the bending of the wave propagating direction L

Excle's work of 1912 brought the atmospheric reflection theory from a tenta-

tive isto a sophis model. Heaviside and Kennelly atiended to only
one fact. In contrast, Eccles covered several apparently unelated phenomena—
! tlted static_

Eccles's model was essentially a theory of the qualitative behavior of wireless
phenomena. Only partial and preliminary results were achieved by efforts to de-

£6.I0id, 01
67. Eccles to Heaviside, 27 Nov 1912, Heaviside Papers, UKO108 SC MSS 0035/U6/10,
Instmte of Electrical Engineers Archives, London.
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scribe the i isth ically, and these were not
consistent with the empirical regularity (the Austin-Cohen formula)

The English physicist John Ambrose Fleming followed up Eccles's work by
trying to account for the diurnal variations of wireless signals. But the static pat-
terns seemed too complex for a consistent explanation. In the annual mesting of
the British Association for the Advancement of Science (BA) in 1912, Fleming
had organized a discussion on “The scientific theory and outstanding problems of
wireless telegraphy” and suggested that the BA form a committee to guide and
formulate research on them. The committee was formed and planned systematic
observations on atmospheric stray rays. It did not achieve significant results £

Kennelly attended Fleming's radio-telegraphic session at the BA meeting in
1912. Kennelly agreed that the boundary between the sunshine and the shadow
regions formed a reflecting surface critical to the diumal variation observed in
wireless telegraphy. He proposed a model for the variation of wireless signals
around twilight. Two wireless stations sit in an east-west direction and the transi-
sional band moves gradually toward the ssstsiation. Be bre theband crosses when
both stations are on the same side of the blocking curtain formed atthe ?
band., it does not affect signal transmission between them. When the band moves
behindthe east station (shortly before the east station's sunrise), the blocking cur-
tain functions as a reflecting surface to bounce the overshoot waves from the west
station back to the east station. Hence the received signal strength there s intensi-

fied. After sunrise at the east station, the band moves between the stations, wave
transmissionisblocked, and the received signal strength diminishes significantly.
When the sunrise just passes the west station, the band functions again as a reflect-
ing surface behind the west station to enhance the received signal strength there.
As theband moves farther away, the reflective enhancement also wanes. The same
pattemn happens around sunset. Kennelly's mechanism predicts that a wireless sig-
nal transmitted along an east-west direction has a maximum just before the tw
light of the east station and right after the twilight of the west station, and 2 mini-
mum in between. The patiem of the signal variation predicted from Kennelly's
model agreed with observations made at wircless stations at Nova Scotia and
Amesbury, Massachusetts®
These investigationstypified the work of the atmospheric-reflection theorists.
They paid much more attention to the diurnal variation of wireless enerzy than to
mathematical relation between the signal itensity and the distance. and they em-
i than q fon in the ex-
Their E ? building and
simple mathematical theories of wave propagation based on microphysics.
Toward 1920, several young experimental physicists well tsined in spplied
mathematics began to appreciate the physical i of the i

68. Fleming (ref. 5), 860
69. Arthur E. Kennelly, “The daylight effect in radio telegraphy, " Institute of Radio Engi-
neers, Proceedings, 1:3 (1913), 12.
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toward G in the diagram. All that can be asserted definitely is
that there is a greater probability of a transition layer, or par-
tially reflecting layer, being formed between sunshine and shadow
at sunrise and sunset, than at any place in the sunlit region of day-
light. The ionised layer boundary cannot coincide with the
shadow boundary AB, but will lag behind it, and will rise more
nearly vertically, owing to the effects of atmospheric absorption,
and of building up with time. We may call this hypothetical
transition layer, or boundary between daylight and darkness, the
“shadow wall" accompanying sunrise or sunset.

In Figure 4 we have a stereographic projection of part of the
northern hemisphere. The lines of longitude at hourly intervals
may be considered as representing the positions occupied by either
the sunrise or sunset shadow walls, at successive hourly intervals
at the equinox, when the sun appears on the equator. The
shadow, considered as an imperfect electromagnetic mirror, may
only extend upwards say from the 30 km. level to the 130 km.
level; or may only occupy a height of say 100 km. in all; but, if
it exists, it extends and for th ds of
kilometers. In summer, the wall would slant from S, E. to N. W.,
and in ter from S. W. to N. E,, across the globe.

Tf the boundary surface between day and night; or the
shadow wall, possesses roughly reflecting or scattering influence
on electromagnetic waves, we should expect to find the following
series of phenomena in relation to two stations cast and west, on
or near the same parallel of latitude, as indicated in Figure 5;
where the observer is supposed to be at the earth’s south pole
looking at the rotating pole beneath him.

(1) When bath :talinns are in full shadow, as at 20, 20/ : 21,
217:22,22:23,23'.0,0'; 23, 3 4, 4; the signals ex-
changed should be m)m\al, in the absence of thunderstorms or
meteorological disturbances.

(2) When, shortly before dawn, at the eastern station, the
<hadow wall gets behind that station, it should act as a partial re-
flector to that station. and intensify the signals.

(3) When the shadow wall advances to a point between the
stations, as at . 6, the wall should act as a partial barrier be-
tween them and weaken the signals.

(4Y When the wall reaches a point a little beyond the west-
ern station, as at 7. 7, it should act as a temporary reflector to
the latter, and temporarily strengthen the signals.
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“
vation bl’, 50 km. above the sea level GG’, the air pressure and
density are 0.05 per cent of those on the sea, while 99.95% of
the air lies below this level. Again, at an elevation of approx-
imately 60 km., the density has fallen to 0.01%, and 99.9% of
the total atmosphere lics beneath. In each 10 km., the air pressure
is falling to one-fifth. A vertical sunbeam, reaching the level
BB, has passed thru 0.01% of the total atmosphere. The suc-
cessive levels AA’, BB, are lines of equal penetration, and there
should be equal intensities of ionisation over each such level ; but
there should not be any layer of sudden transman

Figure 2 the same ditions as in
Figure 1; except that the sun's rays are supposed to be entering
the atmosphere at an inclination of 60° with the zenith, as in-
dicated by the arrows on either side. Along these inclined paths,
the sunbeam will encounter approximately twice as much air be-
tween any two given elevations as in Figure 1. Consequently, at
the 50 km. elevation, the sunbeams have traversed 0.1% of a ver-
tical atmosphere, instead of only 0.05%. The levels AA’, BB’,
CCr of 0.001%, 0.01% and 0.1% respectively are all raised about
5 km. with respect to those on Figure 1, Otherwise, there is
very little change between the conditions of penetration by rays
from an overhead sun at the equator, and those from the sun at
either 8 A. M. or 4 P. M. There should be no sudden transition
layer or surface of discontinuity in ionisation, in either case.

‘When, however, the sun's rays are striking tangentially over
a place on the globe as in Figure 3, there tends to be a transition
along the line AB, between air in the shadow and air in the sun-
shine. If the condition represented is that of sunrise, then the
air still in shadow is presumably air that has become neutralized
during night, with a relatively low conductivity. The illaminated
air on the other hand is rapidly becoming ionised and more con-
ductive. While, therefore, we cannot expect the moving shadow
plane to be a sharply defined surface separating ionised from
neutral air, we might reasonably expect a roughly defined bound-
ing surface, such as might produce some diffuse reflection of
electromagnetic waves, ‘\o attempt is made to indicate the lines
of equal or ion, owing to the ity of the
actions. Tt is known that there is a very appreciable refraction of
the beams of light. We should also expect ahsorption to take
place at different elevations, and inoisation to increase to some
extent with time. The shadow boundary AB steadily advances
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model. They tried to bring together the work of all three communities. One of
them was Balthasar van der Pol, who worked at the Cavendish Laboratory be-
tween 1917 and 1919. In 1918, he tackled the discrepancies among different dif-
fraction formulas (Nicholson, Rybezinski, Macdonald). He reasoned that i he could
show that one of them was mathematically rigorous, he could demonstrate that
diffraction could not account for the Austin-Cohen formula. The mathematics re-
quired was too difficult to him. He turned to 2 Cambridge-trained mathematician,
George Neville Watson, for help

7. WATSON S WORK

Like Macdonald, Nicholson, and Love, Watson excelled at the Cambridge train-
ing in mathematics, becoming Senior Wrangler, Smith's Prize man. and a Fellow
of Trinity College. In 1918, he took up the professorship of mathematics at the
Univessity of Bimingham. Unkke the diffraction theorists, Watson was almost
detached from physics at Cambridge. He specialized in complex-variable theory
applied to Bessel functions. He was also interested in theories of approximation,
numbers and computability ™ He was just the man to solve van der Pol's problem.

Papers of 1918 and 1919

In 1918, Watson gave a rigorous mathematical proof that the field intensity
diffracted along the curvature of a large conducting sphere has an exponential

factor decay rate is t0 7" rather than 2™ (as required by the
Austin-Cohen formula). In 1919, he showed that the field i un.e.ns\l) diffracted ina
space boundedby alarge ing sphere and a iorand

concentric to the sphere has the i dependence.” The am\nspham: reflection
theory can explain the empirical regularity.

Watson found the rigorous solution of the diffraction problem without the
mathematical problems of previous diffraction theories by working on the Hert-
zian potential instead of the magnetic field intensity. True to the Cambridge ap-
proach. he expanded the Hertzian potential in terms of a discrete sum of spherical
Barmonics instead of an integral. The result was an infinite series different from
Macdonalds, but with a similar angular dependence and pole structure.

Warson's great i was to convert the serd of the Hertzian
potential into an integral expansion without infinities. He interpreted all terms in
the diffraction series s residues of 2 complex function associated with poles on
the real axis and so expressed the diffraction series as a contour integral in the
complex plane. This procedure, later known as “Watson's transformation,” con-

70. Obir,, 12 (1966),521-522.
71.George N. Watson, “The diffraction of electric waves by the earth” Royal Society of
London, Proceedings, 95 (1918-1916),83.99:and" The mansmissionofelectic waves round
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verted the Hertzian potential from a series to 2 complex integral. This integral as
evaluated by Cauchy's residue theorem contained an exponential decay
expl-23.94% 8], quite close to Nicholson'sexp[-23.84 " *8]. *Watson confirmed
that the intensity of the field diffracted along the earth's surface was significantly
weaker than the Austin-Cohen Th decay of theone
contains %, of the otherto A2 The diffraction theory was mathematically con-
sistent, but empirically inadequate.

Watson located in the physi Allthe diffraction theorists
assumed that the earth’s surface alone diffracts the field radiated by the dipole
oscillator. Since the surface diffraction alone cannot account for the empirical ob-
servations, the upper iveregions of th mightplay the d t
role at long distances. Could diffraction theory incorporate the physical assump-
tion of an atmospheric reflective layer? Watson took up the question in his paper
of 1919. He took the carth tobe 2 conducting sphere on which the Hertzian dipole
sits, and the atmospheric reflective layer to be concentric with the earth.

To evaluate the Hertzian potential in this new boundary condition, Watson

‘ Hentzian ina seriesof spheri ics,applied “Watson's
transformation” to convert the series into a complex integral, analyzed the pole
structure of the integrand, and evaluated the integral in terms of these poles. He
discovered that when both the inner and outer conductors are perfect, the field
intensityis a superposition of oscillatory modes periodic with the distance, thatis,
that the field does not decay atall! When both the inner and outer conductors are
good but imperfect, the field has an exponential decay proportional to A2 By
adjusting the conductivity of the ionized layer, Watson could match the numerical
value of the decay rate of his theory and the Austin-Cohen formula.

Reception
Watson ished a conjunction of explana-
tory models, andexperiments in the smudy of long-distance wave wansmission. He
plex-variable techniques of th ion theories to the physical

model ined by the ic-reflection theorists to derive quantitative
results consistent with the empi obtained from long-di: <peri-
ments. By th ? fon with the peri

mental data, Watson gave the atmospheric-reflection theory the promise of be-
coming a question-answering device operated and using standard mathematical
techniques. When it left his hands, Watson's theory lacked verisimilitude. The
Physical model of 2 homogeneous and sharp conducting boundary was an over

didnoti rtical profile with gradu-
ally varying refractive indices. His theory could not incorporate Eccles's fon-re-
fraction theory in a profound way. Nor was Watson's theory able to marshal em-

72. Watson, “diffraction” (ref. 71),97.
73. Watson, “wansmission” (ref. 71), 547.
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low, we should expect that surface to behave electrically like an
inverted sea, Electro-magnetic waves, reaching this surface from
below, would not penetrate it appreciably, but would be reflectively
guided over it, as they are guided over the salt-water ocean be-
low, and the waves would then spread over the surface of the
globe in two dimensions only, like the growth of a stone-throw
ripple in a pond, instead of in three dimensions, like the growth
of a soap bubble. This would much rednce the natural three-
dimensional attenuation, and increase the intensity of signals re-
ceived at long distances. It has been suggested that some of the
abnormally long signalling ranges occassionally reached at night
may be due to the presence of such a reflecting layer *. If,
on the other hand, the conducting layer exists, but is not sharply
defined, the conductivity gradually increasing to a maximum as
we approach from above or below, we might expect marked con-
ductive dissipation with little or no reflection; so that long-dis-
tance signals might be weakened instead of strengthened, owing
to the presence of the conducting layer.

Whatever the facts may be concerning the action of the air
near the 70 km. level, it seems likely that, during full daylight,
the solar ionisation eannot develop any sharp transition layers or
reflecting boundaries in the atmosphere. That is, the daylight
effect should tend to increase the attenuation of electromagnetic
waves.

In order to form a definite conception of the relations be-
tween air-pressure and elevation above the sea, Figure 1 has been
prepared on certain assumptions; namely, that the temperature
of the air is uniformly -35° C. for the sea-level up to a height of
12 miles or 19.3 km. where the observed air-pressure is ' 17§
inches (4.76 cm., or 0.0625 of normal sea level pressure). Up
to this level, the “height of the homogeneous atmosphere” ' is
taken as 7 km. Above this level, the temperature has been as-
sumed constant at -60° C. and the height of the homogeneous at-
mosphere uniform at 6.23 km. No correction has been made for
changing chemical composition of the atmosphere at different ele-
vations. ‘™ Thus premised, Figure 1 indicates that at the ele-

(2) “On the Eamunn of the Electrically-Conducting Strata of the
Eartl's Atmosphere” by A. E_Kennelly. Flectrical World and Engineer,
Vo5, NP e, Jo02 page 473

(3) A. L. Rotch, “The Conguest of the Air," New York. 1909.

(4) J. Clerk Maxwell, “Theary of Heat" London, 1875.

() W J. Humghreys, On the Physics of the Atmosphere” Jour.
Franklin Tnst, March,
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pirical evid
tion of static

Appreciation of Watson's contributions came slowly. The first few published
‘papers to mention his work all emphasized the mathematical rather than the em-
pirical implication. Van der Pol stressed Watson's mathematical contribution to
clarifying the controversy involving different approximation methods for wave
diffraction above a spherical conductor, rather than Watson's theoretical predic-
tion of the Austin-Cohen formula ™ Macdonald commented on Watson's work
without addressing empirical adequacy at all. He concentrated on extending
Watson's approach to the general case where single-frequency time-dependence
does not hold * Sommerfeld's student Otto Laporte used Watson's results to rec-
oncile the British representation of the diffracted ficld intemms of a series withthe
German representation in temms of an integral, not for theirown sake.’*

Most scientists who -refl model inthe 1920s,
studied wave propagation through ionic media. They downplayed Watson's old-
fashioned model (the sharply defined “Kennelly-Heaviside layer”) and counter-
intuitive approach (the complex-variable theory of diffraction). In a classic paper
onthe subject written in 1924, Joseph Larmor mentioned Watson only at the end
of a list of diffraction theorists be ginning with Macdonald, and then as the man
who demonstrated that surface diffraction cznnot account for long-distance wave
transmission around the earth.” Among these initial responsesto Watson's papers,
one thing stands out: after Watson had proved the mathematicalrigor of Nicholson's
predictions, no one attempted to reconcile the experimental data with the surface
diffraction theory. Watson's paper in 1918 tilled the diffraction theory as a physi-
cal model for long-distance wave transmission.

Waison's fortunes improved in the late 1920s. In 1928, G.W. Kenrick of the
University of P d empirical signifi-
cance of Watson's theory. Kenrick pointed out that much work had recently been
done to explain shost wave transmission by reflecfion and refraction of electric
waves, but “less attention has been given to produced in the classi-
cal Hertzian solution for the fieldata di int due toan
He called for areexamination of Watson's work in the interestof short-wave analy-
sis. Kenrick calculated the electromagnetic field radiated by a Hertzian dipole

Austin-Cohen formula, for example. the diumal varia-

74. Balthasarvan der Pol, “On the propag ation of electromagnetic waves round the earth,”
Philosophicalmagazine, 38 (1919),365-380

75. Hector M. Macdonald, “The trans mission of electric waves around the earth's surface,”
PRS, 95(1920),216-222,409-410; 108(1925), 52-76. “Onthe de erminatonof the direc-
tions of the forces in wireless waves at the earth's surface,” PRS, 107 (1925), 587-601

76 Otto Lapone, “Zur Therie der Ausbreinmg elektromagnetischer Wellen auf der
Erdkugel " AP, 70 (1923), 595-616

77.Joseph Larmor, “Why wireless electric rays can bend round the earth,” Philossphical
magazine, 48 (1924), 1026-1036

78_ Gleasan Willis Kenrick, “Radio transmission formulae,” Physical review, 71 (1928),
1040-1050,0n 1040.
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using the same boundary condition that Watson had. Lustead of workiag on the
ing through the space

betw cen the earth and the atmospheric lay<r, and summed all the reflective terms.
He thus reproduced Watson's mathematical formula and hence the Austin-Cohen
formula, Watsan's work became significantnot only for disproving the difffaction

model but also for it i ictions of observed

Theradio scientistsand of the 19305 worked yon wave propa-
sation under various scenarios specified by atmospheric and terrestrial conditions.
A theory of pure refraction without taking into account the effect of the earth was
no lon ger adequate. Their theoretical exercise dealtwith wave diffraction above a
ground with different possibl tric and material ina heteroge-
“Watson's ion” proved a very useful technique for

analyzing these problems. In 1937, a Harvard professor of physics, Hamy R. Mimno
reviewed the literature on the physics of the ipposphere ™ He highlighted the sig-
nificance of the discrepancy between the A™ - dependence predicted by all the:
diffraction theorists before Walson and the ™" dependence given by the Austin-
Cohen formuls, and he sirgssed Warson's contribution in providin a theoretical
accuumuh.hzempmcal)t Van der Pol's student H. ‘wrote
that “the picneering work clearing the way for futtherinvestigations was done by
Watson in 1918. By a transformation with the aid of an integral in the complex
plane. this author succeeded in transforming the rigorous series of zonal barmon-

ics into a new series converging rapidly enough to be of use in the radio problem.
As a matter of fact, almost all of the later literature is based upon this transforma-
tion of Watson.™

Often in the history of science two mutually exclusive theories compete for the
answers to the same set of guestions. In the case considered here, two mutually
exclusive theories address different types of questions. The essential difference
between the surface diffraction theories and the atmospheric reflection theories
was their distinct epistemic status rthes than Lhi)rdxﬁaxtmph)smcal models. The

theoristsb, b

radio-wave transmission. To answer this question, they cunscmm.da swaightfor-
ward physical model and atiempted to develop a igorous mathematical solution
of the probl ibedb; But they soon amath-
ematical d.iﬂicu]ly in obtaining an accurate approximate solution. They switched
to a mathematical question—what is an accurate approximation of the diffracted
field intensity above a large conducting sphere? Almost all their effort involved
proper approximations of the analytic form of the diffracted field.

The atmospheric-reflection theorists forcausal iens fora broader
realm of wis including k i: i vana-
tion of signal strength, static, the effect of weather fluctuation, and the directive

79. Harry R. Mimno, “The physics of the ionosphere.” Review of modem physics, 9:1
(1957), 143
80. H. Bremmer, Terresirial radio waves: Theary of propagation (New York, 1939), 7.
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a
Commencing, say, at zero, with sufficient height ; it might increase
to a maximum at a moderate height, and then dwindle down to a
minimum near the earth's surface. If the sunlight ionisation, in-
stead of varying gradually in this way terminated suddenly, so
that, at some particular elevation a bounding surface formed with
non-conducting air on one side, and conducting air on the other;
then this boundary surface might be expected to develop strong
reflecting properties, on the principle that wave disturbances are
subject to reflection at surfaces of discontinuity. Thus clouds, or
diffused masses of water vapor, reflect both sound and light.
A travelling compression wave, or sound wave in air, reflects
light. Any change in a medium for wave transmission, oceurring
at a surface, is known to set up a reflection. If the change Is
sudden and well-marked, so that the bounding surface is sharp,
the reflection will be definite and powerful. If the change is
gradual, and by easy transition; so that the bounding surface is
not clearly defined, the reflection will be diffusely scattered and
weak.

ly, if the ionisation of the air developed a sharp
transition layer, or succession of layers, we might expect reflec-
tion to occur at and from such layers, with a lessening of atten-
uation; whereas, if the ionisation were gradually varying from
layer to laver, with no clearly marked transition, there would be
mere dissipation of energy by conduction or scattering without
any gain by reflection, thereby increasing the attenuation.

It was painted out by Dr. J. J. Thomson "' that rarefied air
at a pressure of 0.01 mm. of mercury in a glass chamber devoid
of metallic electrodes, conducts electricity in the laboratery as
well as an aqueons solution of sulfuric acid. At an elevation of
about 70 km. (43.5 miles) above the sea level, and a uniform
temperature of -60° C., such an air density may be expected to
exist. If this free rarefied air conduets electricity in response to
the feeble electric intensities of radio telegraphy, as well as it
does in vacuum tubes to the more powerful intensities used in the
laboratory: then, whether the sun is shining on this or not, we
should expect a conductivity in it of the same order of magnitude
as in ocean water. If such a conducting layer developed sud-
denly at a certain elevation, so that a definite bounding surface
separated the conducting air above from non-conducting air be-

L Tlh?lralinn “Recent Researches in Flectricity and Magne-
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beyond, the violet, when the sun's rays fal perpendicularly as
at the tropical noom-day. At morning or evening, when the
sun’s rays pass aslant thru much greater distances of air before
reaching the ground, the violet, and even the blue rays largely
disappear, leaving a predominance of red in the light that re-
mains, and thus producing the ruddy hues of dawn or evening
landscapes.

1f the upper regions of the atmosphere are appreciably ion-
ised by full and sustained solar radiation during daylight hours
we mav consider that these regions are thereby rendered par-
tially conducting. That is to say, instead of being a perfect
insulator, like free space or un-ionised air, jonised air has a cer-
tain small conductivity. This would involve a loss of energy in
any electromagnetic waves traversing it. which, in turn, would
involve additional attenuation of such waves. Moreover, if the
ionisation-conductivity were not uniform but developed in clouds
or patches, there would be scattering as well as absorption of
energy.

It seems therefore possible to explain the weakening effect
of broad wnhg‘nr upon radio-transmission signals 'by attributing

either unil or thro
the sunlit upper atmosphere, where the ultra-violet waves are like-
Iy to be more intense than in the region near the ground. We have
ro direct evidence, however, as to whether such ionisation-con-
ductivity is quantitatively sufficient to account for the observed
effects. It has been pointed out by Zenneck that the observed
conductivity of air near the earth’s surface for continuous cur-
rent is far too small to account for the effects in question: but
we have no experimental evidence as to what the conductivity
may be at high atmespheric levels to alternating electric intensi-
ties.

If we assume, for simplicity, a tropical sun sending its rays
perpendicularly down thru normally distributed air towards the
earth, the degree of ionisation should be uniform over any sur-
face situated at a uniform level. That is, the ultra-violet radia-
tion would be most intense at a great height, and gradually weak-
en by absorption as it penetrated downwards. On the other hand,
the number of air molecules per c.c.: i. e., the air density, would
he relatively very small at a great height, and would increase ex-
ponentially with the downward penetration. Tn any one horizontal
layer of air. the number of free ions might be assumed uniform.
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amenna pattem. To answer hese questions, they constructed elaborate physical

models. They were partially in offering
toobserved wireless phenomena. Butthey failedto develop amathematical theory
for ic quantitative predi before 1910, 10 a very limited

extent after Eccles, and only began to make steady progress after Watson. The
reflection theorists had difficulty in formulating answers to numerical-prediction
questions. Thus the diffraction theorists and the reflection theorists carried out
different agendas: the former tried to resolve a mathematical problem of approxi-
mation, the latter aimed to explain newly discovered phenomena. This fact ex-
plains why atmospheric-reflection theories rarly engaged in any public debate
with the surface-diffraction theorists, why some mathematical physicists kept
working on diffraction theories regardless of their dubious empirical adequacy.
andwhyan strongly dels still gave credit
to the diffraction models. The diffraction theories and the reflection theories were
not competing worldviews.

From the epistemic viewpoin & ission research left
umexpected legaciestoall the participating communitics. They started from what
they wanted to know, and found what they did not expect to learn. The diffraction
theorists found that approximation can be a critical issue in physical problems in
which the analytic solution cannot give mezningful quantitative information and
direct ish Thenew
was much shorter than the scatterer's dimension forced them to develop a reper-
toire of advanced her than th for acous-
tic scattering for dealing with the approximations of series or integrals. Som-
merfeld's integral and Watson's transformation initiated studies of mathematical
questions that would become classical problems in mathematical physics: a verti-
calor horizontal dipole oscillator above or below layered hori-
zontal plane. a vertical or horizontal dipole oscillator above or below 2 homoge-
neous or heterogencous sphere within a homogenzous or a concentrically layered
medium, and 5o an. These problems did not necessarily cormespand to eal phy si-
cal situations. But the ri-
able techniquesto salvethe problems for their own sake. The ‘mathematical theory
of complex series and integrals prospered from 1930s to 1950s largely owing to
the heritage of the German and the British diffraction theorists in the 1900s and
1910s®

The atmospheric-reflection theorists started from the puzzles associated with
radio operations, but ended up witha new science of the atmosphere. Their models
of the i were with electron theories of matter.
Thus the study of atmospheric effects on radio became incorporated into one of
the largest intellectual movements of physics in the early 20th century: the tise of
atomic and molecular phy sics. The radio scientists benefitted from this incorpora-

81. Alfredo Bafios, Dipole radiation in the presence of a cond ucting half-space (Oxford
1966).
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tion: they various ian theories of icwave propa-
gation in ionized media Moreover, the reflection theoriss discovered that the ra-
dio could be an expert to explor Edward

Appleton's experiments of the 1920s, which won him a Nobel Prize, gained “di-
rect” evidence about the physical condition of the fonosphere from radio-interfer-
ence methods. Metcorology and planetary science became aceessible not only

through “butalsoth
possible by efforts of the reflection theorists =

The original goal of the American wireless experimenters was to test equip-
ment for the first long-distanceradio station of the US. Navy. They had a practical
engineering problem to solve, but in pursuing itmade an important contribution to
pure science. The Navy's questionable decision to settle with NESCO's transmit-
ter, the missionary agenda of the Burcau of Standards, and Austin's technic altraining
inGerman experi design sys-
tematic procedure, and «of the data into
the investigarion. The outcome of their experiments was zn empirical law that
servedastheonly g theories of]
mission in the 1910s. The U.S. Navy did not gain directly from scientific studies

of wave ission, but from the results: it learned that the arc
transmitter performed better than the spark-gap transmitter atlong distances. The
Austin-Cohen formula provided a primary guide for wireless engineers to design
long-distance long-wave wircless stations throughout the 1910s. Engineers relied
on this simple mathematical relation to select the wavelength and antenna height
ofa station fora signal- ata given distance. The
other face of the empirical law was an engineering formula.

¥ diverse p force the lesson that our three
technical communities, working against with different intellectual backgrounds
and toward different goals, created a unified study of long-distance radio-wave

ission. They did so by contributing different clements: one offered empi

cal evidence. another 2 physical model, and a third a mathematical tool. This epi-
sode might be interpreted as confirmation of Peter Galison's estimates ofthe strength
of the constraints on a scientist or engineer within his own communal wadition or
of Andrew Pickering's emphasison the i of the contingenciesa scientist

orengineer might confront ** More significantly, it warns us notto assume that the
intellectual work of different technical communities apparently concemed with
the same general answersto th tions. They
might have had theireyes on different, and different kinds of questions.

82. Peter Galison and Alexi Assmus, “Antificial clouds, real particles, in David Gooding,
Trevor Pinch, and Simon Schaffer, eds., The use of experiment: Studies in the namral sci

ences (Cambridge, 1989), 225-274.

83. Peter Galison, “Context and constraints,” and Andrew Pickering "Beyond constraine
The temporality of practice and the histericity of knowledge,” in Jed Buchwald, ed., Scien

tific practice: Thearies and siories of deing physics (Chicago, 1995), 13-55.
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THE DAYLIGHT EFFECT IN RADIO TELEGRAPHY.

By A. E. KENNELLY,
—~ (Professor of Electrical Engineering, Harvard University.)

! It is now generally admitted that the range of radio-trans-

mission of signals is materially influenced by solar radiation; not

only in regard to false signals or “X's"; but also in regard to the
of the itted electr gnetic waves.

This attenuating influence of solar radiation on the trans-
mitted waves ordinarily consists of (1) a nearly steady action
during the daytime, together with (2) certain marked disturb-
ances occurring near sunrise, or sunset, or both.

In regava .o the first or steady effect, we may mnsulzr that
during the day, whatever the weather may be; i. e, the v:ondl-
tions of wind, pressure, loudi or pr
in the first few kilometers of air nearest to the ground surface,
the sun’s rays are steadily falling upon the upper layers of the
air; where the air density is relatively very low. It is known
from physical laboratory experiments, that ultra-violet light,
passing thru attenuated air, ionises it; or decomposes electrically
neutral air molecules into positive and negative constituents, the
energy of decomposition being absorbed from the radiation. If
the ultra-violet radiation is then withdrawn, these constitutents
attract each other and recombine, perhaps converting the energy
nf recombinaion into heat energy or molecular oscillations. For
a given intensity of received radiation of assigned wave-length n
the ultra-violet region of the spectrum. we may suppose that
there exists, in the final state, a certain corresponding number of
free electrons per unit of air-volume. It is also reasonable to con-
sider that after the ultra-violet rays in the sunlight have pene-
trated deeply into the air, they become: (1) scattered and
diffusely reflected by the air-molecules, thereby giving us the
blue color of the clear sky, and (2) absorbed in decomposition and

isation of the ais Ce q . but little ultra-
violet light from the sun reaches the ground, ait:r passing thru
the atmosphere. The solar spectrum at the ground, or ocean
level, may be considered as terminating near to and only a little
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CHEN-PANG YEANG

The study of long-di di ion, 1900-1919
ABSTRACT:
Atthe beginningof the 20th cenmry, seientists and engineers were puzzled by the fact that
the long wireless waves could propagate along the earth's curvamure without being blocked
by the earth. Two explanatory thearies were su ggested: that the waves are diffracted along
the earth’s surface and that the waves are reflected back and forth between the earth and &
conducting atmosphere. The surface diffraction theory, first proposed by Hector Munro

Maedonald in 1901, was conti ¥ by the British and Genman
physicists. Butits predictions werenet consistentwith the empirical Austin-Cohen formmla
from the U.S. Navy'slong. i theory,

first proposed by Arthur Kennelly and Oliver Heaviside in 180142, was mare commenly
‘elieved 1o be the correct physicalmodel. Yetit had problems yielding quantitarive predic-
‘tions becanse ofits lack of it In1919, the English

Gearge Neville Watson, developed a mathematieal theary of atmospheric reflection that
senerated predictions consistent with the Austin-Cohen formula based on the analytictech-
nigues established by the surface diffraction theorists.
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the one that ccours most commonly—ths phenomena vary greatly from
duy to day—is that one appearing when the sun is sotting at a place about
halt-way betweon the stations. The minimum is fairly well marked in the
suntise curve shown in fig. 8. The reflections that are so pronounced &
feature of Marcani’s long-distance shservations are not nearly so evident
over short, distances, according to the author's experience.

But fig. § shows

slpiom © d0 Jo adoam w0 pio
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[ens
Fig. 8—Intensity of Signals, .
Funuary 25, 1912,
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To g0 520

9—Tntensity of Signals,
Ji 20, 1918,

aoary

a case where the varintions soon after sunsct at Clifden were very decided.
The curve does not do full justice to the phemomena, however. Ag a
matter of fact the chief variations were so rapid and so wide that there was

not time to measure them ;
startling in their amplitude and swiftness.

deed, on oceasion, the changes in intensity are

Tt will he noticed that all the curves exhibita groat difference between
the strongth of the night signals and that of the day signals, although the
digtance is only 440 miles, Yet it is known that the same signals aré
heard nt Glace Bay as strongly in the day as in the night. We gather
from this that the daytime trajectory of the radiation passes well above
places relatively near to the sending station and descends again, after over-

taking the earvature of the earth,at the greater distance.

Tt i well to

recall here that in his recent experiments on the reception of signals from
Clifden at distances up to G000 miles, Marconi found the signals readable
only at night at greater distances than 4000 miles—which seems to indicate
that the trajectorie of the rays in the daytime are such as to bring down
within the distance named practically all the radiation starting, at all

elevations, from the antenua.

The outhor desites to tender his thanks to the Glovemment Grang
Committee of the Rayal Saciety for a grant in aid of the observations

deseribed in this eommunication.
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through the atmosphere can give rise to somewhat regular Tofleotions, s
that when it passes over and behind the sending station it changes from
being u hindrance to heing a help in signalling, This view containg nothing
that is fandamentally inadmissible. Bt the reflecting process wes ohserved
to be better with short waves than with long; perhaps the following
considerations may in some degree sccount for this. First, it is known
from geneml electramagnetic prineiples that when @ wave crosses layers of
changing refrutive index there is  reflected wave propagated backwards,
and this reflected wave is the more intense the greater the change in index.
SBecond, let us assume that the surfaces of equal jonisation rise from the
duy level to the night lovel in a long slope extending over, perhaps, a
hundred miles from east to west through the twilight belt, being rather broken
of course, by iregularities in the chunging ionisation. On aceount of the
broken character of the helt reflection from the sloping surfaces will be
irregular,  But it will be more irregular for the more vefrangible radiation,
that is to sey, will be more imegular for waves of low frequency than
for waves of higher frequency. Perhaps with this may be conjoined the
fact that the frictional absorption suffered by the longer wave is greater than
that suffersd by the shorter.

The phenomena just discussed ave to some extent noticeable over
relatively shart distances. The following curves are drawn from observations
of the intensity of signals from Clifden as heard at the author's laboratory
in London, the measurements being made by balancing the intensity of the
Clifden signals agninst the adjustable intensity of locally produced artificial
signals of aboub the same acoustic frequency. On the curves the intensities
are platted in arbitrary units as ordinates, with the thnes of measurement
a8 abscisse, The observation Dad te be snatched, so to speak, at the
tnoments when the station happened to despateh a message, and the points
of observation are therefore often rather irregularly distributed. Fig. 7
shows two remarkable minima, which are produced, presumably, by the
presence of the ionic curtain between the stations. Of these two minima,

Fia. 7.—Tutensity of Sigaals reaching Tondon from Clifden, January 12, 1912
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ELECTRICAL WORLD axp ENGINEER.
MarcH 15, 1902, 473

On the Elevation of the Electrically-Conducting Strata
of the Earth’s Atmosphere.

By A, E. Kenxeay,

CCORDING to the measurements of Professor J. J. Thomson
{“Recent Researches in Electricity and Magnetism.” p. 10t),
air at a pressure af 1-100 mm. of mercury has a conductivity

for alternating currents approximately equal to that of a 25 per cent
aqueous solution of sulphuric acid. The latter is known to be
roughly 1 mho-per i 50 that a r cube would have
a resistance of about one ohm. Consequently, air at ordinary tem-
peratures, and at a rarefaction 76,000 times greater than that at wa
level, has a conductivity some 20 times greater than that of ocean
water, although about 600,000 times less than that of copper.
1i we apply the ordinary formula for fimding the elevation corre-
sponding 1o 3 given air-rarcfaction, we fmd that if the air had a uni-
form temperature of o deg. C., the height of this stratum of air with
a rarefaction of 76,000, would be
18.30 log 76,000 kilometers above the sea,
or 89.77 kilometers,
or 55.77 miles,

If the air bad a uniform temperature of —30 degs. C. this elevation
waould be reduced 18.3 per cent. or to 73.3 kilometers (45,5 miles),
The temperature of the earth’s atmosphere has only been measured
within a range of a very few kilometers above the surface of the sea,
amid consequently the materials are not at hand for any precise cal-
culation of the height of electrically conducting strata. It may be
safe to infer, h . that at an elevation of about 8o kil s,
or 50 miles, a rarefaction exists which, at ordinary temperatures, ac-
cumpanies a conductivity to low-frequency alternating currents about
20 times 3s great as that of occan water.
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There is well-known evidence that the waves of wireless telegraphy,
propagated through the ether and atmosphere over the surface of the
occan, are reflected by that electrically-conducting surface. On
waves that are transmitted but a few miles the upper conducting
strata of the atmosphere may have but little influence. On waves
that are tr itted, however, to dista that are large by compari-
son with %0 miles, it seems likely that the waves may alwo find an
upper reflecting surface in the conducting rarefied strata of the air.
It seems reasonable 1o infer that electromagnetic disturbances emit-
ted from a wireless sending antenna spread horizontally outwards,
and also upwards, until the conducting steata of the atmosphere are
encountered, after which the waves will move horizontally outwards
in a so-mile layer between the electrically-reflecting surface of the
ocean bheneath, and an clectrically-reflecting surface, or successive
series of surfaces, in the rarefied air above.

I this reasoning is correct, the curvature of the earth plays no

ignif part in the phi and beyond a radivs of, say, 100
niles from the transmitter, the waves are propagated with uniform
attenuation cylindrically, as though in two-dimensional space, The
problem of long-distance wircless wave iransmission would then
be reduced to the refatively simple condition of propagation in a
plane, beyond a certain radius from the transmitting station. Qut-
side this radius the voluminal energy of the waves would diminish
in simple proportion to the distance, neglecting absorption losses at
the upper and lower reflecting surfaces, so that at twice the distance
the energy per square meter of wave front would be halved. In the
absence of such an upper reflecting suriace, the attenuation would
be considerably greater. As scon as long-distance wireless waves
come under the sway of accurate measurement, we may hope to find,
from the observed at ions. data for P the eleetrical
conditi of the upper atmosphere. If the attenuation is found to
be nearly in simple proportion to the distance, it would seem that the
existence of the upper reflecting-surface could be regarded as dem-
onstrated

1912 Blectiic Waves Oceurving in Nature. o7

two hours. It then begins to strengthen, and finally reaches a maximnm—
sometimes & very high ome—at the time of sunset a1 Glace Bay. During
the night the signals are very variable in strength, varying from very weak
to very strong.  Shortly hefore sunvise at Clifden the signals grow stronger,
and ‘reach o high maximum shortly after sunrise; they now dwindle o o
marked minimum about two hours after, and then they retum gradually to
their normal day strength, The ratio of the intensity of the signals during
the twilight maximum to the average intensity thronghout the day is much
greator for a wave 5000 metres long (froquency 60,000 per second) then for
a wave 7000 metres Jong (froquency 43,000 per second), and the long wave
signals are uniformly stronger during the day than those of the shorter
wave,

Some of these observed facts can be undemtood by the aid of the
Iiypothesis of fonio refraction. We have only to lay down the prineiple
that the aggregate enrvature of the trajectory of the longer waves is nearer
to the curvature of the earth than that of the shorter waves, or, in other
words, that the daylight trajectory of the longer waves is more suited than
that of the shorter waves to the distance between the lrish and Canadian
slations.  Again, the minimum that occars at ahont two hours after sunset
ot Clifien s readily explained by the conception, already discuseed, it
in the twilight regions the ination of ions has
to & somewhat apaque curtain hanging from the top to the battom. of the
middle atmosphere. Moreover, at two heurs after sunset at Clifden the
sun is setting at a place botween the stations about 660 miles from Glace
Bay. At this place the horizontal plane of Glace Bay passes betwoen
50 and 60 miles overhead, If now we assume that the height of the
curtain of irregularly ionised air is of the order 50 miles, thus making no
allowanee whatever for the bending of the rays from Glave Bay in their
progress below that level, we see that the signals transmitted to Clifden
are weakest when the curtain comes on the horizon of the sending station.
Tf, an the other hand, we allow for the likelihood of the rays following
considerably bent paths even in the lower middle atmosphere, we must
take Marconi's results as showing that the ionie curtain reaches effectively
to much lower atmospheric levels than 50 miles. ALl of this applies,
mutatis mutandis, 10 the morning minimum produced by the sunrise belt
passing between the stations.

In regard to the remaining point quated from Dr. Marconi, namely, the
strong maximum in signals to Clifden ot about sunset a¢ Glace Bay, and
before sunrise at Clifden, there is more diffieulty in finding an explanation.
Tt would seem that the heterogeneous ionisation following the twilight

w3
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carried on with radiation that had started at congiderable upward inelination,
and would therefore be sccomplished with difficulty. The wave-fronts
arriving at the recoiving station would also be tilted forward considerably,
and consequently the horizontal component of the eleotric field of the
waves might approach the magnitude of the vertical compenent. Tn this
case an inclined antenna would be a better receiver than a vertical one.

In various parts of the world it has been found that stations on the
opposite sides of & mountain chain can communicate in the night with easa,
though only with great dificulty, if at all, in the day. This is especially
the case if a short wave is in use, and such a pair of stations can sometimes
establish day communication by adopting a longer wavelength. It is,
in fact, mow common knowledge that for eommunication across hilly
conntry in the daytime, n long wave—a thousand metres or more—should
be used, The explanation is ohvious on the hypotheses developed above.
The rays, starting with suffisient elovation from a sonding station in the
plaing, travel in siraight lines through the lower atmosphere past the
moaniain tops, and then, reaching the middle atmosphere, are deflected
downward by refraction in the ionised air. Short waves are refracted
much less than long waves, and are therefore not bent so fully into the
lower atmosphere as are the long waves. Indesd, the short waves may
be entirely lost, and the long waves be bent down abundantly and come to
earth again on the far side of the mountains, In the night, however, the
ionisation of the middle atmosphere has disappearcd, the Heaviside layer i
open, and waves of all frequencies are reflocted down to earth aguin.
Another fact that emphasises the existence of clevated trajectories is
afforded by the experiences of the Alpine veceiving stations. These stations
commonly receive signals from great distances in all directions—from
stations in all parts of Europe and from ships on the Atlantic—so thal it
has been said that “ the Alps attract signals” Stations in the plains do not
et these distant signals nearly so often. The fact is that the high mountain
stations have, of course, & much better chance of Iying on the trajectories of
the wavos, or, as suggested by Larmor, in a slightly different conneetion, of

“ tapping a stronger stratumn of radintion.”

Recently, in an evening diseonrse at the Royal Tnstitution, Marconi has
described® the striking effects of sunrise and sunset on the strength of
signals received from across the Atlantic Ocean. He stated that the
intensity of the signals received at Clifden, Ireland, from Glace Bay,
Canada, remaing fairly steady during the day, but shortly after sunset
at Clifdon it becomes gradually weaker, and renches & minimum in about

* June 3, 1611,

182

1911 Annual Report to the Smithsonian Board of Reges
RADIOTELEGRAPHY.*

[With 1 plate.]

By Couuanpatos G. Marooxt, LL.D., D.Sc.

Thu prlntml.l apphcmnn of electric waves to the purposes of mrv-
over long d has d to
axtsnd to a remarkable degree during the last few years, and many of
the difficulties, which at the outset appeared almost insurmountable,
have been gradually overcome, chiefly through the improved knowl-
edge which we have obtained in regard to the subject generally and
to the principles involved.
‘The experiments which I have been fortunate enough to be able
to carry out, on & much larger seale than can be done in ordinary
lsboratories, have made possible the investigation of phenomena often

novel and certainly unexpected.
Alt.huugh we hlvg—cr believe we have—all the data necessary for
the tion and tion of electric Waves, we aro yet

far from poumamg any very exact knowledge concerning the con-
ditions governing the transmission of these waves through 8pace,
especially over what may be termed long distances. Alumugh lt m
nuwpnrfwﬂynwy design -mi P :

il wi working over d up to 2,600 mlles, no
really clu.r explanation has yet been given of mmy l'bsoluoely suthen-
ticated facts concerning these waves. Some of these hitherto
apparent anomalies I shall mention briefly in passing.

Why is it that when using short waves the distances covered at
night are usually enormously greater than those traversed in the day
time, while when using much longer waves the range of transmission
by day end night is about equal and sometimes even greater by day

What eurplmntmn has been g)ven nf the fact. that the night dis-

tances inable in a north are so much greater
than those which can be effected in an en&-mberiy oned
Why is it that ins and land gy 1d greatly obstruct

the propagation of short waves when nunhght is present and not dur-
ing the hours of darkness

+ Raprinted by permision from suthor's mparsia of Proceedings of the Roysl Imthintion. Resd
‘bebore Royal Institution of Oreat Britain st weekly avening meeting, Friday, June 2, 1911,
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The general principles on which practical radiotelegraphy is based
are now so well known that I need only refer to them in the briefest
possible manner.

Wireless telegraphy, which was made possible by the fields of
research thrown open by the work of Faraday, Maxwell, and Hertz, is
operated by electric waves, which are created by alternating currents
of very high frequency, induced in suitably placed elevated wires or
capacity areas. These waves are received or picked up at & distant
station on other elevated conductors tuned to the period of the waves,
and the latter are revealed to our senses by means of appropriate
detectors.

My original system as used in 1898 consisted of the arrangement
shown disgrammatically in figure 1, where an elevated or vertical wire
was employed.
This

E: 8
|

in a capacity or
waa connected to

earth through =

duction coil or
other source of
sufficiently high
tension electricity
sparks were made
to jump across the
gap; thisgave rise
L to oscillations of
P L Fo.2 igh froquency in
the elevated conductor and earth, with the result that energy in the
form of electric waves was radiated through space.

At the receiving station (fig. 2) these waves induced oscillatory
currents in a conductor containing a detector, in the form of a coherer,
which was usually placed between the elevated conductor and earth.

Although this arrangement wes extraordinarily efficient in regard
to the radiation of electrical energy, it had numerous drawbacks. ~

The electrical capacity of the system was very small, with the
result that the small amount of energy in the serial was thrown into
space in an exceedingly short period of time. In other words, the
energy, instead of giving rise to a train of waves, was all dmpnied
after only a fow oscillations, and, Iy,
good tuning between the transmitter and receiver was found to bo
unobtainable in practice.
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reach the oarth again in approciablo amount. This would probably not
Tiave happened with longer waves

As for the night signals, both long and short waves aro propagated through
the lower and middle atmosphere in straight lines to great heights and
reflected ai the Heaviside layer, and then they descend to earth sgain, having
suffered comparatively little absorption. The waves may be imagined to
ereep round this electrival vauls of the atmosphere in a manner some-
what analogous te the creeping of sound round a whispering gallery,
being plentifully scattered downward in their progress by the irregularities
in the reflecting surface, or, Lo put it another way, we may imagine that a
transmitting station lights up the sky," in an eloctrical sense, for many
degrees below its horizon.

Sineo in the ohservations quoted the daylight signuls were perceptible ot
700 miles, where the herizontal plane of the sender crosses the observer's
vertioal ut a hefght of 60 miles, we may conclude that the trajoctory of the
radiation directed horizontally from the sender does not reach higher than
30 miles in the daytime, It may be mentioned at this paint that Marconi
originally suggested that the phemomemon might be due to & possible
discharging aetion of sunlight on the sending antenna, and J. J. Thomson
considered it rather due to the absorption of energy by the jonised air in the
immediate neighbourhooed of the antenna, but both these explanations onght
to make the contrast between day and night signals the same for short
distances as for long, which is not. the case.

The above considerations suggest that there should exist a best frequency
for signalling over great distances. Now the radiation from a Hortaian
oscillator is most intense in its equatorial plane, and therefore, from a
vertical linear earthed antenna, is most intense in the horizontal plane of
the sending station. Hence we conclude that the best frequency is that for
which, in a given ionio condition of the atmosphote, the trajectory of the
radiation which starts noarly horizontally retums to the earth’s surface near
tho recoiving station. Marconi has stated® that a wave-length of 5000 motres
is almost always better than one of 4000 metres for Transatlantie signalling—
though, he remarks, the shortor wave-length is better than the longer
occasionally, In this eonnection it may be pointed out that, if the trans-
mission of signals be attempted with an exceedingly long wave-length, the
aggregate curvaturo produced by the fonic refraction in the day might be
charper than the curvature of the earth. This would cause the nearly
horizontal radiation to be twrned down to the earth within a relatively short
distanee from the radiator. In that ease reception at a distance would be

* Nobel Lectare, Decerber, 1909,
YOI, LEXXVIL—A. "
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exhibit a different frequency ; or, in other words, there should be a distinet
best frequency at which to sdjust the receiving apparatus at each of these
stations. This is on account of the difference of trajectory that diflerence of
frequency brings. There is but little experimental evidence beaving on this
point, though what there is favours theassumptions; but elearly if dispersion
do occur fn the sunlit middle atmosphere, and do mot occur at night, the
weakness of the day strays is fully accounted for without invoking the
assistance of absorption.

Though the hypothesis of propagation round the carth by refraction in the
sonised middle atmosphere has now been applied (o the problem that prompted
it, namely, the of the minimum of matural electric
waves, yet it seems desirable to enquire how the hypothesis eomports itself
towards the known facts and properties of the artificial electric waves used in
signalling.

The two assumptions on which the discussion has so far been Dbuilt ave,
first, that there exists in the ntmosphere o permanently conducting upper
layer which is somewhat sharply defined, and which therefore reflects waves
of every frequency—we may call it Hoavisides reflocting layer; and, second,
that in the day (and only to a slight and erratic extent in the night) the
atmosphere below this reflecting layor is ionised in nearly horizontal strate,
the ionisation diminishing ns the ewrth’s surface is approached, with the
result that electric waves are given a bent trajectory and the Heaviside layer
put out of action. Tn using these assumptions inwhat follows, the atmosphere
will be suppased at rest.

One of the most important of the facts known concerning the transnission
of artificial waves is the difference botween day and night signals discovered
by Marconi® in 1902 during a voyage from England to New York, He found
that there was little difference between day and nizht signals at distances
less than 500 miles from the sending station, but that the day signals were
unreadable at distances of 800 miles and more, while the night signals were
readable up to distances of 2000 miles, This is possibly due to the same
causes as the weakening of the day strays relatively to the night strays,
but is most probably due to the failure of the heterogeneously ionised air
to bend the waves sufficiently to fit the convexity of the earth. Thus, in
explaining the daylight effeci observed first by Marconi in 1902, it is
only mecessary to suppose that the relatively short waves then in use
travelled to great heights in the atmosphere on acecunt of the smallness
of the curvature of their trajectary, and were not refracted sufficiently to

# Marcon, *Roy. Soc. Proe, June, 1002.

180

Many mechanical analogies could be quoted which show that in
order to obtain syntony the operating energy must be supplied in the
form of a sufficient number of small oscillations or impulses properly
timed. furnish us with numerous examples of this fact,
such as the resonance produced by the well-known tuning fork

experiment.-

Other illustrations of this principle may bs given; o. g., if we have
1o set & heavy pendulum in motion by means of small thrusts or
impulses, ehe hnu must be timed to ths period of the pmdulum, as

would not

In lmlﬁmnduyudwaamngmtwhmhmnuwmgnnam
use, and which consists (as shown in fig. 3) of the inductive associa-
tion of the elevated radisting wire with a condenser circuit which may
be used to store up a considerable amount of electrical energy and
impart it at a slow rate to the ysdisting

wire. H
As is now well known, the oscillations in | #

a condenser circuit can be made to persist |

for what is electrically a long period of

time, and it can be arranged moreover that

by mesns of suitable serials or antenns

these oscillations are radiated into space

in the form of a series of waves, which

through their cumulative effect are emi-

nently suitable for enabling good tuning

and syntony to be obtained between the

transmitter and receiver.
"The circuits gt

d

of the

eircuit and the elevated aerial or radiati
circuit, were more or less closely coupled
to each other. By adjusting the inductance in the elevated con-
ductor, and by the employment of the right value of cepacity or
inductance required in the condenser circuit, the two circuits were
brought into electrical resonance, a condition which I first pointed
out as being essential in order to obtain efficient radiation and good
tuning.

‘The receiver (as shown in fig. 4) also consists of an elevated con-
ductor or serial connected to earth or capacity through an oscil-
lating transformer. The latter also contains the condenmser and
detector, the circuits being made to have approximately the same
electrical time period ss that of the transmitter cirouits.

At the long distance station situsted at Clifden, in Ireland, the
arrangement which has given the best results is based substantially
upon my syntonic system of 1900, to which have been added numerous
improvements.

Fa.3.
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An important innovation from & practical point of view was the
adoption at Clifden and Glsce Bay of air condensers, compased of
insulated metallic plates suspended in air at ordinary pressure. In
this manner we greatly reduce the loss of energy which would take
place in of dielect; is were a glass or solid
dielectric employed. A very considerable economy in working also
results from the absence of dielectric breakages, for, should the
potential be so raised #s to even produce a discharge from plate to
plate across the cond this does not Iy affect the value
of the dieleetric, as air i3 self-healing and one of the few commodities
which can be replaced at & minimum of cost.

Various arrangements have been tried and tested for obtaining
continuous or very prolonged trains
of waves, but it has been my expe-
rience that, when utilizing the best re-

i lable, itisneith

A

economical nor efficient to attempt to
make thewaves toocontinuous. Much
better results are obtained when
groups of waves (fig. 5) are emitted et
regular intervals in such manner that
their cumulative effect produces a
clear musical note in the receiver,
which is tuned not only to the period-
icity of the electric waves transmitted
but also to their group frequency.

1L In this manner the receiver may be
/i g|  doubly tuned, with the result that &
h far greater selectivity can be obtained
u than by the employment of wave tun-

slone.
In fact, it is quite easy to pick up simultaneously different messages
transmitted on the same wave length, but syntonized to different

group frequencies.
fnr as wave tuning goes, very good mu]u—n.lmcm as good es
are ob ble by means of be achieved

with groups of waves, the decrement of which i3 in each group 0.03
or 0.04, which means that about 30 or 40 useful oscillations are
radiated before their amplitude has become too small to perceptibly
affect the receiver.

The condenser circuit at Clifden has a decrement of from 0.015
to 0.03 for fairly long waves.

This persistency of the oscillations has been obtsined by the
employment of the system shown in figure 6, which I first described
in & patent taken out in September, 1207. This method eliminates
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is sometimes a eomplete zero lasting for only two minutes or less. Assuming
that in this case the source of the natural electric waves and the receiving
station lie both on the great circle of twilight, we deduce that the twilight
band is at least 30 miles wide, this being the distance the earth rotates east-
ward in two minutes. In addition, the same assumption would indicate that
the principal source of the strays during November, 1909 and 1911, lay in the
direetion of the eastern portion of the Atlas Mountains,

Again, the observations have shown that the chief twilight minima ocenr
abaut 10 minutes befors sunrise and about 10 minutes after sunset during the
same periods. This fact is nccounted for by the consideration that the time
of sunrise in the middle atmosphere is a little earlier and the time of sunset
a little later than at the surface of the earth. In this connection it should be
roticed that the clectrically effective sunrise at & point in the middle
atmosphere, us measured by the ionising power of the sunlight reaching the
point, s net coincident in time with the sunrise ab the same point as indieated
by mere luminosity, that is, with the geometrical sunrise. The rays heralding
the sunrise in the latter and ordinary sense must possoss very little fonising
power, for the reason that in passing the ewrth tangentially ihey have
traversed 80 long & path in the loweratmosphero as to have lost their inising
radiation. Thus an observation of the time interval of the stray minimum
before geometrical sunrise and after sunsot does not determine the height of
the electrically disturbed regions. Besides this, the exact time of the stray
minimum will be affected to some extent by the obliquity of the ienic
curtain to the line of propagation of the waves.

During the day the elegiric waves travel in the relatively narrow shell of
dielectric between some stratun in the middle atmosphere and the surface of
the earth, At night they travel in the much wider shell of dielectric between.
the assumed igh conducting layer and the ewth, In England, in winter,
the day strays are much weaker than the night straps. From this we might
conclude either that: the aggregate absorption in the thin shell of diclegtric is
greater than in the deeper night shell, or that the ionisation of the middle
atmosphere during the day is suficiently non-uniform o hinder the propaga-
tion of the waves. But another factor must be recognised. The eleotric
disturbance produced by a lightning discherge is doubtless impulsive in
character, and is probably either n solitary wave or a very short train of
waves. The study of the refraction of such disturbances leads to some well-
Jknown theoretical difficulties, but if we assume that the wave undergoes
dispersion during its progress through the jonised middle atmosphere, then the
disturbance avriving st o given receiving station should exhibit a fairly
definite frequency, and that arviving at a station at a different distance should
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still atmosphere be drawn round the globe they will be nearest the earth at
places where the sun is on the meridian, and will rise away from the earth
somewhat sharply at places where the sun is tising or setting, The regions
in which the change from the day level to the night level takes place formi a
great cirenlar band tound the globe and inclined to the meridians at an
angle depending on the season, This region of the atmosphere, since it is
perpetually moving with the sun, will be in a highly disturbed electrical
condition, Formation of ions is actively proceeding in one half of the great
cirele and recombination in the other, and these processes doubtlss take place
somewha irregularly even in a still atmosphere—with the result that patehes or
banks of iopised air, analogous to the banks of fog met at sea—will transiently
constitute this band in the middle atmosphere. The effect of such patches
of variously ionised air on electric waves propagated through the region is,
in view of the connection between the velocity of the waves and the con-
centration of the ions, certain to be difficnlt. The scattering by repented
vefractions will tend 0 moke the region impenetrable to waves directad
through it.  Hence it may be expected that the regularity of the propagation
through the steadily jonised horizontal strata of the daytime will be greatly
disturbed by the twilight transitional banks and patohes, with the ultimate
consequence that the sounds heard in the redeiving apparatus will be greatly
weakened.

The author’s experience np to the present indicates that the existence or
non-existence of elouds in the vicinity of the receiving station has but little
influence on the intensity and eharacter of the stray minima, or, for that
matter (provided the day is not brilliantly clear), on siguals recsived from any
distance and any point of the compass. Whenoe wo may conclude that the
irvegularly ionised band is sitnated above the ordinary cloud level The
twilight transitional region may therefore be regarded as & sort of curtain
enringing the earth and occupying the middle atmosphere and not the
Jower. Thus it can affect only the trajectaries of waves tavelling from great
distances. The weakening of such long-distance waves will probably be
greater or less according as they have to penctrate the curtain more or less
abliquely. In the ease of the natural electric waves received by an antenna
in Tongland during the antumn and winter the origin of the waves Tuust in
general lie to the south. It is veasomable to suppose that tropiesl Africa
will supply most of them. In that case, the twilight transitional hand rust
have a very great and a relatively short-lived influence on the intensity of the
strays heard in the telephones, for the path of the waves from the suggested
source to the receiving station is nearly coineident with the twilight band.
These suppositions aceord precisely with the obsorved facts, The minimum
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almost completely the spark gap and its consequent resistance, which,
s is well known, i the principal cause of the damping or decay of
the waves in the usual transmitting eircuit.

The apparatus shown in figure 8 consists of & metal disk a, having
copper studs firmly fixed at regular intervels in its periphery and
placed transversely to its plane. This disk is caused to rotate very
rapidly between two other disks, 3, by means of a rapidly revelving
electric motor or steam turbine. Thess side disks are also made to
slowly turn round in a plane st right angles to that of the middle
disk. The connections sre as illustrated in the figure. The studs
are of such length as to just touch the side disks in p and
thereby bridge
the gap betwsen
the latter.

With the fre- ﬂw:gcﬁmvl

juency employed
:&Cﬁldon. name  PRIMARY CIRCUIT
ly, 45,000, when §rnfT =025
Lo e 3 T o
15000 volts is

1aed. o the ocu- R
denser, the spark BREAR
gap is practically
closed during the
time in which one
complete oscille- gy e CMEANOG T ADE REWG 0RC

place, when the

peripherical

speed of the disk - - -

is about 600 festn SCRIES .o WWE TRANS RADATEM rem CUFDCN AZRIAL
second. The re- SPARK MRIGUCNDY 500  pem Se2.

sult is that the ek

primary circuit can continue oscillating without material loss by
resistance in the spark gap. Of courss the number of oscillations
vhmhcmhlmpluuugovomndbythnhrmdth or thickness of the
side disks, the primary circuit being abruptly opened as soon as the
studs attached to the middle dislk lesve the side disks.

This sudden opening of the primary cireuit tends to immediately
quench any oscillations which may still persist in the condenser
circuit; and this fact carries with it a further and not inconsiderable
advantage, for if the coupling of the condenser eircuit to the aerial
is of a suitable value the energy of the primary will have practically
all passed to the nerial circuit during the period of time in which the
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primary condenser circuit is closed by the stud filling the gap between
the side disks; but after this the opening of the gap at the disks
prevents the energy returning to the condenser circuit from the aerial,
as would happen were the ordinary spark gap employed. In this
manner the usual reaction which would take place between the serial
and the condenser circuit can be obviated, with the result that with
this type of discharger and with a suitable degree of coupling the

energy is radisted from the serial in the form of a pure wave, the.

loss from the spark gap resistance being reduced to & minimum.

I am sble to show a resonance curve taken at Clifden which was
obtained from the
oscillations in the
primary alone (fig.
5).

An  interesting
feature of the Clif-
den plant,
cially from & prac-
tical and engineer-
ing point of view,
is the regular em-
ployment of high-
tension direct cur-
rent for charging
the condenser.
Continuous cur-
rent at s potential
viuch is capable

of being raised to
20,000 volts is ob-

DISE DISCHARGER of special direct~
_— current genera-

Fa.b

storage battery consisting of 6,000 cells, all connected in series, and
it may be pointed out that this battery is the largest of its kind in
existence, The capacity of each cell is 40 ampere-hours. When
employing the cells alone the working voltage ia from 11,000 to 12,000
volts, and when both the direct-current generators and the battery
are usad together the potential may be raised to 15,000 volts through
utilizing the gassing voltage of the storage cells,

For a considerable portion of the day the storage battery alone is
employed, with & result that for 16 hours out of the 24 no running
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0:0L  This in turn indicates that the number of ions per eubic centimetre
should be about 160,000 when the wave-length is 2000 metres, and about
16,000 when the wave-length is 6000 metres. Sueh ionie concentrations are
not improbable.

It may be objested that there has as yet been no experimental corroboration
of this concentration of the energy of the waves into a comparatively thin
stratum near the surface of the earth.  But as a fact no measurements have
ns yet been carried ont over great distances on the variation of intensity of
signals with distance and under wuvarving atmespherie conditions; and
elearly the measurements that have been made over short distances—which
all support the inverse squars law us was to be expected—cannot have any
hearing on refractions that take place in high layers. When moasurements
of intepsity over distances of 1000 te 2000 miles become available it
may be expected that the inverse square law will hold for a distance
of three or four hundred miles, and after that & law indicating rather less
divergence way hold for several hundred miles more, if the frequency is low
enough for the ionic refraction to produce bending at least as great as the
convexity of the globe.*

We naw proceed to the explanation of the stray minima described earlior.
Tn the first place it is evident that if the surfaces of equal ionisation in a

* Since the above wax written, an account by L. W, Avstin ¢ Washington Bureau of
Standards Bulletin,! October, 1911} of some now measurcments of the intensity of
sizgnals has ome to hand, which appears to strengthen the authar's position greatly, so
far ax the measurements go, The inverse square law for the divergence of energy shows
that Tz x—1, where T ia the intensity of the current received on an antenna, and  is the
distance of the sending station. Tf the waves wore travelling in free space of eleatrioal
constitution like that of our lower atmosphere, the abserption would demand a formula
of the type

L o-te-,
where u {3 independent of the wave-length. Also it has been shown above that if the
waves ware travelling in free space filled with air highly fonised, the absorption would
require a formula of the type

Tie amle—sat,
whete « is again independent of the wave-lengtl. Now, the obsorvations quoted support
an ampirical formula very different from eithor of these, namely,
Tox ar—Te-esl v,

A formula invelving the wavelength in this manner is not suggested, and cannot
«ven e acoounted for, by absorption in wn fonixed atmosphere or in & budly canducting
surfaco such as thab of land or pea; but it is clearly in rowgh general socord with the
Inw, developed in this paper, that the desired bending of the rays is better with long
waves than with short waves; or, to put it in another way, the lna of radintion by
dailure to turn the curve of the earth is granber with short waves than with long. The
measurements made up o the present by Austin and bis collabrators havs sxtonded to
distances of only 800 miles, involving only very slight bending, and, besides, have not
been very numerus,
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fons moving up and negative fons moving down, with the result that some
paris of the middle stmosphere may remain ionised afier the sun has set. 1t
we suppose, however, that, the ions do for the most part recombine, then the
sffoct of the change from day to night is to remave a veil, as it were, of
ionised air from between the upper condueting layer and the earth.

Sinoe the velosity of the waves in the sunlit middle stmosphere is creater
the higher the level at which they are travelling, a ray of electric radiation
starbing from a point of the earth’s surface in a direction inclined slightly
upward will pursue a straight path in the lower atmosphere snd a slightly
bent path, with its concavity downwards, in the middle atmosphere, thus
following to @ greater or less extent the ourvature of the earth. Tf
ite curvatuve in the middle atmosphere is on the average greater than
that of the esrth—and not otherwise—the ray will be turned down to
the lower atmosphere and will again traverse a straight line. In other words,
the wave-fronts will be tilted forward as they travel, in a manner quite
analogous to the refraction of sound in air when the tempemiure varies
npward, This bending of the rays may be given for shortness the name
fonio veftaction ; it would be very rapid in layers where v approached unity.
Thus the radiations diverging in all direetions from a lizhtning stroke or from
a wireless telegraph antenna become confined in the day between the conduet-
ing surlace of the earth and a cerfain level in the middle atmosphere, Even
the rays that start horizontally from a place on the earth’s surface must,
owing to the earth’s curvature, reach, within 300 miles of the source, to
heights where the air may be expested to be strongly jonised, and must then
suffer refraction downwards, Since the quantity o is inversely proportional
to the frequency of the transmitted waves, the limiting height of penetration
of the waves is emaller the lower the frequency, and therelore low-frequency
waves beeome concentrated nearer to the earth’s surface than do higher
frequency waves.

The curvature of the trajectory of waves travelling at a height z is
doftuds), v being the velocity at the place, But when o is small
v = (L )fa/(ue), and therefare the curvature is ddy/ds approximately.
we assute a condition of things in which the radius of curvature of r
all heights is »+2 where » is the radius of the earth, and thaty = 0 at z =0,
we find

4=121g

?. approximately,
Though, in Fact, the bending of rays in the lower atmosphers is probably

not so great as this, the equation indicates that the order of magnitude uf
required in the middle atmosphere at, say, & height of 20 miles is about
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machinery need be used for operating the station, with the single
exception of the small motor revolving the disk.

The potential to which the condenser is charged reaches 18,000
volts when that of the battery or generators is 12,000. This poten-
tial is obtained in consequence of the rise of potential at the con-
denser plates, brought about by the rush of current through the
choking or inductance coils at each charge. These coils are placed
between the battery or generator and the condenser ¢, figure 6.

No practical difficulty has been encountered either at Clifden or
Glace Bay in regard to the insulation and maintenance of these high-
tension storage batteries. Satisfactory insulation has been obtained
by dividing the battery into small sets of cells placed on separate
stands. These stands are suspended on insulators attached to girders
fixed in the ceiling of the battery room. A system of switches,
which can all be operated electrically and simultaneously, divides the
battery into sections, the potential of each section being low enough
to enable the cells to be handled without inconvenience or risk.

The arrangement of serial adopted et Clifden and Glace Bay is
shown in figure 7. This system, which is based on the result of tests
which I first de-
scribed before the
Royal Socisty in
June, 1906 not
only makes it pos-

.7,

waves of any desired length, but it also tends to confine the main
pnﬂ.mn of the radiation to any desired direction. The limitation of
transmission to one direction is not very sharply defined, but
nevertheless the results obtained are exceedingly useful for practical
working.

In a similar manner, by means of these horizontal wires, it is
possible to define the bearing or direction of & sending station, and
also limit the receptivity of the receiver to waves arriving from &
given direction.

The ial working of radis and the wid 1
spplication of the system on shore and afloat in nearly all parts of
the world has greatly facilitated the marshaling of facts and the
observation of effects. Many of thess, as T have already stated, still
await a satisfactory explanation.

A curious result which I first noticed over nine years ago in long-
distance tests carried out on the steamship Philadelphia, and which
still remains an important feature in long-distance space telegraphy,

100 methods wheroby the radiation of eleciclo waves toay be mainly confined, eta.” Broe. Roy.
8064, vol. 77, p. 413,
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is the detrimental effect produced by daylight on the propagation of
electric waves over grest distances,

The generally accepted hypothesis of the cause of this absorption
of electric waves in sunlight is founded on the belief that the absorp-
tion is due to the ionization of the gaseous molecules of the air
affected by the ultra violet light, and as the ultrs violet rays which
emanate from the sun are largely absorbed in the upper atmosphere
of the earth, it is probable that that portion of the earth’s atmosphere
which is facing the sun will contain more ions or electrons than that
which is in darkness, and therefore, as Sir J. J, Thomson has shown,!
this illuminated or ionized air will abeorb some of the energy of the
electric waves.

The wave length of the oscillations employed hes much to do
with this interesting phenomenon, long waves being subject to the
effect of daylight to & very much lesser degres than are short waves.

Although certain physicists thought some years ago that the day-
light effect should be more marked on long waves than on short, the
reverse has been my experience; indeed, in some transatlantic experi-
ments, in which waves about 8,000 meters long were used, the energy
received by day at the distant receiving atation was usually greater
than that obtained at night.

Recent observation, however, reveals the interesting fact that the
effects vary greatly with the direction in which transmission is taking
place, the results obtained when transmitting in a northerly and south-
erly direction being often altogether different from those observed
in t.he euhﬂy and wsuﬂy one.

esearch in regard to chn.ngmmdmstmngﬂxufthemcmved

distions which are employ hy across the Atlantic has

been recently greatly Euuhumd by the use of sensitive galvanom-

eters, by means of which the strength of the received signals can be
measured with a fair degree of accuracy.

Inregard to modarate power stations such aa are employed on shis,
and which, in with the i use waye
lengths of 300 and 600 meters, the distance over which communica-
tion can be effected during daytime is generally about the same,
‘whatever the bearing of the ships to each other or to the land stations
—whilst at night interesting and apparently curious results are
obtained. Ships over 1,000 miles away, off the south of Spain or
round the coast of Ttaly, can almost always communicate during the
hours of darkness with the post-office stations situated on the consts
of England and Ireland, whilst the same ships, when at & similar
distance on the Atlant the westward of these islands and on the
usual track between England and America, can hardly ever communi-

+ Philosophioal Magusioe, ser, , vol. 4, 7. 3.
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molecular size, and the other is that these snme agencies also produce, by
direct action on the gases of the atmosphere, condensation nuclei consisting of
salid orliquid compounds which are not eleotrically charged when first formed.
Evidently, the condensation nuclei can have only light influence on the value
of the quantity y as compared with the electrical carriers of molecular size,
These heavy fons, or condensation nuelei, doubtless frequently become charged
by attaching ane or more of the light fons, which has the effect of putting such
ions out of aofion for our purposes. The lighter fons are probably in a
majority in the higher parts of the middle atmosphere, and the hoavy ions in
& majority in the lower parts, and also in the lower atmosphere, Tt may be
‘mentioned that the heavier ions found in the lower atmosphere, whether
ceonsequences of solar radiation or not, escape being counted by the kind of
apparatus usually used in measurements of atmospheric electricity, on account
of their mmobility,

So far s the quantity v is concerned the prineipal difference between day
and night conditions, and between the conditions at different times of the day,
is dne to the variations of the number of ions per cubic centimetre provided
Ty solar rediation, 1t is not pessible to be precise on this matter, even in
the lower atmosphere, But, broadly, it is clear tha the value of o in the
Jower and middle atmospheres must vary considerably with the ebliquity of
the sun's rays at the place, that is to say, with the season and the time of
day, and also wust vary profoundly from daylight to darkness. About the
time of sunrise at any particular place the process of ionisation by the solar
radiation will be occurting at all heights of the atmosphere over an area
extending many miles to east and west of the place; at sunset recombination
of the ions will acenr through a similar space. Of course the layers nearest
the earth will be least disturbed in electrical constitution, mainly for the
reason that the sun's rays must have been robbed of mueh of their ionising
powers by the time they reach low levels; but it is known from direct observa-
tions at various levels up to heights of several miles that the influence of the
sun is quite perceptible. But, in fact, it is easily seen from the formula
deduced above for the absorption per wave-length, that the normal ionisation
observed in the lower atmosphere produces inappreciable absorption of the
waves at any tite of day over terrestrial distances,

Our knowledge of the conditions ruling in the hours of darlmess is even
less precise than that of the day conditions. The very rapid rate of rocom-
bination of ions when the ionising agent is removed points to the possibility
of the middle atmosphers being periectly free from ions during darkness,
But it is probable that there ocours during the day a great sifting of oppositely
charged ions under the operation of the earth’s vertical electxic field, positive
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In air under standard conditions @¢fdt = 15 cm.fsec, in a feld having &
gradient of 1 volt per centimetre. Take o= 10 x 10~* in electromagnetic
units, then /= 7% 101, roughly.  Aguin taking p = 107 and m = 2x 102
in gramines, then mp = 2x 107, Thus for waves of the order of frequency
1,000,000 per second, the two terms in the denominater of the quantity o
are of about the same order of importance at low levels in the atmosphere.
For waves of lower frequency the term 72 is much more important than the
torm m¥%?, which may then be neglected in the denominator of . At higher
levels, on the contrary, the term £* prabably becomes negligible in comparison
with %" sinen the value of £ is known to fall off much faster than that of m.
a8 the rarefaction inereases. Thus, ab high levels, we have

o = dmaetfomy?, approximately.

Atlow levels the value of y works out as 055 x 1074 x  with the numbers
alrcady nssmmed. The numiher of fons per cubie centimetre at sea level is
often giver as between 1000 and 10,000, Thus yisquite negligible compared
with unity if this estimate of # and that of / are valid. At high levels, using
the last equation, we find o = 06 x 10" xn for p = 107 (corresponding to a
wave-length of nearly 200 metres) and o = 006 % 10~*x n for p = 109 (corre-
sponding o a wave-length of nearly 2000 metres in ordinary alr). It is more
than probable, however, that at moderately high levels, where the air is
rather rarofied—for example, at a height of 20 miles the pressuse is, on the
thaory of conveetive equilibrium, abont 1/100 of the pressure at sea level —
thie fon is of much smaller mass, suy 100 times smaller, than is assumed sbove,
and this would make the last fignre become y = 06 107 x 1 for p = 104

For convenience in discussion, the portion of the atmesphere helow the

layer and which the oquation
o = dmne [k
holds good, that is the portion of the atmosphere which i fonised stiongly
and directly by the sun, will be called the middle atmosphere. The part
below this will be called the lower atmosphere, and here the equation
= denctnfxf

s probably appropriate while 1 has low values. Of the middle atmosphere and
of the upper stmosphere we know nothing divecily, Perhaps the best informa-
tion available is that contained in the memoirs of P. Lenard and O. Ramsaner,*
who showed that the ultra-violet light of the sun will produce in air two
effectsof interest in the present connection. One effect is that the ultra-violet
Tight, and possibly the cathode rays, of the sun produce electrical carriers of

# “Heidelberger Akademie Sitzungsher.,’ 191011,
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eato with these shoro stations unless by means of specially powerful
instruments.

It is also to be noticed that in order to reach ships in the Mediter-
ranean the electric waves have to pass over a large portion of Europe
and, in many cases, over the Alps. Such long stretches of land,

pecially when including very high as is well
known, an ble barrier to the ion of short waves
during the daytime. Although no such obstacles lie between the
English and Irish stations and ships in the North Atlantic en route
for North America, & night transmission of 1,000 miles is there of
exceptionally rare occurrence. The same effects generally are notice-
able when ships are communicating with stations situated on the
Atlantic coast of America.

Although high power stations sre now used for communiesting
across the Atlantic Ocean, and messages can be sent by day as well
as by night, thera still exist periods of fairly regular daily occurrence
during which the strength of the received signals is at & minimum.

N :
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Thus in the morning and the evening, when, in consequence of the

difference in lnng!tuda, daylight or darkness extends only part of the
way across the ocean, the received signals are at their weakest. It
would almost appear as if electric waves, in passing from dark space
to illuminated space and vice verss, were reflected and refracted in
such & manner as to be diverted from the normel path.

Later results, however, seem to indicate that it is unlikely that
this difficulty would be experienced in telegraphing over equal dis-
tances north and south on about the same meridian, as, in this case,

assage from daylight to darkness would occur more rapidly over
the whole distance between the two stations.

1 have here some disgrams which have been carefully prepared
by Mr. H. J. Round. These show the average daily variation of the
signals received at Clifden from Glace Bay.

The curves traced on the disgram (fig. 8) show the usual varis-
tion in the strength of these transatlantic signals on two wave lengths
—one of 7,000 meters and the other of 5,000 meters.
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‘The strength of the received waves remains as a rule steady during
daytime.

Shortly after sunset at. Clifden they become gradually weaker, and
about, twn ‘hours later they are at their weakest. They then begin to

strengthen again, and reach a very high maximum at about the time
of sunset at Glace Bay.

They then gradually return to about normal strength, but through
the night they are very variable. Shortly before sunrise at Clifden
the signals commence to strengthen steadily, and reach another high
maximum shortly
after sunrise at Clif-
den. The received
energy then steadily
decreases again until
it reaches a very
marked minimum, a
short time beforesun-
rise at Glace Bay.
After that the signals
gradually come back
to normsal day
strength.

It can be noticed
that, although the
shorter wave gives on
the average weaker
signals, its maximum
and minimum varia-
tions of strength very
sansibly exceed that
of the longer waves.
""“3 Py e Figure 9 shows the

et varisiions at Clifden
MRt AL during periods of 24
hours,commencingat
12 noon throughout
the month of April, 1911, the vertical dotted lines representing sunset
and sunrise at Glace BAy and Clifden.

Figure 10 shows the curve for the first dsy of each month for one
yeur, ‘from May, 1910, to April, 1011.

wmad mll.l!erlanof uuu uvﬂr]ungnrd.luwulbmhldem

1} ber and Ootober of last year,

batweeﬂ the stations of Chfrlm and Qlace Bay, end a receiving station

placed on the Italian Steamship Principesse Mafalda, in the course of
a voyage from Italy to Argentina (pl. 1, ﬁg 1).
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Eliminating  and £ among these three equations, we have
BE_ U A2
el Ry

There is a solution of the form
7
tor waves of frequency pf2wm, if the velocity

=2/ B VB T

and the absorption factor =waf,

v

Here « has been put for the quantity
drnetm
(4 f5)"
which, it will be shown, is usually smaller than unity. In addition, the
quantity o7 /mp(1=y) is usually very small compared with unity, hence,
approximately,
@i 1=V gy,

7

or the absorption cosffivient per wave-length is
e

T=ymp’

Tt should be meutioned that, in forming the equations, it has heen
implicitly assumed that the ions are so heavy that they acquive only small
velocities and make very small excursions under the action of the waves.
That is to say, the ions are supposed to be collections of molecules, or, at the
emallest, single molecules. The absorption in the case of very small ions,
that is, electrons, has been worked out by J. J. Thomson,* and involves
difforent considerations from those appropriate here.

Hough esti the variou: involved in the last equations may
e obtained by using the results of laboratory experiments on ionised gases,
though, unfortunately, there are as yot buf very fow data available on the
ionisation of air by solar radiation. First notice that the fric coeflicient
f can be estimated from experiments on the terminal velocitios of ions in
various gases. Fram the equation of motion of an fon we see that its terminal
velacity under a steadily applied electric field Z is

ag_e
4= L
# *Fhil, Mag,' August, 1908, p. 03,
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other recorded Inots of long-distance transmission be explained, The writer
has therefore investigated another, and closely related, possibility, which, it
turns ont, throws light on the causes of the stray minimum, as well as an
many of the observed facts of long-distance transmission. To these new
considerations we now turn.

The hypothesis to be introduced is based on the influence of the fonisation
of the air an the propagation of electric waves through it. Tt is well known
that, under normal conditions, the air at the sea-level is only slightly ionised
even in strong sunshine, and that at a height of a few miles above the
carth's surface the ionisation is, according to observations from balloans,
sometimes 20 times as great as at the swrface. Higher still the ionisation
doubtless increases further, on account of the more and more intense ionising
action of the solar radiation, whick, it is plain, must be greater in these
igher and arer rogions than in the donse rogions below. No lnw can b

assigned for the ion of this gradual transition from
low conductivity to high conductivity, yet, for the purpose in hand, it i
necessary to form some idea of the effect of this heterogencity on the
proegation of electrie waves.

Tt is fivst necossary to examine the effect of charged ions of molecular mass
on the velocity of the waves, and here we may follow, with suitable
modifications, the standard methods applied to the study of optical dispersion
in media containing electrons. Let ¢ be the charge, w the mass, of cach ion,
and let  be the number of fons per cubic centimetre at a point whose
co-ordinates ave @, y, #, referred to a right-handed rectangular frame of axes
with the axis of # vertical. Suppose that electric waves are advancing
through the mediuwm in the positive direction of the » axis, and with electric
force Z, magnetic force 3, at the point #, , & Then if x be the permeability
of the medium and « the dielectric constant of the unionised air,

Lot Bm

where ¢ indicates the displacement of each fon from its original position
produced by the waves. The oqlla.t—inn of motion of an fon is

moa +fﬁ = cZ,

where £ is a frictional constant of viscous type.
1 the time factor in Z be ¢¥, this equation becomes
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During these tests the receiving wire was supported by means of &
kite, as was done in my early transatlantic tests of 1001, the lmight
of the kite varying from about 1,000 to 3,000 feet. Signals and mes-
sages were obtained without difficulty, by day as well as by night, up
to a distance of 4,000 statute miles from Clifden.

Beyond that distance reception could only be carried out during
nighttime. At Buenos Aires, over 6,000 miles from Clifden, the
night signals from both Clifden and Glme Bay were generally good,
but their strength suffered some variations.

It is rather remarkable that the radiations from Clifden should
hsve been detected at Buenos Aires so clearly at nighttime and not
at all during the day, whilat in Canada the mignals coming from Clif-
den (2,400 miles distant) are no stronger during the night than they
are by day.

Further tests have been earried out recently for the Italian Gov-
ernment between a station situated at Massaua in East Africa and
Coltano in Italy. Considerable interest attached to these experi-
ments, in view of the fact that the line connecting the two stations
passes over exceedingly dry country and across vest stretches of
desert, including parts of Abyssinia, the Soudan, and the Libyan

Desert. The distance between the two stations is about 2,600 miles.

'l‘hnnvelmgthnlﬂxmding-hﬁnninurimwwmmnﬂw
allow of transmission being effected during daytime, but the results
obtained during the hours of darkness were exceedingly good, the
received signals being quite steady and readable.

The improvements introduced at Clifden and Glace Bay have had
the result of grestly minimizing the interference to which wireless
tranemission over long distances was particularly exposed in the
early days. §

The signals arriving at Clifden from Canada are as a rule easily
read through any ordinary elestrical atmospheric disturbanes. This
strengthening of the received signals has moreover made possible the
use of recording instruments, which will not only give a fixed record
of the received messages, but are also eapable of being operated at a
much higher rate of speed than could ever be obtained by means of
an operator reading by sound or sight. The record of the signals is
ubhmld by mm of photoytphy in tbo following menner: A sen-

tring to the magnetio
demmr or valve raemvur, and the dnﬂmtm:n of its filament caused
by the incoming signals are projested and photographically fixed on
& sensitive strip, which is moved along at s suitable speed (pl. 1, fig. 2).
On some of these records, which I am sble to show, it is interesting
to note the characteristic marks and signs produced amongst the
signals by natural electric waves or other electrical disturbances of
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diffraction has been thoroughly settled by the investigations of Rayleigh,
Toinearé, Macdonald, Nicholsan, and others, whose work has shown irrefutably
that the energy propagated round a quarter of the globe by the pracess of
diffraction would be utterly inappreciable. Heaviside hus suggosted that,
in the type of waves used in wireless telography, the Faraday lines of
electrio fores are attached, as it were, to the carth, and slide along its
surface, and that therefore they cannot leave it; but this view, in fact,
throws us back on the diffraction result. Again, in 1906, Zenneck added to
this suggestion a consideration based on a wellknown illustration of
Poynting’s thearem. In his original memoir® on the propagation of energy
in the electromagnetic field, Poynting gives az an illustration of the theorem
the case of o wire possessing resistance and carrying an electrie current.
Hoaviside;t referring to this illustration, showod that the moving electric
field cannot be purely radial; in other words, the Faraday lines belonging to
the flowing eleotricity must lean forward as they meve slong the wire—so
that the eergy veotor shall have a component perpendicular to the surface of
the wire, This particular case has been worked out in great detail since the
date of the memoir, but Zenneck’s application was to the simple case of
the propagation of a plane wave over a badly condueting solid, such as the
earth, with a plane beundary. His suggestion is, briefly, that the tilting
forward of the wave fronts near the conductor will lead to a general slow
turning downward of the waves townids the earth, so that & large proportion
of the energy of the waves will be deflected round the bend of the earth
instead of being propagated linearly into space. This suggestion does not in
veality assist the pure ditfraetion theory at all

Another hypothesis was put forward by Heaviside in 1900, when he
suggested that the attenuated gases of the upper atmosphere might provide
a condueting surface concentric with the earth, between which and the
surface of the earth itsell the waves might spread with swo-dimensional
divergence. This hypathesis has not yet been supported or denied by any
trustworthy experiments or observations. Such experiments or observations
will necessarily have to be made on waves that have travelled long distances,
for the upper layers of the atmosphere cannot be greatly concerned in short-
distance transmission. But it will be perceived, from the remarks already
made on the minima of natural electric waves, that this upper condueting
layer might supply the explanation of the phencmencn, and thereby gain
some support. On examination, however, it appears that the phenomenon
cannot be expluined by means of the bare hypothesis, and still less can the

* *Phil. Trans,’ Jan. 19, 1884,
+ “Blectrical Papers, vol. 2, . 94,
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practically as perfeot in strong sunlight as in the dark. On all these
counts, therefore, the supposition that the minima phenomena under
discussion can e explained by ionisation of the lower layers of the
atmosphere must be discarded as untenable.

‘We must therefore turn to the possibility of altertions in the vesistance
of the ground round the antenna, alterations of such a nature that the waves
are absorbed much more freely during a cortain fow minutes of twilight than
before or after, Here we may ot the sume time consider a subordinate
possibility, namely, that the resistance of the ground within & few yards
of the carth platos of the antenna might vary through a minimum value
during twilight. 1f this really happened there would be extra dissipation
near the earth plate of the energy of the cscillations excited on the antenna
by the incoming waves. Both of these views have been negatived by the
author's observations on signals coming from short distances, which show
that sigoals originating at distances of less than 50 miles do not undengo
apprecialile diminution in strength, even on days when the stray minimun is
well marked. But, to make certain of the non-existence of the subordinate
possibility just roferred to, a long series of determinations was made, during
the past autumn, of the high-frequency resistance of the antenna and its
earth connection at various frequencies and at various times of the day ; and
especially at the twilight periods, These measurements were carvied out by
two distinet and trustworthy methods, The details of the determinations
noed not be given here; it is sufficient to state that the results leave no
doubt that the local earth resistance does not vary in the vapid manner,
nor to the wide extent, that is required o explain the twilight minima of
the strays.

Another point that supports the view that the stray minimum is not
produeed by strietly loeal causes may be stated b It is very noticeable
that the twilight minima nre casier to observe when the receiving apparius
is adjusted for long waves (suy 6000 metres) than when it is adjusted for
short waves (say 1000 metres). This is of obvious significance when taken
with the fact that signal waves of yreat length are most suitable for
communication over great distances. Now the most striking difference
between signals veceived from long and from short distances is that in the
former case the curvature of the earth may cxert appreciable, perhaps very
great, infinence on the signal intensity.

“This immediately raises the question of the manner of propagation of long
clectric waves round the earth. The fact is now thoreughly established
that signal-bearing waves can travel a quarter of the way round the globe
and still be easily pereeptible. That this is not o nunifestation of ordinary
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the atmosphere, which, on acoount. of their doubtful origin, have been
called “X’s.”

Although’ the mathematical theory of elestrio wave propagation
ﬂunughlpm wea wnrknd out by (}Earklhanll more than 50 years

ago, an all the 1 evidence obwnad in
I:bunmmm mwmng the nature of ﬂuuﬂ w-vu, yot m far we
d but I the con-

ceming the manner of pmpngmunofﬂusmmonwhmhwunlu
telegraph transmission is based. For example, in the early days of
wireless telography it was generally believed that the curvature of
the earth would constitute an insurmountable obstacle to the trans-
mission of electric waves between widely separated points. For &
considersble time not sufficient sccount waa taken of the probeble
effect of the earth specially in regard to the i
of oscillations over long distances.

Physicists seemed to consider for a long time that wireless teleg-
raphy wes solely dependent on the effects of free Hertzian radistion

through space, and it was years
Tl

before the probable effect of the
conductivity of the earth was con-
sidered and discuased.

Lord Rayleigh, in referring to
transatlantic radiotelegraphy,
stated in a paper read before the

s Royal Society in May, 1003, that
the results which I had obtained in signaling scross the Atlantie
suggested “s more decided bending or diffraction of the waves round
the protuberant earth than had been expected,” and further said
that it impln.ed a great: interest to the theoretical ymblem ' Prof.
Fleming, in his book on electric wave telegraphy, gives diagrams
showing what may be taken fo be a du(n.mm.lm: representation of
the detachment of semiloops of electric strain from a simple vertical
wire (fig. 11).

As will be seen, these waves do not propagate in the same manner
as does free radiation from a classical Hertzian oscillator, but instead
glide along the surface of the earth.

Prof. Zenneck* has carefully examined the effect of earthed receiv-
ing and transmitting serials, and has endeavored to show mathe-
matically that when the lines of electrical force, constituting a
wave front, pass along a surface of low specific inductive capacity—
such as the earth—they become inclined forward, their lower ends
being retarded by the resistance of the conduetor, to which they are

' Pros. Roy. Bec., vol. 72, p. 0.
2, p biey 1906, D 20,888,
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attached. It therefore would seem that wireless telegraphy as at
present practiced is, to some extent at least, dependent on the con-
ductivity of the earth, and that the difference in operation across
long distances of sea compared to over land is sufficiently explained
by the fact that sea water is & much better conductor than is land.

The importance or utility of the earth connection has been some-
times questioned, but in my opinion no practical system of wireless
telegraphy exists where the instruments are not in some manner con-
nected to earth. By connection to earth I do not necessarily mean
an ordinary metallic connection as used for wire telegraphs. The
earth wire may have a condenser in series with it, or it may be con-
nected to what is really equivalent, & capacity area placed close to
the surface of the ground. It is now perfectly well known that a
condenser, if large enough, does not prevent the passage of high-
frequency oscillations, and therefors in this case, when a so-called
balancing capacity is used, the antenna is for all practical purposes
connected to earth.

I am also of opinion that there is absolutely no foundation in the
statement which has recently been repeated to the effect that an earth
oonnu:han is detrimental to good tuning, provided of course that

Certainly, in of ita resist ‘what icians call &
bad earth will damp out the oscillations, and in that way make tuning
difficult; but no such effect is nouoed when employing an efficient.
earth connection.

1In conclusion, I believe that lun not any too bold when I say that
‘wireless telegraphy is tending to ize our means of
cation from place to place on the earth’s surface. For example, com-
mercial messages containing & total of 812,200 words were sent and
received between Clifden and Glace Bay from May 1, 1910, to the
end of April, 1911; wireless telegraphy has already furnished mesns
of communication between ships and the shore where communication
was before practically impossible. The fact that a system of imperial
wireless telegraphy is to be discussed by the imperial conference,
now hofdmg its meungn in London, shows th.a supremely lmponn.nf.
position which over long di: has assumed in
the short space of one decade. Its importance from a commercial,
naval, and military point of view has increased very greatly during the
lnst few years as & conssquence of the innumerablo stations which
have been erected, or are now in course of construction, on various
coasts, in inland regions, and on board ships in all parts of the world.
Notwithstanding this multiplicity of stations and their almost con-
stant operation, I can say from practical experience that mutual
interference between properly equipped and efficiently tuned instru-

88784°—ax 1911—0
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may be regarded as very small in itself. But, in the present case, the result
is 50 eable by the ordinary fons of the

o slakes weyen through the atmosphere, that we are compelled by its
refusal fo fit into the accepted scheme of things to attempt an extension
of that scheme, Now, in searching for an explanation of thess twilight
minima, we have to notiee that there are two main alternative passibilities.
In the first plase, the atmospheric discharges that produce the strays may
themselves, for some reason, become temporarily infrequent at twilight ;
and, in the second place, the space throngh which the waves travel may
Besome temporarily less casily traversed in twilight. The former alternative,
when taken in conjunction with the author's experience over nearly 20° of
Inngitude that it is the receiving station’s local time which is concerned,
implies that the bulk of the strays received at a given station are produced by
atmospherie discharges oceurring in regions of the atmosphere that have the
same sunset and sunrise a5 that station; or, in other words, implies that
the strays observed have their origin at places on (voughly) the meridian
of the receiving station. Evidence has boen already quoted, however, to
show that the larger propertion of the strays observed at any station
usnally originate at a great distance from the station ; hence the alternative
under disenssion leads to the unlikely conclusion that every station receives
its strays from atmospheric discharges occurring at o great distance along its
own meridiay, and from that place solely,

We turn, therefore, to the other alternative, that the propagation of electric
waves tawards any place is hindored by some unknown offect of twilight.
That this latter alternative is really the corvect one is strongly indicated by
observations (to b described later) on artificial eloetric waves coming from
considerable distances.

Electric waves travelling near the earth's surface might conceivably e
affeoted by the presence or absence of the sun at a point of abservation in
two obvious ways : First, light may ionise the air locally in sufficient degree
to causo considerable absorption of the onergy of the waves ; and, sccondly;
sunlight might affect the eloctrioal resistance of the ground within, say,
50 miles round the antenna, and thus have an effect on the absorption of the
waves when they Tun over this region, Considering the former hypothesis
first, the atmospherie absorption by fonisation due to solar radiation must, it
it exists, be greater in strong sunshino than during twilight, which i
contrary to observation, Tn point of fact, the absorption amived at in this
manner i, as will be shown incidentally lator, much too small &t any time
of day to produce the offects actually ebserved. Moreover, it has long been
known that the propagation of electric waves over short distances is
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aggregate area of the representative marks in any eonvenient intervals of
time. The volue of this time integral taken over, sy, two minutes,
is treated as the ordinate corresponding to the middle moment of the
interval, which is taken as abscissa and a smooth curve drawn. But sn
even rougher method, consisting of counting the mumber of marke in each
twa minutes’ interval, and using these numbers as ordinates corresponding
. A.li. I.H.J hlln.
B S 3 Fham
Fia. 2. Stnws, Nmmurn |:7m Sun rises at 7,17 At
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Fio. 3.—Btrays, November 13, 1911, Sun sets ot 4.13 2.y,
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Fro. 4. Strays, November 23, 1511, Sun sete at 40 ..
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Fig, 5.—8brays. December I 1911, Som seta at 50 o

to the mid-times, may suffice in many cases. OF course, a theorerically
more perfecs procedure would be to pass the detector currents through
a sensitive galvanometer possessing & heavy moving system. A time record
of the deflections indicated by the instrument would, at first sight, give
a better quantitative result than the hand-made record just described;
but actuial trials show that thete is an inetease of aceuracy only when the
sirays aro very mumercus, more numerons, in fact, than on the avernge
occasion.  Adopting, then, the method sleady deseribed, we oblain curves
such as that of fig. 6. These observations were made at the authors

laboratory in London,
The scientific value or importance of an isolated result like the present one
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Fio. 6.—Tntegral Tutensity Curve, Sunset, December 0, 1011,
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ments has so far been almost entirely absent. Some interference
does without doubt take place between ships, in consequence of the
fact that the two wave lengths adopted in accordance with the rules
laid down by the international convention, are not sufficient for the
proper handling of the very large amount of meesages transmitted
from the ever increasing number of ships fitted with wireless teleg-
raphy. A considerable advantage would be obtained by the utiliza-
tion of a third and longer wave to be employed exclusively for com-
munication over long distances.

In regard to the high-power transatlantic stations, the facility
with which interference has been prevented has to some extent ex-
ceeded my expectations, At the receiving station situated st a dis-
tance of only 8 miles from the powerful sender at Clifden, during
8 recent demonstration arranged for the Admiralty, messages could
be received from Glace Bay without any interference from Clifden
‘when this latter station was transmitting at full power on & wave
length differing only 25 per cent from the wave radisted from Glace
Bay, the ratio between the maximum recorded range of Clifden
and 8 miles being in the proportion of 750 to 1.

ents are being made to permanently send and receive
simultaneously &t these stations, wh.u-.h when x:omplahd will consti-
tute in effect the of be-
tween Ireland and Canada.

The result which I have last referred to also goes to show that it
would be practicable to operate at one time, on slightly different
‘wave lengths, a great number of long-distance stations situsted in
England and Ireland without danger of mutual interference.

The extended use of wireless telegraphy is pnnc.\pnlly dependent:
on the ease with which s number of stations can be efficiently worked
in the vicinity of each other.

Considering that the wave lengths at present in use range from
200 to 23,000 feet, and moreover that wave group tuning and direc-
tive systems are now available, it is not difficult to foresee that this
comparatively new method of eommmmnon is destined to fil &
position of the greatest i
throughout the world.

Apart from long-distance work, the practical value of wirelesa
telegraphy may perhaps be divided into two parts, (1) when used
for tranamission over ses and (2) when used over land.

Mmy munlnas, mulnd.mg Iuly, C-nld-, and Spain, have already

h systems by
maul.lnhona, but.lam time must pass before t.hn method of commu-
nication will be very largely used for inland purposes in Europe
generally, owing to the efficient network of land lines already existing
which render further means of communication unnecessary; snd
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therefora it is probable that, at any rate for the present, the main use
of radiotelegraphy will be confined to extra-Buropean countries, in
some of which climatic conditions and other causes absolutely pro-
hibit the efficient maintenance of land-line telegraphy. A proof of
this has been afforded by the success which has attended the working
of the stations recently erected in Brazil on the upper Amazon.

By the majority of pecple the most marvelous side of wireless
telegraphy is perhaps considered to be its uss at sea. Up to the
time of its i ships at any iable distance from land
had no means of getting in touch with the shore throughout the
whole duration of their voyage. But those who now make long sea
journeys are no longer cut off from the rest of the world ; business men
can continue to correspond at reasonsble rates with their offices
in America or Europe; ordinary social messages can be n:ehunged
between passengers and their friends on shore; a daily newspaper is
published on board most of the principal liners, giving the chief news
of the day. Wireless telegraphy has on more than one occasion
proved sn invaluable aid to the course of justice—a well-known
instance of which is the arrest, which tock place recently through its
_agency, of & notorious criminal when about to land in Canads.

The chief benefit, however, of radiotelegraphy lies in the facility
which it affords to ships in distress of communicating their plight to
neighboring vessels or coast stations; that it is mow considered
indispensable for this reason is shown by the fact that several govern-
ments have passed & law making a wireless-telegraph installation &

mpulsory part of the i of all boats entering
their ports.
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connectod to an earth plate. The industance was usually about 6x 10° em,,
and the natural period of the antenna was about 50,000 per second—which
corresponds to a wave-length of about 6000 metres This frequency was
seleeted merely hecause it was of the same order of magnitude as that of the
Marconi Transatlantic stations, signals from which were also being measured
from time to time. The antenng induetance engaged inductively with auother
coil forming part of & secondary circuit that could be tuned to the antenna.
by aid of & variable condenser in it. A detector and telephone weve connected
with the circuit in the ordinary way. The Pickard zincite-chaleopyrite
detestor wis used,

With such apparatus several ways of making and. recording obssrvations
present themselves. The easiest and most obvious method consists in listening
at sunrise and sunset to the noises made in the telephone by the natural
electric wave trains; other methods involve the nse of & galvanometer in
place of a talephone recaiver. The obeervations in this paper were practically
all made with the telephone. A caveful listener will find that on a typical
morning the following phenomens. appear:—First, starting to listen about
half an hour before sunrise, the strays heard in the telephone are loud and
numerous and much as they have been all night; then about 15 minutes
before suntise a change sets in, the strays get weaker and fewer rather
quickly, till at about 10 minutes before sunrise a distinet lull occurs, of
perhaps & minute’s duration. At this period there is sometimes complote
silonce. Then the strays hegin to sppear again, and within 10 minutes of
the 1ull they have settled down to the steady stream proper to the daytime.
These day strays are weaker and fewer than the night strays, exceps on rare
aceasions. The lull is sometimes very pronounced, and at other times there
iz no lull at all. Tt is usually more marked at sunset than at sunrise.

The simplest way of representing these events, just as they are heard in
the telephone, is by a hand-written record of the sounds. With practice,
it becomes easy to make pencil marks on paper ruled in convenient units
of time in such a way that the height of the mark represents the intensity
of the sound, and the general shape of the mark the duration and character
of the sound. Some of the records that have been obtained in this way
are reproduced in figs. 2 to 5. These are selected out of a large number
of records as examples of the different kinds of minima obtained at both
sunrize and sunset. It will be noticed that at sunset the minimum is
aboul 10 minutes after the calendar time of setting. Records such as these
can be made to yield quantitative results of sufficient accuracy for the
diseussion of 80 irregular & phenomenon, by plotting Tough estimates of the
timo integral of tho intensity of the strays, that is, by estimating the

o3
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radius of two or three hundred miles of the receiving station) During the
winter months, on the contrary, the aumber and intensity of the strays are
relatively regular. The stuly of the phenomena belonging to the strays
of distant origin may clearly be more favourably pursued in the winter
than in summer, since the confusing feature of local lightning discharge is
absent in winter. Besides the seasonal variations in the number and the
intensity of the strays there is ab every station a well-merked diurmal
variation. Leaving out the irregularities due to local storms, we may say
that the simys are in general more frequont and numerous during the
night hours than during the day hours. The variations may Le represented
wraphically 8s a curve in any of the methods indicated below and then
they appear as shown in fig. 1, which may be regarded as o typical 24 hours'
continuons ecord of the integral of uumber and intensity. These diurnal

S T R T T T T

Fio, 1—Twenty-four hours’ Continucus Recard of Integral Intensity of Strays,
November 14 and 15, 1310,

variations have not yet been investigated thoroughly. The author has not
Teen able to find any account of observations in which the effeots of local
storms have been eliminated.

From what has been said it is plain that the most interesting parts of the
diurnal curve are those at which day and night conditions meet and
change one into the other. Ta investigate these important parts of the curve
the ordinary apparatus of a wireless telegraph station may be utilised, The
appamtus employed by the author consisted of an antenna of 12 wires sloping
from south to north at an angle of about 45° from a height of 170 feet,
connected at the bottom to a coil of variable inductance, which was in turn
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SOME QUANTITATIVE EXPERIMENTS IN LONG-
DISTANCE RADIOTELEGRAPHY

By L. W. Austin

During December, 19og, and the spring and summer of 1910 the
Navy Department carried on long-distance wireless tests between
the scout cruisers Birmingham and Salem and the large Fessenden
station at Brant Rock, which was leased by the Government for
this purpose. These tests were primarily for the determination of
the range of communication between the two eruisers and between
the cruisers and the Brant Rock station. The United States
Naval Wircless Laboratory had charge of the taking of certain
quantitative measurements in connection with these tests, and
this enabled us to obtain scientific data in regard to the laws which
govern the radiation and reception of electrical waves, and, what
was of especial interest, to study the course of the so-called atmos-
pheric absorption up to a distance of about one thousand miles.
The following paper contains the results of this work.

It was shown by Duddell and Taylor® in experiments carried on
between a land station and the steamer Monarch in the Irish Sea
that the received current over water fell off very nearly in propor-
tion to the distance. This law has since been verified by Tissot.*

As the data obtained during the July experiments were by far
the most full and accurate, all the theoretical deductions have been
based on these results and the others have been employed only for
comparison and verification. The Brant Rock station, situated
directly on the shore 20 miles south of Boston, employs for its
antenna a steel tower 420 feet high and 3 feet in diameter thor-
oughly insulated at its base. From the top of the tower extend
four arms 50 feet in length and from each of these two 300-foot
cylindrical cages are drawn out by means of guys at an angle of

W. Duddell and J. E. Taylor,

1 ectrician, 55, p. 260; 1005,
#C. Tissot, Electrician, 58, p. 848; 1906.

315

Proceedings of the Royal Society of London 1912

165

79

G the Diwrnal Variations of the Electric Waves Occurring in
Nature, and on the Propagation of Eleetric Waves Round
the Bend of the Earth.

By W. H. Eoowss, D.Se, ARCSe.

(Communicated by Sir Arthur W. Riicker, FR.S. Received March 6,—Received
in revised form June ,—Read June 27, 1912.)

Since the oarliest days of eleotric wave telography it has been known that
there exist natural electric waves which frequently affect the receiving
apparsius af & wireless telegraph station more powerfully than do the
message-hearing waves. In the telephonic method of receiving signals,
whero the apparatus is so arranged that the effiect of a train of waves is
to cause a pulse of electrie current to pass from the * detector™ through
the telephones, the natural electric waves make themselves evident as clicks,
or ag vaitling noises, in the They ere easily distingui from
signals, for the sounds produced by the lutter are more egular, and, in fact,
are often musical in character. The nataral electric waves ave doubtloss due
to electric discharges taking place between masses of eleetrified air, or
between such masses and the earth. Till recemtly it was not known
whother the discharges affecting any partioular station were taking place ab
distances of hundreds of miles or at distances of thousands of miles from
the station ; but it is now certain that for stations in England the distances
concerned must neually be reckoned in thonsands of miles, This point was
settled by tracing and identifying individnal natural wave trains at two
receiving stotions, one in London and the other in Newcastle.* Tt was found
that about 70 per cent. of the natural wave trains perceived at oue station
could be identified with those perceived nt the other, and, further, that
more than half of these were of much the same intensity at both stations—
from which it may fairly be inferred that the distance of the discharge is
great compared with the distance between the stationsf

The number of natwal wave tuains, or “strays” as they are commonly
called for brevity, received at any station varies in general from hour to
hour. Tn England these variations are most pronounced during the summer
months, principally on account of the frequency of loval lightuing storms
during these months, (The word local is here intended to wean within a

# Beolaa and Airy, ¢ Ray. Soc, Proc.? 1911, 4, vol, 85,
# Tn all that follows it s sesumed that the sources of the wave trains are not extra-
berrestrial.
VOL. LXXXVILwA. G
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7 to 30 amperes antenna heights 37 to 130 feet, wave lengths from
300 to 3750 meters, and distances up to 1000 nautical miles.

In regard to the value of the day absorption it is only possible to
say that the above expression is satisfied within the limits of error
of the observations. It is quite possible that when observations
are made at distances of 2000 to 3000 miles, the value of the
absorption coefficient will have to be corrected by 10 or even 20
per cent, as this amount of error could exist without discovery at
the distances covered in these experiments, It isalso possible that
the square root law relating the absorption with the wave length
is only an approximation.

U. 8. Navar WIRELESS TELEGRAPHIC LABORATORY,

Washington, February 1, 1971,
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about 45°. This forms a system of eight conductors spaced sym-
metrically about the tower. These cages are approximately 4
feet in diameter and consist of four wires each, separated by a sys-
tem of hoops. The cages are insulated at the bottom and electri-
cally connected to the steel tower at its top, thus forming a type of
umbrella antenna. The inductance of the complete antenna sys-
tem amounts to 0.055 millihenry, and the capacity is 0.0073 micro-
farad. The closed circuit was inductively coupled to the antenna
just loosely enough so that but one wave length® was radiated. The
closed circuit were of the well-} den com-
pressed-air type, and for a wave length of 3750 meters the capacity
was 0.18 microfarad. The spark gap was of the Fessenden syn-
chronous rotary type with two fixed electrodes and a system of
rotary electrodes mounted on the shaft of the generator. The gen-
erator was rated at 100 kilowatts at 500 cycles, thus producing
1000 sparks per second. It was not possible to run the generator
at full power with the steam engine available at the time of the
experiments, the actual power expended being 50 to 6o kilowatts.

The scout cruisers were provided with flat top antennas sup-
ported by steel masts surmounted by wooden topmasts. The
antenna dimensions were: Length 116 feet, breadth 40 feet, number
of longitudinal wires 14, cross wires 15. During the December
test, the height above the water was approximately 112 feet, but
this height was increased in the three later tests to 130 feet. The
capacity was about 0.0018 microfarad and the inductance 0.038
millihenry. During the May experiments the capacity of the Bir-
mingham was increased by two 7o-foot cages forward and two 8o-
foot cages aft set at an angle of approximately 30° with the verti-
cal. These cages were similar to those forming the umbrella of the
Brant Rock tower. This increased the capacity to about 0.0025.
In the midst of the July tests, cages were added to the Salem also,
but the change resulted in no observable variation in the intensity
of the signals, the increase in capacity being apparently counter-
balanced by the decrease in effective height. The closed circuit
was coupled to the antenna, so that but one wave length was radi-
ated, and the closed circuit capacity was 0.036 microfarad at 3750

eiutxperience fus shown that when the closed circuit i properly designed —that is,
due waste of ing,ete.—the ‘range 13 obtained by
lm\lp 1 loose enough 1o give but one wave length. in the antenna.
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meters, and 0.018 microfarad at 1000 meters wave length. The
motor generators were so0-cycle machines rated at 1o kilowatts,
and the spark gap was of the same type as that used at Brant Rock
but of smaller dimensions.

JULY EXPERIMENTS

I, Sending antenna current in amperes.

I,. Reccived antenna current through 25 ohms.

N. Night observations.

K. Received antenna current at 1 kilometer distance.

d. Distance in kilometers.

h. Height of flat top antenna.

a. Day absorption coefficient =o0.0013.

A. Wave length.

H. Stat. Heavy static=atmospheric discharges preventing re-
ception of signals.

Miles. Nautical mile=1.85 kilometers.

For good communication. I, =40%10~% amperes through zj
ohims =4 X 107 watts.

For audible signals. I, =103 10~" amperes through 25 ohms=
2.5 10 ~" watts.

Preliminary experiments were begun early in July, the scout
cruisers lying at anchor in the harbor at Provincetown, 22 miles
from Brant Rock. The path of the waves between the ships and
the shore station, except for a narrow strip of sand hills bounding
Provincetown Harbor, lay entirely over water. Later, when tha
ships put to sea, it was found that this strip of land made no
appreciable difference in the received signals. Careful measure-
ments were made on the intensity of the received antenna current
at Brant Rock for the two wave lengths 1 000 meters and 3 750
meters. This current was measured either by means of a hot-
wire ammeter of 15 ohms resistance, provided with a mirror for
mirror and scale readings,' or by a tellurium constantan thermo-
element,® also of 15 ohms resistance. The hot wire ammeter gave
a scale deflection of about 0.2 millimeter for 1 milliampere oscil-
latory current in the antenna and 9.4 m:lhmelm for 10 milliam-
peres. One flection with the thermo-
element was eqmvalenl. t0 263 microamperes, and the deflections

L. W, Austin, Electrical World, 49, p. 308; 1007
*This Bulletin, 7, p. jos.
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heights of from 30 to 8o feet and wave lengths from approximately
1500 t0 4000 meters.

() Taking account of the influence of antenna height and wave
length equation (2) may be extended and a general day trans-
mission formula written as follows
_owisd
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where the currents are given in amperes and all lengths in kilo-

meters.” This formula has been tested for sending currents from

v From thia it would appear that it s advisable to fate stations according o the

itude of the satenaa curen, tter,
Sutfeat inbs the beig =at, of perhaps better, according to the product of the
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Variations also appear to occur during the daytime, but these are
probably in general small

(b) The received antenna currents between two stations with
salt water between are proportional to the product of the heights **

BRANT ROCK_RECEIVED ON BIRMINGH

MAY,.1910

1,715, AMP. A=4750 M,
x DAY OBSERVATIONS

LR

;

el
CC LN
| =
| :
0 W 0 o 6 W e 00 WiLEs
Fie 7

of the sending and receiving antennas and inversely proportional
to the wave length, provided the antenna resistances remain con-
stant. These experiments were carried on with flat-top antenna

™ The experiments indicate that for the greatest efficiency of 4 fatop antenaa the
as possible
and concentrat the capacity at the greatest height.
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were, as neariy as could be determined, directly proportional to
the square of the oscillatory current. For the 1o00-meter wave
length a variable air condenser was placed in series with the Brant
Rock antenna, and in this way it was possible to adjust the
antenna resistance for both wave lengths to about 25 ohms.
From a number of observations it was determined that the received
current at Brant Rock for a wave length of 1000 meters was
10 500 microamperes for the Birmingham, with a sending antenna
current of 33 amperes,® and 11 000 microamperes for the Salem,
corresponding to a sending antenna current of 27 amperes. For
a wave length of 3750 meters the received cum:nr.s were 3200

for

mi for the Birmingham and 4100
the Salem, corresponding to sending antenna currents of z7 and,
24 amperes.

After the ships had attained distances too great to permit the
reading of the received signals at Brant Rock by means of thermo-
elements, a chalcopyrite zinkite rectifier with galvanometer was

the heric disturbances permitted.
Thls was conneeted in a secondary circuit coupled to the antenna
and calibrated by means of a thermoelement in the antenna and
an exciting buzzer circuit which could be tuned to the wave
length used.”

Throughout the experiments, both at Brant Rock and on ship-
board, shunted telephone readings were taken on the incoming
signals. The detectors used for the shunt readings were of the
free wire clectrolytic type and the head telephones connected in
series were cach of 6oo ohms resistance,* the shunt being placed
across one of these according to the Fessenden method. The
circuits for the galvanometer and for the shunt readings at Brant
Rock are shown in Fig, 1.

An extended comparison of antenna currents through circuit A
and the shunt readings as taken in circuit B was made, and the

will be noticed that while the radiation current of the Birmingham is eonsider-

reate than that of the Salon. the strength of received signal i slghtly less.

16 Fowible that the spparently prester Tadboiion vl the irminghars wes d

deck insulator which gave trouble throughout the July test, 1 s ot du nl;lb!e.
refore that the setual anteana curvent was not greater than that

mean of the gt Ghiges B Amvpers S Pemee SRl of Tood rim WS

been taken as o hnm:w for calculat P‘ it i

352 tis Dullein, 7.p. 255,
*The inductive resistance of cach telephone used in calculating the shunt ratio was
2000 ahms.
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wave length and which may be expressed mathematically by the
term e,
‘The complete expression for the received current is then
K
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TABLE I 1
Shunts on 600-Ohm Telephone with Electrolytic Detector, and Antenna ~
Current Through 25 Ohms Pe
Asteang Current Asienna Currest
Stunt Obens =F Stunt Obene i .
05 a2 F 95 1
5 614 0 8r
a 568 40 76
r 530 50 68
10 474 0 58
2z 236 100 # 7 E 7 ToEWILES
3 21 150 40 Fie.2
4 237 200 35 i e o 2
s 212 00 20 This is true in general for day transmission. The absorption at
6 194 400 26 night is entirely irregular varying from zero to the day value,” but
8 168 600 2 is on an average much less duri i i
0 150 A % ge s during the winter than in summer,
1z 7 2000 15 ¥ The great variations in night absorption mak all
15 122 3000 13 quatity of i T ol taaks el all Sy 2 e
20 106 ® 0 on the average day range have any value.
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SUMMARY AND CONCLUSIONS
Quantitative measurements have been carried out in long dis-
tance wireless telegraphy up to 1000 miles for the purpose of
determining the law of the variation of strength of signal with
distance.

In

%ot
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A ‘
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:
:
M |
Fig. 25

Supplementary work was also done on the effect of height of
antenna and wave length on sending and receiving

The results are given briefly as follows:

(a) Over salt water the electrical waves decrease in intensity in
proportion to the distance as found by Duddell and Taylor. In
addition they are subject to an absorption which varies with the

83226°—11—y
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results are shown in Table I The table shows the amount of
eurrent in an antenna having a total resistance of 25 ohms which
would correspond to the telephone shunt readings on a detector
coupled to the antenna with the degree of coupling capable of
drawing the maximum amount of energy into the detector.?

Shunt readings are very difficult to take even under the best
circumstances. In a quiet laboratory it has been found possible
to make them agree among themselves with average errors in
the single ohservations not greater than 1o per cent. In a wire-
less station, with its varying degree of noise, especially if the sta-
tion is on shipboard, the errors are much greater than this, amount-
ing under ordinary ci with good to from
20 to 40 per cent; whilc in a stormy time, or when the atmospheric
discharges are heavy, the observed strength of signal will often
be only a small fraction of that which would have been observed
under normal conditions. It is evident that most of these sources
of error tend to decrease the observed value of the signal. Occa-
sionally, however, a loose contact or a loose plug where plug resist-
ance boxes are used, will produce abnormally high values. Then,
too, the difference in ear sensitiveness of different operators pro-
duces variations in the record. For this reason it is necessary
that a very large number of observations be taken to make the
results of much value.

As the received currents given in the curves and tables are pro-
portional to the square root of the loudness of signal, the per-
centage errors are of course smaller than the errors in taking the
shunt readings.

The standard of audibility taken in this work is that strength
of signal which permits a clear differentiation of the dots and
dashes.

‘The Birmingham sailed from Provincetown early on the morn-
ing of July 14, taking a course nearly south until she had attained
a distance of about 1200 miles from Brant Rock. The Salem

* The actual amount of current in the antenna for the same intensity of signal in the

dson the ngth

detector varies with the effective resistance, which in tumn de
and amountof tuning inductance. The energy in the detector, required o produce

ver. This encrg: measured in takis
shunt readings, and for convenience of compirison its square Foot 13 put in terms.
micro 5 ohms which was the resistance actually employed i
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curve as caleulated from Table XVI for antenna heights of 37.5
feet, a sending current of 7.2 ampems andnuave length of oo
meters. The t is the fact that
the table from which the theoretical curve was calculated was
based on data derived from ships with 130-foot masts working at
Mtepur s
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a wave length of 1000 meters and employing a spark frequency of

1000 per second. These results show, as has often been observed
in our laboratory, how little the ratio of sending currents and
received signals depends on the spark frequency, the telephones
apparently never showing the added sensmvmm for high fre-
quencies exhibited in the case of si

currents.
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mately 1.12. The telephones on both boats were of approximately
the same sensitiveness and were of 2000 ohms resistance with an
i i under working ditions of about 4000 ohms.

& BRANT ROCK RECEIVED ON BIRMINGHAW. MARCH,1310
1g=70.5 AME A=2750 M
¥ nignr
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‘The observations of these tests, shown in Table XVTI, were taken
with great care, the engines being stopped during the time of
observation. Each one is the mean of a number of readings.

Tn the last column are given the received currents averaged for
both boats corrected to a sending current of 7.z amperes and to
the readings of the electrolytic detector. In Fig. 28 is shown the
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TABLE I
Birmingham Received at Brant Rock

‘ 1= 1000 30, | 3750 B,

vy | 1= amp.
July. | Joiy T
Disance, | Beceved Current| Recelved Corrent

‘ Mies | 1o amp. | 10~ amp.

14 8am, 22 10s00| 14 8.30a m. 2 3000]
2p.m. 50 4600| 3.30p.m. 60 1370
spm. 10| N 2100l 9.50p.m | 120 N 520

15 8a. 236 520{2) 15 930a.m. | 266 180)

2 p.m. 335 157] 3.30 p. m. 345 o7
spm | 415|N 36 o.30p.m | 45 N w

16 8a. 550 | 16 030am. 560 4
2p.m 626 54 330p.m | 66 HStt
8p.m. T2 | N 210 9.30 p. m. 712 N 106

17 8a.m. 854 H. Stat, 17 9.30 a. m. 864 26
2p.m. 927 3.30 p. m. 37 Stat.
8p.m. 1000 | N 19 930 p. m. 10010 | N 10

18 8a.m. 170 H. Stal. 18 9.30a.m. 1
2p.m. 1185 H. Stat. 3.30 p. m. 1185
8p.m. 1200 | N 51 9.30 p. ;. 1200 | N “

19 8a.m. sz H. Stat. 19 9300 m. sz 26
2p.m. 1103 H. Stat. 3.30 p. m. 103
8p.m. s (N 20 | 930 1025 | N Not send

20 8a.m. 890 3s 20 9.30 a.m. 880 %
zp.m. 841 29 3.30p. m. 831
8p.m. iz | N 240 9.30 p. m. 762 | N Not send

21 8Ba.m. 648 26 21 .30 a.m. 638 26
2p.m. 559 330p. m. 549
8p.m. 410 | N 150 9.30 460 | N Not send

22 Ba.m. 320 210 22 9.30 a. m.
2p.m. 240 3.30p. m.
8p.m. 190 9.30 p. m.
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followed on the morning of July 15 and proceeded slowly to a point
about 450 miles from Brant Rock. The courses of the two ships
are shown in figure 2. Regular sending and receiving periods
were observed at the three stations, At Brant Rock the signals
were received as far as possible on the thermoelement and a few
readings were taken with the rectifier, but while the preceding
week had been almost pletely free from herie dis-
turbances, unfortunately, soon after the ships sailed, strong dis-
turbances sct in which precluded the possibility of galvanometer
measurements, so that for the rest of the experiments all the
readings had to be taken by the shunted telephone method. On
the ships no attempt was made to use deflection methods, although

TABLE III
Brant Rock Received on Birmingham

Lol g
July e July
St | e St | Repziggren
15 10158 m. 200 336 |15 10.45a. m. 295 120
10.15 p. m. 445 | N 74 10.45 p. m.. 40 | N 63
16 10.15a. m. 580 58 |16 10.45 a. m. 585
10.15p. m. TN 160 10.45 p. m. RN kid
17 10.15a. m. B85 28|17 1045a.m. 8O0
10.15 p. m.. 1040 | N 106 10.45 p. m. 1045 | N 37
18 10.15a. m. 1180 Stat. (18 10.45a. m. 1185
10.15 p. m. 1215 | N 130 10.45 p. m. 12Is| N 110
19 10.15a. m. s Stat. |19 10,45 2. m. 10 30
10.15 p. m. 1005 | N 106 10.45 p. m.. 1000 | N 212
20 10.15 a. m. 850 37 (20 10.45 a. m. 845 28
10.15 p. m. 70 | N 336 10.45 p. m. 725 Not send
2l 10.15 a. m. 600 150 |21 10.45 & m. 595 51
10.15 p. m.. 435 | N 194 10,45 p. m. 430 N 54
22 10.15a. m. 275 390 |22 10,45 2. m. 270 Not send
10.15 p. m.. us |N 336 10.45 p. m. o Not send
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The antenna of the Stringham consisted of four wires 2 feet
apart, 135 feet long, and 48.5 feet above the water. Its capacity was
0.00134 microfarad. The elosed circuit condenser was the same
as that of the Bailey. The length of the Stringhan's radiated wave
was 340 meters. The receiving apparatus of both boats was of

I,
Py BIRMINGHAM RECEIVED AT BRANT ROCK, MARCH, 1910

Ty 23 AMR X=3750
X DAY OBSERVATIONS
e

Xz

Y,
% ey

@ ==
[, ~temdo_k
ey

Fie. 2

the latest inductively coupled type, and perikon detectors were
used which were standardized by comparison with electrolytic
demctnrs which experiments have shown to have a constant sen-

tiveness of the electrolytic to the perikon in both cases was approxi-
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it is possible that satisfactory measurements could have been
taken by means of marine galvanometers. Tables II to VI
contain the data of the experiments, the received signals being
reduced to terms of current through 25 ohms antenna resistance.
TABLE IV
Salem Received at Brant Rock

= e
- Fos
Juty Tuly
[ P— e T
T e’ B

15 6o m. 2 4400
15 S5a.m. 22 11000 9. m. 52 1420
8a.m. 45 5000 3p.m. 70 1250
2p.m. 60 3600 9p.m. 7| N *613

Sp.m. nr (N 2170
16 Sa. m. 125 2250 16 9a. m. 130 693
2p.m. 108 215 3p.m. 110 * 567
Sp.m. 37N 1328 9p. m. 140 | N *474
17 8a.m. 207 * 1062 17 9a.m. 210 *274
2p.m. 190 646 3p.m. 190 =500
8p m. 196 | N 400 9p.m. 196 | N 179
18 Sa.m. 249 580 18 9a m. 250 27
2p.m. 270 520 Ipm 275 *274
8p.m. 200 [N a0 9p. m. 205 | N =194
19 8a.m. 366 200 19 9a.m. 3 *106
2pom| a4 ™ Ipm| 40 +us
8p.m. a5 | N a2 9p. m. 430 Not send
20 8a.m. 322 s 20 9a m. s Not send
Zpom | 2 582 Ipm 245 Not send
Spm 18N Sut 9p.m | 175|  Notsend

* Telephone readings

‘Wherever possible the readings taken by the deflection method
are used. During the experiments the atmospheric disturbances
were heavy most of the time, especially at night and at the longer
wave length. These frequently entirely prevented the reception
of the signals as indicated by the blanks in the received current
column. No table is given for Brant Rock received on the Salem,
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because during a great part of the time the signals were too strong
for accurate shunt readings. No tables are given for the work
between the two cruisers at a wave length of 3 750 meters, as
their antennas seemed too small to work successfully at this

TABLE V TABLE VI
**Salem " Received on ‘' Birmingham'" * Birmingham '* Received on ** Salem’"
i 1000 T | = 1000 .
L= 37 A, LR
Joiy oy

Recsieet | [

St | Gt Tagay | Curment

Miss | 0~ Amp M | 10~ A,
15 gam. | 28 170 15 830em | 25 160
2p.m. 274 196 2.30 p. m. 278 150
spm | a|N 10 saop.m | us|N 105
16 sa.m. | 420 87 16 8300.m [ 425 60
2p.m. 521 54 230 p.m. 526 43
8p.m. 514 | N 87 8.30 p. m. 59N 63
17 8am.| 66l 2 17 830am | 66| HSa.
zpom.| 730 20 z3opm | 75| H Su.
Sp.m. 840 | N 30 8.30 p. m. 845 (N .
18 §a.m. 960 Stat. 18 8.30a. m. 960 10
zp.m.| o2 Stat. z30p.m | o 10
spm| 90N 46 830pm | 960N 10
19 8am.| 8 10 19 830a.m | 82 10
2p. m. 720 26 2.30 p. m. ns Stat.
8p.m. 618 | N 46 830 p. m. 613 | N ”
2 Sam| 5 2 20 830a.m | 564 8
2p.m. 566 54 230 p. m. 561 38
8p.m. 555 | N ] 8.30 p. m. 555 | Messages
e 1 el ol 21 830am | 66l 8

2p.m.
8a.m.

wave length and only a few unsatisfactory shunt readings were
obtained.

For determining the law of the decrease of the intensity of the
signal with the distance a smooth curve was drawn through the
observed day readings and points on this were taken as the

354 Builletin of the Bureau of Standards Vel.7, No.5

with small 1zo-cycle directly connected sending sets which, how-
ever, could be coupled loosely enough so that but one wave length
was radiated. ‘The flat-top antenna of the Bailey consisted of
four wires 2 feet apart, So feet long, 32 feet above the water. The

1& = BIRMINGHAM RECEIVED AT BRANT ROCK, MARCH.1210
s, [
1,208 AMP. A-1000
® DAY QBSERVATIONS
LR
{
\
\
A
\
W "
\
\
\
\
& %&,
% %,
3
2
L
(% b
5 ~
% >
& =
W
|
TS0 e T o0 LS
Fie.m

antenna capacity was 0.000875 microfarad; the closed circuit con-
denser consisted of Leyden jars in air having a capacity of o.or5
microfarad. The length of the wave radiated by the Bailey was
280 meters.
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of long range night ication must be considered TABLE VII
so late in the year, though perhaps it would not be so v:uns:dered Birmingham Received at Brant Rock, July
in midwinter.
1,33 ammp. L= 27 amp.
~~_ SALEM RMINGHAM, DEC. 1900 | R T
1 RS I b
TymiT.s AMR A=I000 M H Gl y i
R' DAY GBSERVATIONS i i S a || om [ cu
X owaur . { —
o 3 12830 11500 | 12200 3730 3500 3620
50 92.5 5135 4600 4460 1492 1400 1385
100 | 188 2565 2100 1940 746 700 645
200 | 30 | 128 800 L a3 60 | 280
300 855 856 260 ¥ 249 120 161
400 740 642 130 212 187 60 108
\ 500 925 si4 80 128 149 0 7
A 600 | 1110 a8 50 sLs| 124 0 2
] AT 80 | 1480 221 EH 35 0 2% 2
&l % 1000 | 1850 257 2 154 s 22 18
%
2 % TABLE VIII
2 | %, Brant Rock Received on Birmingham, July
o "%
o 1,56 amp. 160 emp.
3 ~ I isom T asom
. K310 10 acsp. X2 o000 10- aasp.
AN 5 |
i e | tereme | o i I7EY
] N H
z = ] sz 4200
7 T F:.. 3 W w0 1000 WILES o = .
100 865 750
TORPEDO-BOAT TESTIS 200 432 324
300 555 558 320 28 288 120 187
In order to test the validity of equation (3) for very short wave 400 740 419 160 170 216 85 121
lengths and small antennas, the torpedo boats Stringkam and s00 928 315 80 108 m3 4] 845
Bailey were detailed to carry out a series of tests in Chesapeake Bay m ::: :: :: ::: ;; s‘: x
during the month of November, rgro. The two boats were fitted e i e = . e - i
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observed values for purposes of calculation. It was assumed from
the results of Duddell and Taylor and Tissot that the received
currents would be inversely proportional to the distance provided
no absorption existed. The observed curve indicated that this
was approximately true up to a point between 100 and 200 miles,
but beyond this point the currents evidently dropped much more
rapidly. The simplest ption in regard to absorp is that
it is proportional to the distance. Joining this to the Duddell and
Taylor law we have as an expression for the received current

L—ge™ (1)
where d is the distance, K the received current at unit distance,
e the base of the natural logarithms, and A a constant. Dr. Louis
Cohen of the National Electric Signaling Co., while testing the
validity of this formula made the discovery that A was inversely
proportional to the square root of the wave length within the

limits of accuracy of the observations. Then, writing A E:I‘% the
expression becomes

L= %&’jﬂd (2)

@ is the absorption coefficient and in these experiments equals
0.00135, the distance and wave length being expressed in kilometers.

Tables VII to XTI contain a comparison of the calculated values
with those taken from the smoothed observation curves. It is
seen that the agreement is exceedingly good in the case of the
signals between the Birmingham and the Salem and those of the
Salem received at Brant Rock. In the case of the signals between
Brant Rock and the Birmingham, however, the observed values
fall somewhat below the calculated, from 300 to 600 miles. As
the observed curve has the same form both for the signals received
on the Birmingham and those received at Brant Rock the diver-
gence is probably not accidental, and is probably due to a tem-
porary increase of absorption accompanying a marked change in
the weather at about this time. The effect is not cbserved in the
Salem signals received at Brant Rock because the Salem at this
time had not attained a great enough distance to make the absorp-
tion play an important part.

83226°—11—2
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and the short wave at 1305 miles. Night signals from Brant
Rock were first received at 2776 miles and were heard without
interruption from that point on. Both waves from the Birming-
ham were received faintly in the daytime at Brant Rock at 2090

I

- BIRMINGHAM RECEIVED ON SALEM, DEC. i

% DAY OBSERVATIONS.
% manr

‘ T,=37.5 AP k=100 4

S

Fic.18

m{lm, and the long wave again at 1315 miles, no other day signals
'b.emg received until the distance was reduced to 815 miles. Night
signals were received by Brant Rock from the Birmingham first
at 2418 miles and continued nightly for the rest of the voyage,
though very irregular in intensity, This remarkable continuation
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errors of observation, or possibly to some kind of reflection from TABLE IX
the upper atmosphere.® Beyond the range of the curves abnor-

mal signals were again observed, faint day signals of the Brant

**Salem "' Received at Brant Rock, July
., RANT ROCK RECKIVED ON SALEW, DEC. 1003 T T &l =4
S e o0 ' ot |
1 |
b 1 = | I
Ty= 47 AMP. A=1500 M £ | 100 Amp. E | 104 Amp.
[ x BAY OBSERVATIONS by 4
I | - | [ ca bt R ca
- | 20 | s | o | 1200 | 1zsoo | ases | esw0
Y 50 0.8 5300 4700 4610 | 1838 1800 1710
A 100 | 185 265 | 200 | 2000 | 919 850 | 00
y 10 | we | oo || e 0 | 495
gl \ wm | 1325 750 70 | 450 30|
%, k! 300 555 L 30 382 306 190 198
72 w0 | o 662 200 28 | 230 us | 1
2[5 S0 | o2 530 130 uz | s 8 %
A
e d TABLE X TABLE XI
Salem Received on Birmingham, Birmingham Received on Salem,
July Tuly
X -\‘-.-.
\ N ] [ Fuutial | 4 Nusticn| @
] B Mils | Km & Mics | Km
x 1ot amp. |
b |
\ 104 amp.
omm. | ca
el ki
o 3 o0 Wi 0 | 3 | ez 5880 0| 37 | so00 4730
i 50 | ons| 2480 2160 s0 | 925 | 2000 1740
Rock long wave being received on the Birmingham at 2330 miles, 100 | 185 | 1243 | o4 o0 | 185 | 1000 57
200 370 622 azs 357 200 | 3 00 260 | 287
Tho i e o Roubt et i  signals 300 555 | a4 | 165 | 1m0 300 | sss | a3 | 130 | 144
from the upper atmosphere takes place. Dunng the past winter by Nortol: sicion
sending at & wave length of 1000 meters and it of 100r 13 0 | T ALl = | 1e 740 250 75| 84
amperes and antenna height below 200 feet was dat et a the Mo ol Rl s00 | o2s | 200 | 50| a0
mé.“:i’?.....‘f:?;.‘“ a1 3 possitl Thiat St sea it 4 cheortng WD of the oo |uw | am 4 - 60|10 | 17 | 35| a7
atmospheric absorp! ave explained this plmnnm:llﬂll‘ when we take into 800 [1480 | 155 | 19| ima 800 |40 | 125 | 16| 138
socount the gl\!nnd mb\m which is probably independent iﬁf&&“&«“ﬂ‘;ﬂ e [ | o s el [l = e T
Inlb:n.bl:.
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The curves of figures 3 to 10 give the results in graphic form.
The dotted line gives the strength of signal which would have been
received if the K/d law had obtained; that is, if there had been no
absorption. The continuous curve gives the theoretical day values
as calculated from equation 2, while the individual observations

fh et BIRMINGHAM RECEIVED AT BRANT RDCK, JULY, 1910
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are represented by crosses. Observations taken by the deflection
method are indicated by circles around the crosses, while night
observations are accompanied by the letter N. It is seen that the
day observations correspond approximately to the values of the
calculated curve, but that the night signals are entirely irregular,
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Birmingham at 2550 miles, while on the same night both waves
from the Birmingham were received at Brant Rock,
MAY EXPERIMENTS
During the month of May the Birmingham returned from Liberia
to Hampton Roads, and the results of the telephone observations
taken during this voyage are shown in figures 24 to 27.

i S4LEM RECEIED AT SAuNT AOCK _DEC 1338

Ty=00 AMP, A=3750 ¥
% DAY OBSERVATIONS
LT

=S ]
el

£
5
7
-~

P

T3
e 1.~
Fig. 16

Within the range covered by the curves the day observations
are not as irregular as during the March voyage, although, as was
also the case in March, some of the night observations lie above
lh.e curve calculated for zero absorption. As has already been
said in describing the July experiments, these may be due te

151
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In some of the curves it is seen that the observations are exceed-
ingly irregular, the day signals showing as much varlation as the
night signals during the July tests. In addition to the observa-
tions shown on the curves, faint day signals from the Birmingham
were received at Brant Rock at a distance of 1325 miles, and

again at 1720 miles, while the Brant Rock short wave was received
I

n, SALEM RECENED AT BRANT ROCK. DEC. 1900
:
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\ [
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Fig.15
faintly on the Birmingham at 1325 miles. All of these observa-
tions are beyond the range of calculated day audibility and show
that there was an abnormally low absorption on these days.
Night signals during this voyage were also heard at times at
great distances, the Brant Rock short wave being received on the

probably be due to errors of observati

that the remarkable strength of signal i
two stations.

330 Bulletin of the Bureau of Standards [Vel7, No.3.
being in general stronger than theday signals, as was first observed
by Marconi. Sometimes they lie close to the K/d curve, indicating
that the absorption has disappeared, while at others they are
practically of the same strength as the day readings. In a very
few cases, might signals were observed considerably stronger than
the calculated value for zero absorpiion, but these may very

1 BIRMINGHAM RECEIVED AT SRANT ROCK, JULY 1910
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since it is not observed

reciprocal between the
If the observations are genuine, however, it would

perhaps indicate some kind of reflection from the upper layers of

the atmosphere.
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THE CAUSE OF THE ABSORPTION

According to the calculations of Zenneck,* the conductivity of
air at moderate heights can not explain the magnitude of the
observed absorption, neither can the sea-water absorption be of

In

BRANT ROCK RECEIVED ON BIRMINGHAM, JULY, 191
. . RoC: on @ w o

1,56 AMP. X=1503 .
X DAY OBSERVATIONS
¥owent o

RECEIVED CURRENT
o

ol
/

00 300 #00

500 €0 700 800 %00 1000 MILES
BISTANCE
Fig.5

the proper magnitude, according to the same author. But as the
wave front at any considerable distance from the sending sta-

tion must extend far into the upper layers of the atmosphere, it
does not seem improbable that this is the region of absorption. If

132

 Zeaneck, Ann. d. Phys., 28, p. 846; 3907
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‘The arrangement of the apparatus on the cruisers was highly
unsatisfactory, largely on account of lack of space. In addition
to this the weather was extremely tempestuous much of the time.
In the light of all this, it is not surprising that the observed
received currents fell below the calculated values.

“The results are shown in the curves of Figs. 12 to 19.*

5 BRANT ROCK RECEIVED OM BIRMINGHAM, DEC. 1900

Ty 47 AME ke1500 M
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Fie. 14
MARCH EXPERIMENTS
In March the Birmingham was sent to Liberia, and during the
voyage current measurements were made on the ship and at Brant
Rock. The results are shown in Figs. zo to 23.
14 Neither of

the cruisers was able o take any satisfactory measurements on the
37se-meter wave.
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all this into account, the results of these earlier tests can not by
any means be considered to have the same weight as those in

But as it is desirable to obtain all the light possible on the
validity of the transmission formula, the following observations

July.
are given.
In
s, BiRMINGHAY Rscsw?b AT BRANT ROCK. DEC. 1509
[ []
Iy=20 AMP.X=3750 4

% DAY QBSERVATIONS
4 wiont

DECEMBER EXPERIMENTS
‘The December experiments were made shortly after the instal-
lation of the sets on the cruisers, the Birmingham taking an easterly
course from Provincetown, while the Salem sailed to the south-
ward. At the greatest distance attained the two ships were distant
from each other and from Brant Reck approximately 1000 miles.

148
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the conductivity is increased by the sun’s rays at these heights,
this would also explain the differences in the strength of the day
and night signals. The observations would indicate, if this

expla-
nation is true, that the excessi ion may, in
L BRANT ROCK RECENED ON BIRMINGHAM, JULY 1910
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summer, persist through many nights. The general experience
of wireless telegraphy would indicate that during the colder months
the absorption dies out more uniformly at night. The day
absorption appears from the data obtainable to be fairly uniform
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throughout the year, at least in the portion of the ocean covered

by our observations, although there are undoubtedly variations
at times, as has been already mentioned in regard to the Birming-
ham-Brant Rock signals. There are well-authenticated instances
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when, for a day or two, the absorption seems to nearly disappear
A case in point is that of the long-distance day

signals between the Birmingham and Brant Rock on the return
voyage from Liberia mentioned on page 351.
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OTHER LONG-DISTANCE WORK

In all of the experiments with the cruisers excepting those car-

ried on during the month of July the calculated received currents
at unit distance were estimated from the ratio of the sending cur-

5, MG RECENED AT BRANT ROCK, DEG, 19
!

1,275 AMP. A=1000 W,
% DAY DBSERVATIONS

¥ wieHr

TR

[ R

03 1000 WILES
Fi. 12

rents to those observed at the corresponding stations in July, account
of course being also taken of the change in antenna heights on the
cruisers from 112 feet to 130 feet after the close of the December
tests. This calculation is somewhat arbitrary, since there were
many changes in the arrangement of the apparatus which very
probably had an influence on the efficiency of the sets. Taking

147

ez, Noos




146

TABLE XVI-A

Sending Currents Required to Produce Received Currents as Given in Table XVI for Various Antenna Heights

Experiments in Long-Distance Radiotelegraphy
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SUPPLEMENTARY MEASUREMENTS
PROPORTIONALITY OF SERDING AND RECEIVING CURRENTS

It was thought possible that when the antennas were used with
the highest power, especially at the longer wave lengths, there
might be losses of energy, either by brushing or by leakage over
the insulators, which might destroy the proportionality between

.3 SALEM RECEIVED AT BRANT ROCK, JULY, 1910
0 AP, s

0 /um'l

\

T ——

fes 2

RECEWED CURRENT

30500 600 700 800 %00 1000 MILES
DISTANCE
Fig.8
sending antenna current and received antenna current. To settle
this question, the station at Brant Rock sent with varying powers
at a wave length of 3750 meters. The signals were received on
the antenna at the Burcau of Standards at Washington, D. C.,
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344 Bulletin of the Bureau of Standards [Vol. 7. No. 3
380 miles away. The receiving antenna was of the harp form,
180 feet high at top, 4o feet high at bullnm and 18 feet wide, wnh .§
8 wires. The capacity was app o.0012 microf: &
A chalcopyrite zinkite rectifier, with a sensitive galvanometer, E
was connected in a tuned secondary circuit coupled to the antenna 3
i SALEM RECEIVED ON BIRMINGHAM, JULY 131 3
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Fig.5. 8
ind; 50 as to give maxi defl the circuits being E
those shown under circuit A in Fig. 1. The results are shown in =l
the curve of Fig. 11. The galvanometer deflections are propor- P
umml to the square of the current, heace the square roots of the E il ek
i d in of received antenna current 5

are compared with the sending antenna current at Brant Rock. .
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i g P
IRMINGHAM RECEIVED ON SALEM, JULY, 101

currents and four wave lengths. The table shows the great '
advantage of long wave lengths for very distant stations. It is
seen that for good communication at a distance of 2500 miles 1,33, AMP. A=1000 1.
not less than 240 amperes ™ must be used at a wave length of x DAY OBSERVATIONS
6000 meters, though one-fourth of this would be audible. ¥

For the purpose of easily caleulating the probable day working
distance for various sending currents, heights, and wave lengths
according to equation (3) Tables XVI and XVI-A are given.
Table XVI gives the current which may be expected to be received e
through 25 ohms for an antenna height at both stations of 130
feet and a sending antenna current of 30 amperes. Table XVI-A
gives the sending currents which will be required for various
heights of the sending and receiving antennas h, and k, to give
the values of the received currents as shown in Table XVI. To
determine the current which will be received for any antenna
height, wave length, and distance for a given sending current,
multiply the value, given in Table XVI for the given distance and
wave length, by the given current, divided by the value of I in
Table XVI-A for the given antenna heights.* In Table XVT it
may be assumed that 40X 10~* ampere insures good communica-
tion and that 10X 107 ampere is just audible. X i O

1 From th ience of the Marconi roeld appest pomisle
that for the same antenna current the distances given in the table could be o
with 2 smaller antenna height provided a bent antenna were used.

W Example: If =200 feet, h;=130 feet, i=6oo meters, d'ul'ﬂnusgoo miles, and

that they will —

of the various wireless onmpuue.q I leve oo L R e T P R MaLES:
In wircless ytatioms 1o BUVE Aa Anterioh meter for the seasarcmeat of the seating Fie.10
current. 2 rs is used with & shunt, the multplying value of the ahunt for the s
given Jn%m:y ey S b Qe by cobnectng 8 ik cutiumnd ot wi -, o peccieD 7 whsasuGron

series with the n ‘and sending with reduced
o o Chet B, meedle of (e whabunied meter st remalng on the sedle. | The ratio E
ufih:nldmp of the two mem then gives the mulu&x:g value. When only
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‘The proportionality is fairly good.  Itis possible that in the changes
of adjustment of the circuits at Brant Rock the tuning became
somewhat deranged, or that the change of the coupling at Brant
Rock produced a change in the damping of the waves, which was
not compensated for by a change in the coupling at Washington.
A few cbservations were taken at Brant Rock on signals sent
from the Birmingham when coming into Newport, R. L, both at
wave lengths of 1000 meters and 3750 meters. From these it
was concluded that there was no marked overloading of the sending
antenna, although there were slight indications in this direction
at the wave length of 3750 meters.

THE EFFECT OF ANTENNA HEIGHT AND WAVE LENGTH
IN SENDING AND RECEIVING

At the close of the test with the scout cruisers, a flat top antenna
was erected at Plymouth, 11 miles from Brant Rack, for the pur-
pose of investigating the relationship of height of antenna and
wave length to sending and receiving. Except for a narrow sand
spit the whole path of the waves between the two stations lay
over water. The antenna was swung between two noninsulated
steel masts in order to reproduce as fully as possible the conditions
on board ship. The Plymouth antenna had a length of 110 feet
and consisted of 11 wires 2 feet apart. The capacity was approxi-
mately o.cor microfarad. The Plymouth station was furnished
with a 2-kilowatt, s00-cycle Fessenden sending set, and a some-
what larger soo-cycle set used at Brant Rock. The currents were
measured at both stations by means of 15-ohm thermoelements
with galvanometers as described on page 317. The experiments
were begun by my assistants, but were completed by Dr. Cohen
of the National Flectric Signalling Co.

SENDING

“Table XII gives the results of observations taken by Dr. Cohen
and his assistants, Plymouth being the sending station and Brant
Rock the receiving. This table is for the most part self-explana-
tory. The deflecti of the g to the
thermoelement are proportional to the square of the current, so
that the square roots of these deflections are taken as proportional
to the current itself. The deflections are in arbitrary units. For
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much as 30 per cent under ordinary conditions. This difference
in the value of the constant does not, however, make a very great
difference in the range of communication, although for short
distances it would make a considerable difference in the loudness
of signal. To show the variation in range of communication with
different antenna currents, Table XIV is given, showing the range
of communication hetween two flat top antennas 130 feet high
at a wave length of 1000 meters for various values of the sending
antenna current, assuming that 40X 10° ampere assures good
communication. A quarter of the indicated current would pro-
duce audible signals under favorable conditions. The table shows
how very slowly the range increases with increasing sending cur-
rent. TIncreasing the current from 3o to 60 amperes increases the
distance only from 565 miles to about 725 miles, while even with
10 AMPEres, COrT ing to a y efficient 2-kilowatt set,
345 miles is easily reached.

In columns 3 and 5 are given the distances attainable for
regular communication and audibility on the assumption that
there is no atmospheric absorption; that is, the extreme range of
night communication.

TABLE XV

Good Working Distance and Sending Current for Two Stations with Flat
Top Antennas 450 Feet High

Nautical Miles im0 m im 250 m i—ym im0 m
1000 15 amp. 13.5 amp. 15 amp. 17 amp.
1250 | 38 27 27 30
1500 | @ 4 “ %

1750 200 95 L K]
2000 490 155 122 105
2250 | 245 200 160
2500 40 a4 215
2750 E 500 s
3000 | 775 500

In Table XV is given the estimated day range of two large
stations with flat-top antennas 450 feet high for various antenna

** Excluding the possibility of the effccts of reflection from the upper astmosphere.
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‘We may write this equation as follows:

s Lh h, -=i

h=4.25 Slte

where I, represents the current received through 25 ohms resist-
ance, I, the sending current, h, the height of one antenna, h, that
of the other, d, the distance between the stations, and A the wave
length, where all the lengths are taken in kilometers and the cur-
rents in amperes. « is the absorption coefficient, which in our
experiments was found to be equal to 0.0or5. This disregarding

a

(3)

the at jon term e”Vi' sponds in form to the Herzian
equation for the electromotive force in a vertical resonator at a
distance from the oscillator.
TABLE XIV
Calculated Relation between Antenna Current and Distance for Two Ships
with Antenna Heights of 130 Feet

Jmicoo m

\
Ve | eemmmgeess
Aatsn Cuscvet | — =l i £ —
L e s
1amp. 75 miles 90 miles 200 miles 360 miles
H 135 180 300 720
3 180 2 s 1080
s s | 450 475 1800
7 %0 630 550 2520
1o 5 200 630 3600
15 420 1350 725 5400
20 475 1800 750 7200
25 525 2250 840 9000
3 565 2700 900 10800
40 630 3600 970 14400
50 685 4500 1028 18000
0 25 5400 1150 21600

In our formula the constant 4.25 applies strictly only to ship
antennas with the same losses due to masts, rigging, ete., both
in sending and receiving, as found on the scout cruisers. On
other ships the value of the constant might probably differ by as
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comparison, the square roots of the deflections were reduced toa
uniform sending antenna current. These values are given under
1, in the next to the last column, while the last column gives this
quantity divided by the height. Although there is considerable

TABLE XII
Plymouth Received at Brant Rock
I=3000 m
Antennn Deflection Receiving 3 I
) 1 = /D redu

- : - b ®
8 i 4.7 amp. 623 79 0.009
n 4 4 595 085
] 4T 03 55 02
50 485 24 476 05
“ 49 1556 37 095
] s1 74 251 084

A=1585 m*

1, Iy

& = B (y-s3imp) h
70 ft. 5.5 amp. 292 171 0.244
60 55 198 41 235
s0 5.65 110.7 10.2 204
40 6.05 84 8.3z 207
30 63 ] 688 229

hedo it
35 ohms added in receiving antenna
. |
s L Umrdampy | WX
3900 m. 4.2 amp. 40 20 7800
2980 45 83 2.0 8030
2400 475 16 326 7830
1985 5.1 263 422 8400
Shortes leny not d Ik il
pobuctr wiwe lengths were the long natural the
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variation in the values of this columm it is evident that there is no

ic variation, and for the individual wave lengths we must
consider that the received current is proportional to the height
of the sending flat-top antenna. The receiving antenna was tuned
by means of a variable inductance in series with the thermo-
element.

In the last section of Table XIT the results show the variation
with wave length, and in this case the equivalent received current
is multiplied by the wave length and the product is seen to be

ppmximately constant. Thirty-five ohms was introduced into
the receiving antenna to nullify the changes in the resistance of
the inductance during the process of tuning. This table shows
that the received antenna current is proportional to the height
of the sending attenna and inverscly proportional to the wave
length.

RECEIVING

“Table XIII glvcs similar data in regard to the Plymouth antenna
for receiving, the sending station being Brant Rock. This
table shows that the same relationship holds for receiving as for
sending; that is, for a constant sending antenna height and cur-
rent the received current is proportional to the height of the
receiving antenna and inversely proportional to the wave length."
While it appears that the sending and receiving relations for a
flat-top antenna are reciprocal, this is apparently not the case for
an umbrella antenna. It is seen from the observations that the
scout cruisers, sending with 1o kilowatts, were received at Brant
Rock with almost the same strength as that with which Brant
Rock, sending with 60 kilowatts, was received on the cruisers.
Comparing the strength of the sending and receiving currents, it
- appears that the umbrella antenna at Brant Rock for sending is
only equivalent to a flat-top antenna 170 feet high, which is not
far from the height of the lower ends of the umbrella, while for
receiving its equivalent height is much greater. A few experi-
ments have also been made on an umbrella and flat top at Ply-
mouth, which also showed that an umbrella is a better receiver
than radiator.

" This will not strictly hold in the case where the radiation resistance of the
Teceiving antenna is comy with the rest of the antenna resistance. See
R. Ruedenberg, Ann. d. Phys., 25, p. 446; 1908.
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TABLE XIII
Brant Rock Received at Plymouth
J=yoo0m
1 T = T
Asenss Defection Rocebing| I
rg- H ® e |
soft. 7.0 amp. 84 | 290 o036z
o 100 124 246 | 0352
) 94 | 8.0 zo 0350
o | ems | 60 1| 0352
| |
=980
I [

s B e (=74 amp) T
804t 7.4 amp. 26.0 | 5.1 0.0837
™o | om0 | 0662
s 1 | ! 428 o
I T ns | oz o644
I B | e om0

h=jail
35 ohms added in receiving antenna

1 | 1 ‘ » ‘ P s I5x1
= (T |
4000 10.0 amp. “ 43 207 8300
3350 9.1 48 2.41 8360
2080 86 60 2.85 8500
2510 9.9 129 3.63 o110
1984 7.6 100 416 8240

Uniting the experimental data contained in the last two tables
with the data obtained from the experiments with the cruisers,
we may write an equation which will cover the normal day received
current over salt water through 25 ohms for two stations with flat-
top antennas of any height, with any value of sending current
and any wave length, provided the sending station is so coupled
as to give but one wave length,
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