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The Behavior of Radio Waves and the Heaviside Laver

By SIR OLIVER LODGE, D. Sc., LL.D., F.R.S.

IF RADIO WAVES

WERE TRAVFLING
HORIZONTALLY
DISTAMT STATIONS
COULD NOT RECEIVE
THEM

ATMOSPHERE
—h

—RADIO WAVES
CURL AROUND
THE EARTH

HIE  surprising  fact that electric

waves travel around the earth in-

stead of spreading out in straicht

lines like the rays of ordinary light,
has set a problem to mathematicians, which
many have taken up and found to be of
considerable difficulty. It is known that
waves can be guided along conductors under
certain conditions; in fact, that is how ordin-
ary telegraph signals are conveyed, whether
by land wire, or by cable: they travel
through the insulator, but are guided by the
conductor. Conductors are opaque to waves,
they cannot be penetrated; at least the bet-
ter the conductor the more opaque it is.
But a conductor can reflect waves. If they
establish a footing on its surface, they can
creep, or rather flash along it, with great
case, leaving a little energy behind them if
the conductor is imperiect, and becoming
thereby somewhat distorted, but traveling al-
most free from distortion if the conduction
is nearly perfect.

One way, therefore, of treating the
problem of long-distance transmission mathe-
matically is to imagine the earth a perfectly
conducting sphere, and find out what would
happen in that case. After solving this
difficult problem, the data may then be
modified so as to introduce a certain amount
of resistance, making the earth an imper-
fectly conducting =phcre as if for instance
it were totally covered by sca-water. A
third attempt, hardly one tractable mathe-
matically, can aim at distributing land and
water into continents and oceans, and seeing
what happens then. That, however, is one
of the empirical problems that can only be
approximated,

This graphic representa-
tion of wave propagation
shows that if the energy
of a radio wave were
radiated horizontally, dis-
tant stations would not be
able to receive the sig-
nals, The waves, accord-
ing to scientists, are either
reflected on the Heavi-
side layer or follow the
curvature of the earth,

i

On the right the photo-
graph of high frequency
discharge shows that the
currents of very high fre-
quency do not fo'low the
shortest path.
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Another plan is to treat the subject optical-
ly, not electrically at all, and to think of
waves curling round an obstacle by what is
called diffraction. The laws of diffraction
for small obstacles are pretty well known:
and if the earth could be treated as a small
body in comparison to the size of the waves
—that is, if the waves were as big as the
sun or the solar system,—then diffraction
would be efficient; and there might be a
focus or concentration of such waves at the

GATIVE ELEGTRONS
TTRACTED TOWARD
HEPOLES

According to Arrhenius, the earth’s
magnetism separates the positive par-
ticles and the negative electrons from
the sunlight, the electrons being at-
tracted toward the poles and the
positive particles to the equator.

POSITIVE PARTICLES®

DEFLECTED TOTHE
TROPIGS g

This photog.aph shows the distribution of high frequency current in a spider-web coil. It spreads
on the gutside of the conductor, but follows it. The same thing probably happens around the earth.
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antipodes.  But that is a quite different
notion from anything appropriate to radio
telegraphy. -Diffraction will not account for
the curling round of ordinary ether waves.
Nor is earth conduction very satisfactory.

And vet the waves do curl round, and
easily reach Europe. Whereas if they went
in straight lines, they would be going far
overhead, even for that distance. And now
Mr. Marconi appears to find that even short
waves, or comparatively short waves, travel
enormous distances, under {avorable con-
ditions. What are those {favorable con-
ditions? Ii they were due to carth con-
duction, they would not be so likely to vary,
as they do. The fact that they are
capricious and dependent on sunlight and
other causes, shows that the conditions mmust
be partly regulated by the atmosphere. And
as is well known, Mr. Oliver Heaviside
attributed the curling-round of the waves to
the influence of a good conducting layer in
the atmosphere overhead, acting concurrent-
Iy perhaps with the salt water below, so
that the waves were enclosed in a stratum
between two conducting surfaces, the air
cffect on the whole being more efficient than
the earth conduction.

Evervone who has worked with vacuum
tubes, with an air-pump, knows that at a
certain stage of exhaustion, the residual air
is conducting, or at least breaks down very
easily, conveying a current and lighting up at
very small voltage. Whereas, when the air
is at high pressure, or very low pressure,
great voltage is needed to drive a current
through it. But at the best conducting vacu-
um, very small voltage suffices.

Now as we ascend through the atmosphere,
we pass from ordinary atmospheric pres-
sure to zero. Consequently a best conducting
laver must exist. But a stratum of that
kind is so gradual that it is unlikely to be
able to serve as the laver postulated by Mr.
Heaviside. even if it were sufficiently con-
ducting. But it is well known that air can
be made conducting by various means, not-
ably by XN-rays, and even by ultra-violet
light ; also by combustion, as by flames; and
by various kinds of physical or chemical
action, even by splashing water. These
agents are said to ionize the air, that is, to
eject electrons irom atoms so that electric
charges are free in the air for a time, and
are able to conduct, as they do in metals,
where for another reason they are extremely
iree,

The chief ionizing factor in the atmosphere
is probably the solar rays. What we get
down here of sunshine has been filtered by
the atmosphere. But the upper layvers of
the air have to stand a bombardment of the
unfiltered sunlight. By ascending a very
high mountain or going up in a balloon, we
may experience the sunlight only partially
filtered. The result is that we get first
bronzed and then blistered. There can be
little doubt that the really unfiltered sun-

(Continmed on page 1046)
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It shows a wondrrfnl nelection nt
‘Diamonds, Watches and Jewelry,
Silverware, Ivory Ware, Toilet _Irtl-
clex and Nove]ﬂeﬁ—-a}l suitable for
: jstman glﬂx. ‘Make your xelec-
'l!.ons Today on oor Easy Gonﬁdentjal
Payment Plan—one-fifth after »ou
receive and examlne your purchase
and the balance Iu ten easy monthly
payments.
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COUR It you do not find

<5 that our price on
CHALLENGE 45y diamond ring is |
“nt least 10% lower than thnt of any

--'nlher concern, either cash or credit,

* we will zladly refund your payment
in full, if you return the ring within

~two weeks. Send Toldany for your

° Diamond and Gift Book—IT'S FRE

or other prominent part of physiognomy of
such persons.

If hangmen for such th are desired, I
will be pleased to apply, for such position,
and can be secured at undersigned location
at reduced salary.

Sensitively,
Ciin Cuew Cuow,
Shanghai, Ariz

The Behawor of Radlo
Waves and the Heavi-

side Laver
(C.m:hmmf f:om ,hm,w 899)

light \\'m:I(_l be
vegetable life.
tremely hot a body as the sun is of a very

fatal both to animal and
The radiation from so ex-

violent character, having all the deleterious
qualitics of X-rays, and others in addition.
So unfiltered sunlight constitutes a powerful
ionizing agent. Also it appears that the
sun itself shoots off free electrons, mingled
probably with positive particles. These, ac-
cording to Arrhenius, would be sorted out
by the earth’s magnetism, the positives fall-
ing mainly at the tropics, thc negatives being
deflected to the Poles, where they give rise
to aurorae, the opposite charges ultimately
ncconlbn'nnqr with recognized "ttmospherlc
effects and earth currents and other disturh-
ances.

Sunlight is one of the main causes, there-
fore, which may give us a lan‘lv shdrp]\'
bounded cor‘ductmg stratum in the atmos-
phere; though it may be corrugated and
(Jthcrwlse distorted by heat effects.

main reflector or
sponsible for keeping the waves traveling
around the curvature of the earth, and
partially preventing their escape into space.

Dr. Eccles has dealt with the theory of an
ionized atmosphere very thoroughly, And
on the whole this Heaviside layer has heen
felt fairly competent for its worlk, though
admittedly the whole subject demands ex-
tensive observation and record of experience,
before the theory can be considered in any
respect cmnp]ctc Like all meteorological
phenomena it is complicated by a multitude
of causes and no one simple theory can
adequately cover the ground.

In one of the interesting
tive radio articles which
contributes to the London paper “The
Electrician” once a month, he comments
(in the issue of June 13, page 720) on
what he calls “the overworked Heaviside
Layer” in the upper atmosphere, and on the
criticism of it by Professor Guinchant of
Bordeaux. This gentleman objects that the
layer is not sufficiently conducting for low
E.MMLFs, unless it is lnm?cd. and he claims
that the sun cannot ionize it, for two rea-
sons: First, because a constant supply of
electrons would soon overcharge the earth
and deplete the sun; much as a thoroughly
insulated filament in a vacuum tube could
not continue to do its work properly. And
secondly, because ultra-violet light can only
ionize things when it encounters dust or
solid particles. But I suggest that Profes-
sor Guinchant overlooks the exceedingly high
frequency of some of the radiation likely
to be emitted by a body at the temperature
of the sun. Some of it would be X-rays,
competent to ionize even oxyeen atoms: and
anvhow there is no doubt that the unper
atmosphere is ionized; the Aurora is suffici-
ent evidence of that.

The problem of the transmission of waves
round the world is a most interesting and
difficult one, and certainly the last word on
it has not vet been said. But few acquainted
w ith the facts can doubt that the atmosphere
is largely responsible for the possibility. Tt
must be the main deflector for world trans-

and instruc-
Professor Howe

And this |
layer it is which has been treated as-the f
whispering gallery re-
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MODERN
~ RADIO
RECEPTION

A New Book
by
Charles R. Leutz

264 Pages, 150 Illustrations
Fully Bound

Partial List of Contents

Radiola Super-Heterodyne Diagram

Western Electric 4 B Receiver

Model C Super-Heterodyne

Model C 7 Super-Heterodyne

Long Distance Reception

Short Wave Reception

Long Wave Receivers

Pliodynes and Super-Pliodynes

Laboratory Equipment

Broadcast Transmitters

High Efficiency Amateur Transmitters

Model L Super-Heterodyne
and

Everything of importance

Broadcast Reception.

relating to

Price

$3.00 Postpaid

Experimenters
Information Service

Incorporated

476 Broadway
New York City

WRITE for our Thres
Guide Books and “REC
ORD OF INVENTIONT

before disclosing inventions. Send mods

or sketch and description of your inves
tion for Evamination and Instructions, FElectrics
cases a specialty. Highest references, reasonabie
terms, prompt attention.

No charge for the above inlormation.

VICTOR J. EVANS & CO.
919 NINTH ST, WASHINGTON, D. C

ATENTS

NATIONAL CAPITAL VIEWS
Twenty-five beautiful interesting Iost Card Views of
Washington, 1Id. €, White House and Capitol Views
included; twenty-five cents.

APiTDL VIEWS
629 Second Street. N. Washinaton, D. C.
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FREQUENCY
TRANSFORMER ¢

All Stage Ratio

—— 5

Far Better Reception
Or your

Money Back!

AIL THE COUPON AT ONCE for a pair
h’[ of these Marvelous, New, Karas Harmonik
Audio Frequency Transformers, Putthemin
that new radio set you are building or put them in
youroldsctin placeofthe transformers you are now
using. Trylgemculv—tcﬂ!hcm!homngb!y for 6o
days. IfYOU don’tenthusiastically agree that they
ive you the most delightful radio reception you
En\e ever heard send them back and we will return
your money at once !

That’s Our Specml
Introductory Offer!

KARAS ®™¥oo
HARMONIK $jy ===

Those who are now using Karas Harmonik Trans
formers in their radio sets tell us if we could
REALLY describe to all radio enthusiasts the ex-
quisite pleasure of hearing this wonderful recep-
ception, they would all want Karas Harmoniks in
their sets, at once. But there is only one way to
fully rc:iw:thcdcllghtﬁl!]y rich, round, full clear-
as-a-bell tones of Karas Harmoniks, and that is to
actually HEAR them! That is “hy we make this
amazing trial offer,

We are stocking the dealerswith Karas Harmoniks
just as fast as we can, In
the meantime we are
making this “Proof By
Trial' offer direct to those
discriminating and partic-
ular folks who arckeen to
enjoy radio reception at
its very best, 1f your
dealer already has secured
. his allotment of Karas
Harmoniks he is author-
ized tomakeyou this offer.

To Jobbers and

Dealers
Distribution of Karas
Harmonik Transform-
ers through regular
jobber and dealer
channels is being car.
ricd out as rapidly as
the output of our fac-
tory permits, Write

We might give pages to |“° fortest records,dis-

, ot 18, ete.
telling you WHY Karas | COUREE
Harmonik Transformers To Set
give purer, sweeter, more Manufacturers

natural music than any
transformers ever built be-
fore, But it is far betterto
hear with your own ears
and judge for yourself! So
mailj the coupon today.
Please write very plainly,
DO IT NOW!

Karas Electric Co.
4040 N. Rockwell St.,
Dept 57-49
Chicago, Illinois

Send No Money With this Coupon

EEECGENOESEEEENNNEEENNEEENONEEEEEEE
Karas Electric Co., 4040 N.Rock well St.,Dept. 57-49Chicago:

Please send me.......pair of Karas Harmonik All Stage
Ratio Audio Frequency Trausiormers. 1will pay the post-
man 27 apicce, plus postage, on dehivery. It Is understood
that I am privileged to return the transformers any time
within 60 days if they do not prove entirely satisfactory to
me, and my moncy will be refunded at once,

We positively prove
that Karas Harmonik
Audio Frequency
Transformers will
vastly improve the
musical quality of
your set by any form
of test you wish to im-
pose. Write orwireus
and arrangements for
testa will be made
promptly.

NaMC.csssssnannnsssnsarsnssnnssnssesnansrsnrsnannns

Address e cacnaanssronsanrssssrnsssssrsssrsrss.cssnas

CitY cevsnnanssanansns

Dealer’s Name |, ouvanennnnnssnsrsoansanscn

Dealer's Address .. ...oueunen
1f you gend cash with order we ll undtluslurm::npenwld.

Insure wyour copy reaching you each month.
Subscribe to RADIO NEWS — $2.50 a year.
N.Y.C.

Experimenter Publishing Co., 53 Park PIL,

mission. If it is ever found that short
waves are able to go around as well as long
ones,—and some recent statements suggest
that facts are trending in that direction; as
then the whole question—I do not say it
will have to be reopened, for it has never
been closed—but the whole question will
enter on a new phase.

The way in which natural conditions seem
to assist Ioug-tim.mu. radio communication,
and as it were unexpectedly to lend a help-
ing hand, is rather remarkable. It is gener-
ally said that the perfect adaptation of ways
and means to ends, which we frequently en-
counter in the operations and processes of
live things, must be due to their long-
continued ' adaptation through the ages, and
survival of the fittest. Bnt that e.\plandtimi
cannot be applicable to a recent innovation
I1kc_ radio telegraphy; and it is interesting
to find in the earth’s atmosphere a favorable
agent which mtlr ‘ctl\' promotes radio com-
munication, even.at: enormous distances, and
thus ‘lends _itself to the convenience of man,
although- the wvery ric_(nt inception and de-
velppment of the?process cannot have allow-
ed any time for ddaptanon aml survival.

A Marme Radio

Operators’ Association
(Conrumm’ f:om f}m}'f 933)

The mates and engineers have their asso-
ciations, which are to bé¢ commended. How-
ever, in contrast to- the radio operator, in
some places they are over-organized with
more than one association. Some of the

mates or engineers belonging to more than |
when |

one are oftentimes “on the fence”
certain issues develop. So it would be best
for the operators to let their plicht be an
example and when they do unite, all belong
in one organization.

When considering a Marine Radio Opera-
tors’ Association, the following self-evident
truths should receive some thought. Con-
sider an increase of personal efficiency as a

basis for the organization and stabilization

of the profession; for betterment of the
profession for present and future time. The
profession can be bettered, and with a clean
association as an agency, the present rights,
position and remuneration can be maintained,
thus granting basis for future angment. In
Mr. P \]l' : article, September issue, he
states:  “Very likely the operators on the
lakes or on salt water doing the work men-
tioned, do it because if they protest. they
have no one to back them up!™ When a
steamship company cannot get an operator
for a certain vessel they are bound to in-
vestigate the whys and wherefores and prob-
ably will, in a very short time, correct the
existing condition in that particular case.
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ON ONE TUBE

BIG FREE BOOKLET tells the story.  Cali-
fornia users of CROSS COUNTRY CIRCUIT
hear Atlantie Coast, Canada, Cuba, Mexico and
Hawaii.  Atlantic Coast users hear En d to
California., Our new plan makes this s
and cheapest to build, . One hour puts in opera-
tion, One tmuug control, No soldering. Any
Novice can do it. BIG BOOKLET FREE or
complete instructions for 23¢ stamps or coin,
HAT USERS SAY

EAST—Am more than pleased with the parts
ordered from you. The first night I hooked it

4
5'.

up and received Omaha,  Since then Minne-
apolis and Los Angeles. Tt works better with-
out amplification than most sets with two
stages, —Donals, 8. C.

WEST—T am sending you a list of ‘-r)mL of the

stations heard on one tube: WSB, WQGY,
KDKA every night. PWX, WW], y "[‘:\'\I
WLW every night, CFAC, CHCB, Not long

aga I purc!naul another set of parts from vou
and first night got WGR, Bufialo, and KDKA.
4 . —Ilone, Calif.
NORTH—Received coils OK today. 1i I have
same results with these that T had with last
will be wanting more, I am 1,500 miles from
nearest station and have puk(:i 56 to date.
Chicago, II.l\"lll‘\. Mobile, New Orleans and
TWO IN ENGLAN Lunenburg. Canada.

: BOX RN-117
.Vesco Radio Shop oAgCAND CALIF.

An association for the marine operator |

must issue an official organ to produce and

give growth to the Fraternal spirit which |

must exist. The “TI Tappa Kee” Fraternity
is described briefly in this department in
the September issue, in which article it is
stated, “Were it not for the strong fraternal
spirit of these men it would be difficult
indeed to keep in touch with them.” Due
to shifting around or changing of runs, the
operator has no opportunity for organizing
personallv and the bonds of the Association
must be through letters and an official organ,
The organ must be kept up and hesides being
instructive it must serve as the outlet for
the human and personal element found in
the profession.

It is evident that an honest, good, clean
association for the Marine radio operators
of this country could exist. Instead of
“Why Not?" the auestion really is: “What
is the most practical wav to form such a
‘Marine Radio Operators’ Association’?

To the Man with an Idea

I offer a comprehensive, experi-
enced, efficient service for his
prompt, legal protection and the
:ieulnpmwl of his proposition.
Send sketcl, or model and deserip-
tion, for advice as to cost, search
through prior United States pat-
ents, cte.  Preliminary advice
gladly furnished without ch rge.
My experience and familiarity
with various arts frequently en-
able me to accurately advise
clients as toprobable patents ahility
before they go to any expense,
Booklet of valuable information
and form fnr properly disclog-
ing your didea free on request.
Write today.

RICHARD B. OWEN
PATENT LAWYER

2 Owen Building, Washington, D. C.

2276A Woolworth Bldp., N. Y. City

Six Tools in One /&
$7-25 ﬁz.{

A radio socket
wrench that fits
every round
and hexa-

gonradio

Sockets ranging from }{"to 14"
How it works
Place socket of required size
on end of shaft with slots not in
line with lugs on shaft.
Buy it from vour dealer or direct from us

Tue Perry-Fay Company - Elyria, Ohio
Serew Machine Products




