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istance . short—wave dommunication

ipment, nor the r ng e

ese may be when-consid ed by
that most intriguing and baﬁ!mg

ment dinteresting a
themselves; but ra

medium . which intervenes between the transmitting .
and receiving stations. It is with a deductive survey of

-the performance of this- medium on commercial traffic
throughout the year, on a number of typical short-wave
circuits in various parts of the world, that this paper is
pnmanly concerned. % e

the upper. atmc

necessity ‘associated  with technical eqmpment The
proper assimilation of the practical results of such an
investigation requires that the reader shall have at least
a rudimentary background of the major elements or
tools used during the investigation. With the object in
view of establishing such a background, a few typical
views of the New York termmals of the Radio Cor-
-poration ~ of America’s
long distance short-wave

-controlled exciter unit. A pa.lr of overhead shielded leads,

at Rocky Pomt L. I. In the foreground is the crystal

carrymg radio-frequency excitation ‘to the power ampli- -

fier unit behind it may be seen, also a further pair of ver-

tical wires which are the transmission line feeders to the

-distant_directive antenna, sometimes 2000 feet distant.

_Fig. 3 is a general view of the Central Office of the
Radio Corporation of America at Broad Street, New
York City. From this office direct contact is had with the
principal -communication centers of - Europe and with

those of Central and South America.

It is with the ability of such equipment to make prac-
tical use of the characteristics of the upper atmosphere
throughout the year that we shall now turn our attention.

THE CHARACTERISTICS OF THE MEDIUM

JUCH has been written on the function of the
Heaviside Layer, in short-wave transmission.
The heights of the upper ionized layer have been
studied by a great num-~
ber of workers under

communication system
arelﬂustratedandbneﬂy '
“ described.
." Fig. 1is a general view
of a 16.8 meter, 17,860
ke. 4 bay, Broadside Pro-
jector antenna installed
at Rocky Point, L. I.
This antenna is of the
energized reflector
dwgned for directive -
transmission, deli
most of its energy radi-
ion to a partlcular re-
ceiving station.
Fig. 2 is a view of one
of the short-wave trans-

various conditions, and
‘many of the variables
involved have been re-
corded. Tt is to be noted,
however, that the exist-
ence or non-existence of
a reflecting layers still
a debatable scientific
. question. We shall use
‘the term “medium” in
view. of our practical
rather than  scientific
_analysis. Our existing
‘knowledge of this most
intangible and cosmic
medium is all too

_ mitting groups installed

meagre. Many of -its
major characteristics are

(Copyright 1029, Radio Club of America_
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light and darkness in the track between
transmitting and receiving stations. As the
amount of current that will flow through
a photoelectric cell is determined by the
amount of light that strikes the cell, so the
amount of energy at a given frequency
that will pass between sending and receiv-
ing stations is determined by the relative
ionization or illumination of the medium.
From what has been stated regarding ele-
vation in the foregoing it will be apparent .
that the shorter wavelengths of higher
radiation efficiency will require high ioniza-
tion to bring them down; consequently
they will be daylight waves. The longer
wavelengths having lower elevation will be
more effective at night when the ionization

Fig. 2

deductable only as the result of years of observation and
measurement in commercial service. It is as the result
of such analysis of a vast number of observations and
measurements that the following facts are contributed.

GUN EFFECT—ANGLE VS. FREQUENCY

APROJECTILE in flight follows a curved path due
to the combined effects of initial power, air friction
and the law of gravitation. A radio wave similarly
follows a curved path due to the combined effect of
vibration frequency, input power and ionization of its
path. The distance to which a gun may shoot is de-
termined to a certain extent by the elevation of its
muzzle. The distance that a radio wave will carry is like-
wise determined to a great extent by its frequency, or
wavelength. Shortening the wavelength, or increasing
its frequency is therefore the equivalent of increasing
its angle of elevation. By angle of elevation, as used in
this paper, is meant the trajectory of the wave in space,
which is independent of wave patterns determined by
“local measurements and apparently a more or less direct
function of radiation efficiency and frequency. There is
this significant difference between the flight of the
projectile and the track of the radio wave: the elevation
of the gun cannot be raised sufficiently high to prevent
the return of the projectile; but the elevation, or fre-
quency, of the radio wave may be made so high that its
track does not return to earth. The high-angle radio
wave consequently assumes the characteristic of light,
traveling in lines normal to the radiating surface. For
the reasons above stated waves below 5 meters (60,000
ke.) are normally not audible at distant fixed receiving
stations. They overshoot their marks. The effect of
ionization of the atmosphere is to bend by progressive
refraction the track of tire wave closer to the earth. It
may happen therefore that these high-angle waves
below 5 meters may be occasionally brought down to
earth by abnormal cosmic conditions but this must be
considered as a freak condition in the present state of
the art and not one that is definitely repeatable.

DIURNAL AND SEASONAL EFFECTS
THE processes of short-wave transmission are con-
trolled principally by what may be called the earth’s
photoelectric condition, that is by the relative amount of

of the signal track is low. The seasonal
characteristic is determined by the relative
distribution of light and darkness over the signal path
throughout the year and will vary in different latitudes.

NORTH-SOUTH VS. EAST-WEST TRANSMISSION

ACONSIDERABLE difference is to be expected in
North-South as compared to East-West transmis-
sion from what has already been stated. This difference
is due to the fact that a greater divergence in the rela-
tive ionization of the signal path between the seasons
exists in a great circle of latitude than in a great circle
of longitude. In an East-West or West-East circuit the
degree of ionization over the entire circuit is a variable

Fig. 3
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throughout the year depending upon the season. North-
South or South-North long distance transmission, on
the other hand, tends to be more constant throughout
the year, since the path of the wave is through conditions

-of two seasons at all times and the twilight periods are

relatively short. The total average ionization over the

~ path consequently tends to be ‘more umform throughout

the year.

EAS’I‘—WEST VS. WEST-EAST TRANSMISSION

TH.'E difference between the actual hours of SIgnallmg

in an East-West or West-East direction is determ-

ined by the part daylight hours only Certain waves

are effective when the transmitter is in darkness and
the receiver in the light. Others are effective under the
Teverse condmon. It wﬂl ‘be apparent therefore that
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the twilight signalling hours, which contain the most

variable ionization conditions, determine the actual

‘terminations of the ‘diurnal characteristic considered

from opposxte ends of a particular long dlst.ance circuit.

AURORA AND COSMIC DISTURBANCE

'UAL cosmic disturbances, such as the occurrence
of sun spots and aurora displays, have a marked
eﬁ‘ect upon short-wave transmission. The ionization of

- the path may become sufficiently high, or the earth’s

45

magnetic field sufficiently modulated to cut off all com-
munication. Tt is interesting to note in this connection

that transmission in the line of the earth’s field—north
‘and south, is less influenced than transmission transverse

to the field during aurora disturbances. This is possibly
due to the fact that the radio wave remains in a field of
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Jiurnal penods At the nght.

bottom of each dmgram gives the observed maxim
daily signalling hours for each month. Each pomt of

the daily s1gnalhng hour graph is the sum of the dlurnal« i

; the day was divided.
,and are the seasonalacharact’ ’

L ﬁietérs (2'1';'390;1‘&'(: is not as
: ‘dayhght ‘wave as 16 17 meters (18,550 ke.
~ Transatlantic use. By the process of reasoning

~ (b) 21.48 meters (13,950 ke.) is th
: favorable ‘twilight wave of the four. Itis
. to be a seasonal reciprocal wave, namel

" day wave in Winter and a Summer ‘night wave..
() 43 meters (6965 kc.) is the most favombl’e

Transatlantic night. ‘wavelength of the fom'. Even -
~ this wavelength is not long enough to give 100°

‘per cent. darkness operation during Winter nights.
(D) Iei 1s to be noted that day waves will have .

‘a convex ** Daily maximum signalling hour charac- -

teristic”’ and night waves a concave characteristic

. conforming to the number of hours of hght and
' darkness.

" (e).The day waves give the greater number of

élgnal hours during the part daylight penod when' ’

the transmitter is in daylight.

(f) The night waves show the greater number of k
signal hours, during the part daylight penod :

When the transmitter is in darkness.

; k ramatic representation of the
- direction of s:gn&lhng ‘through the medium, and a yearl};r :
average of the useful signal time.: The graph at the

prekusly cited, its angle of elevatmn is too high. .
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 MANILA~HONOLUL  CIRCUIT-—WEST-EAST TRANSMISSION

: SEASONAL characteristics of the Manila 15 and 30

.
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SEASONAL CHARACTERISTIC
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MANILA-SAN FRANCISCO CIRCUIT—WEST-EAST TRANS—

- MISSION

'; SEASONAL charactenstlcs for “the Mamla-San i

Francisco Transpacific circuit are shown in Figs.

~ $and 9. Transmission was from the Radio Corporation of

‘the Philippines Station at Manila, P. 1. and reception

~ at'the R. C. A. station at Marshall, California. The data

cover the year July, 1927, to June, 1928, at wavelengths

gfﬁctsof interest were observed: 4

) 15 meters (20,000 ke.) is a 100 per cent. day
and a 0. is circuit

‘cent. night wave over this circuit.

- ¥b) 13 meters (20,000 kc.) gives 38 per cent.of |

the part daylight hours when the transmitter is
in daylight. = _ * 5

- {c) 30 meters (10,000 ke.) is"a 100 per cent.
and a 0 per cent. day wave over this

wave than is 15 meters (20,000 ke.).

3D meter (20,000 and 10,000 ke.) transmitters inter-

. cepted at Honolulu are shown in Figs. 10 and 11.

- The following facts of interest were noted: ‘
" (a). 15 meters (20,000 ko.) gives only 54 per
i i’;’m- vearly daylight transmission to Honolulu.

‘e,

of 15 meters and 30 meters; 20,000 and 10,000 ke. respec- :

30 meters (10,000 kc.) is a better part day-

ST the winter hours its angle o felevation - 4
""" becomes 100 high ‘and it ‘disappear s completely.

(b) ‘30 meters (10,000 ke.) is a 100 per cent.
night wave to Honolulu and a better part day- -
light wave at this distance than to San Francisco.

“(¢) The 30 meter (10,000 kc.) wave is an ex-
- cellent example of a wavelength and circuit that
_.would show the same characteristics. West-East

as East-West.

NEW YORK-BUENOS AIRES CIRCUIT—NORTH-SOUTH
QEASONAL characteristics over the New York-
Buenos Aires circuit in both directions of transmis-
sion are shown in Figs. 12 and 13 for the year July, 1927,
-to June, 1928. N e
- The following facts of interest were noted:
(a) ‘The variation in the maximum daily sig-
nalling hours from month to month is much less
than on the East-West circuit. .
" (b) 14.11 meters (21,260 kc.) is a 98 per cent..
‘day wave and a 28 per cént. darkness wave.
(c) The li]art daylight periods vary from month
to month changing from light-dark to dark-light.
. (d) 33.7 meters (8900 kc.) shows a remarkably
flat daily signalling hour characteristic. .
: .. GENERAL SEASONAL CHARACTERISTIC
AN APPROXIMATE relationship, between fre-
: quencies, distance, diurnal conditions and seasons
is submitted in Fig. 14. The data from which these
curves were plotted were obtained ‘in part from the
typical seasonal characteristics-above-discussed, and in
' -part from data obtained from general traffic records of
the Radio Corporation on various circuits. The curves

: SEASONAL CHARACTERISTIC
YKZET" 30 METERS.MANILA QL .
Y pAANILA- SANFRANCISCO CIRCOIT -
G750 MILES. .
M A M, 50N

L YEARLY
AVERAGE
T SUSE FUL
T 7 15 2 TIME

647

34% |

400%

0

o%

LIGHT HOUNS, OARK MOUNS. LIOARK HOURS. DLLIGHT HOURS,

8

L
g3

o n
i3
$]
:
5

MAK DALY BIGNAL HOURS,

) R ASONDJ
| MoONTHS .

; (m CORPORATION OF AMERICA
: _ ENGINEERING DEPARTMENT
30 METERS

P ¥eAr 1827~ 1928

Fig. 9

47



.

APRIL, 1929

SEASONAL CHARACTERISTIC | SEASONAL anRAnfsms-nc. s
- "KZEN" 1§ METERS: Mmu.A.m "WZET' 30 METER AR =
& 5]00 MILES P YEARLY. A . T «AK\!{E g
f R e S i - S |
3 5; ~ s , TIME ol 3 8 i} L TIME :
; " ; 3% j e K e
I 3. A B g Ll
2 : ; S DR - e :
55 - | SuwAL Hodw g 1 - 20% § ; 25 > (1.4
3 ' T i B 77 iz Ao
=== ‘-
je . °% { ///#'4'{/;57’{4 & ok
ir : .87 ,/WMM q o
oAl L{anT e & Tt B T
55 rit- 75 H—» 54z § ARY AE‘V Oz
3.7 1 . N .
] ¢ tEbr
fuf - H e E
& ] 2 ; tan BRI =
] - ™ : F e % A e _g»r ty
gAY b s - .
3 AL i e H 8
Z
|4 9 5oy S
Z ERES S : 3
o a o
%5 — 2 % S z
b1 ; ;
. -y BN e ,,»raA:auof
MonTHS - e _ MONTHS © : :
nmwcokmmnouormsnmt mmoconrommqumamca L
e : DEPARTMENT mmmmnm\mm i
15 ERS. - 30 Me'rtll,s . S
ANl AT RoRoLbLY el HoNG cimeuer |
YEAR 1927~ 1928, “ =y L
. Fig. 10 th- I o

marked “hlghest are t.he normal sklp distance limits.

Frequenciés higher than those marked “highest’’ will
not be audible normally. The dotted daylight curves
marked ‘‘abnormal” represent the approximate varia-
tions in skip distance that occur due to unusual and

extreme conditions which cause. increased ionization

* and more rapid bending of the wave path. -
The curves marked: “lowest’’ are the limits set by

' absorptxon and static interference. They represent the
maximum transmission distances that may be expected -
of the lower frequencies. It will be understood that the

available points for drawing a general seasonal charac-

teristic are limited, and that a vast amount of additional

data at all distances will be necessary to definitely estab-

blish the relationship between frequency, distance and

the seasons. At best it can merely be stated that the
relationships submitted fit those circuits which have
been in operation for a year or more, and for whlch the
seasonal characteristics are ava:lable

SOME

meter, has been done by Prof. Yagi in Japan. These
extremely short wavelengths have the striking advan-
tage of requiring antenna structures so small that di-
rective combinations of various sorts are readily availa-
ble. For the same reasons a study of their dxrectlonal
characteristics is more readily made.

The fact that wavelengths less than 5 meters are
normally of the high elevation type have rendered them
thus far of little use in long distance communication.
It does not seem likely, at this time, that they will ever

WAVELENGTHS LESS THAN 5 METEBS

extremely mterestmg and pioneer work on
beam transmission on wavelengths of less than a

be useful for thxs purpose The results ohtamed thns far :
with directive transmission less than 5 meters indicates: -~
t.hathtﬂa can be Xpec

other practwal advantage. It is possxhle that théy will

find some application for this service. It now appears -
probable that the ground wave rather than the sky - wave
of the ultra short-wave group will find practical ap- -

plication; the ground wave to serve a restricted area
Whﬂe the SkY wave passes on into space. :

.

FREQUENCY STABILITY . i
THE long distance short-wave stations of the worltl :
are at present bemg separated by channel widths
of 0.2 per cent. The increasing demand for channels
continues such that it appears likely that a separation

of 0.1 per cent. will eventually be necessary. Even with - +

this 0.1 per cent. separation only 1587 standard 0.1 per.
cent. channels, distributed among the nations of the

- world, are available between 1500 and 23,000 ke. It is

48

obvious that there is a definite saturation point in the

ultimate number of long distance air lanes, and that the

most strmgent measures are necessary to keep each

service on its allotted channel. )

There are two distinct factors that set a natural limit

to the closeness of channel spacing. These factors are:
(a) Minimum practical sharpness of tunmg.
(b) Frequency drift.

ed by mcreased dn'ect.wﬂ;yr e i
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~ It will be evident that, regardless of constancy of *
frequency, the channels cannot be spaced closer than
- essential keying side bands and “broadness of tuning”-
- will allow. All past éxperience in radio transmission

- has indicated that a frequency accuracy of less than
10.025 per cent. is obtainable only under the most favor-
-able of laboratory conditions. A check between different
%k __standards is almost certain to show discrepancies greater
s than this value. The danger of an irretrievable conges-

: : ' tion and overlapping of channels is inevitable if the
Lo ; channel spacings are arbitrarily set closer than the

o natural limits of the art will allow. .

.+ It becomes increasingly evident that a world standard
o bf frequency measurement in the short wave spectrum
will have to be established. This international standard
wﬂl have to be supreme in accuracy as well as in author-
ity. Only by referring all stations to a common world
. measuring station, via the common transmission medi-
‘um, can the ultimate theoretical exactness of channel
spacings and the potential traffic capacity of the air
be permanently maintained.

SYILIIN

.

‘WORLD RADIO PROGRESS

pas
e S ,

; THE short wave radio spectrum has given the world

: a communication medium that defies international

A and natural barriers. This medium provides to all races_
oo e 8 . everywhere instantaneous contact, and avenues for the
- Inaniocorporamion oF america]  rapid exhange of intelligence. Never before in the world’s
e history has there existed such a universal means for
‘ world expression and understanding, nor such a potent’

8 FRIDHFN‘*’ DISTANCE | DIURNAL
e mm-nov-ls AND SEA‘ONQ
force for the oontemporaneous development of all hu-
mamty
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EW YORK, NY.

C t’ﬁie'n'-t:al is glad to

T 'place 1ts extenswv ; sing facilities at the

c 0 uyers, engineers, and other
"'embers of the Radio Clu Anerica. Through

~ this dependable service, built up during years of
 steady growth Continent ble to recommend |
o ﬂmemberﬂs to reliable deale s it ;;thear districts or
ity arrange for their securing such rad1o matenals /
‘ and merchanchse as they need

Corporatlon
New York City




Every requisite of fine radio instrument

assembly is met by RCA Radiotrons. Their’
high qualities of design and manufacture,
and their uniformity, are accepted as the

standard of the industry.

RADIO CORPORATION OF AMERICA
NEW YORK CHICAGO ATLANTA DALLAS SAN FRANCISCO

RCA RADIOTRON

MADE BY THE MAKERS OF THE RADIOLA

““““-

THE COUNTRY LIFE PRESS . GARDEN CITY - NEW YORK



