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GENERAL INFORMATION

INsTITUTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers and the
Wireless Institute. Its headquarters were established in New York City
and the membership has grown from less than fifty members at the start
to almost six thousand by the end of 1932.

ArvMs aNp OrJects. The Institute functions solely to advance the theory and
practice of radio and allied branches of engineering and of the related arts
and sciences, their application to human needs, and the maintenance of a
high professional standing among its members. Among the methods of ac-
complishing this need is the publication of papers, discussions, and com-
munications of interest to the membership.

ProceepiNgs. The ProceEDINGS is the official publication of the Institute and
in it are published all of the papers, discussions, and communications re-
ceived from the membership wgich are accepted for publication by the
Board of Editors. Copies are sent without additional charge to all members
of the Institute. The subscription price to nonmembers is $10.00 per year,
with an additional charge for postage where such is necessary.

ResponsIBiLITY. It is understood that the statements and opinions given in the
PROCEEDINGS are views of the individual members to whom they are
credited, and are not binding on the membership of the Institute as a whole.
Papers submitted to the Institute for publication shall be regarded as no
longer confidential.

REPRINTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PROCEEDINGS is granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the PRocEEDINGS
may not be reproduced without making specific arrangements with the
Institute through the Secretary.

Manuscriprs. All manuscripts should be addressed to the Institute of Radio
Engineers, 33 West 39th Street, New York City. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the PROCEEDINGS. Authors are advised as promptly
as possible of the action taken, usually within two or three months. Manu-
scripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the
mechanical form in which manuseripts should be prepared may be obtained
by addressing the secretary.

MaiLing. Entered as second-cldss matter at the post office at Menasha, Wis-
consin. Acceptance for mailing at special rate of postage is provided for in
the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L.
and R., and authorization was granted on October 26, 1927.

Published monthly by
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HuBERT M. TURNER, DiRECTOR, 1933

Hubert Michael Turner was born on July 20, 1882, at Hillsboro, Ill. After
being graduated in electrical engineering from the University of Illinois in 1910,
he remained as an assistant instructor for two years while taking graduate work
in mathematics, physics, and electrical engineering. He received his Master's
degree in 1915. From 1912 to 1918 he instructed at the University of Minnesota
and organized courses in transient phenomena and radio. During the war he was
placed in charge of technieal instruction of the Signal Corps unit of enlisted men
at the University of Minnesota. In October, 1918, he became assistant professor
of radio with the Signal Corps School for Officer Candidates at Yale.

In 1919 he was appointed assistant professor of electrical engineering at
Yale, and in 1926, associate professor. His entire time is devoted to the graduate
course in communication engineering, and he has developed new methods of pre-
senting theory and many special experimental methods as well as improved
laboratory technique. He has had practical experience in both power and com-
munication work, and has done 'consulting work in several branches of the elec-
trical engineering field. :

He is & member of the American Institute of Electrical Engineers, the
International Union of Scientific Radio Telegraphy, the American Association
for the Advancement of Science, the Franklin Institute, Sigma Xi, and has
been active in committee work on matters relating to standardization, technical
papers, instruments and measurements, and communications.

1920He became an Associate member of the Institute in 1914 and a Member in

1
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February Meeting of the Board of Directors

At the February meeting of the Board of Directors held on the
first of the month, 1. M Hull, premdent ; Melville Fastham, treasurer;
0 H Caldwell Alfred N Goldsmith, R A Heising, J V. 1. Hogan,
¢ W Hormn, ¢ M Jansky, Jr, F A Kolster, F L. Nelson, E. R
~hute H M Turner. A F Van Dyek, William Wilson, and H. P.
W retman ecretary were present.

Thirty -two appheations for the Associate grade, three for the
Junwor grade, and eight for the Student grade of membership were
approved

The 1432 Report of the Secretary was approved, and a portion of it
sg-cifically prepared for publication will appear 1n the April 1ssue of
the Prow » RDINOS

A repeort of the Broadeast Committee under the beading of “Cleared
( hanpela in Amenean Broadeasting”™ was submitted and approved
Prepared in an endesvor to elanfy thought on the position in American
brvadeasting held Ly stations operating on cleared channels as con-
trasted with these on shared chanpel asmgnments, the material 18
prabhishesd an full immediately following thie report

The Clear Channel in American Broadcasting

The combination of clear channels and shared channela which
{orma the basts for the plan of broadeast alloeation pow in eflect in
the United Staten was sdopted by the Federal Radio Commimion in
1928 The clrar channel assignment was evolved at that time as the
reeult of overwhelming expert testimony, based not only on the leanons
oA srme swven years of broadeasting in its present form, but also on
the mare mature experience of the other older branches of the radio
industry 1huring the past four years, ample opgurtunity has heen
aflorded for basth the expert and the layman to obtain first hand in-
formation on the relative advantages of the clear channel under a
great vanety of opersting eonditions Vet eurrent discussion of broad-
cast probieme (requently diseloars much insecurate information and
lome thinking on this important question Under the circumatances, it
10 (elt that s careful reeapitulation of the engineering viewpoint on the
piare of the cloar channel in the existing schome should prove interest.
ing and, perhaps, valuable With this theught in mind, the brief die-

L——————
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cussion which follows has been prepared by the Broadeast Committee
of the Institute of Radio Iingineers.

It is characteristic of radio signals, in common with other types of
wave motion, that once they are launched “on the air” they continue
to travel away from their souree while their intensity diminishes at a
rate determined only by the conditions which they encounter in transit
until they are too feeble to be detected or until they are lost in the pre-
vailing noise level due to random electrical disturbances. There is no
means known to the art whereby the projected waves can be abruptly
brought to a stop at some remote point or whereby their intensity can
be suddenly reduced to a negligible value at a predetermined dis-
tance. It is obvious, therefore, that from the radio transmission stand-
point purely artificial boundaries such as those of the zone or the state
or the nation are of no significance.

This same fundamental consideration governs the operation of
two or more broadeast stations on a single assigned carrier frequency.
The signals from any one station cannot be prevented from invading
the areas local to the others. Suceessful shared channel broadcasting,
therefore, hinges on the possilility of receiving a signal from the
wanted station which is predominantly stronger than those from all
other stations holding the same frequency assignment. Experience in-
dicates that if the reproduced program is to have entertainment (as
distinguished from novelty) value, the intensity of the wanted signal
at any particular receiving point must be from 20 to 100 times the
combined intensity of the interfering signals established at that point
by all other stations operating on the same channel. Iiven these large
ratios do not always represent a high standard of performance. The
background of interference must be extremely feeble if it is not to de-
tract from the artistie excellence of the reproduction, and for high-
grade urban coverage an effort is usually made to obtain considerably
greater ratios.

The result of the restrictive effects of interference described above
is to limit the acceptable service from a shared channel station to
areas where the received signal intensities are high, hence to areas
within a few miles of the transmitter. The limitations of shared channel
operation are, therefore, apparent. It is clear that while such an ar-
rangement will accommodate a considerable number of stations and
will afford service to a relatively large number of detached areas
f:]oso]y surrounding such stations, there will in general be much larger
Intervening areas in which no station produces a predominately strong
signal and in which, therefore, no serviee worthy of the name can be
given, This analysis, then, indicates that the field of the shared channel
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is to serve important detached centers of population, such as our
cities and larger towns.

In the United States, however, on account of its size and its im-
portant agricultural interests, a considerable part of the population
is sparsely distributed in small towns and villages and on farms. It is
essential that these people be given broadcast service as an ordinary
matter of equity. In addition, they constitute a noteworthy fraction
of the buying public, which is supporting American broadcasting as it
is constituted today. The establishment of the present system of clear
channels followed early appreciation of the fact that service to this
group could not be provided on a shared channel basis but that na-
tional channels on which only one station operated at a time would
have to be employed for the purpose, The experience of subsequent
years has served only to emphasize the fundamental soundness of this
conclusion.

On aceount of the absence of interference from other stations as-
signed to the same carrier frequency, the signals from a clear channel
atation (except where subject to excessive fading) will afford service
until they have reached the point where they are too feeble to be
heard above the prevailing electrical noise level with any degree of
aatisfaction. Fortunately, the electrical noise level in most rural dis-
tricts is quite low, with the result that reasonably long distances can
be covered with transmitting stations of moderate power. If higher
power is employed, however, the range of the station and the area
which it serves will be considerably extended. In addition, at the more
remote receiving points the grade of service will be improved because
the atronger signal is further above the prevailing electrical noise
level and the reproduced program, therefore, suffers relatively less
from an objectionable noise background. Since higher power on clear
channels will thus extend and improve the broadcast service in out-
lying rural communities, since the avowed purpose of the clear channel
is 1o serve such communities, and sinee clear channels by their very
nature are reserved for the use of a gingle station so that interference
with other stations assigned to the same carrier frequency i8 not a pos-
wibility, it is thought to be logieal and consistent not only to permit
but to require the use of adequate power by all stations holding clear
channel assignments. This, briefly, is the hasis for the practically
unanimous engineering position regarding the use of high power on
elear channels. Under existing conditions, there is no technical reason
for not requiring all clear channel stations to employ transmitters of
at least 50 kilowatts. Conversely, the denial to the rural listeners
on many of the clear channels of the improved and extended servico
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which could be made available to them by requiring the use of 50-kilo-
watt transmitters on those channels is not based on technical reasons.

Failure, in the past, to use sufficiently high power to enable dis-
tant listeners to obtain the full advantage of the inherent characteris-
tics of clear channel operation has lead to suggestions for the virtual
abandonment of these channels. Where the distances and time differ-
ences involved are no greater than those in the United States the
assignment of additional stations to the existing clear channels must
inevitably result in a real limitation of the areas served and the as-
signments will thus lose their clear channel nature. The engineering
conception of the clear channel has always embodied high power as one
of its essential accompaniments.

In addition to its value as a means of affording service to distant
towns and extensive rural areas, the clear channel station is also
well adapted to cover a single relatively large center of population,
such as one of our major cities. This is due to the fact that high power
can be employed and that the station will, therefore, be surrounded by
arelatively large area in which strong signals prevail, permitting excel-
lent reproduction to be obtained. There are easily recognized economic
and operating advantages to he gained by a broadcast station in as-
sociating itself with a large city which will enable it to extend a service
of the highest order to the mutual advantage of everyone concerned.
Under the circumstances, it is not surprising that practically every one
of the existing clear channel stations is identified with one of our larger
cities. This fact, however, should not be allowed to_ direct attention
from the principal purpose of the clear channel, that is, service to
scattered outlying units of population, for which it would not be
economically possible to obtain broadcasting on any other basis.

To recapitulate:

1. The field of the shared channel is to afford broadcast service to
important detached centers of population, such as our cities and
larger towns.

2. The field of the clear channel is {o afford service to those vast
intervening areas in which the density of population is so low
that a broadeast service could not otherwise be supported and,
in addition, to a single large center.

These principles, if kept firmly in mind, will afford insight into one
phase of the broadecast allocation problem that has been the subject
of spirited debate from the time that the establishment of clear chan-
nels was first suggested; namely, the relative advantage of increasing
the total number of broadecast stations capable of being in operation at
any one time by making multiple assignments to some of the existing
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clear channels; or looking toward the opposite course, the relative
merit of increasing the number of clear channels by deleting or trans-
ferring shared channel stations. The consequences of proceeding in
either direction are evident :

1. Decreasing the number of clear channels by assigning additional
stations (for nighttime operation) to channels now used by only
one station at a time would have the effect of affording addi-
tional services to certain localized urban groups but at the ex-
pense of decreasing the service to rural listeners and to those at
remote points.

2. Increasing the number of clear channels at the expense of the
«<hared channels would have the opposite effect, assuming that
assignments for the stations thus displaced could not be pro-
vided for on the remaining shared channels.

The foregoing statements are based on radio considerations of
a very fundamental nature. However, in view of the industry’s grow-
ing appreciation of the complexity of radio transmission phenomena
and the store of experience that is the result of the past eleven years in
broadcasting, the question naturally arises as to whether our increased
knowledge and vastly improved technique do not now warrant modifi-
cations in these earlier generalizations. After a careful review of the
situation the Broadcast Committee is forced to the conclusion that the
clear channel is still essential to the extension of broadcast service to
the populations of our rural areas and is likely to remain so for some
time to come. Further, it is felt that many of the limitations that have
been ascribed to the clear channel are the direct result of existing power
limitations rather than of any inherent characteristic of clear channel
coverage. The engineering case of the clear channel has always been
based on the assumption that adequate power would be employed.
There appears to be no technical reason why greatly increased power
(in excess of 50 kilowatts) should not now be permitted to suitably
equipped and appropriately located or relocated stations holding clear
channel assignments.

Assuming that service to distant listeners is to be maintained, it is
evident that continued provision must be made for an adequate num-
ber of clear channels. Whether the number should be forty, or more,
or less, however, is a matter that can be determined only by careful
study. The balance of service between the rural listener and the urban
listener is determined in considerable measure by the relative number
of allocated clear and shared channels. Decision as to the correct
balance point is a matter of general policy.
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which could be made available to them by requiring the use of 50-kilo-
watt transmitters on those channels is not based on technical reasons.

Failure, in the past, to use sufficiently high power to enable dis-
tant listeners to obtain the full advantage of the inherent characteris-
tics of clear channel operation has lead to suggestions for the virtual
abandonment of these channels. Where the distances and time differ-
ences involved are no greater than those in the United States the
assignment of additional stations to the existing clear channels must
inevitably result in a real limitation of the areas served and the as-
signments will thus lose their clear channel nature. The engineering
conception of the clear channel has always embodied high power as one
of its essential accompaniments.

In addition to its value as a means of affording service to distant
towns and extensive rural areas, the eclear channel station is also
well adapted to cover a single relatively large center of population,
such as one of our major cities. This is due to the fact that high power
can be employed and that the station will, therefore, be surrounded by
arelatively large area in which strong signals prevail, permitting excel-
lent reproduction to be obtained. There are easily recognized economic
and operating advantages to be gained by a broadcast station in as-
sociating itself with a large city which will enable it to extend a service
of the highest order to the mutual advantage of everyone concerned.
Under the circumstances, it is not surprising that practically every one
of the existing clear channel stations is identified with one of our larger
cities. This fact, however, should not be allowed to_direct attention
from the principal purpose of the clear channel, that is, service to
scattered outlying units of population, for which it would not be
economically possible to obtain broadeasting on any other basis.

To recapitulate:

1. The field of the shared channel is to afford broadecast service to
important detached centers of population, such as our cities and
larger towns.

2. The field of the clear channel is to afford service to those vast
intervening areas in which the density of population is so low
that a broadeast service could not otherwise be supported and,
in addition, to a single large center.

These principles, if kept firmly in mind, will afford insight into one
phase of the broadecast allocation problem that has been the subject
of spirited debate from the time that the establishment of clear chan-
nels was first suggested; namely, the relative advantage of increasing
the total number of broadeast stations capable of being in operation at
any one time by making multiple assignments to some of the existing



Inatstute News and Radio Noles 335

clear channels; or looking toward the opposite course, the relative
merit of increasing the number of clear channels by deleting or trans-
fernng shared channel stations. The consequences of proceeding in
either direction are evident :

1 Decreasing the number of clear channels by assigning additional
atations (for nighttime operation) to channels now used by only
one station at a time would have the effect of affording addi-
1ional services to certain localized urban groups but at the ex-
pense of decreasing the service to rural listeners and to those at
remote pointe

(3%

Increasing the number of clear channels at the expense of the
«hared channels would have the opposite effect, assuming that
asmgnments for the stations thus displaced could not be pro-
vided for on the remaining shared channels.

The foregoing statements are based on radio considerations of
a very fundamental nature. However, in view of the industry’s grow-
ing appreciation of the complexity of radio transmission phenomena
and the store of experience that is the result of the past eleven years in
hroadeasting, the question naturally arises as to whether our increased
knowledge and vastly improved technique do not now warrant modifi-
eations 1n theee earlier generalizations. After a careful review of the
atuation the Broadeast Committee in forced to the conclusion that the
clear channel in still ensential to the extension of broadcaat service to
the populations of our rural areas and is likely to remain 8o for some
time to come Further, it is felt that many of the limitations that have
bwen aseribad to the clear channel are the direct result of existing power
Limitations rather than of any inherent characteristic of clear ehannel
coverage The engineering case of the clear channel has always been
haaed on the assumption that adequate power wonld be employed.
‘There appears to be no technical reason why greatly increased power
(1 excena of ) kilowatta) should not now be permitted to suitably
equipped and appropriately loeated or relocated stations holding clear
| channel aasignmenta
; Amsutning that serviee to distant listeners ia to be maintained, it is
evident that continued provision must be made for an adequate num-
ber of clear channels. Whether the number should be forty, or more,
or less, however, is a matter that can be determined only by careful
study The balance of serviee bet ween the rural listener and the urban
listener is determined in considerable measure by the relative number
of allocated clrar and shared channels. Decision as to the correct
balanoe pint is a matter of general policy

J‘——'———
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Letters from Doctors Poulsen and Zenneck

In the election of officers for 1933, Dr. Valdemar Poulsen and D
Jonathan Zenneck ran as candidates for the vice presidency. The fol-
lowing letters which were intended to be read at the annual meeting
held in New York City on January 4 arrived too late for this purpose

They are presented herewith, the comments of Dr. Poulsen following

directly

I am highly pleased to get this opportunity to express my heartiest feeling
towards Dr. Walter G. Cadv whose scientifie research work is covering
tensively the I-'l'llhlt"il and "h‘»‘l":ll field of lxl”l requency ]"nl'.‘uvl!xt‘huh

In admire especially his pioneering investigations of the behavior of quart
crvstals under lln- influence of 'HL"I'Y““!VH'HI"- osecill 111 \IH-’ ]rh'.\lv IStS an
radio engineers the world over are utiizing Dr. Cady's ervstal control svstem
thus 'i\'ihL’ evidence of how highly admirable is this achievement in the art «
research

With my gre t feelings of friendship and sympathy I am greeting
l’l ‘.H"x‘ on occasion of vour retiring from the l'u-\hit ney and | sh
health, happiness, and many new achievements in your future research worl

Mav | t e occasion also to extend my greetings to the sueceeding pres
dent, Dr. L. M. Hull, and to the retiring and succeeding vice presidents, m
friends, Professor E. \ Appleton and Professor Jon ithan Zennec)

The contents of the letter forwarded by Dr. Zenneck are given
below

I first beg to eéxpress my most sincere thanks to the Board of Directors for
fl'l\IhL' nominated me a candidate for the vice [u'rﬂn‘l neyv and to the merm
of the Institute for having voted for me This vote of cont degee is a great hon
to me .‘x)u!, ]nx\llu_’ alwavs been [llullli ol |u‘ih'_' a "4‘“”\‘. of the Ih"”'ﬂv_ [ am de-
lighted now to be its vice president

I'he coupling element between this truly international institute and 1ts non-
\merican members is the PROCEEDINGS of the Institute. On my book shell
stands a t'uln[n]rh' ceries of the Procy EDINGS from the very first volume of 1913
to volume 20 of 1932. These volumes w hen looked upon as historical documents
tell us an impressive story about the development ol radio communication and
the development of this Institute

The first volume of 1913 was made of not more than 268 pages and containe

14 papers on subject matters such as the work of the Federal Telegraph Con
pany, the Sayville Station of the Atlantic Communication ( ompany, the day
light effect in radiotelegraphy, and the heterodyne receiving system. The last
volume of 1932 is a :r~[~lllllnif|»ll”\ of 2260 pages 4'uln[tr|~i!\L' 130 papers on all
kinds of problems which are of interest to the present-day radio man. For in
stance, on tube oscillators and I|1n'11 control by !lll'/ﬂ'l']'% trie ervstals, on the
distortion by amplifiers and loud speakers, on transatlantic wdiotelephony, on
the ]lltb[lflu.’lli1»l| of radio waves ol every stvle, from the l-]‘i-ltl\'\luht"i but power
ful 10,000-meter waves dow n to the supermodern waves of a few meters wave
lengths. From volume 1 to volume 20 is represented a path of scientific and
technical progress of which at the time of Volume 1 not even the most fervent
optimist would have dreamt

3
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Furthermore the first volume of 1913 did not contain any advertisements

» in those days there was not much to be advertised and there were not

to buy radio apparatus, while in volume 20 there are about 500 additional
filled with advertisements of broadcast apparatus of every kind and de-
cription. This shows better than anything else how radiotelegraphy which
1ad been the domain of a few so-called experts, has extended its terri-

a radio industry grew up which gave labor to thousands of engi-

s and workmen, and that radiotelephony has become the entertainment and

e of millions of healthy and sick people of all nations. When we were boys,
to make the best bow and to carve the best arrows for playing Indians,
bovs now are competing in constructing the best receiving set and are

ing to give their fathers some idea of the principles of radiotelegraphy.
Finally, when we go through the “Institute ws” in volume 20, we read of
us meetings of the seventeen sections of this Institute, and we see from
ns for membership, that in spite of the great depression
vailing in all countries, the number of members has still increased. Appar-
the foundation of this Institute is so robust that its activity and its attrac-
power cannot be seriously affected by a minimum in the general prosperity

t us hope that this curve may go up soon and that the coming recovery of
onditions may give a new impetus to radio and to the Institute of Radio

Radio Transmissions of Standard Frequencies

The Bureau of Standards transmits standard frequencies from its
<tation WWYV, Washington, D.C., every Tuesday. The transmissions
are on 5000 kiloeyeles. Beginning ( yetober 1. the schedule was changed.
The transmissions will be given continuously from 10 a.m. to 12
noon. and from 8:00 to 10:00 p.m., Eastern Standard Time. (From
\pril to September, 1932, the schedule was from 2 to 4+ p.M,, and
from 10 .. to midnight.) The service may be used by transmitting
stations in adjusting their transmitters to exact frequency, and by
the public in calibrating frequenc; standards, and transmitting and
receiving apparatus. The transmissions can be heard and utilized
by stations equipped for continuous-wave receplion through the
United States, although not with certainty 1n some places. The ac-
curacy of the frequency is at all times better than one cycle (one in
five million

I'rom the 5000 kilocyeles any frequency may be checked by the
method of harmonies. Information on how to receive and utilize the
signals is given in a pamphlet obtainable on request addressed to the

sureau of Standards, Washington, D.C
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The transmissions consist mainly of continuous, unkeyed carrier
frequency, giving a continuous whistle in the phones when received
with an oscillatory receiving set. For the first five minutes there are
transmitted the general call (CQ de WWYV) and announcement of the
frequency. The frequency and the call letters of the station (WWV) are
given every ten minutes thereafter.

Supplementary experimental transmissions are made at other
times. Some of these are made with modulated waves, at various modu-
lation frequencies. Information regarding proposed supplementary
transmissions is given by radio during the regular transmissions, and
also announced in the newspapers.

The Bureau desires to receive reports on the transmissions, es-
pecially because radio transmission phenomena change with the season
of the year. The data desired are approximate field intensity, fading
characteristies, and the suitability of the transmissions for frequency
measurements. It is suggested that in reporting on intensities, the
following designations be used where field intensity measurement ap-
paratus is not used: (1) hardly perceptible, unreadable; (2) weak,
readable now and then; (3) fairly good, readable with difficulty; (1)
good, readable; (5) very good, perfectly readable. A statement as to
whether fading is present or not is desired, and if so, its characteristics,
such as time between peaks of signal intensity. Statements as to type
of receiving set and type of antenna used are also desired. The Bureau
would also appreciate reports on the use of the transmissions for pur-
poses of frequency measurement or control.

All reports and letters regarding the transmissions should be ad-
dressed to the Bureau of Standards, Washington, D.C.

Proceedings Binders

Binders for the Proceknings, which may be used as permanent
covers or for temporary transfer purposes, are available from the Insti-
tute office. These binders are of handsome Spanish grain fabrikoid, in
blue and gold Wire fasteners hold each copy in place, and permit re-
moval of any issue from the binder in a few seconds. All issues lie flat
when the binder is open. Each binder will accommodate a full year's
supply of the Proceenings, and they are available at one dollar and
seventy five cents (81.75) each. Your name, or PROCEEDINGS volume
number, will be stamped in gold for fifty cents (50¢) additional.
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Committee Work

ApMmissioNs COMMITTEE

The Admissions Committee held a meeting on February 1, and
those present were A. F. Van Dyck, chairman; O. H. Caldwell, H. C.
Gawler, C. W. Horn, C. M. Jansky, Jr., E. R. Shute, and H. P. West-
man, secretary.

The committee considered and approved three applications for
admission to the grade of Member. In addition, it approved three for
transfer to the grade of Member, denying one and tabling another
pending receipt of additional information.

BroapcasT COMMITTEE

A meeting of the Broadeast Committee was held on January 31.
A report on “The Cleared Channel in American Broadcasting,” which
appears earlier in this issue, was put in final shape for submission to
the Board of Directors for approval.

The meeting was attended by E. L. Nelson, chairman; Wilson Aull,
(representing J. V. L. Hogan), Arthur Batcheller, C. W. Horn, C. M.
Jansky, Jr., L. F. Jones, (representing B. R. Cummings), L. E. Whitte-
more, and H. P. Westman, secretary.

MEMBERsHIP COMMITTEE

The Membership Committee held a meeting on February 1 which
was attended by H. C. Gawler, chairman; W. F. Cotter, David Grimes,
and E. W. Schafer. Some letters to be used in contacting with section
officers in furthering membership activities were prepared.

Institute Meetings

BBOSTON SECTION

A meeting of the Boston Section was held at Harvard University,
onJanuary 20 with the chairman, E. L. Chafiee, presiding.

“Some Results of a Study of Ultra-Short-Wave Transmission Phe-
nomena” by C. R. Englund, A. B. Crawford, and W. W. Mumford of
the Bell Telephone Laboratories was presented by Mr. Englund. The
paper appearselsewhere in this issue and is accordingly not summarized
here.

Messrs. Chaffee, Karplus, and Kenrick of the 150 members and
guests in attendance participated in the discussion of the paper.
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CLEVELAND SECTION

The December meeting of the Cleveland Section was held at Case
School of Applied Science on the 16th. I, L. Gove, chairman, presided
and the attendance totaled twenty-four.

The paper of the evening “Factors Aﬁe‘cting Nighttime Range
of Radio Stations” was presented by John I. Byrne of the Electrical
Engineering Department, Ohio State University.

In his paper, Professor Byrne stressed particularly the relative
efficiency of high- and low-frequency broadeast stations under night-
time conditions. This was on the basis of fading areas which approach
the transmitter as the frequency is increased and which are not changed
in extent by variations in power. The results of some field surveys using
a loop-operated receiver on field measurements of four stations em-
ploying quarter-wave transmitting antennas showed the fading area
varying between thirty-one and sixty-six miles as the frequency of
transmission varied from 1450 kilocyeles to 5350 kiloeyeles. A vertieal
receiving antenna would have extended the fading areas to from forty-
nine miles to ninety-two miles, respectively. It was pointed out that
the loop-operated receiver best simulated conditions found in the
average receiving aerial which is usually of the inverted-L type.

To indicate the effect upon transmission of the conductivity of the
earth, conditions in Ohio were contrasted with those in the mountain-
ous country around Ashville, N.C., where tests indicated the trans-
mission efficiency at 550 kilocyeles to be only as great as that at 1450
kiloeyeles in Ohio. N

Graphs exhibited by the speaker showed very good agreement
between calculated and observed transmission characteristics of waves
of various frequencies making it possible to predict within close limits
the reliable service areas of many stations.

On January 27 a meeting of the Cleveland Section was held at the
C‘ase School of Applied Science. P. A. Marsal presided.

“Communications and Other Engineering Developments in Rus-
sia,” was the subject of a paper by K. H. Donaldson, Assistant Pro-
fessor of Mining and Engineering at Case School of Applied Science.
The paper was based upon the author’s observations in communica-
tions and other engineering fields in addition to mining engineering, in
which work he spent some months in the U.S.S.R. His investigation
and travel covered chiefly eastern European Russia and particularly
the Ural Mountain region and Leningrad. While the U.S.S.R. has
used substantial quantities of electrical machinery, the speaker pointed
out that radio has been used very little for the entertainment or the
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instruction of the general public. Broadeasting was confined largely
to matters of education or propaganda with little or no entertainment.
Public receiving sets to which people may listen in large groups are of
very poor tonal quality and homes are not equipped with receivers.

An interesting general discussion followed the presentation of the
paper. The attendance totaled eleven.

DETROIT SECTION

On January 20 a meeting of the Detroit Section was held in the
Detroit News conference room with G. W, Carter, chairman, presid-
ing.

A paper on “Transmitter Development” was presented by L. M.
Harding, Associate Radio Engineer of the Lighthouse Service of the
United States.

The speaker first outlined the radio activities of the United States
Lighthouse Service, describing weather and radio beacon services
developed and maintained for the airways. This description indicated
the requirements of the radio equipment employed and the conditions
under which it operates. The particular transmitters developed for
this service were then described. Because the equipment is in many
cases operated and maintained by one who is not an experienced opera-
tor, the problems of design to permit simple installation and foolproof
operation are numerous.

Considerable interest was shown in a fifty-watt transmitter, so
arranged and metered, as often to permit troubles to be corrected
simply through communication between the attendant and the field
man, thus saving substantial amounts of time and money in travel-
ing. A number of oscillograms were displayed to show the performance
of the equipment.

A discussion which was participated in by a number of the forty-
five members and guests in attendance followed the presentation of
the paper.

1.os ANGELES SECTION

The annual meeting of the Los Angeles Section was held on Decem-
ber 20 at the Mayfair Hotel, and was presided over by E. H. Schreiber,
chairman.

Balloting for officers resulted in the election as chairman of John
K. Hilliard of the Fox Film Corporation; vice chairman J. M. Chapple,
U. S. Assistant Radio Inspector, and secretary-treasurer N. 3. Neely
of J. 8. Cole-Radio Enterprises.

Two papers were presented, the first of which on “Electron Coupled
Oscillators,” was by J. B. Dow, Lieutenant, U.S.N. The speaker




342 Institute News and Radio Noles

pointed out the causes of oscillator frequency instability and traced
the development of a Colpitts oscillator to an electron coupled oscilla-
tory circuit. Performance and circuit data were presented by means of
slides. .

T. E. Nikirk of the National Radio and Electrical School then pre-
sented a television demonstration through the courtesy of the National
Automotive and Electrical School. The receiver was a product of the
Western Television Corporation and the Sanabria system of television
was employed. The demonstration was considered highly suceessful
and entertaining by the eighty-seven members and guests who at-
tended the meeting. Twenty-nine were present at the informal dinner
which preceded it.

The January meeting was held on the 17th at the Mayfair Hotel
and was presided over by J. K. Hilliard, chairman. The attendance
totaled sixty, and nineteen were present at the informal dinner which
preceded the meeting.

Before proceeding with the paper of the evening, Dr. Blackburn
who was appointed chairman of the Meetings and Papers Committee
suggested that the regular meetings he alternated with seminars or
discussions on various subjects to be held at different locations to
facilitate instructive and interesting demonstrations. He proposed
that this plan be tried for the next six months at the end of which a
vote be taken to determine if it should be continued. This suggestion
was approved and subjects tentatively assigned fer the next three
seminar meetings.

A paper on “Wide Range Recording and Reproduction” was
originally scheduled to be presented by Donald MacKenzie who un-
fortunately was unable to attend because of illness. H. C'. Silent of
Electrical Research Products presented the paper in the stead of Dr.
MacKenzie. The speaker discussed the properties of sound as affecting
the human ear. He then traced its transmission from the source through
recording and reproducing. mechanisms and discussed the various
problems involved in obtaining satisfactory results. The acoustical
properties of various instruments and groups of instruments were
shown by means of slides. The use of filters to affect the transmission
characteristics of circuits was outlined. The necessity of maintaining
a satisfactory balance between high- and low-frequency response in
reproduction was stressed, and it was pointed out that an allowance
must be made for the peculiarities of the human ear in its response to
reproduced sounds. The use of compensation networks for the correc-
tion of circuit types of distortion in recording and long line transmis-
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sion was explained. The properties of various types of microphones
and loud speakers in general use were discussed. A brief account of
loud speaker efficiency and power output requirements for theater
uses ended the paper

New York MEeETING

The February New York meeting of the Institute was held on
the 1st of the month in the Engineering Socicties Building and was
presided over by President Hull. “lron-Core Inductors and Permea-
bility Tuning”™ was the subject of the paper by W. J. Polydoroff of the
Johnson Laboratories of Chieago.

The speaker presented an analysis indieating that tuning by varia-
tion of induetance in such a manner that the L. 'R of the circuit is kept
constant results in uniform selectance and amplifieation throughout
the tuning range. He deseribed the characteristies and construction of
some finelv divided and compressed magnetic core material which has
been developed for this tuning purpose. It was pointed out that in-
ductances with iron cores can be designed to produce simultaneously
inductance and resistance values of the same order as obtained with
air-core inductances. Beeause the core material described exhibits low
losses at broadeast frequencies and possesses exceptional magnetic
stability, it is applicable to other than radio purposes.

Constructional details were given of variable inductors and their
behavior and application to radio circuits discussed. Their inherent
uniformity makes these iron-core tuned inductors applicable in tuned
radio-frequency receivers and the operation and construction of several
forms were shown

The meeting was attended by 200 members and guests and several
of these participated in the discussion which followed the presentation
of the paper.

PHILADELPHIA SECTION

On the afternoon of December 29, the Philadelphia Section held
a meeting in Atlantic City as part of the general meeting of the Ameri-
can Association for the Advancement of Science. This meeting was
held at the Haddon Hall Hotel and was devoted to the presentation
of the five papers listed below :

“Creative Broadcasting from the Musician's Viewpoint,” by C. H.
Weyvl of the University of Pennsylvania.

“The Measurement of Over-All Characteristics of Broadcast Re-
ceivers,” by A. V. Loughren, RCA Victor Company.

“Flectricity in Medicine,” by Richard Kovacs, M.D., of the New York
Polyclinic Medical School.

%—
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“Study of Reception from Synchronized Broadcast Stations,” by C. B.

P. Aiken, Bell Telcphone Laboratories.
“High-Quality Ribbon Telephone Receivers,” by F. Massa, RCA

Victor Company.

Isven though several other sections of the American Association
for the Advancement of Seience held meetings on this same afternoon,
the attendance was quite satisfactory although it varied during the
session.

The meeting was presided over by H. W. Byler, chairman, and
(. C. Blackwood, secretary-treasurer.

The January 5 meeting of the Philadelphia Section was held at the
Engineers Club, and was presided over by 1. A. Travis. The attendance
totaled sixty-one.

I. G. Maloff of the RCA Victor Company presented a paper on
“New Methods of Solving Vacuum Tube Problems.” In it, he pointed
out that vacuum tubes are fundamentally nonlinear devices and purely
analytical methods for ealeulating their performance are very involved.
The paper dealt with an inverse method of caleulating tube perform-
ance which is based upon an assumption of a certain output for which
the necessary input is calculated. This method may he used for the
computation of wave shape distortion in power amplifiers with re-
active loads as well as in the case of amplifiers designed to deliver odd
wave shapes in their output circuits. In modified form it is applicable
to oscillators and multivibrators. By means of graphs, and the use of
isoclines, difficult and laborious problems were reduced to simple
numerical ealculations. A general discussion followed the presentation
of the paper.

P1TTSBURGH SECTION

Chairman R. T. Griffith presided at the January 17 meeting of
the Pittsburgh Section held in the Fort Pitt Hotel.

J. k. Henney of the Photophone Division of the RC'A Vietor
Company presented a paper on “Some Recent Developments in Radio
Broadcast Receivers.”

The author discussed a number of commereial factors which have
a substantial bearing upon the design of broadeast receivers and then
proceeded to describe some new RCA receivers. These were discussed
in detail and it was pointed out how they fulfilled present-day require-
ments. Particular attention was paid to automatic volume control and
automatic tone control systems, and the circuits required to obtain
these desirable characteristics were discussed in detail, and the func-
tions of the equipment used for these purposes covered.
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A general discussion followed the presentation of the paper, and was
participated in among others by Messrs. Griffith, Haller, McKinley,
Noble, and Sunnergren. The attendance totaled thirty-two.

SanN FraNcisco SECTION

The Bellevue Hotel in San Francisco was the place of the January
18 meeting of that section which was presided over by K. G. Clark,
secretary-treasurer.

The paper presented at the meeting was by Ralph M. Heintz,
President and General Manager of Heintz and Kaufman, Ltd., who
reported on “The International Radio Conference of 1932 held at
Madrid, Spain.”

The speaker outlined the procedure of the convention in both the
plenary sessions and committees, and his report was plentifully inter-
spersed with amusing incidents from his experiences in Madrid. He
discussed the final draft of the convention and its possible effects on
both the broadeast and marine radio interests in the United States.

Mr. Heintz had attended the preliminary technical meetings at
hoth The Hague and Copenhagen, and was an accredited representa-
tive at Madrid.

Messrs. Fenner, Royden, Terman, Whitton and others of the forty
members and guests in attendance participated.in the discussion.

ToRONTO SECTION

On December 14 the Toronto Section held a meeting at the Uni-
versity of Toronto which was presided over by R. A. Hackbusch. The
attendance was seventy. A paper on “Mercury Vapor Rectifiers
and Thyratrons” was presented by W. E. Pike of the General Electric
Company.

Mr. Pike pointed out that the industrial application of electronic
devices was of particular interest to radio engineers as their increased
use would create a demand for engineers familiar with their operation.
Various types of mercury vapor rectifiers and thyratrons were dis-
cussed and their applications outlined. Some troubles encountered and
precautions to be observed in certain uses of these devices were ex-
plained.

A series of slides illustrated the mechanical construction and eir-
cuits applicable to thyratrons. A large number of uses in lighting
control and for similar purposes was discussed. The paper was com-
mented upon by Messrs. Choat, Fox, Price, and Smith.
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WASHINGTON SECTION

The January 12 meeting of the Washington Section was held at
the Kennedy-Warren Apartment Ilotel, and presided over by II. ..
Dorsey, chairman. g

“Some Results of a Study of Ultra-Short-Wave Transmission Phe-
nomena,” by C. R. Englund, A. B. Crawford, and W. M. Mumford
of the Bell Telephone Laboratories was presented by Mr. Crawford.
As the paper appears in this issue of the ProcrEbINGs, it will not be
suminarized here.

The new chairman of the section, Dr. Dorsey, announced the
appointment of committees to serve during the coming year,and a re-
port was read showing that the local engineering societies had failed
to approve a registration law for engineering in the District of Co-
lumbia.

The meeting was attended by sixty-five of whom eighteen attended
the informal dinner which preceded it.

Personal Mention

Formerly with the Western Electric Company of Brazil, G. W.
Barzee has established a consulting practice for sound equipment
engineering at Sao Paulo, Brazil.

F. E. Burley previously with the RC'A Vietor Company has joined
the radio engineering staff of Philco Radio and Television Corpora-
tion.

H. A. Chinn has joined the engineering staff of the Columbia
Broadeasting Company having formerly been research associate at
the Round Hill Laboratory of the Massachusetts Institute of Tech-
nology.

G. E. Clarke has been transferred from the Baldock Radio Station
to the Engineer in Chief's Office of the General Post Office, Radio
Section, London, England.

W. M. Janes has been transferred from the RCA Vietor Company
of Camden to the research and development laboratory of the RCA
Radiotron Company of Harrison, N .J.

Formerly with Boeing Air Transport, William Lawrenz has joined
the staff of the United Air Lines at Chieago, I1l.

Lieutenant F'. C'. Layne, U.S.N,, has been transferred from the
U.8.5. Canopus to become assistant Asiatic communication officer at
the Naval Radio Station, Los Banos, La Guna, P.1.
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C. W. Martel is now with the Pilot Radio and Tube Company,
Lawrence, Mass., having formerly been an assistant in the Physics
Department of the Massachusetts Institute of Technology.

G. F. Maul previously with the Arcturus Radio Tube Company
is resuming his engineering practice with headquarters at Chatham,
N.J.

L. R. Morse has left the Peacock Motion Picture Company to be-
come an engineer for the Asia Flectric Company of Shanghai, China.

8. Nakajima has been transferred from the Naval Research Labora-
tory of the Imperial Japanese Navy to the Yokosuka Navy Yard.

Formerly with the Williams Piano Company, A. B. Oxley has be-
come chief engieer for Philco Products, Ltd., of Canada at Toronto.

Junior Petterson, radio field engineer for the General Electric
(‘ompany has been transferred from Atlanta, Ga., to Bridgeport, Conn.

A. E. Reoch has been transferred from the Radio Corporation
of America New York office to the RCA Vietor (‘ompany at Cam-
den

Previously with the RCA Vietor Company, J. W. Summers has
become a studio engineer for the National Broadcasting Company in
San Francisco.
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A STUDY OF THE PROPAGATION OF WAVELENGTHS
BETWEEN THREE AND EIGHT METERS*

By
L. F. JoNES

(RCA Victor Company, Inc., Camden, New Jersey)

Summary—A description is given of the equipments used in an airplane,
dirigible, automobile, and indoors lo measure the propagation characteristics of wave-
lengths between about three and eight meters. The majority of observations were of
television transmissions from the Empire State butlding.

The absorption of ultra-ghort-waves traveling through or around large buildings
is shown to be in terms of amplitude about 50 per cent every 500 feel for seven melers
and 50 per cent every 200 feel for three meters. A number of reflection phenomena
are discussed and the influence of interference patlerns on receiving condilions is
emphasized. It i8 shown that any modulation frequency is partly or completely sup-
pressed if propagation to the receiver lakes place over two paths differing in length
by half of the hypothetical radio wavelength of the modulation frequency. For a good
television picture this corresponds to a difference of about 500 feet.

Various types of interference are mentioned. There are maps of the interference
patterns measured in a typical residential room. The manner in which trafic move-
ments cause severe fluctuations in ultra-short-wave field strengths at certain indoor
points is shown by recorded field strengths.

It is shoun that the service range of the Empire State transmitters includes
mos! of the urban and suburban areas of New York, and that the inlerference range
is approzimately 100 miles. Variations of field strength with altitude, beyond line
of sight, are shown. Observations made al a distance of 280 miles are described.

An empirical ultra-shorl-wave propagation formula is proposed. Curves are
then calculated showing the relations between wavelength, power, range, altenuation,
and antenna height.

INTRODUCTION

LTRA-SHORT waves are being widely applied experimentally
ll ] to radio communication and broadcasting, and already have
limited commercial application.! Undoubtedly the commercial
utilization of these waves will increase rapidly. For the intelligent ap-
plication of any band in the radio-frequency spectrum, the propaga-
tion characteristics of that band must be known. To learn such char-
* Decimal classification: R113, Original manuscript received by the Institute,
October 14, 1932. Presented before New York meeting, November 2, 1932.
! Beverage, Peterson, and Hansell, “A?plication of frequencies above

30,000 kilocycles to communication problems, Proc. I.R.E., vol. 19, pp. 1313~
1333; August, (1931).
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350 Jones: Propagation of Wavelengths

acteristics, the RCA Victor Company, working jointly with RCA
Communications, Inc., and the National Broadcasting Company, have
investigated and are investigating the characteristics of wavelengths
below ten meters. Others have experimented extensively on the same
subject.? '

Although the terms “ultra-short wave” and “ultra-high frequency”
probably indicate a very wide band, from millimeters or centimeters to
an upper wavelength limit of eight or ten meters, the range from about
three meters to eight or ten meters will likely receive wide application
prior to the still shorter waves. Transmitting and receiving equipment
for operation on wavelengths below several meters is being developed
by a number of investigators, but the necessity of parting from the
more conventional radio practices retards commercialization of these
wavelengths. The paper by Beverage, Peterson, and Hansell! shows
that wavelengths higher than seven or cight meters are occasionally
reflected from the Heaviside layer. The present paper deals only with
the propagation characteristics of wavelengths between -about three
and eight meters. Probably wavelengths of eight to twelve meters have
similar propagation characteristics to the shorter ones, except that sky
wave reflections may be experienced during certain years of the eleven-
year sun cycle, especially in the middle of the day. This may not pre-
vent these waves from being widely used for some types of local com-
munication.

PreEvivMiNary TEsTs

Early in 1930, Dr. Haigis® developed low power ultra-short-wave
apparatus and conduected limited propagation experiments. Since the
fall of that year various transmitters operating on wavelengths down to
three meters have been manufactured and sold for special purposes.

Measurements made in 1930 of the coverage of a transmitter of
several hundred watts power operating on about six meters, located
120 feet above the street level in Camden, indicated that valuable
broadeast services could be rendered by ultra-short-wave transmitters.
Television was partly in mind in view of the impossibility of securing
adequate channel widths on higher wavelengths and of eliminating the
effects of sky reflections. Later, under the direction of Mr. R. D. Kell,
the transmitter power was increased to one kilowatt, and more exten-
sive observations were made in the Camden-Philadelphia territory.

2 4 “ 1 1 1 . : 4 ”
vol. 10, pp 117 S0 mnication, with. qua Schroter, “Consiriims Sha 1o
;g);l_;)é_ultr(zz:short-\\'a‘ve broaficasting,” Elcc.“."\’ach. ’l‘ec‘(‘., vol.‘ 8, no. 10, pp.

7, (1931). (In German); J. R, Jouaust, “Some details relative to propaga-

tion of very short waves,” Proc. LLR.E., vol. 19 479-488 9:
? Then with RCA Victor Company, Inc. pp- = > ey (LR
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Activities were then transferred to New York, where the preponder-
ance of steel buildings, the remote locations of the suburbs, and the
large amount of automobile ignition interference were expected to
make most conditions of reception as severe as will be found in any
American city. A fifty-watt transmitter was installed on the RCA
Building at 51st Street and Lexington Avenue, the antenna being 650
feet above street level.

Fig. 1—Horizontsal half-wave antenna.

A vertical half-wave antenna was used for the majority of the ob-
servations, and transmission was conducted on 3.5, 5, 6.5, and 8.5
meters. Observations were made in all directions inside and outside of
buildings, and at distances up to thirty miles. It seemed advisable be-
fore making many observations to compare several antenna locations
on the roof so that the optimum might be used for propagation meas-
urement purposes. Six antenna positions were tested in the tower that
constitutes the topmost portion of the RCA Building. This tower is
hollow, about forty feet in height, and is made of a latticework of stone
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and bricks that include many openings for artistic purposes. Fig. 1
shows one of the arrangements, where the antenna was placed hori-
zontally within the hollow tower. Fig. 2 shows the final antenna loca-
tion used for the tests. Differences between horizontally and vertically
polarized waves appeared of little importance, but locating the antenna
high enough to be practically clear of the surrounding stone work, as
shown in Fig. 2, gave an increase in field strength of several hundred
per cent. Absorption in the lattice stone work was very great for an-
tenna locations such as shown in Fig. 1.

_ 4

Fig. 2—Final antenna for RCA building test.

T'he propagation data gained from these preliminary Camden and
New York tests were later enhanced by quantitative measurements
made of transmission from the Empire State Building.

EQuirMENT ForR Enping STATE TEsTs
Transmitting Equipment

. Preliminary tests made with a portable ultra-short-wave trans-
mitter located on the top of the Empire State building had shown the
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superiority of the 1300-foot altitude of this building over the 650 feet
of the RCA building, and for this and other reasons space was secured
on the 85th floor for the installation of television transmitters and stu-
dios. A picture transmitter operating on a frequeney of forty-four mega-
eveles (6.8 meters) with about two kilowatts output, and sound trans-
mitter operating on sixty-one megacyeles (1.9 meters) with an output of
about one kilowatt, were installed in July of 1931. Each transmitter was
coupled through a 275-foot concentric tube transmission line to its an-
tenna. Fig. 3 shows the antennas used for the propagation measure-
ments. Each antenna was a half wavelength long and was made of

L]

HALF WAVE
DURALUMIN
ANTENNA_

INSULARTOR

WEATHER
APPARATUS.

12’

SHIELD

73
EMPIRE STATE
—_TOWER
(RLLMETAL)

APPROX 1270 FT
ABOVE GROUND

Fig. 3—General layout of Empire State building antennas.

one and one-quarter inch duralumin rod. The antennas were elevated
above everything else, their bases being at about the same level as
the top of the weather apparatus. In fact, the antennas were the high-
est structures above ground level ever erected anywhere. The antennas
were spaced nine feet apart which rendered a reasonably small reflec-
tion effect of the one on the other.

The transmitters utilized precision quartz crystal oscillators, driv-
ing their respective power amplifiers through doubler and tripler stages.
Each transmitter was modulated in its power amplifier stage, up to
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100 per cent. Antenna currents as indicated by commercial thermo-
couple meters were about seven amperes, and five amperes on forty-
four and sixty-one megacycles respectively, and are thought to indi-
cate powers of about two kilowatts and one kilowatt.

Receiving Equipment Used

Observations of the Fmpire State radiations were made by air-
plane, autogiro, dirigible, and automobile. The airplane observations
were made by Bertram Trevor and are discussed in a separate paper.!

The measuring equipment used for the majority of observations
consisted of a high sensitivity receiver of the superheterodyne type
using detector, oscillator, three stages of six-megacycle intermediate-
frequency amplification (using pentodes) and second detector. This re-
ceiver was developed and ecalibrated under the direction of Mr. G. L.
Beers of the research division. An indiecating microammeter, with buck-
ing battery, was in the second detector plate circuit. Several stages of
audio amplification followed for operating a loud speaker for the sake
of convenience during certain tests. When used in an automobile the
receiver was mounted on the rear seat and coupled to a half-wave ver-
tical antenna. The receiver was calibrated by inserting a resistance of
known value in the center of the half-wave receiving antenna, and by
inducing therein a current of known value from a signal generator.
This calibration was checked by other measurements. Although they
checked reasonably closely, it is probable that considerable calibration
error existed. The equipment was calibrated for field-strengths between
twenty microvolts and ten millivolts per meter, on frequencies between
forty and eighty megacycles. To measure field strengths higher than
ten millivolts a low sensitivity loop receiver, shown in Fig. 5, was con-
structed. It was a simple push-pull rectifier and covered the range from
10 to 400 millivolts. Both receivers were portable and were frequently
carried from the automobile to the insides of buildings and residences.

The equipment used in the dirigible was the loop set deseribed
above for low sensitivity usage, except that the loop antenna was re-
placed by a half-wave wire fastened to a bamboo pole. As shown in
Fig. 4, this pole was held by the observer sitting near an open door
of the cabin and it could be held in any position desired. During flight
maximum field strength indication was generally obtained by holding
the antenna in a vertical position.

In the autogiro the field strength meter and altimeter were mounted

‘ Bertram Trevor and P. S. Carter, “Notes on the propagation of wave-

lengths below ten meters in length,” presented hefore November 2, 1932, New
York meeting. Proc. I. R. E., this issue, pp. 387-426.
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together in front of a sixteen-millimeter movie camera, which was
focused on the meters. Thus simultaneous recordings of altitude and
field strength were readily made photographically. The Paulin alti-
meter was used in preference to any other type because there is a
negligible time lag in the reading. A single-wire antenna as usually
used with the field strength set was passed over the side of the cock-
pit, and during the descent of the autogiro hung very nearly vertically
below the fuselage.

Fig. 4 Test in dirigible Columbia.

PROCEDURE

The phenomona particularly observed were attentuation, inter-
ference patterns, interference noises, service range, interference range,
signal fluctuations, and local receiving conditions. Measurements were
made by Messrs. Gihring and Turner along radials from the Empire
State building in all directions except where water intervened. Two
of the radials extended to 100 miles and another to 130 miles. In all
cases interference patterns were found to be very common, and the
field strength at any point was therefore considered as the average of
five minimum and five maximum readings as the car was driven
through five successive minima and maxima. Several observations were
made at a distance of 280 miles.

Readings were taken inside of suburban homes, city office buildings,
and apartment houses. Fluctuations found on the first floors of city
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buildings were studied by attaching a recording microammeter to the

measuring set so that continuous records of the fluctuations would be
available. Television receivers were located in about twenty-five res-
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Fig. 5—Circuit used in low sensitivity loop receiver.

idences or apartments, both in the city and in suburbs, to ascertain
the signal strengths required for television reception and to observe
the effects of different types of interference.
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Fig. 6— Attenuation of 44-megacycle signals from Empire State building.

The autogiro tests were made about sixty miles southwest of New
York and were for the purpose of determining variation of field
strength with altitude. It was useful for this particular purpose because




Jones: Propagation of Wavelengths 357

with its motor shut off it could descend almost vertically. Descent of
the ship was fairly regular with no appreciable swaying of the antenna.
To eliminate ignition interference the motor was turned off during each
descent, a dead-stick landing being made.

Tests in the dirigible Columbia were made to study signal varia-
tions dircetly above New York City. Various measurements were made
at altitudes from 3000 feet down to 40 feet. Unfortunately, the data
obtained are of doubtful utility due to the reflection of the received
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Fig. 7 Attenuation of 61-megacyele signals from Empire State building.

wave from the metal eabin of the ship and to excessive ignition inter-
ference.

ATTENUATION

IFig. 6 shows the average signal strength of the forty-four-mega-
cycle Empire State signal to 130 miles, and Fig. 7 shows the same for
gixty-one megacycles. These curves represent, the averages of measure-
ments in several directions. The locations of the points of measurement
at distances less than about thirty miles were chosen at random and
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correspond to average outdoor conditions. The points beyond thirty
miles however were selected with an eye to elevation, since the maxi-
mum receiving distance was being considered, and therefore the field
strengths for these points are somewhat optimistic. It is seen from Figs.
6 and 7 that the field strength within severdl miles of the transmitters
is more variable than at greater distances. The diversity of the near-by
measurements indicates that multistory steel-reinforced buildings have
more influence on the field strength in the street than do the two- or
three-story brick and frame houses farther away. On each of the three
routes that extended 100 miles or more, the forty-four-megacycle sig-
nal was heard to the end of the route whereas the sixty-one-megacyele
signal was lost between seventy and ninety miles.
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Fig. 8—Field strengths immediately adjacent to transmitter.

As mentioned above, each reading consisted of the average of about
five maximum and minimum indications at any one location. If the
maximum and minimum readings for any one location are compared
to their average, a certain percentage of variation will be indicated.
When these “percentage variation” or “percentage deviation” values
are plotted for all distances measured, no correlation is found. In other
words, the maxima and minima of the interference patterns are
approximately as severe at great distances as at small distances. The
mean “percentage variation” is sixteen per cent for forty-four mega-
cycles and thirty seven per cent for sixty-one megacycles. This appar-
ently indicates, as expected, that sixty-one megacycles is more effi-
ciently reflected than forty-four megacycles and that the sixty-one-
megacycle interference pattern is therefore more pronounced.
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Fig. 8 shows the variation of signal strength with distance for the
first several blocks from the Empire State building. The maximum sig-
nal strength exists approximately three blocks from the Empire State
building. The low field intensity existing immediately adjacent to the
building is probably caused by the small amount of energy radiated
downward by a vertical half-wave antenna.

Observations made within buildings indicate considerable attenua-
tion as the signal enters the building. Inside field strengths were from
1/2 to 1/200 of the field strengths immediately outside. (Refer to Figs.
15, 16, and 17, discussed below under “Reflections. ”) At the center of a
number of large business buildings there was practically no signal. In
such cases, at the side of the building toward the transmitter the signal
increased, and similarly at the side of the building away from the
transmitter the signal increased. The presence of a good signal on the
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gide of o large building away from the transmitter when no signal could
be heard in the center of the building indicated complete ahsorption
of the wave by the building and fairly effective reflection from other
surrounding buildings. To check this the receiver was taken to the top
of the Woolworth tower. In that case, the signal ingide the tower was
zeto, on the outside of the tower towards the transmitter the signal
was very strong, and on the outside of the tower away from the trans-
mitter the signal was zero. This checked with predictions since there
are no buildings high enough and near enough to the Woolworth tower
to refleet south traveling waves on to the south side of the tower. All
observations seemed to show that ultra-short waves were considerably
diffused when they reached the buildings of a metropolitan area. This
general diffusion or dispersion is probably fortunate ginee it provides
signals on the “shadow” sides of buildings, just as light enters through
a window not exposed to the sun.
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Observations from the RCA building transmitter were on wave-
lengths of 3.5, 5, 6.5, and 8.5 meters. The lesser absorption of the
longer waves was clearly observed, also their greater ability to dif-
fruct. Behind hills the 6.5- and 8.5-meter waves could be heard fuirly
well whereas a definite “shadow” would egist for some distance for
the 3.5-meter signal. Other experiments were condueted from the RCA
building to compare vertieal with horizontal polarization but no defi-
nite conclusions were reached.

Altenuation Formula

It wus observed that at such points as Battery Park, where a large
number of steel buildings projeet themselves hetween the transmitting
and the receiving antennas, the readings were extremely low as com-
pared to readings taken where line-of-sight exists between antennas

An empirical measure of this attentuation eaused by large buildings
was obtained in the following manner. A praetieally identieal method
was used by Iritz Sehroter.? Referring to Fig. 9, 11 is the height of the
transmitting antenna, A is the height of the receiving antenna, K is
the distance between transmitter and recciver, and d is the height of
the absorbing layer. In the ease of Manhattan the absorbing layer con-
sists of an agglomeration of large and small buildings. S is the portion
of the propagation path in which the wave must travel through or
around buildings. We may assume that field strength varies inversely
as the distance between the transmitter and reeciver and that it has
an additional attenuation, equal to ¢ ¥ The justifieation for using
unity as the exponent for X is discussed near the end of this paper
The attenuation constant is most conveniently evaluated by compar-
ing ficld strengths measured under various conditions of  and h.

K N
I'.‘x = ¢ aSyA I':g = ¢ AN/
R, R,
I’,‘] I{g I{'..‘
o= eaNp /A (-ag, A — 02 (838 In,
Iig I{] I{l
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| 1 I Il"_' + (n\'g - A\'l ( )
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log. - — log, - log,
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It is obvious that S;=Ri(di—h)/(H—h) and S;= Ry(d,— h/(H—h),
the refraction being negligible. Therefore, substituting in (2):

E\R, A
<2303 logm ——> — — S
E:R:/| Ro(dy — h) Iix@; :_h_)
- h I —h
R NI — h
<2.3o3 loguo —‘—‘> < _ M ) >
EsR2/ \Ro(dy — h) — Ri(dy — h)

If ais to be evaluated on the basis of S and X of (1) being expressed
in kilometers, as is customary, (3) becomes:

E\R, NI — h)
a = <7550 logso ——><_._~ : , ) >
E:R./\Ry(dy — h) — Ri(dy — k)

where I1, h, Ry, R,, dy, and da are expressed in feet.

Q
]

3)

(4)

TABLE 1
EvVALUATION oF ATTENUATION CoONSTANT. Il =1300 ft. h=8 ft. A =7 meters.
Location | R | d E «
86th and 5th Ave. 13700 ‘ 20 12.5
86th near 5th Ave. 13700 150 2.5 0.027
&1st and Central Park West | 12600 20 15
73rd and Park Ave. ‘ 10500 100 7.5 0.031
14th and 10th Ave. 6600 100 4.5
Battery Park 18500 300 1.0 0.029
Theoretical® 5280 0 20
Several three-mile readings 15840 150 2 0.018
24th St.—Roof 3160 0 70
24th St.—Street 3160 | 150 | 30 0.055
TABLE II
EVvALUATION oF ATTENOATION CoNnsTANT. I =1300 ft. h =8 ft A =5 meters.
Location | R { d E a

24th St.—Roof 3160 0 50 |
24th St.—Street 3160 150 20 | 0.043
42nd St.—High balcony 4000 0 50 !
42nd St.—Street 4000 150 25 ‘ 0.026
80th St.and 18t Ave. { 12700 100 1.9 !
Battery Park | 18500 \ 300 0.65 0.024

‘ |
42nd 8t.—Higb balcony [ 4000 0 30
Jericho Turnpike ‘ 9K000 | 30 0.4 ‘ 0.016

¢ Calculated for line-of-sight at one mile

Table 1 shows the attenuation constants derived from forty-four-
megacycle field strengths received at eight New York points. It is
seen that the attenuation constants obtained vary between 0.015 and
0.055, witk 0.032 as the average value. Table IT shows a similar set of
data for sixty-one megacycles, the average value indicated being about




362 Jones: Propagation of Wavelengths

0.028. With due recognition of the several approximations involved,
we may assume that an attenuation constant for the propagation of
ultra-short waves through or around large buildings placed rather
closely together is in the order of about 0.03 vyhen used in (1). For seven
meters this corresponds to an attenuation of about thirty-seven deci-
bels per 1000 meters, or an attenuation in carrier amplitude of 50
per cent every 500 feet. I'or three meters this corresponds to an atten-
uation of 50 per cent every 225 feet. Of course this attenuation only
applies to the distance through which propagation takes place in the
absorbing area “d,” and is in addition to the field strength decrease,
that is, inversely proportional to the distance from the transmitter.

REFLEcTION

During propagation a radio wave always experiences attenuation,
sometimes a change in polarization, and usually a certain amount of
diffraction or other phenomenon changing the direction of travel. The
more common phenomenon causing deviation of the direction of pro-
pagation are reflection, diffraction, and refraction. All may be grouped
under the general heading of deflection.

Reflection may be of two types, diffused and specular. Diffused
reflection is the throwing back of a wave by a surface having irregulari-
ties large compared to the wavelength. In specular reflection, the sur-
face is smooth, with irregularities small compared to the wavelength.
Diffraction is the deviating of a wave due to its finite size such as when
the wave is partially cut off by an obstacle or passes near the edge of
an opening. Refraction is the deviating of a wave as it passes through a
medium of variable characteristics, wherein the velocity of propagation
of some portions of the wave front are slower or faster than that of
other portions. Another possible effect is scattering. Scattering is the
dispersing of a wave in many directions by an object small compared
to the wavelength.

In the case of ultra-short waves it will be shown below that the
first of these phenomenon, reflection, is very comimon, both inside and
outside of buildings. The extent to which diffraction and refraction
take place should not be prophesied until more extensive data are
available. The reception of five-meter signals at distances of 200 and
300 miles at points far helow the line-of-sight, and reception behind
hills, indicate that diffraction or refraction or both do exist to a very
noticeable degree.

Returning to the subject of simple reflection, it was found that
interference patterns invariably exist except where the terrain is open
and flat. They are frequently caused by reflections from relatively
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near-by objects. In many cases they are so severe that excellent signals
will be received in “live spots” whereas several feet away from these
spots no signal ean be heard. The general occurrence and severity of
interference patterns on these wavelengths is of great importance in
the design of antennas for ultra-short-wave broadecast reception. The
question of recciver antenna design is not discussed in this paper.
The existence of an interference pattern infers reception over two or
more paths of propagation. If the paths of propagation are sufficiently
different in length, a distortion phenomenon similar to the distortion
in ordinary selective fading will take place. In the case of television,
where very high modulation frequencies are used when transmitting
pictures of fine detail, the difference of path length that will produce
distortion is surprisingly small.

If a transmitter working at the carrier frequency f is sinusoidally
modulated by an audio frequency g, with modulation factor k, the
radiated signal is

Y = A sin 2mft(1 + k cos 2mqt).
As is well known this inay be written
Y = A sin 2nft 4+ kA sin 2n(f + ¢)t + 2k 4 sin 2r(f —q)t.  (3)

We shall analyze the case where two propagation paths exist between
transmitter and receiver. The direct received ray may be represented
by equation (5). Then the indirect (reflected) ray, traveling over a
path S units longer than the direct path, reaches the receiver at the
time

{ — —
C

where C is the velocity of light expressed in the same units as S. Thus
the direct signal received is:

Yo = A sin 2wft carrier
kA
+ = sin 2w (f + ¢)t upper side band (6)
kA
+ Ty sin 2r(f — )t lower side band

and the indirect signal received is:
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S
Y, = Bsin 27rf<t — (‘-) carrier
kB S ) -
+ 5 sin 2x(f + ¢) (t - ('> upper side band (7
kB N ]
+ 5 sin 2w (f — q)(l - (‘> lower side band.

Assuming that the two signals are received with equal amplitude, the
terms A and B may be omitted,

The condition of distortion under discussion is that where the
two upper side bands arriving over the different paths arrive 150 de-
grees out of phase, and the two lower side bands do also, but the cur-
riers arrive in phase. For the two upper side bands to be 180 degrees
out of phase:

I\' I\' S
5 sin 2w (f 4+ o)t + 5 sin 2w (f + q)(l - (‘) = () (8)
and,
~
20 (f + )t — 2x(f + ¢) (1 - (') =m 3, am, - =mw. (V)
Nimilarly, the two lower side bands eancel when:
A
2m(f — )t — 27(f — q)([ - (') =m 3,57, - = nw (10)

where,

me=1,3,57, cete, and ny = 1, 3, 5, 7, ote.
We are interested in the ease where the difference in the lengths of the
propagation paths is minimum. In this case obviously ny=n,—2 for

the side bands to be 180 degrees out of phase and for the carriers to be
in phase. Substituting in (9) and (10),

v

A
2(f+ l[)t - 2(f+ ([)t + (‘ 2(f+ (I) =

A
2=t =2(f =t + P 20f—q) = — 2.

Sul tracting,

N 44N

Pt u=Sta =2 Ty

¢ (11)
N = .

29
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Thus S, the minimum difference in propagation path lengths producing
cancellation of a modulation frequeney of q cycles per second, is the
velocity of light expressed in the same unit per second as S, divided by
twice the modulation frequency. Thus S is equal to half the hypo-
thetical radio wavelength of the modulation frequency. A similar
conclusion was independently reached by Hans Roder of the radio
engineering department of the General Electric Company.

Now if we assume the transmission of a television picture requiring
a modulation frequencey of 1,000,000 cveles, which would be a picture
of good detail, equation (11) shows that a difference in path length of
only 490 feet will cause the side bands corresponding to the highest
modulation frequency to arrive at the receiver 180 degrees out of
phase, causing partial or complete cancellation of these frequencies.
It should be noted that the determining factors in producing this
selective distortion are not the absolute lengths of the propagation
paths or the wavelength used but rather are the difference between
propagation path lengths, the number of propagation paths, and the
rolative field strengths of the signals arriving over the several paths.

This reduction of modulation frequencies by cancellation of side
bands may be explained by considering merely that a plurality of
propagation paths will produce “double images.” In case of greatest
detail, the picture would have its elements alternately white and black.
If the signal is received from two paths differing in length sufficiently
<o that the wave received from the longer path is just one picture ele-
ment later than the wave received from the shorter path, then for
every dark picture element received from one path there will be a light
picture clement received from the other path at the same instant. If
the signals are of equal intensity the received picture will be without
image and will be of an intensity half way between light and dark.
Obviously the type image referred to is unusual, but it indicates that
the detailed portions of any image would be lost under the specified
propagation conditions. If this ¢double image” analysis is applied
to the 1,000,000-cycle picture previously referred to it will again be
found that a difference in propagation path lengths of 190 feet will
produce cancellation.

If this selective distortion phenomena occurred in practice it
would be a serious hinderance to television; consequently careful obser-
vations were made at a number of points to ascertain if such distortion
is produced. Pictures of 120 lines were transmitted. Fortunately, no
indications of decreased picture detail were found, and therefore it may
be assumed that at reasonable ranges, signals seldom if ever arrive at
a receiving point over two or more propagation paths differing by as
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much as 2120 feet, that being the minimum path difference producing
distortion of a 120-line picture. No observations were made on pictures
of greater detail than 120 lines. Observations conducted at ranges be-
yond thirty miles were not numerous enough to make predictions re-
garding image distortion at long range. Additional data on reflection
are discussed below under “Signal Fluetuations.”

A path length difference of somewhat less than S will of course re-
sult in partial cancellation. If the carriers arrive somewhat out of
phase the modulation frequeney in question will not only be partly
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Fig. 10- Descent by autogiro over Moorestown, New Jersev.

suppressed but will also be somewhat, distorted. The various types of
distortion that might arise will not be discussed in this paper.

‘ When listening to the small transmitter in the RCA building an
interesting type of distortion was produced by coupling the master
oscillator too closely to the power amplifier. This caused excessive
ffequoncy modulation. This frequency modulation shifted the loca-
tions, at medulation frequencies, of the maximums and minimums of
the i.ntorforonco pattern. Thus distortion would be observed when the
receiver was located on certain points of the interference pattern,
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Reflections within the rooms of a residence were investigated by
\lessrs. IKoch and Grundman of the research division in connection
with the design of television receiving antennas. This paper does not
deal with reception, nevertheless the field strength contour lines ob-
tained on the first floor of the residence are reproduced in Figs. 15, 16,
and 17 to indicate the general intensity of reflections. The data were
obtained by using a small transmitter placed one hundred feet from
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Fig. 11—Descent by autogiro over Mt. Holly, New Jersey.

the residence, and a small calibrated receiver. Polarization was vertical.
Fig. 15 shows contours for a transmitted frequency of fifty megacycles.
In Fig. 16 the transmitter location was shifted ninety degrees. The
contours within the building changed completely. In Fig. 17 the trans-
mitter was returned to the first location and its frequency changed to
seventy megacycles. Again the contours were quite different.

For all measurements made near the ground, the predominating
interference is caused by automobile ignition systems. Some makes of
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cars can be heard at distances of several blocks, and all cars produce
at least some interference. Airplanes in flight generally cause more
trouble than automobiles but at most locations this type of interference
is relatively rare. Telephone exchanges produce a distinet type of inler-
ference noise for a distance of several blocks. Street cars and elevated
trains produce a clicking kind of interferenee, but often a six-car cle-
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Fig. 12— Horizontal distribution of signal, 44 megacyecles.

‘ated train is not as troublesome as single automobiles of ecertain
makes. Interference from automobiles is effectively suppressed by
means of resistors in series with the spark plugs and distributors and
condensers in shunt with the generators, but in view of the great numn-
ber O_f automobiles now in existenee without such radiation suppres-
sors, it is probable that this type of interference will be of prominence
for a number of years. The ignition interference noise is best deseribed
as a series of short, sharp clicks. It was found on all wavelengths be-
tween three and ten meters with no apparent .prominence at any one
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wavelength. During sound reception ignition interference is noticeable
at very low level due to its unpleasant sound. During television recep-
tion black or white stripes appear across the picture.

When listening some distance above the ground, such as when on
the fourth tloor or higher of a large building, the ignition systems of the
individual engines can no longer be differentiated and it is not known
whether the general noise then heard is chiefly ignition interference or
not. Elevator motors are not especially bothersome but, along with

Fig. 13— Horizontal distribution of signal, 61 megacycles.

small motors, loose lighting connections, etc., cause a noticeable
amount of trouble at certain locations.

Lightning struck the Empire State antennas several times when
they were in operation with no effect except to produce a loud click in
the output signal. Ordinary atmospheric static was not heard on ultra-
short wavelengths, even during the middle of the summer, except on
several occasions when lightning struck within one mile of the receiv-
ing point. Then several clicks were audible.
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MEASUREMENTs ABOVE (FROUND

Fig. 10 shows measurements of field strength versus altitutde, taken
by Mr. C. J. Young in an autogiro over Moorestown, New Jersey.
Moorestown is seventy-five miles from New York City. The field
strength was praetically constant from 4000 feet down to 3000, then
fluctuated slightly down to 1000, and then decreased greatly during
the remainder of the descent, with rapid but regular fluctuations during
the last 400 feet. The causes of such relationships between field strength
and altitude at distances beyond line-of-sight, and the constaney of
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Fig. 14—Vertical distribution of signal, 44 megacycles.

this phenomena from day to day or from season to scason, are not
definitely known at this time. Fig. 11 shows the same data for the same
frequency (forty-four megacyeles) for a descent near Mt. Holly. Mt.
Holly is sixty-four miles from New York City. In this case the signal
strength remained constant, down to about 1500 feet, then decreased
more or less linearly to the ground.

. It was noted from these and other measurements made at long
distances that the field strength increases with altitude far above the
a!titudc for line-of-sight. This indicates a marked attenuation in the
dnref:t.wavo when it passes close to the ground before reaching the
receiving antenna, At high altitudes the field strength varies essentially
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inversely as the distance from the transmitter, indieating little or no
absorption in propagation through clear atmosphere.

Measurements were made in the dirigible Columbia to explore
the vertieal and horizontal distribution of the field near the transmit-
ting antennas. The ship proved somewhat unsuitable for the purpose
because of the difficulty of flying in true circles, of making vertical
descents, and of preventing reflections of the signals from the metal
cabin. The ignition interference from one motor was very severe with
the result that this motor was shut off during the test.
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Fig. 15—Field strength within a residence, 50 megacycles.

The horizontal distribution of the field at 1500 feet for forty-four
megacycles is shown by Fig. 12 and for sixty-one megacycles by Fig. 13.
Except for the possibility of the action of one transmitting antenna
upon the other, or of the weather instrument upon either antenna, the
horizontal field patterns should be circles. The measured patterns are
not circular but do not bear obvious relation to these reactions. An
error was probably caused by the cross wind which prevented the
center line of the ship from being perpendicular to the line to the trans-
mitter, for most portions of the circle. Fig. 14 shows the data from one
vertical descent from 1000 feet down to fifty feet. The descent was
made over the East River at a distance of about 6000 feet from the
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Empire State antennas. The inerease in signal strength at lower alti-
tudes is probably accounted for by reflections from the ground and
buildings, and especially from the water during the last several
hundred feet of descent.

A number of observations made in the air by Bertram Trevor are
deseribed in a separate paper.?

SigNaL FLUeTraTioNs NEAR TRANSMITTER

All ultra-short-wave observations made at distances within the
line-of-sight have shown no indications of fading. However, a type of
artificial fading caused by conditions near the receiving location was
observed when receiving on the lower several floors of buildings on
streets carrying considerable traffic. This type of signal fluctuation has
been observed only in the business section of the city but may also
apply to certain other locations. To study these fluctuations an auto-
matic reeorder was attached to the output of the field strength measur-
ing set. Fig. 1%, taken on the third floor of a large building about one

Fig. 18%—Variation of field strength with elevator position.

mile from the Lmpire State Building, shows a severe deerease in field
strength at the time when a freight elevator passed this third floor.
The reeciving antenna was located near the entrance to the elevator
shaft. Fig. 19 shows the field strength recorded on the first floor of a
large building on 24th Street at 5 r.M., whereas Fig. 20 shows exactly
the same measurement taken at 9 r.M. At point “A,” an automobile
passed the building, The greater smoothness of Fig. 20 over Ivig. 19
i nccounted for almost entirely by the lack of traffic on 24th Street at
4 p.a. It is surprising to know that the receiver was located almost in
the center of the building, seventy to one hundred feet from 24th
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Street. The fluctuations shown had nothing to do with ignition inter-
ference, which in this case was completely overridden by the strong
signal. For the measurements shown in Fig. 19 and Fig. 20 the receiv-
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Fig. 19—Field strength at Twenty-fourth Street, 5 .M.

ing antenna was placed at a point of minimum field strength. Iig. 21
shows a record taken at 9 r.m. with receiving antenna moved several
feet to one side to a point of maximum field strength. This curve is
much smoother than that in Fig. 20 and indicates the importance of
locating the receiving antenna at a point of maximum field strength.

Fig. 20—Field strength at Twenty-fourth Street, 9 p.M.

Fig. 22 shows a record of field st rength of the forty-four-megacycle
transmitter measured on the second floor of the RCA building, near
the northeast corner (51st Street and Lexington Avenue). The receiv-
ing antenna was at a point of maximum field strength. Fluctuations
were of only minor extent and were less severe when the traffic lights
were “go” for cross-town traffic. Fig. 23 shows the same thing with the
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antenna moved several feet to a point of minimum field strength. In
this case the fluctuations were prohibitively severe, particularly when
Lexington Avenue traffic was running. Charts taken over a longer peri-
od of time than shown corroborate these statements. Again the
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Fig. 21—Field strength at Twenty-fourth Street, 9 p.>1., superior location.

necessity of locating a receiving antenna at a point of maximum field
strength is made clear, and the surprising effect of moving objects
upon the received field strength is shown. The major cause of the flue-
tuations is not so much an attenuation of the signal entering the build-
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Fig. 22—Field strength in second floor of RCA building, superior location,

ing, although this effect may take place, as it is a shifting of the posi-
tion and shape of the interference pattern within the building. This was
indicated by locating several television receivers in a large first floor
room of a downtown building. Television pictures would fluctuate in
and out on the several receivers at random, seldom simultaneously,
thereby indicating a shift of position of the interference pattern. It has
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been shown that elevators, automobiles, and trucks cause the fluctua-
tions under discussion, and undoubtedly any moving metal object
such as elevated trains and steel frame doors will have similar results.
It is well known that a person wulking near a half-wave ultra-short-
wave receiving antenna will considerably affeet the amplitude of the re-
ceived signal. These fluctuations must be taken into acecount in design-
ing ultra-short-wave broadeast receivers and receiving antennas.
Observations made on the first Hoors of residences in the subur-
ban area, and on the higher Hoors of apartment houses and hotels in the
city areas, indicate that fluctuations are much less severe when the re-
ceiving point is not near traffic. Iluctuations of the severity shown
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Fig. 23—Field strength in second floor of RCA buildigg, inferior location.

above will not have to be contended with in the majority of ultra-
short-wave broadeast receiver installations.

LoNG-DisTaxcE RECEPTION

To find the maximum range of the trunsmitters, observations were
made at several distunt points including Mt. Grevlock and Mt. Wash-
ington. The high sensitivity recciver previously (l.(-scrih(*(l was used for
these tests, with a half-wave antenna fifteen or twenty feet above
ground. Both the sixtyv-one- and forty-four !

-imegacyele transmissions
were observed, the observations usually being carried on alternately
on each frequ

ency for periods of ten to fifteen minutes. (See Fig. 28)
The top of Mt., Greylock is 3505 feet above sea level, 140 miles

from New York, and 5000 feet below linc-of-sight to the Empire State

antennas. Both signals were received at Mt. Greylock, with large but

gradual va'riutions in signal strength. During the eclipse of August 31,
1932, nothing unusual was observed.
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The top of Mt. Washington is 6290 feet above sea level, 284 miles
from New York, and 37,600 feet below line-of-sight to the Kmpire
State antennas. On September 3 both signals were strong. Thereafter,
on September 6, 7, and 8, the forty-four-megacycle signal was usually
audible but seldom delivered more than one microvolt to the receiver
terminals. The sixty-one-megacycle signal was inaudible most of the
time. Its apparent inferiority may he accounted for by the use of pro-
gram modulation, which was not as favorable for threshold hearing as
the 1000-cycle tone used on forty-four megacycles.

Various types of fading phenomena presented themselves. Attimes
the signal was nearly constant and at other times faded at various
rates up to ten or twenty cycles per second. The peak amplitudes
varied greatly. Sometimes the signal would burst through sharply for
a short period, then be inaudible for a few seconds, then rapidly hurst
through again at different amplitudes. At other times marked fading
at several eycles per second would be heard, the signal frequently dying
out after five or six peaks. At times 2000 cycles, the second harmonic
of the modulation frequency, was distinctly heard. On September &,
at 9:35 a.Mm., the signal, after being very weak whenever observed dur-
ing the previous two days, suddenly started to increase. After a series
of fading cyeles, with each peak higher than the previous one, the signal
delivered over ten microvolts to the receiver terminals. After reaching
this peak the signal died off in a similar manner, the entire process
lasting about fifteen seconds. During the peak of the cycle the signal
varied from zero to its full value about three times per second. These
types of ultra-short-wave fading differ from the fading experienced on
higher wavelengths in that, instead of the signal varying hetween rela-
tively fixed maxima and minima, it reaches momentarily an occasional
maxima of great intensity.

\leasurements were made at 200, 150, and 100 milesfrom New York
at relatively low elevations. At 200 miles the signal was momentarily
audible about every ten minutes or so. At 100 miles reception was al-
most identical to that on Mt. Washington, the same phenomena being
noticed. This was north of New York. At Camden, eighty-five miles
south of New York, the signal evidences less severe Huctuations. An
ol servation taken at sea 170 miles east of New York, using an antenna
sixty feet above sca level, indicated little or no variation in signal
strength. Therefore long-distance reception is not always accompanied
by severe fluctuations of the signal.

The exaet manner in which long-distance ultra-short-wave propa-
gation takes place cannot be predicted from the insufficient data on
hand. Three possibilities regarding the Mt. Washington reception
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seem highly improbable. The first jis that local conditions around the
receiver caused some of the variations. This is unlikely because con-
ditions near the location were exceptionally constant due to the isola-
tion of the location. Also identical results were obtained at several points
of reception. '

The second possibility is that the variations were caused by a
single ray varying in amplitude. This may have occurred when the
signal varied irregularly. But at times periodic fading was observed,
and it is improbable that a single ray would vary uniformly at a rate
of several eycles per second. Furthermore, the reception of a 2000-
cycle tone intimates the existence of multipath propagation.

The third possibility is that the variations were caused by inter-
ference between two ground rays or between a ground ray and some
other ray. A ground ray would be highly improbable at Mt. Washing-
ton due to the great attenuation. Furthermore, since all signal varia-
tions heard were relatively rapid, cancellation of the steady ground
wave should be for only brief periods, whereas actually the signal was
often inaudible for hours, The presence of a ground wave of the type
observed for higher wavelengths, therefore, scems unlikely.

Whether the signals heard were diffracted or refracted or propa-
gated in some unknown manner cannot be predicted as yet. It is pos-
sible that refraction due to air layers of different density, as suggested
by R. Jouaust® is a cause of the fluctuations observed. If such fluc-
tuations are ever controlled or eliminated, ultra-short wavelengths
may prove useful for services extending to several hundred miles,

SERVICE AND INTERFERENCE RANGES

It seems incorrect to refer to a definite service range for an ultra-
short-wave broadeast station. Conditions at receiver locations are so
highly variable that many listeners twenty-five miles from a trans-
mitting station will receive good service, when many fifteen miles
from that station will receive poor service. Interference noises on
wavelengths between three and ten meters propagate rather poorly,
and therefore are sources of interference only in their immediate
vicinity. Frequently a receiver several hundred yards from another
will receive a serviceable signal when the other will not. Of course,
this condition also occurs between the wavelengths of 200 and 550
meters, but not to such a great extent since interferences on higher
wavelengths attenuate less rapidly and, in the case of thickly
populated areas, tend to blend together into a considerably more

¢ R. Jouaust, “Some details relatin to th i 1 i )
Proc. LR.E,, vol. 19, pp. 179-48K; Mirch, (el&;(l)?.aga“o" AL O




Jones: Propagation of Wavelengths 379

uniform “interference level” than is found on ultra-short waves.
Therefore, any estimation of service range for ultra-short-wave
broadecast transmission must be made with the full knowledge that
it is only an average range. Many listeners within and without
the range will reccive unserviceable and serviceable signals, re-
spectively. From the television observations and field strength meas-
urements made under various conditions at points in and around
New York, it seems that the average minimum field strength required
for a serviceable 120-line television signal using simple half-wave re-
ceiving antennas is at least one millivolt. Higher field strength would
have been needed for receiving pictures with more lines, because the
receiver would have been designed to cover wider side bands with re-
sulting increase in noise pick-up. The use of improved receiving an-
tennas and higher receiving antenna locations might have permitted
the proper reception of 120-line television signals with available field
strengths of somewhat less than one millivolt.

Referring to Figs. 6 and 7, it is seen that the 120-line picture service
range of the Empire State forty-four-megacyele transmitter is fifteen
miles or more, depending on the type of receiving antenna used. With
due care in designing and installing receiving antennas, the Empire
State transmitters will adequately serve the majority of the urban and
suburban areas of the country's largest city.

The interference range of ultra-short-wave transmitters is difficult
to define due to the major dependence of the field strength upon alti-
tude. As a consequence the question of whether or not a city 100 miles
from an ultra-short-wave transmitter will receive interference depends
largely upon the elevations of the two cities and the two antennas, and
the elevations of the territory between them. It seems that transmitters
of several kilowatts power with antennas approximately as high as
those on the Empire State building should not be located as near to
cach other as 100 miles, if high quality broadcast service is to be
rendered.

The data discussed above on attenuation, reflection, interference,
signal fluctuations, and service range should be of some assistance in
planning the use of the ultra-short-wave band. I3ut some empirical
formula is needed to show the relationship hetween wavelength, power,
attenuation, and transmitter antenna height, especially as applied to
propagation in metropolitan areas.

The presentation of any ultra-short-wave propagation formula,
even though empirical, is accompanied by some hesitation at this com-
paratively early stage of ultra-short-wave investigation. However, al-
though the formula and curves given below for propagation over urban
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territories should be considered as preliminary, they are thought to be
of enough value to justify their publication.

The calculated field strength is again based on the assumption that
the wave, passing from transmitter antenna to recciver, first passes
only through clear atmosphere with field ‘strength inversely propor-
tional to distance and then passes through a layer of height “d” in
which trees and buildings and other objects produce an additional at-
tenuation due to absorption. We are now interested in calculating
field strengths for distances greater than several miles and the valiue of
a found for propagation through large buildings cannot be used,
neither can equation (3), because it does not take into account the
curvature of the earth.

\ o

\

Fig. 24

Referring to Yig. 24, 17 is the transmitter antenna height, d is the
height of the absorbing layer, I is the distance from transmitter to
receiver, and P is the elevation needed for tangential line-of-sight to
the distance R. The receiver antenna is assumed to be within a few

feet of the ground. When it is not, the value chosen for d should be
reduced accordingly.

Y+ 90° + ¢+ a = 180°
Y =%° —¢ — a.

It is well known that for distances not exceeding several hundred

e
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miles, the range of vision to point of tangency varies as the square root
of the elevation. Thus,

- R?
R =K\P P=—-
K?

For K and P in feet, K =6500. Since « is not over several degrees, P
practically equals P!, and R practically equals R'. These will be con-

sidered as equalities.
R2

H4+ —
Inm+Pr K?
¢ = cos! = cos™!
R R
. R
a = sin! >
E

7 k?
< K"> R
v — 90° = — cos"\———— ] — sin ‘<~-->
R E

R2

nm+—
K? R
490° — vy = cos! 7 + sin’ l(L)

cos (A + B) = cos A cos B — sin A sin B

— I{'Z
i+ -\
) K? R
8iny = cos Lcos L I cos [sin L F]

cos (90° — v)

II+R2 | ‘ | II+E~
, K’1 R K.
siny = l—Fz—r 1 — I

I
Just as,
i? S
o= —, =
K'l K’l
S?
Sginy =d — f=d— Kz-
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Solving,
2o ~4 ¢ in2 4 11\"2
S=I\ siny + v K*sin 2y + 1« (12)
2

If 11, K, R,d, and S are in feet, K = 6500 and £ =19.4X 105, Then,

I

"+ :

, 6500* 1 < I >
e I | 376.4 X 10

/ I(.

/

) 11 +
R ‘ 6H000°
- )V - .

19.4 X 10° I
N = [42.2500 X 105 X sin y
+ V(178506 X 10M X sin® ) 4 (4d X 42.2500 X 109)] 2. (14

Values of sin v for use in (14) are found by (13). The distance S then
given by (14) is the distance through which absorption will take place.
The field strength £, may be represented by the equation
LS = s Al (a8 M (15)
I(o

where,

W =antenna power in watts :

Ito=total distance in kilometers = 1.61 X R.

No=absorption distance in kilometers = 1.61 XS,

A =wavelength in kilometers
Ko =constant
I, =field strength in millivolts per meter.

The exponent of A, r, has been evaluated at unity, which value scems to
render the closest agreement between (15) and the available measure-
ments. By comparison with the measurements it is found that A,
should be evaluated at 0.72. This does not check with the theoretical
value but, for the sake of consisteney in this paper, it will be used in
caleulating the curves below. Then, whether absolute values of field
strength are correct or not, the relative values will be correet and con-

clusions regarding serviee areas will be unaffected by any error in
K. Therefore,

0.72v W
ks = A e aS0ih (16)
I
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To evaluate d, the only unknown in the equation for S (equation
(14)), and «, which is the only remaining unknown of (16), several
values of each were chosen arbitrarily and curves calculated for
/1 =1300 which is the value corresponding to the Empire State an-
tennas. Comparison of the calculated and measured curves indicated
that d=25 feet and a=0.004 were appropriate empirical values to
choose. Fig. 25 shows the correlation, on forty-four and sixty-one
megacycles, between the calculated and measured field strengths.
The empirical constants were purposely chosen to indicate greater
attenuation than the actual measurements because the curves of actual
measurements are somewhat optimistic at long distances due to favor-
able selection of the distant points of measurement.
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Fig. 25—Actual and theoretical attcnuations.

Using the values of d and a that were chosen, Fig. 26 shows the
relationship between field strength, antenna height, distance, and
wavelength. These curves are based on a power of one kilowatt but of
course are applicable to any power, I, varying as the square root of the
power. These curves arc very useful in showing the increasing impor-
tance of antenna height with increasing distance, the necessity of very
high antennas or very high powers for good television broadeast ser-
vice, and the increasing superiority of the higher wavelengths with
increasing distance.

Fig. 27 contains part of the information of Fig. 26 in a different
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form. It shows the range at which 0.5 millivolt will be obtained for var-
ious values of transmitter power, antenna height, and wavelength.

It must be emphasized that the field strengths shown in Fig. 26
and Tig. 27 are for outdoor points near the ground, such as when
making measurements by automobile, and that higher intensities are
alwavs available by installing outdoor receiving antennas at higher
¢levations. The field strengths of Figs. 26 and 27 can be somewhat in-
creased, for a given transmitter power, by the utilization of transmit-
ting antennas producing greater horizontal concentration of the ra-
diated energy. It must again bhe mentioned that the curves are based
on (16), where Ko was arbitrarily chosen as 0.72 for the reasons stated,
and furthermoretthm the curves do not apply to field strengths beyond

\§1
N hox N \
Aounr
N IMIAY YO

Fig. 28—Profile from New York to Mt. Washington.

the line-of-sight distance. The long-distance airplane observations in-
dicated little or no absorption of the wave when the receiving point is
sufficiently high so that the wave does not pass near the ground. Thus a
five-meter transmitter with antenna 800 feet above ground will pro-
duee approximately the same field strength at 100 miles at high alti-
tude as at fifteen miles on the ground,

('ONCLUVHIONS

It ix hoped that the above data and discussion will asgist in visualiz-
ing the propagation of ultra-short waves and in bringing about their
intelligent utilization. It is apparent that their propagation character-
isties are as would be expected for wavelengths longer than those of
light but shorter than those generally used for radio, and that no inex-
plicable phenomenon of immedinte importance has as yet bheen en-
countered. 1t ig assured that for the transmission of television brond-

I
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casting, sound broadecasting, facsimile broadecasting, aircraft commun-
ications, police communications and certain other types of public and
private communications, ultra-short waves will prove definitely useful.
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NOTES ON PROPAGATION OF WAVES BELOW
TEN METERS IN LENGTH*

By

BerTRAM TREVOR and P. S. CARTER
(RCA Communications, Inc., Riverbead, L. I., N. Y)

Summary— The results of a number of measurements of field strength variation
with distance from the transmiltter and height above ground for several wavelengths in
the range below ten melers are shown. Observalions of the two lransmilters on the
Empire Staie Building in New York Cily, on 44 and 61 megacycles, were made in
an airplane over Long I'sland. These lests show the nature of the interference patlerns
set up by the combination of the direct and reflected rays. With low transmitling and
receiving antennas, field strenglh measurements with distance were taken for both
horizontal and vertical polarizations over Long Island sand on ;1.4 and 61 mega-
cycles. Similar tests were made over sall water with low antennas on 34.8 and 59.7
megacycles. Another airplane test was made on 3. megacycles with a higher trans-
mitting antenna and increased power up lo a distance of 200 kilometers. The in-
tervening lerritory in this run was partly land and partly sall water.

The experimental data are discussed in comparison with the theoretical curves
determined from optical principles. The experimenlal results are shown lo conform
in general with the predictions from theoretical consideralions.

The derivation of the theoretical formulas is shown in the appendiz.

INTRODUCTION

Ki ;E 7ITH the increasing use of wavelengths below ten meters in
connection with radio communication and television, it has be-
come increasingly apparent that our knowledge of the propa-
gation of waves in this range should be augmented. In a previous paper!
the results of some experiments made by engineers of R.C.A. Commu-
nications, Inc., were described in a qualitative way. More recent de-
velopments of receiving and transmitting apparatus has made it pos-
sible to obtain quantitative data. At the present writing considerable
additional information of value has been accumulated.

Experiments were made with several wavelengths over salt water
and over Long Island ground with both horizontal and vertical polar-
izations on frequencies between 61 and 31 megacycles. A few tests were
made on 435 megacycles but no quantitative information is available.

. * Decimal classification R113X R270 Original manuscript received by the In-
slt(‘;:til;te, November 7, 1932. Presented before New York meeting, November 2,
‘H H. Beverage, H. O. Peterson, and C. W. Hansell, “Application of fre-
quencies above 30,000 kilocycles to communication problems,” Proc. L.LR.E.,
vol. 19, no. 8, pp. 1313-1333; August, (1931).
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1. KXPERIMENTS

Propagation Over Long Island for Frequencies of 44 and 61 Megacyeles

A number of measurements of field strength from two transmitters
located in the Iimpire State Building were made in an airplane flying
over Long Island. The transmitting antennas were located above the
Empire State tower at a height of 396 meters above sea level and were
radiating vertically polarized waves on 61 and 44 megacycles. The
receiver used for measuring field strengths consisted of three stages of
tuned radio-frequency amplification and high-frequency detector in
one unit, feeding into a revamped RCA AR-1286 aireraft bencon re-
ceiver serving as an intermediate-frequency amplifier, at 3113 kilo-
eycles, second detector, and direet-current amplifier. The output of the
direet-current amplifier was maintained constant on a milliammeter
in the plate circuit of this tube. With this set-up no modulation was
required and the carrier alone was used for observing field strengths.

The receiver with its supply batteries was installed in a Curtiss-
Robin eabin monoplane with complete bonding and shielding to elimi-
nate ignition interference. A vertical duralumin pipe two meters long
mounted on the fusalage near the rear edge of the wing served as an
antenna. Each observation of field strength included readings of both
radio-frequeney and intermediate-frequency screen-grid voltages to
give constant output of the direct-current amplifier, and a record
of altitude and loeation,

The calibration of receiver and antenna in the plane was effected
by observing the output of a signal generator md\iating a calculated
ficld strength at a measured distance of about one wavelength,

It was found that the receiving antenna was quite directive on 61
and fairly nondirective on 44 megacyeles. The directive diagram on 61
megacyeles is shown in Fig, 1, and was obtained by flying in a flat
circle over the Suffolk County Airport. It will be seen that the antenna
directivity on 61 megacyeles shows a variation of nearly 2 to 1. Some
of the data taken were correeted for this directivity.

The profile map, Fig. 2, shows Farmingdale to have direct vision
to the Empire State Tower. Patchogue comes 30 meters, Suffolk Air-
port 259 meters, and Montauk Point 1120 meters below the line of
sight. Field strength readings were taken from 0 to 1200 meters
altitude at North Beach, Farmingdale, Patchogue, Suffolk Airport,
and Montauk Point. Also, readings were taken at altitudes of 300 and
1200 meters flying between these pvints. Both transmitters were ob-
served in this manner with the exception that data were taken at 900
meters in place of 300 meters on 61 megacycles between Southampton
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and Montauk Point, because the signal below 900 meters was too weak
to measure. At Southampton readings were taken at altitudes of from
200 1o 1200 meters on 61 megacycles.

Conposs Beorwng off
/5° from Trve NMorth

Fig. 1— Directive dingram of airplane antenns, 61 megacycles.
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Figs, 3 to 7 show the field strength variation with altitude at North
seach, Farmingdale, Patebogue, Suffolk Airport, and Maontauk Point
on 41 megaeyeles, The irregularities of Figs, 3, 4, and 5 show marked
interference phenomena, As the interference patterns heeome moro
frequent nearing the transmitter, the variations in field strength were




300 Trevor and Carter: Propagation of Wares

so rapid that it was not possible for the observer to record them all.
For this reason the curve, Fig. 3, from readings taken at North Beach,

was drawn in by guess work.

1= volts per Ateter
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Fig. 3—Field strength vs. altitude at North Beach, 9.6 kilometers from Empire
State 44-megacycle transmitter. Radiation 2 kilowatts.
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Fig. 5—Field strength vs. altitude at Patchogue, 85 kilometers from Empire
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Fig. 6—Field strength vs. altitude at Suffolk Airport, 114 kilometers from
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Fig. 7—Field strength vs. altitude at Montauk Point, 185 kilometers from
Empire State 44-megacycle transmitter. Radiation 2 kilowatts.
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44-megacycle transmitter. Radiation 2 kilowatts.




Trevor and Carter: Propagation of Waves 393

Fig. 8 represents the results of measurements when flying at 300
meters altitude between North Beach and Montauk Point, while Fig. 9
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Fig. 9— Field strength vs. distance at 1200 meters altitude—Empire State
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Fig. 10—Field strength vs. altitude at North Beach, 9.6 kilometers from Empire
State 61-megacyele transmitter. Radiation 1 kilowatt.

is a similar eurve showing the readings taken while flying at a 1200-
meter altitude over the same route.
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The curve, Iig. 4, from data taken at Farmingdale shows two dis-
tinet minimum points at 580 and 1000-1070 meters. The maximum
points occur at 305, 760-910, and about 1200 meters. The two curves
represent data taken descending and ascending, as shown by the diree-
tion of the arrows. )
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Fig. 11— Fiel(‘l strength vs. altitude at Farmingdale, 47 kilometers from Empire
State 61-megacycle transmitter. Radiation 1 kilowatt,
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The data for 61 megacycles were more erratic than those on 44
megacycles, due partly to more uncertainty in the directivity of the
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receiving antenna, more frequent interference effects, and possibly to
more irregular retlections from large ohjecta. FFigs. 10 to 15 show the
data on 61 megacyeles at North Beach, Farmingdale, Patchogue, Suf-
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folk Airport, Southampton, and Montauk Point. Fig. 10 is merely a
symbolic representation of actual conditions as the interference effeets
were crowded extremely close together. The variation in field strength
on 61 megacyeles at IFarmingdale and Patchogue follows a rapid oseil-
lation in addition to the slower variation dorresponding roughly to the
curves for +1 megacycles.
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. ) , . L
Measurements on the Ground with Low Transmitting Antennas

Some further short-wave observations were made at Suffolk Airport
l‘)y setting up a small transmitter at one end of the field and observing
f1.cld strength versus distance for both vertical and horizontal polariza-
t{f)n on 61 and 41.4 megacyeles. The results of these tests are shown in
Iigs. 16 to 19. The center of the radiating antenna was 2.9 meters
above level ground for both the horizontal and vertical positions. A
vertical wire 2.11 meters long with its upper end 4.2 meters above
groun.d was used for receiving the vertically polarized radiation, while
a horizontal dipole 3.81 meters long, 1.6 meters above ground was
used for receiving the horizontally polarized radiation. 1t will be seen
that the horizontal polarization is attenuated more than the vertical
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and also that the higher frequency is attenuated more than the lower.
It was interesting to note that any plane flying over the field would
cause quite pronounced variations in receiver output due to the re-
flected radiation from the plane alternately reinforeing and weakening
the direct ray from the transmitter. This phenomenon was most
marked with a separation between the transmitter and receiver of
about 800 meters. Interference effeets caused by the plane were
stronger as the plane came nearer the receiver, but were also noticeable
with the plane beyond the receiver in a direction away from the trans-

mitter.
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Fig. 20—Field strength vs. altitude at Roosevelt Field, 59.6 kilometers from
Rocky Point 34-megacycle vertical transmitting antenna 39 meters high.
Radiation 1 kilowatt.

Airplane Tests on 34 megacycles

A number of measurements were made on a Rocky Point trans-
mitter radiating one kilowatt on 34 megacycles from a vertical an-
tenna 39 meters above ground. A flight was made from Riverhead to
Newark. Measurements were taken with altitude over Suffolk Air-
port, Farmingdale, Floyd Bennett Field, Roosevelt field, and Newark
Airport. A curve of data taken over Roosevelt field is shown in Fig. 20.
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The curves for the other airports are very similar and are not shown.
The complete set of data is summarized in Fig. 21, which shows the
variation of signal strength with both distance and altitude. This
curve plainly shows the advantage gained by an increase in altitude
at distances over 20 kilometers,
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Fig. 21— Field strength variation with distancce and altitude over Long Island
from Rocky Point 34-megacycle vertical transmitting antenna 39 meters
high. Radiation 1 kilowatt.

Propagation Over Salt Water

Reveral tests were made with both horizontal and vertical polariza-
tion on frequencies of 59.7 and 31.8 megacyeles on Peconic 