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HAVANA GREETS THE
INTERNATIONAL RADIO CLUB

Interesting Program for I. R. C. Members in Cuban Capital.

of the International Radio

Club held December 9th, 10th
and 11lth in the Cuban Capitol
was a getto-gether for the radio
world that mingled business with
pleasure—emphasis on the pleas-
ure. Host to the gathering was
the Cuban Tourist Commission
and their elaborate arrangements,
down to the last detail, marked a
new high in the effort to be per-
fect hosts.

Officially, the initial interest
centered in Miami where a gen-
eral round-up of members took
place on December b5th, with
luncheon, sight-seeing tours of
the southern playground and din-
ner. On the sixth the cruise was
made to Havana where the guests
were entertained until the conven-
tion opened on Monday, the Sth.

Not to be outdone by their
northern neighbors, and perhaps
to make the radio enthusiasts feel
perfectly acclimated, the tourist
commission staged a beauty con-

r I 1HE sixth annual convention

(Right): The Twenty-four carat dia-
mond in the great hall. All distances
radiating from the city are measured

from this “‘zero kilometer.”

(Below): Aerial view of the beautiful
capital.

-
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Above: The White House of Havana.
One of the many fine structures in the
Island Republic.

test in which twenty-four lovely
blondes from the "States” par-
ticipated. To invade a land noted
for its beautiful women may seem
like carrying coals to Newcastle,
but it is only indicative of that
inborn sense of Cuban courtesy
which unfailingly makes the cor-
rect gesture.

Every moment of the time was
jammed full of fascinating en-
jammed full of fascinating enter-
tainment. Music which was typi-
nessed here—shall we say it
softly—cocktails which were guar-
anteed to bring a sense of com-
plete contentment.

Seriously, however, the conven-
tion was a definite step in the di-
rection of international good will
and the exchange of radio ideas
which will prove of mutual bene-
fit. Radio, being essentially inter-
national in scope, cannot be re-
strained by political borders, and
such conventions as that held in
Havana hold forth infinite possi-
bilities not only from the point of
view of technical advancement,
but for the future peace of the
world.
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THE VOICE OF LABOR ON THE AIR

WCFL Provides for Expansion While Installing Country‘s First 5-C Transmitter

By MAYNARD MARQUARDT, Technical Supervisor

‘ h ’CFL is justly proud of its
position — the first station
to place in operation one

of the new Type 5-C SKW RCA

transmitters. Twenty miles south-
west of the loop in Chicago, and
twelve miles from the population
center, WCFL has located its

“Voice of Labor” transmitter near

the town of Downer's Grove, Illi-

nois.

Situated in the center of «
twenty acre tract of land acquired
by the Chicago Federation of
Labor eight years ago, it allows
ample space for the assured ex-
pansion of this station in the
future. Moreover, with the broad
policy of enlargement now con-
templated, it will permit the addi-
tional installation of short-wave
directional arrays such as the
“Short Wave Voice of Labor,”
WI9XAA (6080,11830 and 17780
KC), plans to use.

The vertical radiator built by
the Blaw-Knox Company in ac-
cordance with WCFL specifica-
tions, is 490 feet high and insu-
lated at the base.- Eight great
arms extend outward at the top
much in the manner of umbrella
ribs, attached to @ common cen-

ter. These arms support eight
vertical wires dropped to a point
just above the base. In this man-
ner the radiator achieves the
highly desirable effect of being a
conductor wire of uniform cross
section. Thus the distribution of
current is more nearly sinusoidal
than in radiators of varying cross
section with a consequerit lower-
ing of the angle of radiation and
likewise a diminishing of sky
wave radiation.

One of the interesting phases of
the radiator construction was the
limitation placed upon its height.
The optimum height for the tower
at 970 kilocycles would be 530
feet. However the Bureau of Air
Navigation, Department ot Com-
merce, objected to this because of
a ruling which permits planes to
come into Chicago at a level of
500 feet. Consequently, the whole
problem was reconsidered, and
the figure of 490 feet was finally
arrived at as a satisfactory com-
promise.

In order to circumvent the dis-.
advantage of having the tower
reduced 40 feet from its optimum-
height, insulators were included
in each leg at 390 feet and a load-

(Continued on Page 32)

The New RCA Type 5-C Transmitter ready for operation.
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Below: The Tower Antenna.
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A Brief Discussion of the

DYNAMIC AMPLIFIER

Pertinent Facts About Its Operation
By CHESTER M. SINNETT

The RCA Victor De Luxe 22-Tube Magic Brain Automatic Radio-Phono-
graph. D22.1 which employs the Dvnamic Amplifier. At the right the new
Victor Record Library.

the home, whether by radio
or phonograph, has always
lacked one very important ele-
ment for complete satisfaction.
Large changes in volume cannot
be handled by either the radio
transmitting equipment or the
phonograph record. In the case
of radio, over modulation is one
limit and line noises, hum, etc.,
the other. A few of the better sta-
tions are capable of handling a
total range of about 50 db, but it
is doubtful whether many are
capable of taking care of much
over a 45 db range. In the case
of phonograph records the limita-
tions are similar; cutting over
from groove to groove on loud
passages unless the volume is re-
duced and being buried in sur-
face noise if the volume is not
raised on weak or pianissimo
passages. This volume range on
some of the new Victor records is
about 45 db. The full range of a
symphony orchestra has been
estimated at from 70-75 db. From
these figures en idea may be ob-
tained of the amount of loss in
volume range to which present-
day receivers and phonographs
are restricted.
Model D-22 for the first time in
this country makes available to

T I 1HE reproduction of music in

the public a phonograph having
volume range capabilities of 65-
70 db. This is accomplished by
means of the volume expander,
shown in Fig. 1.

A variable gain amplifier VT,
employing a 6L7 is used as the
first qudio tube in the phonograph
circuit. The signal grid, No. 1, is
connected in the usual manner to
the sliding arm of the input vol-
ume control. This grid is operated
at a fixed bias of about 10 volts.
The No. 3 grid, changes in the
bias of which causes correspond-

ingly large changes in the amount
of tube amplification, is con-
nected through the time celay
and filter circuit RsCs, to the recti-
fier resistor R,. The rectifier re-
ceives its voltage from VT» which
in turn serves to amplify voltages
appearing across resistor R, from
the input system. The opposite
end of the rectifier resistor R, is
connected to a potentiometer Ry,
which provides an adjustable
bias for grid No. 3 This adjust-
ment permits setting the initial
starting point for expansion at the
desired level for different tubes
some of which do not have ex-
actly the same characteristics due
to production variations. This in-
itial adjustment fixes the static
plate current in the 6L7 at about
.12 MA. Other parts of the cir-
cuit and their functions are read-
ily apparent from the diagram.
In operation, a signal is im-
pressed across the secondary of
the transformer T, by the mag-
netic pickup. This signal then ap-
pears across the phonograph vol-
ume control and the expander
control R,. VT. serves to amplify
this signal the desired amount
whereupon VT, rectifies it. The

(Continued on page 32)
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PERSONAL APPEAL IS “TOPS”
AT "SKY TOP”

Local Events of First Importance at WDAS

HE two words “Sky Top' epit-
l]__Iomize the growth of WDAS,

the only full time independ-
ent station in Philadelphia. In a
short span of two years the station
has advanced from the onerous
status of a “one lunger” to an
enviable position as one of Phila-
delphia’s foremost outlets. This
rapid progress was not effected
by an increase in power or great
ballyhoo but by the installation
of the latest in broadcast equip-
ment, the construction of modern
studios—and an idea. Alexander
W. Dannebaum and W. Maurice
Steppacher, the president and sec-
retary-treasurer respectively of
WDAS sensed the need in the
Philadelphia area for a station
which would be characteristic of
Philadelphia—which would broad-
cast events and programs of local
interest, where civic leaders could
broadcast at the most convenient
times unencumbered by network
affiliations—in short, reflect the
spirit of Philadelphia. For these
reasons WDAS and its owners set
out to make Philadelphia “WDAS
conscious.” It broadcast programs
of popular appeal. It, frankly,
catered to the masses.

Speech input equi

The idea caught on—but not
until ean RCA transmitter was in-
stalled and not until new high
fidelity RCA speech input equip-
ment was functioning in its con-
trol room. With these features end
with the addition of a Blaw-Knox
quarter-wave radiator 220 feet tall
which was erected at its trans-
mitter site at Woodside Park—-
then was WDAS in a position to
attract the millions of Philadelphia
listeners. To further this thought
WDAS decided to make its studios
one of the show places of Phila-
delphia. New studios were con-
structed atop the building at 1211
Chestnut Street.

Back of all this planning and
construction was an idea—that a
radio station, even in a large
metropolis, could be an intimate
medium — that a radio station
need not be a cold impersonal
medium of entertainment and ed-
ucation. WDAS discovered that
urban and rural listeners are akin
in many ways. WDAS therefore
decided that its advertising copy
would be delivered in an inti-
mate, almost personal manner. [t
did that very thing, and also pre-
sented wherever possible all its
programs in an informal momner.
Not that WDAS has discarded its
ideas on radio showmanship, but
that this was the type of show-
manship most needed in radio.
As a result the studios were soon
besieged with visitors. Since there
are no staff announcers on WDAS
—each being a distinct personal-
ity with his own following, their
cohorts still swarm the studios.

The studios are the latest con-
ception of streamlining, indirect
lighting and comfort. Decorated
in cheerful shades of crimson,
chrome vyellow, and black, they
are, on first visit, both inspiring
and inviting. Comfortable lounge
chairs of chromium and red and

www americanradiohistorv com

A Studio in the modern manner.

vellow leather combine to make
the reception rooms and studios
an aesthetic spectacle. The stu-
dios themselves which flank the
reception room are decorated in
the modernistic manner, utilizing a
black, silver end blue color motif.
The dimensions, which are 35x25
feet for one and 33x20 feet for the
other are sufficiently ample to ac-
commodate soloists and the aver-
age size orchestra. The studios
are soundproof, utilizing double
layers of macite with blown wool
interspersed. Double sheets of
glass and acoustic tile make the
studios the latest in soundproof-
ing, yet they enable spectators
seated in the audition gallery ad-
jacent to each studio to view the
entire proceedings. An ingenious
arrangement of monitoring situ-
ated in the false ceiling of the
studios allows the visitor to hear
all programs without grouping
around any particular monitor,
since the program can be heard
with equal clarity in all perts of
the station.

The control room, centrally lo-
cated, is elevated about five feet

(Continued on Page 22)
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THERE’S GOLD IN THE AIR!

“Volume of advertising tends
generally to move with general
business activity.”

~—Daniel Starch.

CASUAL glance at the fig-
A— ures herewith on radio as
well as other advertising
media, will prove conclusively to
cnyone interested in this subject
that advertising in general, and
consequently business conditions
are on the up grade. The figures
given in this disclosure are those
for the first half of 1934 business,
as compared with the first half of
the year 1935.

During the first half of 1934,
gross receipts for broadcast ad-
vertising mounted to $38,221,480.
For the same period this year the
gross receipts amounted to $45,-
075,972. This represents an in-
crease of 17.9%.

For the first half of 1934, Na-
tional Networks (NBC and CBS)
accounted for 57.56% of the gross,
Local 21.7%, National Non-Net-
work (Spot) 19.9%, and Regional
Networks .8%. While the total
gross for the first half of 1935 was
17.9 %. above the 1934 first half
gross, the distribution of the busi-
ness as a whole shows very little
change. For instance, during the
first half of 1935, National Net-
works (NBC and CBS) accounted
for 57.94% of the gross, Local
21.96%. National Non-Network
(Spot) 1906%, and Regional Net-
works 1.03%. National Non-Net-
works (Spot) shows a very slight
decrease in the total percentage
of busines$ obtained during 1935
as compared with the percentage
obtained during the first half of
1934. On the other hand, Regional
Networks experienced a slight in-
crease in business.

By E. T. JONES

NETWORK* EXPENDITURES BY SPONSOR GROUP
(First Half)

Sponsor Group
Drugs and Toilet Goods
Food and Food Beverages
Automotive Industry

Cigars, Cigarettes, etc. ......
Lubricants, Fuels, etc. ..

Confectionery and Soft Drinks ....
Radio, Phonographs, ete. ..............
House Furniture, etc.

Ao O A Al

Soaps and Housekeepers' Supplies

10. Financial and Insurance ......
11. Stationery and Publishers
12. Clothing and Dry Goods ..
13. Wines, Beers, and Liquors ..
14. Miscellaneous

15. Building Materials
16. Paints and Hardware
17. Office Equipment

18. Shoes and Leather Goods ...............

19. Travel and Hotels

20. Jewelry and Silverware

21. Schools and Correspondence Courses ..

22. Garden

23. Machinery, Farm Equipment, etc. ...occocoeeeeeeec.

24, Sporting Goods

Totals (first 6 months) ...............

1935 1934
... $8,761,839 $6,823,031
.. 6,951,162 5,896,535
2,116,514 1,958,611
1,820,452 2,068,181
1,615,299 1,456,530
1,273,826 1,058,404
774,386 703,544
540,163 244,307
367,012 289,544
229,992 344,364
213,824 158,550
181,565 176,110
157,868 270,026
145,099 90,545
138,878 83,187
128,821 119,124
§2,719 133,856
..................... 47,449
46,150 80,473
25,886 11,773
22,993 e
21,200 28,481
8,494 15,040
..................... $25,641,591 $22,010,216

*From National Advertising Records—does not include spot or local business.

For the sake of immediate com-
parison, these figures are conven-
iently presented below.

Conclusive proof that radio ad-
vertising pays handsomely is
brought out by the large sums of
money consistently spent for this
purpose by sponsors who have
fully tested and proved the profit
angle of radio broadcast adver-
tising.

Some interesting facts concern-
ing these expenditures will not
prove amiss. Drugs and toilet

goods continue to hold the top po- -

sition with an increase of almost
$2,000,000 allocated for the first
half of 1935. Food and food bev-
erages continue to hold second
place; these sponsors having ap-
propriated $1,000,000 additional
for the first half of 1935. The auto-
motive industry displayed a ten-
dency to materially increase their

TOTAL BROADCAST ADVERTISING

(First Half)
Class of Business Gross Time Sales
Percent Percent
1934 of Total 1935 of Total
National Networks (NBC & CBS) ................ $21,998,866 57.56 $26,120,410 57.94
Local 8,294,499 21.70 9,898,610 21.96
National Non-Network (Spot) . 7,610,864 19.90 8,591,053 19.06
Regional Networks 317,251 .830 465,899 1.03
$38,221,480 $45,075,972

www americanradiohistorv com

appropriation and now hold third
place as compared with fourth
position in 1934. Cigar and cigar-
ette sponsors decreased their
radio advertising appropriation,
having spent approximately one
quarter of a million dollars less
during the first half of this year.
Lubricants end fuels, soaps and
housekeepers’ supplies, as well
as confectionery and soft drinks
held their respective positions, i.
e., fifth, sixth and seventh. An in-
teresting point is that each of
these sponsors have increased
their appropriation for this year.

Of even greater interest to us in
the radio business is the fac: that
sponsors represented by the radio
and phonograph industries have
appropriated more than twice the
amount they spent during the first
half of 1934, ascending from elev-
enth to eighth position this year.

Very little change has taken
place in the standing of the vari-
ous sponsors who follow those al-
ready mentioned and which are
shown in the list above.

While there has been very little
change in the relative proportion
of various types of rendition used
in Non-Network Broadcast Adver-

(Continued on Page 33)
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TOTAL BROADCAST
ADVERTISING

(FIRST HALF)

(Millions of §) 5 10 25 30

e |
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Some Further Thoughts on Modulation

A Discussion Which Provides Additional Facts on an Important Subject

ulation systems which ap-

peared in the June, 1935 edi-
tion of Broadcast News, stressed
in particular the efficiency and
necessary adjustments of the var-
ious systems mentioned. The effi-
ciency of the output amplifier de-
termines to a large extent the
total power input required for the
transmitter, although the data
given for the 1000 watt high level
Class B modulated transmitter in-
dicated that the auxiliary equip-
ment consumed a large portion of
the total power input. Therefore,
in considering the power input re-
quired for a tromsmitter, only
the essentials of the transmitter
should be considered in order to
obtain a common basis for com-
parison. Such items as power to
the driver systems ond filament
power in any system for modula-
tion, are essential parts of a trans-
mitter and should be included in
the power input requirements for
any particular type of modulation.

THE first discussion on mod-

Increase in Efficiency

The degenerative feed-back am-
‘plifier has been developed to such
a point that—so far as distortion
is concerned—it can be succeess-
fully applied to tronsmitters with
a feed-back sufficient to appreci-
ably reduce harmonics, gener-
ated in an otherwise compara-
tively poor system, for modula-
tion. The efficiency of low level
modulation systems may be in-
creased appreciably in transmit-
ters with relatively poor driver
systems, if a degenerative means
is used to reduce distortion, al-
though a degenerative system
may introduce complications in
adjustments and maintenance,
that might offset any saving in
power input effect.

The controlled plate efficiency
system of modulation, as dis-
cussed in the June issue of Broad-
cast News, probably would be
sufficiently complicated to inher-
ently introduce distortion (necessi-
tating more or less elaborate

By LOY E. BARTON

means of reducing or preventing
distortion.) However, as indicated,
the controlled plate efficiency sys-
tem for modulation may be made
quite efficient so far as input
power is concerned.

Phase Controlled Modulation

Another interesting system of
modulation which might be called
phase controlled modulation, in
order to distinguish the system
from phase modulation, is per-
haps the most efficient system de-
vised. Briefly, the system consists
of two separate Class C ampli-
fiers which are inherently very
efficient. The outputs of these two
amplifiers are connected in such
a manner that the phase of one
with respect to the other is prop-
erly adjusted so that the vector
sum of the antenna currents from
the two Class C amplifiers will be
equal to the normal antenna cur-
rent. If the phase of each amplifier
is by some means shifted from the
carrier condition, to such a point
that their output would exactly op-
pose the other, the antenna cur-
rent will be zero, a condition for
100% downward modulation. It
the phase is changed to the point
at which the currents from the
amplifiers will add, the antenna
current wil lbe doubled, which is
the condition for 100% upward
modulation.

Overcoming Distortion Difficulties

This system of modulation, al-
though efficient so far as input
power to the transmitter is con-
cerned, has certain inherent diffi-
culties to overcome in order to re-
duce distortion. One of the most
important requirements of a mod-
ulation = system, previously dis-
cussed in the June issue of Broad-
cast News, is that the instantan-
eous peak power output at 100%
modulation is four times the car-
rier power. Therefore the power
output capacity of each of the am-
plifiers in this system of phase
controlled modulation, must be
double the demand at carrier out-
put. It is also evident that the in-
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stantaneous load on each ampli-
fier will be proportional to the in-
stantaneous value of modulation.
That is, at 100% downward mod-
ulation the antenna load on the
amplifier is infinite and at 100%
upward modulation the load is
one-half the load at carrier condi-
tions. Hence, the voltage regula-
tion of the amplifiers, working into
a variable load, will introduce
non-linearity in the output. If a
linear phase shift is used, non-
linearity will also be inherent
over the audio cycle, thereby re-
quiring the use of elaborate dis-
tortion-correction means for trans-
mitting a modulated signal with
low distortion. The actual plate
efficiency of the output amplifiers
should approach the efficiency of
a Class C amplifier, but the com-
plications necessary to keep dis-
tortion to a minimum, the power
output required for the driver sys-
tems, and the fact that more then
carrier power in tube capacity is
needed, offsets to a large measure
the high plate efficiency of the
output system.

An article on this type of modu-
lation entitled “High Power Out-
phase Modulation,” written by
Mr. H. Chireix, appears in the No-
vember, 1935 issue of the Pro-
ceedings of the IRE.

Side Band Transmission

Another system for modulation
that has been considered as a
possibility for several vears, con-
sists of side band tremsmission
with the carrier supplied by sep-
arate meons. An ideal tremsmitter
of this type is one in which both
side bands are transmitted by one
of several systems discussed in
the IRE Proceedings and else-
where, and the carrier supplied
by some means at the receiver.
In such a transmitter only power
for sidebands is required which
would probably amount to less
than 5 or 10% of the power re-
quired by an equivalent normal
transmitter—so far as received
signals are concerned. A small

(Continued on Page 22)
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AN IDEA
ON THE AIR

The Intimate Touch Makes KROC Popular

ITY and state officials as-
sisied at the opening cere-

when KROC re-

monies
cently went on the air. It was a
great occasion for Rochester,

Minn., a small city with an inter-
nationally famous reputation. For,
not only was the station broad-
casting its first program, but it
was also putting an idea on the
air.

That idea can be stated in a few
words. KROC, owned and oper-
ated by the Southern Minnesota
Broadcasting Company, believes
that a definite place exists in the
radio world for the small station
serving its local and bordering
communities. It is able to touch
the everyday life of its inhabit-
ants much closer than the larger
stations located in cities far re-
moved from them. And that inti-
mate touch is as welcome as the
newsy columns of a home town
paper to the ex-patriate dwelling
in a metropolitan center.

Picking as its sphere of influ-
ence the territory within a radius
of sixty miles, KROC is able to
give intensive coverage. That
area includes rich farming lands,
numerous small cities, scores of
villages and a potential audience

(Below) The new 100-E transmitter in
position at KROC.

of two hundred fifty thousand in-
habitants. This represents a mar-
ket of no mean proportions and
with its modern facilities, KROC
is able to serve its population effi-
ciently and economically.

The station itself, located on «

main highway, is convenient,
and at night, brilliantly illumi-
nated, it dominates the land-
scape. The verlical antenna ris-

ing nearly two hundred {feet
cabove the comparatively level
surrounding terrain is an out-
standing landmark.

The installation includes one of
the new RCA 100-E High Fidelity
transmitters which embraces the
whole idea of efficient and eco-
nomical operation. To comple-
ment this equipment, a complete
NBC transcription library has
been added.

From its sludios in the Martin
Hotel, KROC is on the air from 7
A. M. until midnight, and is con-
nected by direct wire with KSTP,
Minneapolis. One of the unique
features in connection with the
operation of KROC is the fact that
all station announcements, other
than studio programs, are han-
dled by members of the operating
staff.

(Right) A view of the antenna.

= _.-,-.f'_ -
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TRANSMISSION OF 9 CM. ELECTRO-
MAGNETIC WAVES

A Study of Their Attenuation in the Atmosphere and the Effects of Weather

Conditions on Their Transmission.

By IRVING WOLFF and E. G. LINDER

NUMBER of tests have been
A- carried out in different lab-

oratories on the generation
ond reception of waves 10 cm. in
length and shorter. However, for
their practical application it is not
only necessary to know that they
can be generated and received,
but we must also have data re-
garding the extent to which they
are attenuated in the atmosphere,
and the effect of weather condi-
tions such as rain, snow and fog
on their transmission. A series of
tests to determine the attenuation
of normal atmosphere were under-
taken during the summer of 1934
at Atlantic Highlands, New Jersey,
in cooperation with the U. S. Sig-
nal Corps, at Fort Monmouth and
during the Spring of 1935, a sys-
tem was placed in continuous
operation between the laboratory
at Camden and one of the tall
buildings in Philadelphia, for the
purpose of determining the effect
of rain on the tremsmission.

The apparatus which was used
in both of these tests was similar
to that described in on article
published in the Proceedings of
the Institute of Radio Engineers in
the Jonuary 1935 issue. A photo-
graph of the transmitting appar-
atus is shown in Figure 1, below.

Figure 2

The transmitter consisted of a
specially constructed magnetron
connected to a half-wave antenna
in the focus of a 4 ft. parabolic re-
flector, with appropriate voltage
regulation of the supply circuits
so that the output of the tronsmit-
ter would remain reasonably con-
stamnt without adjustment. Only a
brief description of the tube and
accompanying circuits will be
given here. For more details, ref-
erence can be made to the article
which appeared in the Proceed-
ings of the Institute and an addi-
tional article which will appear
shortly. A diagram of the tube is
shown in Figure 2. This tube has
for its basis the split anode mag-
netron which is shown diagram-
matically in Figure 3. The split
anode magnetron consists of two
separated halves of a cylinder,
whose axis is concentric with the
filament, which are individually
attached to the two halves of a
two-wire balanced tronsmission
line. The other end of the trans-
mission line is terminated by a
one-half wave antenna. This dif-
fers from the magnetron which is
used at lower frequencies in hav-
ing the anode in two parts, where-
as, in the usual magnetron the
anode is a continuous cylinder
about the cathode and the oscilla-
tions are taken off between the
cathode and the anode. The high

WAL americantadiohistons.com

frequency split anode magnetron
differs also in its mode of opera-
tion from the ordinary magnetron
in the adjustment of the magnetic
field.

When a magnetron is used at
the lower frequencies the mag-
netic field should be just strong
enough to prevent the electrons
from reaching the cnode to put
the tube in an oscillating condi-
tion. As the potential applied to
the anodes is increased a stronger
magnetic field is required to do
this. However, oscillations at a
particular frequency can be ob-
tained with a wide variety of elec-
tric and corresponding magnetic
fields, the frequency being deter-
mined by the external circuit. As
we attempt to continuously raise
the frequency, we find that oscil-
lations no longer take place for
all adjustments of the plate poten-
tial and magnetic field in which
the electrons just fail to reach the
plate, even though an external
circuit is provided which could
oscillate at the correct frequency.
A further study shows the reason
for this. The time taken for the
electrons to go from the filament
to the plate becomes an appre-
ciable part of the cycle so that the
phase relations, between current
and voltage, which are required
to deliver energy to the oscillating
circuit no longer hold. Under such
conditions it is necessary to time
the arrival of the electron at or
close to the anode in such a way
that the correct phase between
current and voltage will continue
to be provided. This requires that
the speed of travel of the electron

Figure 3

POLEPIECES
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across the tube be taken into ac-
count, a factor which is almost
negligible in a consideration of
oscillation, even in the so-called
ultra short wave band between 3
and 10 meters. It has been found
that the tube will oscillate at high
frequency if the time it takes the
electrons to make a complete cir-
cuit in the tube from cathode in the
direction of the anode and back
to cathode again, is equal to the
period of the wave it is desired to
produce. This adjustment is quite
critical. The oscillations which
depend on adjusting the electron
speed to the period of the wave
have been called “electronic os-
cillations.” The time that it takes
the electron to go from cathode to
anode has been called the “transit
time."

The tube which was used for
the transmission tests was an im-
proved type of split anode mag-
netron in which an electric field
in the direction of the magnetic
field was added in addition to
the transverse electric field be-
tween cathode and cnode. This
electric field was obtained by
placing two metallic discs at the
open end of the cylindrical an-
odes and supporting them so that
they are insulated from the cath-
ode. They were both operated at
a potential approximately three-
quarters that of the anode poten-
tial. Their function was to draw
electrons from the inside of the
cylinder. A theoretical and ex-
perimental  consideration had
shown that a tilling of the tube
without end plates was required

DECEMBER,
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to allow electrons to spiral out
from the region inside the anodes,
so as to obtain proper space
charge conditions for maximum
oscillation. In the case of the or-
dinary split anode magnetron, the
relative adjustment of angle of
tilt and plate voltage is very crit-
ical and if either one is changed
the other must be changed to
some new value, in order to con-
tinue oscillation. In a tube using
the end plates, stability of opera-
tion is much better. This is due
to the fact that the anode and end
plate potentials may be taken
from the same voltage supply and
therefore will vary proportionate-
ly. It has been found that when
the acnode potential is varied the
end plate potential, which is re-
quired in order to maintain oscil-
lation at the maximum value, is
very nearly that which keeps this
proportionality constant.

Figure 5

Since the output of the tube de-
pends on the ratio between end
plate and anode potential, modu-
lation can be easily obtained by
varying either one of these inde-
pendently of the other. In order
to modulate the tremsmitter, we
therefore place the secondary of
the modulation transformer in
series with the anode supply, and
adjust the anode potential so that
oscillation amplitude for no mod-
ulation is approximately one-half
the maximum. This allows the
output of the tube to swing from
close to zero to maximum for full
modulation. A diagram showing
the modulation system, the om-
tenna, and the reflector used with
the tramsmitter is shown in Figure
4. Tt will be noted on this dia-
gram that the anode supply is
brought in across a line which
appears to be shorted directly
across the tramsmission line. This
bar has two purposes. In the first
place, it acts as a short circuit for

www americanradiohistorv com
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long wave parasitic oscillations
which the tube would like to gen-
erate, if it were not prevented
from doing so. In the second
place, its position is adjusted so
that the capacity between the
halves of the anodes and the in-
ductance of the small loop circuit
is correct to tune to the frequency
of oscillation.

The receiver consisted of an
iron pyrites crystal attached to a
small loop, which was placed in
the focus of a 4-foot reflector and
does not require further explana-
tion. The output of the crystal
was attached to om audio ampli-
fier which in turn was fed into a
tube detector and microammeter
for the first tests, and into an
Esterline recording meter for the
tests which were made to deter-
mine the tiransmission through
rain.

In the tests that were made at
Atlontic Highlands, the transmitter
was placed close to Navesink
Light House which is on a hill
about 200 feet above sea level.

The transmitter as set up for the
tests is shown in Fig. 5. The re-
ceiver, mounted on the stern of
the test ship is shown in Fig. 6.

The apparatus to the right of
the tronsmitter in Fig. 5. has no
connection with these tests. These
pictures are supplied through the
courtesy of the Signal Corps Lab-

Figure 6§
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oratories at Fort Monmouth. The
line of sight range to the horizon
from this point was approximately
17V miles. A number of readings
were taken at different distances
from the transmitter. The trams-
mission distances were from one-
half to five and one-quarter miles
over land, and eight to sixteen
miles over water. The signal
which was received at the 16 mile
distance was sufficiently strong
so that it would have been pos-
sible to move the receiver out to
40 miles before the signal inten-
sity became equal to the ampli-
fier noise. Some previous meas-
urements had shown that the out-
put of the crystal detector was
proportional to the square of the
signal strength. This fact, along
with the amplifier gain control
setting, made it easy to calculate
the relative field strength at each
one of the points where the re-
ceiver was set up. In Fig. 7 the
relative field strengths are plotted
against the distance on log-log
coordinate system. If attenuation
in the atmosphere is negligible
the signal strength should de-
crease inversely as the distance
from the transmitter, since the
radiation is in the form of a cone
starting at a relatively short dis-
tance from the transmitter. The
points should lie along a straight
line of slope —1. The line a-b has
been drawn through the half-mile
point with this slope. There is no
indication that there is any atten-
uation other than that due to the
spreading of the energy. There
was considerable uncertainty in
the readings since the crystal had
to be readjusted at each point,
and the transmitter output may

BROADCAST NE

have shifted somewhat. Neverthe-
less, we can safely say, that at-
tenuation in the clear atmosphere
for 3000 megacycle electromag-
netic waves is negligible up to
distances of 16 miles, and prob-
ably more.

The measurements which were
made at Atlantic Highlands were
all conducted when the weather
was clear, although at the time of
the 16-mile test there was suffi-
cient haze so that the transmitting
point could not be seen from the
receiving point. In the next series
of tests, an attempt was made to
determine whether the water in
the atmosphere during heavy rain
or fog would be sufficient to atten-
uate the 3000 megacycle signal.
Although the amount of water
present in a heavy rain storm
over a distonce of 20 miles, if
concentrated into a single sheet,
would definitely be sufficient to
affect the transmission, we should
expect a smaller effect to be
caused by the rain because of
the relatively small size of the
rain drops compared to the wave-
length.

In Table 1, various data on fog
and rain are given. Columns 1,
2, 3, 5, and 6 were taken from
Humphreys' “Physics of the Air.”
Columns 4, 7, 8, 9 and 10 have
been computed from Humphreys'
data. The data on snow are our
own estimates.

Since the effect of water in the
atmosphere may be considered
as oan attenuation phenomenon,
and therefore exponential with

WS . DECEMBER, 1935

respect to distance, the measure-
ments had to be made over as
large a distance as possible, in
order to obtain sufficient accu-
racy. In view of the fact, that
any surfaces when wet might
have reflected the waves differ-
ently than when dry, it was also
desirable that not only the test
location be line-of-sight from the
transmitter, but that there be a
minimum of buildings or other
objects on the side of the beam,
particularly near the line joining
the receiver and tremsmitter. This
meant approximately that there
should be as few objects as pos-
sible in the circular cone of vertex
angle 10 degrees, whose vertex
was on the transmitter, and
whose axis was the line joining
the receiver and transmitter.

An inspection of the available
locations in the neighborhood of
Camden showed that these condi-
tions could be most effectively
and conveniently met by instal-
ling the tremsmitter on one of the
upper floors of the engineering
building, and the receiver in one
of the tall buildings in Philadel-
phia, as far from the transmitter
as possible. A location on the 34th
floor of 12 S. 12th St., Philadel-
phia, was found suitable for the
receiver. This was two miles from
the transmitter.

The transmitterreceiver system
was first maintained in operation
during several clear days, so that
an idea of the constancy of out-
put to be expected could be meas-
ured. Having obtained these data,
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we hoped that several rainy peri-
ods would occur and permit a de-
termination of the difference in
transmission, after which an addi-
tional calibraion could be made
in clear weather to determine
whether any change had taken
place in the equipment.

On May 6 and 7, 1935, condi-
tions were very favorable for de-
termining the effect of rainfall on
the transmission. Some very
heavy short showers took place,
followed by periods of no rainfall.
The chart of rainfall for these
days taken from the tipping bucket
chart of the U. S. Weather Bureau
at Philadelphia through the cour-
tesy of Mr. Bliss is shown in Fig.
8. The place where the rainfall
was recorded was very nearly on
the straight line joining the trans-
mitter and receiver points, and
about one-half way between them.
It was also fortunate that the
tremsmitter and receiver had been
in continuous operation for sev-
eral days previous to these dates.

The meter record from 6 P. M.,

May 6 to 6 P. M., May 7, is shown
on Fig. 9. The heavy line repre-
sents the field strength, the dotted
line the rainfall. The maximum
fluctuation in output was 1 db.
This, however, was not connected
with rainfall and also was re-
corded on clear days. The sharp
rise at 8:45 A. M. was caused by
a change which was made in the
transmitter magnetic field. The
first rainfall took place at about
11 P. M., reaching a maximum in-
tensity of 2.4 inches an hour,
which is what Humphreys calls
an excessive rain. There were
other showers from 3:45 to 5:30
A. M., and shortly after noon. The
one at 12:30 reached almost
cloudburst intensity. With the ex-
ception of the early morning
shower the short duration of the
rainfall makes it improbable that
the whole region between the
tronsmitter and receiver was filled
with rainfall of maximum inten-
sity at eny one time. Comparison
of the curves for field intensity
and rainfall show that the maxi-
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mum amplitude attenuation, if
any, is less than .l db. per mile.

On the basis of the data which
were obtained, and Table [ we
are able to decide whether the
lighter forms of rain and fog, mist,
or snow should affect the trans-
mission. To do this we will con-
sider the amount and distribution
of water in the dir separately.
Table 1 shows that the mass of
water per unit volume was great-
er for the rains which were tested
than for any other form of precip-
itation and therefore on this basis
alone should have caused the
greatest effect. As the rain be-
comes lighter the mass of water
decreases and the drop size be-
comes smaller, but the spacing
decreases also. Conditions ap-
proach closer to that of water
vapor. [t is, therefore, interesting
to compare the mass of water
vapor per cubic‘meter in saturated
air with the water in the air due
to the rainfall. (It seems fair to
assume that the air is near sat-
uration during all forms of rain-
fall) The Smithsonian tables give
the water vapor as 22 gms. per
cu. meter at 20 degrees C. and
760 mm. mercury pressure. It is
rather surprising that this is four
times the amount of water due to
a heavy rain, and almost 4000
times that of the droplets in a fog.
It therefore appears as if the effect
of the water vapor should be
greater than that of the free water
when it is very finely divided ond
closely spaced and that, there-
fore, by making the measurement
in a heavy rain, the most severe
conditions have been encoun-
tered.

The comparatively large amount
of water in a saturated atmos-

(Continued on Page 33) -

TABLE I. DROP SIZE AND SPACING FOR DIFFERENT TYPES OF RAINFALL, MIST AND FOG.
n (2) (3) 4) (5) (6) 7) (8) C)] (10
Thickness
Diam. of Mass of Velocity Water No. of Drop Frac. of of water
Precipitation drop drop of fall mg. per drops spacing water by layer in cm.
mm/hr.  mm. grams mpersec. m3 air perm3 (cm) volinair  in2mi. path
Fog .01 52-10—10 .003 6. 1.2-107 43 6 -10-9 1.9-10—3
Mist ... 05 1 5.2+ 10—7 25 55.5 1.1-10% 2.1 55108 1.8-10—2
Drizzle .. 25 2 42-10—"% .75 92.6 2.2 104 3.6 9.3-10-8 3.0-10—2
Light Rain 1.00 .45 4.8-10—" 2.00 138 2.9-103 7.0 1.4-10—7 4.4-10—2
Moderate Rain H 1.0 5.2-10—% 4.00 277 5.3 10° 12.3 2.8-10-7 89-10—-2
Heavy Rain ... 15 1.8-10—3 5.00 833 46-10? 13.0 8.3-10—7 2.7-10—1
Excessive Rain 2.1 49-10—3 6.00 1850 3.8-10% 13.8 1.8-10—6 59-10—1
Cloudburst ........... 3.0 1.4-10—2 7.00 5400 39-102 13.7 5.4-10—6 1.7
25 1100
Snow (Heavy) estimated to to
melted 4.00 1.00 4500
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GENERAL CONSIDERATIONS OF
TOWER ANTENNAS

By Dr. G. H. BROWN and H. E. GIHRING, RCA Engineers

This is the final installment of the paper prepared for and copyrighted by “Proceedings of the Institute of Radio Engineers.”
It is being published by permission as a serial.

APPENDIX A

Method of Computing Field Intensity
and Radiation Resistance of a
Vertical Antenna Over a Perfect
Earth, When the Antenna
Current Distribution Is
Nonsinusoidal

To determine the probable
action of an antenna array, it is
desirable to calculate the radia-
tion pattern end the radiation re-
sistance. Many authors have
treated the case where the cur-
rent distribution on the antenna is
sinusoidal. We will outline a
method of determining these
quomtities when the current dis-
tribution on the antenna is known
but is not sinusoidal.

r)

Fo

«
i
N

Let us consider the element of
current shown in Fig. 32. The cur-
rent in the element is assumed to
be sinusoidally varying with time
with a frequency of f cycles per
second. The length of the element
is oan infinitesimal quantity, dy.
Then it can be shown that, at a
point P several wavelengths re-
moved from the current element,
the electric field intensity lies in
the plane formed by the axis of
the current element and the radius
vector, r, and this intensity is nor-
mal to r (Fig. 32). Thus, if 8 is the
angle between the current axis
and r, the electric intensity will
point in the direction of increas-

Fros/
|
I

Figure 32

ing 4. This electric intensity is
given by
g W
dFy = + j30k — e~f*dy sin ¢

(N

where,

{, = r-m- current in the ele-
ment (amperes)

dy = length of element (centi-
meters)

A = wavelength of radiated
wave (centimeters)

r = distance from current ele-
ment to remote point, P (cen-
timeters)

k= 2x/A

e—*" = cos (kr) — j sin (kr)

I=v-1

§ = angle between dy and r

dFy = electric field intensity due
to current element (volts/cen-
timeter).

Figure 33

Let us now consider the situc-
tion when the current element is
a part of the antenna shown in
Fig. 33. The antenna is a vertical
wire with its lower end adjacent
to a perfectly conducting earth.
The length of the antenna is des-
ignated by a. The current along
the antenna is some known func-
tion of y, the distance from the
ground.

From (l), the electric field at
point P due to a current element y
centimeters from the earth is

{

dFg1 = +j30k 2 e~*ndy sin 6,
T

(2)

www americanradiohistorv com

and the contribution due to the
image of this element is

’
dFys = +j30k - e—ftrady sin 6,.

re
(3)

It is assumed that P is sufficiently
remote that

0 =10-=196
1 1 1
l'l— rg_t'o (4)

ry=ryp—ycosf

rs == ro -+ y cosd
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Then the addition of (2) and (3)
yields //! 1
ki, / { 2
dFy = 4560 - cos (ky cos ) /i
Lo
dy sin f.—7%", (5)
Figure 34
The total field due to the entire
antenna is obtained by integrat- N
ing over the antenna.
ke kro
Fg = 4j60 sin 6 Y7
To
S & ) d rent distribution is sinusoidal.
'/‘0 iy cos (ky cos 6) dy. (6) Suppose that the antenna has a

If the current distribution is on
analytic function of y, the electric
intensity is given by integrating
(6). If the equation of the distribu-
tion is unknown but the distribu-
tion is given by a plotted curve
(obtained by experiment in the
case of the tower antennas) two
procedures are possible. One is
to try to find en analytic function
which will fit the current distribu-
tion curve. This is generally not
very fruitful. The other procedure
is to plot the integrand and meas-
ure the included area. At best,
the method is rather tedious.

For convenience, let us write
.60
Fy = +4j — Kf (6) Ise—F¥ro,
To )

where Iy = current at the base of
the antenna. We will call K the
form factor of the antenna and
f(§) the vertical radiation charac-
teristic.

y=u t'"
K= | ksing — cos
y=0 I

0

(ky cos 6) dy:L_

90
y=u dy 3
- [k f i |
y==0 Io
and,

y==a g
f(0):|:k sin 0/11:0 -I%cos

(ky cos 0)dy]/K. (9

(8)

It should be noted that A6) is unity
when 6 is 90 degrees.

It is of interest to show the form
taken by K and f() when the cur-

nonradiating capacity area at the
top so that the current distribution
is shown in Fig. 34. Then b is the
length of the portion of sine wave
suppressed by the capacity area.
Then we define the quomtities

B = 360b/2 (degrees)
A = 360a/A (degrees)
G=A+4 B.

The current distribution is

) Iysin (G — ky)

Ly

sin G (10)
Then,
cos B—cos G
Sin G (11)
and,
cos B cos (A cos ) — cos
f(6) =

sin § [cos B — cos GJ
9sin B sin (A cos §) — cos G
(12)

When there is no capacity at the
top of the antenna, the current at
the topis zeroand B =0, G = A,
so

1 —cosG
K=—ro
sin 13
and. (13)
cos (G cos 0) — cos G
f(8)= :

sin (1 — cos G)
(14)

At the point on the earth (§ =
90 degrees) a distance r from the
antenna

601y (cos B — cos G)
SinG
(15)

In (15), when I, is measured in
amperes and r in centimeters, the

[Foo“l =

(volts/centimeter) .
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electric intensity is given in volis
per centimeter. These units are
not particularly convenient. A
more suitable expression is

37.251y (cos B —
[Fuo | =
r
cos G) )
(millivolts/meter)
sin G " (16)

where now r is expressed in miles
and the electric intensity is given
in millivolts per meter.

The current at the base of the
antenna depends on the input
power and the antenna resistance
thus

b= 4/ r

0 R
The antenna resistance is made
up of the loss resistance and the
radiation resistance. In a well-de-
signed antenna, the radiation re-
sistance predominates.

The calculation of radiation re-
sistamce is a fairly simple matter
when the current distribution is
sinusoidal and the results are
well known. When the current is
sinusoidally distributed as shown

in Fig. 34, the radiation resistance
is*

30
R, (chms) = [ sin? B
sin? G

(17)

fsin(ZA) W\ cos (2G)
24 }_' 2

(C + log (44) — Ci (44)}

4+ {1 4 cos(2G)} {C + log

(2A)— Ci(2A)} + sin(2G)

EC)

where A, B, and G are the quam-
tities defined previously and ex-
pressed in radians. C = 0.577214
is Euler’s constemt and Cilx) and
Si(x) are respectively the integral-
cosine and the integral sine as
defined on page 19 of the Jahnke-
Emde "Funktionentafeln.”

When the current distribution is
nonsinusoidal, one must resort to
other tactics. - A simple graphical
method will be outlined. It can
be shown that the total power
radiated through the surface of a
hemisphere of radius, r, and

(18)

* Balth. Van der Pol, Ir., Jahrbuch d. drahtl.
Telegr., Vol. 13, p. 217, (1918).
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whose center is at the base of the
antenna is

P, (watts) =
f’=r/2 Fg?ro? sin 6
—_—dd
0=0 60 (19)
Substituting (7) in (19)
b=m/2
= 60K2f2(8)14? sin 6d6
8=0

G=mw/2
— 60K2I,2 f £2(6) sin 6d8
8=0
= I#R..
(20)

The integrat of (20) may be inte-
grated by plotting f%6).sin 6
against 6 in rectangular coordi-
nates ond determining the includ-
ed area. This operation requires
squaring the quamtity A6 ond
multiplying by sin 8. We have
used a slight variation from this
procedure. It first requires the
preparation of a new type of
graph paper (Fig. 35). The angu-
lar coordinates are still radial
lines. The magnitude coordinates
are no longer circles, but are cir-
cles multiplied by V/sin 6. We
merely plot f(§) for any antenna
on this paper. The area lying
under the resultant diagram is
then proportional to the integral

§=1mw/2
f £2 (6) sin 8.
=0

For reference, we also plot an #(6)
curve for a quarter-wave antenna.
We will use the quarter-wave an-
tenna as a standard. Then

cos (90° cos 6)
f0)y =——F7
sin (21)

This curve is shown on Fig. 35
and its included area is desig-
nated as A, Ao is the area of the
antenna in question. Then the
power radiated from this particu-

lar emtenna is

Io*R, = 60K2[2A, (22)

Figure 35

BROADCAST NEWS .

and the power radiated by the
standard quarter-wave antenna is

1,2R;2 = 60[2A,. (23)
Dividing (22) by (23),
A,
R, = Kt —R, (24)
A,
where R, = 36.6 ohms. Thus to

determine the radiation resistance
of any given antenna whose form
and vertical radiation pattern we
know, merely plot the vertical
radiation pattern on the graph
paper of Fig. 35, pleanimeter the
area of this diagram ond the
standard area and substitute in
(24).

The ratio of the intensity at the
horizon to the intensity due to a
quarter-wave antenna radiating
the same power is given by

e

A,
FO/Fa = ¢
Ay (25)
APPENDIX B

Magnetic Flux Density Measure-
ments with a Loop Antenna

The ordinary field intensity
measuring set makes use of a
loop antenna. This device inher-
ently measures the magnetic flux
density of a radiated field, and
really yields the electric intensity
by virtue of the fact that at remote
points from the source of radia-
tion the magnitudes of the electric
vector and the magnetic flux den-
sity vector are related in a con-

“source of radiation.

DECEMBER, 1935

no longer holds when the meas-
urement is made close to the
In the usual
calibration of a loop antenna, the
induced voltage is taken as

e = Fh (1)
where F is the vertical electric
intensity, and A is the effective
height of the antenna in centi-
meters, given by the equation

27fNA )
h = ——— (centimeters)
¢

f = frequency in cycles per sec-
ond

N = number of turns on the
loop .

A = area of loop (square cen-
timeters)

¢ = 3 X 10'° centimeters per
second = velocity of propa-
gation in free space.

Actually, the induced voltage is
given by

e = 2«fNAB = chB (3)

where B is the magnetic flux den-
sity measured in webers per
square centimeter. At a point re-
mote from the transmitting on-
tenna, .

| F| =c-|B]| (volts/centi-
meters) 4

and (1) may be used to measure
the magnitude of the electric in-
tensity F. At any point where (4)
does not hold, we can only meas-
ure the magnetic flux density as
given by (3), and obtain a false
value of F by using (1).

L

x Fx

i

stant ratio. This simple relation
/™
|
Figure 36 l
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To illustrate the point, let us
examine the case of a small loop
antenna placed in the vicinity of
a quarter-wave transmitting an-
tenna. (Fig. 36). The loop is placed
at the surface of the earth, which
is assumed to be perfecily con-
ducting. The plane of the loop is
placed in the plane determined
by the axis of the transmitting an-
tenna and the center of the loop.
H is the actual height of the loop,
while W is its width. We will find
the voltage induced in the loop.

At any point, P, in space (Fig.
36) the components of electric in-
tensity are

e—]rk;: E—jkr;
Fz = —j3010[ "l" ]
ra O
()
and,
i (7 — q)
= + ]3010 |:
lo X
(a+2) e
_J[_
x ry
(6)
where,

a = 1/4, the height of the trams-
mitting omtenna,

=1V (a—z)"+x*
t =/ (a+z)*4-x*
I, = current at the base of the
transmitting antenna
kR =2,/
Then the voltage induced in the

vertical side of the loop nearest
the transmitting antenna is

ey = — j60I,NH
l— e dkrot jkWao/2r0) T

WXO J
o —
|~ ’ 2('0
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where r, = \/a®+x¢*

and, if the dimensions of the loop
are small compared to q, the fol-
lowing approximation holds true,

2 =r; =

yor( T -

/‘/a-+xo —xoW+——

Wxq Wx,
=r, 1 — =ro — .
t'oz 2!'()

Under a similar approximation,
the voltage induced in the oppo-
site vertical side is

ex = + j60I,NH

|'E — jkro— jtkWxo/210) \l
WX 0

[ ot 2ro J
(8)

In (8), the sign has been re-
versed so that e has the same di-
rection around the loop as e;.
Adding (7) and (8), we find

HWN

—jkro

ey + es = — j60I,

€
o
ro™

Xo . T
— + Jkxo J
To
(9)
where it has been observed that

(k\on )
cos =1
2rq

and,

(kWXo) kWXo
sin = .
2ry 2ro

The voltage induced in the hori-
zontal section of the loop most re-

17

mote from the ground is found
from (6) by placing z = H, and
noting that

r=\{a — H)*+ xo*

aH
== [0 — ——
ro
and,
n=V + H)
aH
=T+ —.
To

This voltage is
e, = + j30I,WN

(H — a) e—Ikro+j(kaH /ra)
Xo aH
ro — —
To

(a + H) ¢—Fkro—j(kaH /ro)

Xo ( aH
ro + -—)
To

(10)
If,
( kaH )
cos = 1
To
and,
kaH kaH
sin ) = :
ro To
(10) becomes
—jkro
e = 4 j60I, WHN .
ro
Xo . ka?
2]
o Xo
(11)

Since the bottom horizontal sec-
tion of the loop is at the surface
of the earth, the voltage induced
in the section is zero. This may
be seen by setting z = 0 in (6).
Then the total induced voltage
is obtained by adding (9) and (11),

e—fkro
e = + 60I,bHWN

ka? ]
Xo

601,
=+ etk HWN

Xo

601, Bif
=4 ¢ —Ikro,

Xo (12)
[t is seen from (5) that the actual
vertical electric intensity vector at
this point is
(Continued on Page 20)

l'02

[hXo +
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HIGH FIDELITY FOR
WREN

‘With New Studios and Equipment Kansas Station Ranks High
in Mid-West

By FREDERICK WHEELER, Chief Engineer

ITH the installation of a

V V new RCA Type 5-C trans-

mitter, station WREN steps
into the powerful High Fidelity
broadcasting field to match the
largest and finest studios in that
part of the country. From a 1IKW
setup in 1927 to the present SKW
equipment of today is an interest-
ing story of radio progress and
expansion.

Covering the rich terrijory of
Kansas City oand its environs
WREN has consistently main-
tained very high standards in its
programs and the means for put
ting those programs on the air.
The management headed by Mr.
Vernon H. Smith, dafter careful
study decided that the 5-C trans-
mitter met their rigid standards
most exactly and with the installa-
tion completed early in July the
first programs were aired.

The changes in the standard
5-C installation include the use of
two of the new V" cut crystal os-
cillators.! Two complete crystal
controlled oscillators are enclosed

1 Ct Broadcast News, Aug. '34, Feb. ‘35.

in a single unit and quick change-
over may be made by means of a
switch located on top of the unit.
The change in power from 5KW
to 1IKW is accomplished by reduc-
ing the plate and excitation volt-
ages on the final amplifier. The
plate voltage change is made di-
rectly with a 20,000 volt relay
while the excitation change is ob-
lained by dropping the plate volt-
age on the modulated amplifier.
For the latter, a 2000 volt relay is
used. Additional contacts on this
relay connect to a loading resistor,
thus providing a constant load on
the modulator. Grid bias voltage
on the final amplifier is auto-
matically reduced because it is
obtained by means of resistors in
the cathode connection to the
power amplifier tubes.

Specially Designed Units

Inasmuch as the antenna at
WREN is placed directly over the
transmitter building, no transmis-
sion line or associated coupling
equipment was needed. The
standard outdoor antenna coup-
ling unit was therefore replaced

DECEMBER, 1935

)
8

[

The attractive entrance to the new studios.

with a specifically designed om-
lenna tuning unit for indoor
mounting, which was furnished
by the RCA Manufacturing Com-
pany. This unit includes loading
coils, series condensers, a har-
monic suppression tank, and the
antenna monitoring rectifier.
Installation of the new trans-
mitter was made entirely by the

regular operating staff, and the

actual  working time requirerd
somewhat less than three weeks.

Since the new transmitter was
to occupy the same position in
the transmitter room as formerly
used by the old set, it was neces-
sary to move the old set across
the room during the installation.
This was accomplished by ex-
tending all the external wiring to
the old set. Tube cooling water
connections were temporarily
made by means of flexible copper
tubing. No program time was
lost during the changeover or in-
stallation,

Work on the new transmitter
proceeded rapidly and smoothly,
and the first tests were made June
27. Four days later the transmit-
ter was used on regular program
schedule.

(Left): Carl Bleisner, left and Carlton
Marquordt, right, WREN engineers,
standing beside the new transmitter.

—— R 9
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5 KW OPERATION

HARMONIC DISTORTION
PERCENTAGE R.M.S.

30 40 50 60

70 80 90 100

PERCENTAGE OF MODULATION

HARMONIC DiIsTORTION CurRVE TAKEN On RCA 5-C BROADCAST
TRANSMITTER AT WREN, LAwRence, KaAnsAs, June 4, 1935.

An unusually intense heat
wave was crossing the Mid-West-
ern States during the installation,
and afforded the engineers an ex-
cellent opportunity for checking
the tramsmitter's operation in high
ambient temperatures. Daytime
temperatures in the transmitter
room exceeded 120 degrees F and
readings taken within the frame
showed temperatures of 130 de-
grees F. In spite of the fact that
mercury vapor rectifier tubes are
not recommended for operation
in ambient temperatures above
125 degrees F, no unusual num-
ber of arcbacks occurred in the
RCA-872A tubes. Those arc-backs
which did occur were quickly lo-
cated by observing the arc-back
indicators provided for each tube.
No program time was lost from
arc-backs since the automatic
control system instantly returns
the transmitter to the air with one-
half normal plate voltage. Full
plate voltage is applied seven
seconds later. Listening tests
showed the automatic control op-
eration to be so fast as to be un-
noticeable by the listener. The
automatic control circuit is ar-
ranged so that plate voltage does
not return after the third overload.
In this way, circuit and tube pro-
tection is assured. An air blower
system, designed to provide a
blast of air against a spot on the
tube envelope, is being installed
by RCA to keep the operation of
the rectifier tube within the manu-
facture ratings.

The plate transformer, voltage
regulator, and power contactors
were installed in the basement in
a cage behind the switchboard

A bird in good hands at WREN.

used for power supply distribu-
tion. The water cooling system
was also installed in the base-
ment in a separate room provided
for that purpose.

Performance capable of meet-
ing all present and proposed high

The Silver Studio—just one of the beautifully appointed studios in the new building.

fidelity requirements was desired
in this transmitter, selected as it
was during a period of rapidly
changing engineering practice.
That it meets these requirements
is easily seen from the perform-
ance curves. The audio frequency
response is within a 2.5 decibels
variation from 30 to 12000 cycles.
The use of small tubes through-
out, except in the power amplifier,
results in economy and also a
simpler and more compact unit
capable of improved performance.

With the equipment now in-
stalled, WREN is placed in an ex-
tremely advantageous position to
give complete and intensive cov-
erage over a wide area. With a
large population to serve and one
of the wealthiest markets in the
country it looks into the future
with opportunities that eclipse
those of the past.
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TOWER ANTENNAS sinusoidal distribution of current,

=5
(Continued from Page 17) the true electric intensity to a point — 5
Is on the earth a distance x, from the Figure 38 o IJ : a 7]
F = — j60 — ¢Jtro base of the antenna is given by b -L’fe
ro ( 1 3) 601 l T
so that, if (1) is applied, we would | £ ’ _ °
obtain an erroneous value for the actual | sin G APPENDIX C

electric intensity. e cos G The Effect of the Base Insulator

It can be shown that the flux — e~k .
density at the center of the loop is To X Since the tower type antennas
u (17) necessarily rest on one or more

base insulators, the capacitance
of these insulators is shunted
across the antenna circuit itself,
thus altering the effective impe-

— . I,
B = +J —_— ¢ kro
T Xo
where ¢ = 4r . 10—? = permea-
bility of free space. The total flux

(14) where ry = Va* + x> and G =
2wa/A, and the apparent measured
electric intensity as given by (1) is

linking the loop is | Focan | = 60/ dance offered to the driving volt-
¢ = BNWH. (15) meee sin G age. We will examine this effect
The induced voltage is —tkro oG quantitatively. The equivalent cir-
d¢ _ e—Jks ’ cuit is shown in Fig. 38. In this
= — n = — j2nf¢ x x figure,
= — j2nfNWHB = — jhcB (%) R, = antenna resistance
e Io Fig. 37 shows the ratio of |F,ea|/ X1 = antenna reactance (induc-
= 4 — — ¢ *ANWH |F wes,! @S @ function of the dis- tive or capacitive, depending
2m xo tance from the base of the an- on the antenna length)
B 601, be—iftre tenna for a number of transmitting  C, — capacitance of base insula-
=+ P € (16) antenna heights. We see that all tors

12) the curves approach unity as we
. go to distances greater than one
wavelength. It is also seen that
for distances from the antenna
less than one-half wavelength,

R = equivalent series resistance
of the base insulator capaci-
tance. (This series resistance
may be due to losses occur-
ring in the base insulators or

which result checks with
Thus we see that while it is not
valid to use (1) to determine F, it
is true that (3) may be used to de-
termine the electromagnetic flux

density. This is the procedure that the error in measuring the elec- lo losses occurring in the
was followed in determining ex- Iric intensity becomes very large. earth if the capacitance cur-
perimentally the distortion of Thus we see that a loop antenna rent flows through a layer of
earth currents in the neighbor- may be employed to measure the earth in returning to the
hood of the WCAU antenna. magnetic flux density in the

’ ] ground connection.)
It is interesting to observe the neighborhood of transmitting an-

amount of error one makes in tennas; some other arrangement, .
using equation (1) to measure the such as two parallel disks, must Iz =current flowing to earth

1, = true antenna current

vertical electric intensity. If the be used as an antenna to meas- through the base insulators
transmitting antenna is a straight ure the electric intensity in the [, = total current applied to the
vertical wire Of height, a, Wlth a same region. antenna system (the vector
. i ) sum of Iy andlp.)
\ \ . E, = driving voltage at the base
] \ of the antenna
P [ | | Zy=Ra+ jX4
\ \ ‘ I | ! ZB:RB +an(Xy :—1/2wa,,)
2| [\ 1 [ 11 : ; 1 L Zo = Ry + jXo = equivalent im-
BRSNS L P | pedance of the combined cir-
Lo | E ¥ o ' cuits.
N *
AN % _ === —— We may arrive at the equiva-
ol ¥_| | =Y e lent impedance of the combined
54, Zanl ke ircuits by the relati
X ] — | circuits by the relation,
06| T % L N N N N A A N
N 1% ]T T T T i Z AZ B
< 7 T T T Zo:Ro+]X0:~ —
'g-ik 47/(, ZA + ZR
/ + m
11 XA From the equation,
L ) ) els | oo | os | ole | alz | de | oo | Ao 1| 4z Eo=1Zy=1.Z, = I:Zy
Figure 37 (2)
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I Cog
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20 |% — | S g
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0 = ; —17a/z- }o_z
P - /cﬂ/(l;/wfd) |
TR M e T T el 1
we find, factor of approximately 0.7 of one
5 5 i th
1.1, = Zo/Z ., per cent. Since some of the pa
alTo _0/_A is through the air the power fac-
In/Io=2¢/Z3 . (3)  tor will be lowered. This is of

The power lost in the base insu-
lator circuit is,
PB = 132Rn = 102R3202/232
(4)
while the total power supplied to
the combined circuits is

Po:Io2R0- (5)

Thus, the power wasted in the
base circuit in percent of the total
input power is

100P,/P O
B/ Po = R Z
(p-£.) 5Z6? X 100
RoZn '
Ry
£)p =
(p B Z,

(6)

We thus have available enough
expressions to tell us the complete
story. We see from (6), if Rp is
made zero, that the total input
power is spent in the antenna it-
self. This is an obvious conclu-
sion from inspecting Fig. 38.
While it is impossible to make Ry
precisely equal to zero, it will in
general be small compared to the
reactance of C,. For instance, if
the total displacement current
flowed entirely through the por-
celain, we would assign a power

course on the assumption that
due precautions have been taken
to prevent these displacement
currents from flowing through any
high resistance layers of earth.
The various quantities expressed
by (1), (3) and (6) have been com-
puted as a function of C, for the
following conditions:

Antenna height = 0.5975 wave-
length = 215 degrees

Effective radius of antenna =
12.5 feet

Rsy = 191.0 ohms

21

X4 = —97.0 ohms

Frequency = 108 cycles per sec-
ond

(p.f)g = Ry/Zp = 0.01.
The results are shown in Fig. 39.
We see that the effective resist-
ance decreases while the react-
ance increases with an increase
in the base capacitance. The
power loss in the base circuit in-
creases, but has only attained a
value of 0.6 of one per cent of the
total input power when the base
capacitance is 300.0 microfarads.

Fig. 40 shows similar results for
the following conditions:

Antenna height = 0.4166 wave-
length = 150 degrees

Radius of antenna = 12.5 feet

Frequency = 108 cycles per sec-
ond

R4 = 400.0 ohms

X4 = 472.0 ohms

(p.f)x = 0.01.

In this case, we see that parallel
resonance may be obtained for
an antenna much less than a half
wavelength long. We also see
that the power wasted may be of
the order of 1.5 per cent of the
total input power. When it is ob-
served that the field intensity is
proportional to the square root of
the power radiated, one sees that
a loss of power of 1.5 per cent
lowers the field intensity about

.75 of one per cent.

A similar calculation for an an-
tenna whose height is close to

(Coneinued on Page 34)
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SOME FURTHER THOUGHTS
ON MODULATION
(Continued from Page 8)

carrier could be transmitted with
little increase in input power which
would permit the receiver to keep
in tune. However, to date, no
normal broadcast receiver can re-
ceive such a signal without ap-
preciable distortion so that such a
system for modulation would re-
quire the full carrier with side-
bands supplied at the tramsmitter.
The carrier may be supplied with
a Class C amplifier which may
be combined with the sideband
output amplifier.

In devising a system to pre-
vent distortion, the most difficult
part is in properly combining the
output of the carrier amplifier and
sideband amplifier. Voltage regu-
lation difficulties in the output of
the two amplifiers will result in
non-linearity as for the phase con-
trolled system of modulation. The
carrier amplifier must also be
capable of double carrier output
for peaks of modulation, as in-
dicated for the phase-controlled
modulation system. The efficiency
of the Class C or carrier ampli-
fier may be normal, but if the
sideband amplifier is of the Class
B radio type, the overall plate ef-
ficiency of this system for modu-
lation should be somewhat less
for the phase-controlled modula-
tion system. The sideband sys-
tem of modulation was tried sev-
eral years ago by one or more of
the companies then associated
with the RCA but no satistactory
means was devised to couple the
carrier and sideband amplifiers
to a common radiating system.
Multiple antennas were also tried
in an effort to keep the distortion
at a low value, but met with little
success.

Even though the above systems
are inherently non-linear output
systems and are comparatively
complicated, it is quite possible
that the proper application of the
degerative amplifier system with
other special means for reducing
distortion, may result in a trans-
mitter with a power input compar-
able to the Class B modulated
high level system of modulation.

The Class B high level system
of modulation was discussed
more or less in detail in the pre-

BROADCAST NEWS .

vious discussion of modulation
systems in Broadcast News and
needs only be compared to the
systems discussed above. Recent
measurements on a compara-
tively high power modulator in-
dicated a distortion of less than
3% arithmetic sum of harmonics
and under conditions for lower
output the above value of har-
monics was reduced to half the
above value. These measure-
ments on the modulator included
the entire audio system and did
not have any means for harmonic
reduction except straight forward
Class A and Class B audio ampli-
fier design. As is commonly
known no inherent distortion is
present in the plate-modulated
Class C amplifier. Therefore, a
Class B high level system of mod-
ulation is the least critical of all
systems of modulation with which
the writer is familiar.

As for plate efficiency of the
high level modulated system the
efficiency should be equal to or
better than the efficiency of the
above discussed systems of mod-
ulation and without critical ad-
justments and special means of
reducing distortion. This charac-
teristic of the high level modulated
system with its inherent low dis-
tortion, much less critical adjust-
ments, greater stability, and ease
of maintenance, makes the sys-
tem a very desirable one to use
for broadcast transmitters.

PERSONAL APPEAL IS “TOPS”
(Continued from Page 5)

above the floor level of the stu-

dios and affords the control oper-

ator clear vision into any of the

studios. In it have been installed .

the RCA high fidelity speech
equipment (40C amplifiers, 46A
mixers, 41B preamplifiers and 4194
monitor amplifiers). These, coupled
with RCA velocity microphones in
the studios afford listeners to the
station the best possible reception.
Flanking the studios, on one
side is an uncompleted studio
which will house a grand organ
to be installed shortly, and off the
spectators’ gallery is located the
musicians’ lounge, which is fur-
nished in more conservative and
subdued tones. All the execu-
tive offices are equipped with a
three way monitoring system.
(Continued on Page 33)

WAAAAL americantadiohistornv. com

DECEMBER, 1935

Modern Broadcast
Station Design

Additional Suggestions Will Follow in

Later Issues.

By JOHN VASSOS

ITH the advent of modern

V w construction and functions

of interiors in broadcast-
ing studios, a consciousness of
design is now being manifested
in tronsmitter houses. Just be-
cause these plants are usually
situated beyond city limits, there
is no reason why they should not
be unique in design and beauti-
ful in arrangement. With new
equipment constantly being cre-
ated and "dressed up” to the point
where such devices cease to
look like ordinary machinery, the
buildings that house these new
units can express the tempo and
spirit of the most modern inven-
tion of the age—the radio.

With this in view, the adjoining
plan and romantic sketch is cre-
ated. The materials used in this
building are steel, cement, glass,
and aluminum. The arrangement
of the building proper is a main
hall entrance, two offices on either
side, sleeping quarters above for
emergencies, store room, and
work shop.

The transmitter is placed toward
the back of the building, its back-
ground being the new Pyrex glass
orick. This grouping creates a
uesired electrical effect, particu-
larly at night, the glass being
non-transparent but luminous.

The principles of horizontalism
have been adapted in this partic-
ular design, with the station’s call
letters placed directly on top of
the station proper. Neon light ef-
fectively illuminates these letters
from the inside on both sides.
These letters are structural in
width, end carry out the spirit of
metal alloy. Structural glass is
also used directly above the main
entrance, facing the heavens, at
night throwing a ray of light and
in the daytime proving an ade-
quate light shadt for the entrance
and reception hall.

In the next issue, interior ar-
rangements of this plan will be
offered to our readers.
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AVIATION HEADQUARTERS AT
RADIO HEADQUARTERS

Airmen Find RCA Service Valuable

dations, radio installation
and servicing facilities, office
and resting spaces, as well as a
working demonstration of all the
newest types of aviation radio ap-
paratus are placed at the disposal
of itinerant pilots by the RCA
Manufacturing Company, at its
newly established aviation radio
headquarters, located at Cam-
den's Central Airport, according
to David S. Little, in charge of
RCA's aviaticn radio sales. All
of the ckove facilities and equip-
ment are housed in a modern
hangar building 120 feet long by
80 feet wide.
Complete Line
Simultaneous with the opening
of RCA's aviation radio head-
quarters building, Mr. Little an-
nounced the introduction of the
most conplete and advanced as-
sortment of aircraft radio appar-
atus in the Company's history.
Each unit is a product of that
specialized type of engineering
which modern aviation's special
requirements make necessary.
Qutstanding among the new in-
struments is an extremely com-
pact, light-weight and low-cost re-
ceiver which should prove espe-
cially attractive to sportsman
pilots. It is available in a choice
of two wave-band reception com-

SPACIOUS hangar accommo-

the

either to receive

binations,
beacon and entertainment bands
(RCA Model AVR-7), or the bea-
con and communications bands

(RCA Model AVR-7A). Each is a
highly efficient superheterodyne
receiver, equipped with four multi-
function RCA tubes giving the
equivalent of six-tube perform-
ance, with a resultant lower pri-
mary power drain. The receiver
case, with builtin “B"” and “C"
power supply unit measures only
8%" by 6%" by 94", and weighs
only 16 lbs., 10 ozs. It is remotely
controlled by mechanical cable
from a unit which fits easily in the
small, unused spaces on the in-
strument pamel. It requires only
standard aircraft dry cells or stor-
age batteries for its low, econom-
ical drain. Ease of operation, rug-
gedness of construction and sim-
plicity of installation are some of
the many features to recommend
the new receiver.
K Light and Compact

‘ Then there is a new aircraft
transmitter (RCA AVT-3A), of 20
watts power output and weighing
only thirty-eight pounds, which
Mr. Little described as a "'single
package” equipment of excep-
tional capabilities. It is a small,
single-unit tremsmitter especially
designed and constructed to meet
the severe requirements of aircraft
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communications. During flight, it
offers the pilot a choice of three
types of high-quality emission, in-
cluding telephone, continuous-
wave telegraph (CW), and tone
modulated continuous wave tele-
graph, (MCW)—assuring reliable
and efficient communication with
ground and stations in all kinds
of weather and under all operat-
ing conditions. The entire equip-
ment including dynamotor supply,
is housed in a single, durable
metal case measuring only 10%"
by 10" by 16%". Reception is pro-
vided in the frequency range of
from 2000 to 6500 kilocycles and
a simple switching arrangement
permits rapid selection while in
flight of any of three pre-deter-
mined frequency channels within
this range. Power is supplied by
a standard 12-volt storage battery
or other direct-current source. Ac-
cessibility to the chassis is provid-
ed by an ingenious mechanical
arrangement by which the entire
chassis slides out for inspection.
Flexibility Featured

Included in the newly developed
RCA aviation radio apparatus is
a complete and impressive variety
of airport communication instru-
ments. Provision against rapid
obsolescence is one of the many
ingenious engineering features of
the equipment. For instance, an
airport starting with one of the
transmitters can add additional
lower powered communication
power, and provide for speech
amplification systems and radio-
beacon service, by adding other
apparatus especially engineered
for adaption, and using the orig-
inal transmitter as a foundation.
In addition to the ruggedness,
ease of operation and adaptabil-
ity which the airport manager
should expect from present-day
advanced aircraft radio design
and construction, the new RCA
apparatus represents a marked
improvement in appearance. Trim,
smart lines and two-toned finish
serve a decorative as well as
utilitarian purpose.
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BUSINESS IS GOOD AT WEMP

New Equipment Boosts Reputation of Milwaukee Station

EMP, Milwaukee, steps up

to prove that size is not an

indispensable quality in
making a broadcasting station
successful. Limiting its field of
action to a very definite and local
territory and cultivating that field
to the utmost is the secret which
has placed it on top.

Located on the seventh floor of
the Empire Building in the heart of
the city, WEMP, utilizes two sound
proof sludios, a combination con-
trol and transmitter room, recep-
tion room, private office and gen-
eral offices. Situated as it is in
the center of the city it is able to
give excellent service to its clien-
tele. This central location not
only makes it convenient but also
enables it to give intensive and
uniform coverage over the metro-
politan area and its environs.

Determined to give advertisers
the benefit of the very latest
equipment and at the same time
to bring to its listeners the highest
quality in radic WEMP has in-
stalled a new High Fidelity trans-
mitter and new speech input

equipment.

The response waspolitan stations.

The compact arrangement of the new transmitter and associated equipment for
service and efficiency.

quite as striking to the station ex-
ecutives as to the audience. Let-
ters, telegrams and telephone
calls poured in to prove that the
difference had been noted.

It proved moreover that the
smaller local station did not have
to retire before the larger metro-
A clear signal,

Full vision into the studio.
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interesting programs and the es-
sentially local touch were all that
were needed to place it in the
front rank. For, dafter all, a local
population is tremendously inter-
ested in its own problems, its own
businesses and its own talent.
That was the key which enabled
WEMP to unlock the door to local
success just as it has enabled
many small stations to realize
that the Broadway which really
interests the inhabitant of any city
is the Main Street of his home
town.

The installation included an
RCA 100-E transmitter, velocity
microphones, 41-B pre-amplifiers
and 40-C amplifiers. For monitor-
ing, a 4194-B amplifier is used in
conjunction with UZ-4209 loud
speakers. In addition two 70-A
transcriction units, one using both
lateral and vertical pickup, makes
a complete and compact set-up.
The transmitter operates into a
concentric transmission line which
feeds into the 179 foot vertical
radiator located on top of the four-
teen story building.
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A FIELD INTENSITY
SLIDE RULE

By H. E. GIHRING

FIELD intensity slide rule
A that has been used by the
RCA Manufacturing Com-
pany for the past four vears in
predicting field strengths, analyz-
ing surveys, determining the lo-
cation of transmitters, etc., has
proved to be an extremely valu-
able instrument for the purpose.
In order that its function and
method of operation may be more
clearly understood we are giving
this detailed explanation based
on actual field work.

First, consideration was given
to the choice of the correct propa-
gation formulae. There were
many to choose from, including
Austin-Cohen, Eckersley, Rolf,
Van der Pol and others, each giv-
ing different results.

Prior to 1930, the Austin-Cohen
formula was in general use. In
that year, a survey was made of
the police transmitter in Akron,
approximately 40 miles from
Cleveland and was compared to
a previous RCA survey of WTAM
in Cleveland. Since the surveys
were conducted over the same
territory, the attenuation factors
should have been the same. Upon
computation they were found to
be about .01 to .02 for WTAM on
1070 KC and .06 for the police
tramsmitter in the 2400 KC band.
Obviously the Austin-Cohen at-
tenuation constant did not remain
constant with the frequency, in-
dicating an error in this formula.
Discrepancies of the same order
and greater were noted by Kirby
and Norton in their paper.!

A number of papers appeared
on this subject at about this time,
including “Graphs to Prof. Som-
merfeld’s Attenuation Formula for
Radio Waves,” by Bruno Rolf;?
"The Calculation of the Service
Area of Broadcast Stations” by P.
P. Eckersley;3 “‘The propagation
of Electromagnetic Waves over a

1 "Radio Field Intensity Measurements at
Frequencies from 285 to 5400 XC per
Second.” Bureau of Standards Journal
of Research Vol 18, Apr, 1632.

2 Proc. IRE March, 1930, page 391.

4 Proc. IRE July, 1930, page 1160.

Flat Earth,” by Van der Pol and
K. F. Niessen* and "The Propaga-
tion of Electro-Magnetic Waves
by B. Van der Pol® Since Van
der Pol's formula agreed most
closely with the results and was
simplest to use, it was chosen. P.
P. Eckersley's curves agreed with
those of Van der Pol for some
distance and then Eckersley's
curves dropped off more rapidly.
This was explained in his article
"Direct-Ray Broadcast Tremsmis-
sion."® To correct for the curva-
ture of the earth, Eckersley used
the same formula as Van der Pol
up to a certain distance and then
used Watson's formula. This for-
mula did not agree with observed
results.

Rolf's curves have been shown
to be inaccurate. In "Nature” for
June 8, 1935, K. H. Norton of the
Federal Communications Com-
mission states as follows:

"The purpose of this letter is to
point out an error in sign in Prof. A.
Sommerfeld's original paper? on the
attenuation of rodio waves. The error
in sign has recently been reflected in
Bruno Rolph’s graphs? of the Sommer-
feld formula, predicting dips to 2ero in
the field intensity at finite distances
from a radio transmitter and other an-
omalous phenomena. The error in sign
has been corrected in Prof. Sommer-
feld’s 1926 papers8 and also does not
occur in the derivation by B. Van der
Pol and K. F. Niessen."4

The Van der Pol formula has
been experimentally checked by
us a number of times during the
past few years. The best criterion
is that the constants of the earth
at any location measure the same
for widely different frequencies.

Van der Pol Formula

The Van der Pol formula can
be briefly stated as follows:
Eg _ E11‘1S
To
E; is the field intensity in milli-
volts per meter at some dis-

where

4 Annalen der Physik, 1930, Vol. 6, Series
5, No. 3, page 273.

3Zeit fur Hochfrequenz 37,
pages 152-156.

YIRE Proc. Oct., 1932, page 1555.

2loc cit.

7 Annalen der Physik 28, 665; 1909.

S Ann der Physik 81, 1135; 1926.

4 loc cit.

Apr. 1931,
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tance r; close enough to the an-
tenna so that attenuation has
not set in.

E; is the field intensity at some
distance rs.

S is the reduction factor.

S is related to P, the numerical
distance, by the following ex-

pressions. For values of P less
than 20,
s _ 24+ 3P
T 24P+ 6P

and for values of P greater than
20,
1

P
P is determined as follows:
.8421‘2
%0 X 1018

S =

P=

where

P is the "numerical distance”

T» is the distance in miles from the
cntenna to the point where the
field strength value is desired.

4 is the wavelength in kilometers

¢ is the conductivity of the earth
in electromagnetic units (emu).
The formula as given above

neglects the dielectric constant of
the earth. This renders the for-
mula approximate with only a
small error in the broadcast band,
and a somewhat greater error in
the police band from 1600 to 2500
KC. In view of the fact that a
number of broad assumptions are
necessary to predict field strength,
such as assigning a value to E,,
determining the value of the con-
ductivity, etc., the error is negli-
gible in comparison. In spite of
this, with a little experience pre-
dictions con be made with a sur-
prising degree of accuracy.

Use of Formula

To use the formula to determine
the field strength, E,, the following
quantities must be known:

E, the field strength close to the
antenna.

r;, the distance at which E; is
measured.

Ts, the distance at which E, is to
be determined.

4, the wavelength in kilometers.

o, the conductivity of the earth.

Of these quanmtities, all except
Ei and ¢ are readily available.

Determination of E,

E,; depends on the current dis-
tribution on the antenna or form
factor, the current, ond the per-
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centage of power radiated. It is
beyond the scope of this article to
give all of the necessary informa-
tion to obtain the value of E;. The
value will be given, however, for
the three most important types of
antennas. The three types are as
follows:

1. Vertical antenna .16 io .2
wavelength  high. This antenna
with a good ground system (100
radials %2 wave in length) will
give high efficiency (180 to 190
millivolts per meter at one mile
for I KW input) and a semicircular
vertical pattern. It is best suited
for general use where economy is
a factor. Serious fading under
average conditions begins at 50
to 60 miles.

2. Vertical antenna .528 wave-
length high with sinusoidal distri-
bution or loaded to simulate such an
antenna. This antenna is of interest
primarily to cleared channel sta-
tions and its aim is to reduce fad-
ing to a minimum.* It is the best
antenna for fading reduction that
can be built in a simple structure
with heights of the order specified.
Under average conditions, the
fading free distance will be 70%
greater than the first type. The
field strength at one mile is 27%
greater than the first type when
using the same ground system,
which means that the service ra-
dius will be increased 12% as
compared to the first type.

To obtain sinusoidal distribu-
tion, it is necessary to make the
cross section of the entire antenna
uniform.

A smaller height .35 to .4 wave-
lengths can be used in conjunc-
tlon with loading. Loading is ac-
complished either by placing a
coil between the top of the tower
and an outrigger, or by placing a
coil between two insulated sec-
tions of the tower. The adjustment
of a loaded tower for minimum
fading is quite a task if the degree
of fading is used to determine the
adjustment. A more satisfactory
means based on measurements
made close to the antenna has
been developed.

3. Vertical antenna .64 wavelength
high with sinusoidal distribution or
loaded to simulate such an antenna.

* Proc. IRE April, 1935, “General Consid-
erations of Broadcast Antennas” by
Gihring and Brown.
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This antenna will give the maxi-
mum field strength along the
ground for a simple vertical an-
tenna in the order of the height
specified. Its only disadvantage
is that its vertical pattern is such
that it prodaces fading at about
the same point as the first type.
This may not be a detriment to a
regional station where hetero-
dyne interference limits the serv-
ice radius or to a "day only” sta-
tion. With the ground system
mentioned above, this cntenna
will give 40% more field strength
at one mile than the first type
mentioned. This will increase the
service radius 18%.

To obtain sinusoidal distribu-
tion it is necessary to have the
cross section of the antenna uni-
form. A smaller height of .37 to
.42 wavelengths high can be used
with loading as described for the
second type. For this case the
loading coil is adjusted for max-
imum field strength along the
ground.

TABLE 1
UNATTENUATED FIELD STRENGTH IN
MILLIVOLTS PER METER AT ONE MILE
FOR 1 WATT INPUT TO THE ANTENNA.

Antenna heightin
Eff. in Pct. wavelengths*®
187 528 .64
.. 6.05 7.80 8.60
SWA 7.40 8.18
5.41 6.98 7.69
5.07 6.52 7.20
4.69 6.03 6.68
- 428 5.51 6.11

* For cmtenn;- height in feet multiply
height in wavelengths by wavelength
in feet. {1 meter = 3.28 feet)

TABLE II
Power Multiplying
Watts Factor
1 1
100 10
250 15.8
500 22.4
1,000 31.6
2,500 50
5,000 70.7
10,000 100
25,000 158
50,000 224
500,000 707

Hence, for the three types of an-
tennas mentioned, the unattenu-
ated field strength in millivolts
per meter at one mile for one watt
of input is given in Table L

To obtain the field strength for
any other power, multiply the
value in the table by the square
root of the power in watts, as
given in Table II. For a 1 KW
station, for instance, the unattenu-
ated field strength at one mile for
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an antenna .167 wavelengths
high and 100% efficient is 192
millivolts per meter.

Since all of the power going
into the antenna is not radiated,
because of losses, some allow-
ances must be made for this. An
efficiency must be assumed which
depends on the antenna installa-
tion, primarily on the ground sys-
tem. When 100 to 120 copper
wire radials are buried in the
ground at least one-half wave-
length long, efficiencies of 85% to
95% may be expecled. If the
radials are few and shorter than
one-quarter wavelength, 70% to
80% efficiency may be antici-
pated, etc. For antennas on roofs
of buildings where the ground
system is necessarily limited, ef-
ficiencies as low as 50% to 60%
or even less may result.

While the values given in
Table I apply strictly to vertical
antennas only, the value for the
.167 wave antenna is very nearly
correct for any height between .16
to .3 wavelengths, provided an
adequate ground system is used.
It is also very nearly correct for
T and other top loaded antennas
with an adequate ground system
when the vertical portion is not
less than .16 wavelengths in
height. The value given for the
.528 wavelength antenna is cor-
rect for any antenna not less than
.35 wavelengths in height, loaded
at the top by some efficient means
to simulate a .528 wave antenna.
The same applies for an cntenna
.64 wavelength in height.

Hence, we can now obtain a
value for E;. The value of E; is
not too critical since, as will be
shown later, a change of 10% in
E; will cause a change of only
5% in distance at the edge of the
service area at which a certain
tield strength is obtained. Any
estimate within 5% is certainly
good enough.

Estimating Conductivity

Probably the most difficult term
to estimate is the value of conduc-
tivity, o, to use. The only accurate
means of determining this is by
actual measurement. A good clue
to the value of the conductivity
may be obtained, however, from
a knowledge of the type of soil
and terrain. The two are usudlly
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TABLE III usually encountered on .and
DETERMINATION OF CONDUCTIVITY range from 10 to 200 X 10— emu,
- - Conductivit which are expressed as merely
Terrain i lzr‘:a:;:nm Soil Type Remarks emux 105 10 to200. Hgnce, with this method,
a conductivity of 10— would be
Sea water 10,000 100 X 10— or 100.
Fresh water 5000-8000 Table IV gives the conductivity
- in every state where data was ob-
Marsh Loam and silt 1000 _ :
ars ane s tained. Practically all of these
Flat or rolling 50 feet Black loam 150200 data were obtained from surveys
tl
Sl made by the RCA Manufacturing
Rolling 50-100 feet Loam and sandy 80-106 Company. Anyone familiar with
loams, loam h . .
predominating the territory mentioned, may com-
are it with the part of th -
Rolling 100-500 feet Sandy loam 60-80 — hi L ,e C ourt
predominating :iry 1ndw ich the conductivity is
- esired, and thus i -
Hilly 500-800 feet | Gravelly, sandy 40-60 ; establish .Q.r.ef
loams. and erence point. When conductivities
rocky loams are given between certain defi-
Suburbs and 30-40 nite points, it should not be con-
small towns cluded that the conductivity be-
Hilly 600-1000 f1. Gravelly, sandy 30-40 yond those points is different, un-
loams and less the terrain as shown by a
N - rocky loams contour map changes radically.
Flat or Sand and Shale 25-40 Definite points are given since
hilly ) - surveys were carried out to those
Very broken 300-1000 ft. Gravelly, stony Ravined but r'mt 20-30 plqces only. The conductivity
e land necessarily high given, unless definitely stated
Residential Does not a}fily}t‘c 20-30 otherwise, applies to rural areas,
sections areas with hig :
Ftoal Duildings poi urban areas. T.he conductiv-
——————— ity for the residential section of
Mountainous 1000-1500 ft. Stony land 10_ _ on average city generally is
Broken 1000-8000 ft. Stony land 57 about 30. Brooklyn, Bronx and
mountainous Queens are exceptions with con-
o ductivities of 20 to 25, because of
: the height and concentration of

Three indexes are give:

1. The nature of the terrain—hilly, broken hilly, etc.

2. Differences in elevation.
3. Soail types.

The first two can be determined from countour maps.
The third, from soil maps prepared by the Department of Agriculture, usually avail-

able at County Seats, etc.

The third is the most reliable index since it is more or less responsible for the first

two.

The first two must be used jointly since the difference in elevation may be small,

but if the terrain is rugged and broken, the conductivity is also low. Furthermore, Long
Island, mostly flat, has a very low conductivity because it is composed mostly of sand.

The third index should be used whenever possible.
I stated that the third index is responsible for the first two since,

may be used jointly.

When not available, the first two

in the erosion processes, the amount and nature of the erosion is determined by the
material being eroded. This process determines the shape of the terrain and the dif-

ferences in elevation.
moisture it is able to retain.

The conductivity of a soil is more or less determined by the
Loam holds moisture very well, while sand barely retains

any. Nearly all values given in the table have been determined from surveys.

mutually dependent. Flat country
like that of our plains states usu-
ally has fertile soil of good
conductivity, while mountainous
country ordinarily has poor con-
ductivity because the soil is sandy
and rocky. A hill generally re-
tains its elevation because it is
composed of material which does
not erode rapidly, namely rock.
In the process of erosion the pro-
duct is a sandy, rocky soil. Hence
good conductivity and good soil
are found in flat country while
poor soil and poor conductivity
are found in hilly or mountainous

country. A notable exception to
this is Long Island, which is com-
paratively flat but is composed
for the most part of sand. Long
Island is an exception because it
was formed by glacial action and
not by natural processes of ero-
sion. Nearly all of the territory
encountered which was effected
by glacial action has shown low
conductivity.

Table Il may be helpful in de-
termining conductivities. For the
sake of convenience, the conduc-
tivities are expressed in electro-
magnetic units X 10%%. The values
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the buildings. The values do not
apply to combinations of water
and land, but to land only.

Hence, with the above informa-
tion, it should be possible to as-
sign a definite value to the con-
ductivity, q.

Typical Problem

Since all of the data is now at
hand, let us work out a typical
problem. Suppose it is desired to
erect a station on the outskirts of
Philadelphia with a power of 1
KW and a quarter-wave antenna
with a large adequate ground
system of 100 radials one-half
wave in length.

The field strength towards the
west at 10 miles is desired. The
frequency is 1000 KC.

Then
E; from Table I assuming 90% effi-
ciency is 184

r; is one mile

I is 10 miles

4 is .3 kilometers

¢ from table IV is 50
842X 10

a5 1.87
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TABLE IV
CONDUCTIVITIES OBTAINED FROM SURVEYS
California City of Los Angeles 30
Vicinity Los Angeles 20 miles 50
Vicinity San Francisco 40 miles NE, E, SE ... 85
Delaware Northern part 40-50
Illinocis Upper half average .. 70
Lower half average 100
Average for state 85

Indiana Central portion average

Jowa Within 30 miles of Des Moines ....cocoocoeeueeccnce

Kentucky Southeast Cincinnati for 30 miles average ..
Southwest Cincinnati for 30 miles average ...

Massachusetts Between Worcester and Boston

Minnesota 60 miles southeast and southwest Minneapolis .........

Missouri City of St. LoulS oo e oe

New Jersey

Average Bound Brook to Camden

Ramapo and Watchung Mts, ..ocoo...
Vicinity Montclair, Clinton, Passaic ..
New Brunswick to Trenton

New York Vicinity Syracuse 15 miles
Brooklyn and Bronx and Queens
North Carolina Average conductivity within 30 miles of Charlotte ... 40
Ohio Cleveland to Akron 60
Cincinnati to Indianapolis eveeene 87
Cincinnati to Columbus 90
Cincinnati North to State Boundary 100
Oregon South and West of Portland 15 miles ........ 42
Pennsylvania Area bounded by Philadelphia, Trenton, Quakerstown, Potts-

town, Coatesville, Wilmington, outside city limits ......c.cccoocnue 40-50

North Reading 15 miles

East Reading 15 miles

South Reading 15 miles

West Reading 15 miles

City of Pittsburgh and suburbs ...
Northern part immediately south of Charlotte, N. C. ..

South Carolina

Tennessee Vicinity of Nashville, 30 miles
Texas Between Dallas, Ft. Worth and Denton
Northeast and southwest San Antonio, 20 miles ...
Average San Antonio to Corpus Christi
‘Washington Vicinity Tacoma and Seattle, land only
Wisconsin Southern part ............
Northern part
Approximate average of all states listed
2 4 .56 paper will do temporarily. Mark
S = 2+ 187 F 6X35 = 43 4 vertical line on the paper and
have it coincide with the left
- 184X 1X 43 — 79 edge of Figure 1. Place a hori-
10 zontal mark at 1000 millivolts per

The Slide Rule for Predicting

While all of the necessary data
could be computed in this man-
ner, it is a rather long and tedious
process. The field intensity slide
rule was evolved to eliminate this
work. Figure 1 shown on back
fly leaf is a full size slide rule
which con be used when properly
mounted. As may be seen, the
ordinates are in millivolts per
meter and abscissa expressed in
miles. The numbers on the veri-
ous curves are numbers of 2%.
The curves are drawn on a basis
of 1000 millivolts per meter at one
mile. Suppose we work out the
above problem. The curve sheet
should be mounted as shown
on Figure 2 with a celluloid
slider. A piece of tracing or tissue

meter, in the upper left hand cor
ner. This mark will be referred
to hereafter as the index mark.
Since 4%*¢ in our problem was 4.5,
trace in a curve half way be-
tween the 4 and 5 curve, with the
index mark coinciding with 1000
MV/M. Then slide the paper
down parallel to itself, so that the
index mark coincides with 184
millivolts per meter. Then at 10
miles, the value should be 7.9
millivolts per meter. Now we have
not only this value, but also the
value at any distance up to 100
miles. It should be noted that the
traced curve does not come up to
18¢ MV/M at one mile, but up to
about 170. The value of 170
would actually be measured at
one mile, the difference being due
to attenuation in the first mile.
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Variable Terrain

If the terrain has various con-
ductivities, such as 10 miles of
good soil, 5 miles of swamp land,
30 miles of sandy soil, etc., the
values of 126 should be computed
for each soil. Suppose they are
9, infinity, and 4.5. Proceed the
same as before and trace the 9
curve to 10 miles. Then slide the
point where the traced curve
stopped at 10 miles to the infinity
curve. This is the uppermost
curve sloped at 45 degrees oand
represents inverse distance trans-
mission or no attenuation. Trace
this curve for 15 miles. Then slide
the end of the traced curve to the
4.5 curve and trace this for 30
miles to 45 miles. The resulting
curve then gives field strength
versus miles for that particular
condition.

Use of Slide Rule for Determining
Conductivities

The slide rule can also be used
in a reverse manner. If field
strength data has been obtained
on a line from a station to some
point, the average conductivity of
this soil may be obtained. It is
absolutely necessary in doing this
to know the value of field strength
at one mile preferably every mile
for about the first five. The slope
of the curve tells little or nothing,
since the average set of data
varies possibly 15 to 20% or more
above and below a smooth curve
which rules out any possibility of
fitting the slopes. The variation in
slopes of Figure 1 is so slight
under any conditions, that a con-
siderable error will be obtained
unless the field strength at one
mile is accurately known. If it is
not known, a reasonable figure of
conductivity will be obtained if a
value is assigned to the field
strength at one mile from Table 1.

The variations of 15 to 20%
mentioned above are no reflec-
tion on the art. They invariably
result, especially if the survey
was made over rough terrain. A
reading on top of a hill is optimis-
tic, while a value at the bottom,
especially at the higher frequen-
cies, is pessimistic. Hence it is
difficult to obtain average read-
ings in hilly country. Even in flat
country it is difficult to avoid local
effects entirely which may be
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caused by power or telephone
lines or other conductors. Further-
more, the readings may not all be
in exactly the same direction,
which becomes an important fac-
tor if the field intensity at one mile
is different in various directions,
and if the conductivity over the
various paths is different. Under
these conditions, especially if the
signal is modulated which makes
it more difficult to tune the field
intensity meter, it is easy to ob-
tain a reading which departs 20%
from a smooth curve.

Suppose a set of readings is at
hand with sufficient data for the
first few miles. The slider is
placed in any position, usually
with the index mark coinciding
with 1000 millivolts per meter.
The data is plotted on the slider.
The slider is then manipulated
until the points fall equidistant on
either side of one curve, particu-
lar attention being given to the
value at one mile. The value
marked on the curve divided by
A? then gives the conductivity.

If the above procedure is fol-
lowed with the data given in
Table V, an answer of 70 will be
found for the conductivity for 1000
KC.

TABLE V
Miles MV /M
1 150
2 80
5.3 20
10.1 9.3
15 5.5
20 3
21 2
40 75

Unless the changes in the ter-
rain are definitely known, it is
better to obtain an average con-
ductivity for the entire curve
rather than divide it and deter-
mine that the conductivity for ten
miles is 100, the next ten 40, etc.
This is impossible unless a great
number of points are available
and also a knowledge of the ter-
rain is obtained from soil maps.

If a city lies in the path of pro-
pogation under consideration, an
abrupt change (if the conductivity
outside of the city is higher) is
noticeable and this con be taken
into account.

Use of Slide Rule for Determining
Unattenuated Field Strength
at One Mile.

The customary and most accu-
rate method of determining the

BROADCAST NEWS .
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Fig. 2.

unattenuated field strength at one
mile is to measure the field
strength every .1 mile from about
.3 to 1.0 mile and every mile up
to about 5. The product of field
strength and distance is then plot-
ted versus distance. If there is no
attenuation this would be a hori-
zontal line. With attenuation the
points form a curve. This curve
should be extrapolated to zero.
The value so obtained is the un-
attenuated field strength at one
mile.

The value of unattenuated field
strength may also be determined
from the curves of Figure 1. It
should be noted that although the
curves are drawn on a basis of
1000 MV /M at one mile, the value
at one mile may be as low as 500.
The difference is due to attenu-
ation in the first mile. Suppose a
set of data of field strength vs.
distance is plotted on Figure 1
and that it coincides with the
curve marked 1.25. The measured
value at one mile will be 760 mil-
livolts per meter. The unattenu-
ated value, however, will be 1000.

In drawing this conclusion, it is
assumed that the conductivity of

- www americanradiohistorv com

The field intensity slide rule mounted ready for use.

the soil in the first mile is the
same as that over which the sur-
vey was taken. This may not be
true if a station is located a mile
from a heavily populated resi-
dential section, since the value of
426 would be determined on the
basis of the residential section
and would not apply to the first
mile. If the data was obtained
on a station located in a rural
section, the above method would
be applicable since the conduc-
tivity is not likely to change rap-
idly under those conditions.

Drawing Field Intensity Contour
Maps

The slide rule is also an aid in
drawing field intensity contour
maps. When drawing contour
maps, the usual procedure is to
place all the field strength read-
ings on a map and then draw say
a 10 MV/M contour. An attempt
is made to split the distance pro-
portionately, for instamce, be-
tween an 8 and 13 MV/M read-
ing. A more accurate method is to
plot all readings in the same di- -
rection on the slide rule. With all
the points plotted, it is easy to dis-
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cern readings which are obvi-
ously in error. These can be dis-
regarded and an average curve
drawn through the balance. The
conductivity, ¢, may then be de-
termined as previously described.
The unattenuated value of field
strength at one mile may also be
obtained as described. By setting
the index at the unattenuated
value at one mile, the distance to
the various contours may then
immediately be determined in
each direction and plotted on the
map. This is a more accurate
method of drawing contour maps
and eliminates some of the obvi-
ous errors which are sometimes
noted, caused by perhaps one
false reading.

This method is especially valu-
able for preliminary surveys
when a small test transmitter is
set up at a proposed site. A set
of readings in one direction is
plotted with the slider in any po-
sition. The slider is then manipu-
lated until the proper i%¢ curve is
found. With the slider in this po-
sition, a mark is placed at 1000
MV/M on the left edge. The ex-
pected value of field strength from
the final installation should then
be estimated from Table I and II.
The slider should then be moved
so that the mark placed at 1000
MV/M coincides with the value
of estimated field strength. The
distance to any contour may
then be obtained cn the basis of
the final power ond antenna
used. This obviates the necessity
of multiplying every reading by
the ratio of the final field strength
to that obtained from the test
transmitter which would other-
wise be necessary. The conduc-
tivity of the earth over which the
survey is made can also be ob-
tained in the process of noting
the value of 1%26. It should be
noted that a preliminary field in-
tensity survey is of no value for
determining the output of the final
antenna since a very small an-
tenna and ground system are
used which cannot compare with
the final installation. A prelim-
inary survey also does not “test”
the soil at the site or in the im-
mediate vicinity. The only satis-
factory means of testing” or de-
termining the soil constants of the
proposed site and the immediate
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vicinity is by means of wave tilt
measurements. The only informa-
tion which can be obtained from
a preliminary survey is the rate
of aitenuation in various direc-
tions.

The Inverse Square Relation

It will be noted that the general
slope of the lower end of all the
curves of Figure | is cabout the
same. 'This slope below the point
marked by the dotted line is on
inverse square curve. This is
obvious from the formula. It will
be remembered that when P is

greater than 20 that
1
5=

P — ._l_ . .8421'2
25 %o 101
A%g 101°
1.684 1,
since
SEl Ty
T2
g _ _ F0l08Em
; 1.684 r,?

From the last equation holding
%2, 6, and r;, constant

KE,

2

E2:

Ez:

Tg

or

E
) o — K Eg

Suppose the 2 millivolt/meter
contour line occurs at 20 miles.
Increasing E;, the output of the
antenna 22.5%, which is equiva-
lent to going from a one-quarter
to a one-half wave antenna, the
new distance 1 at which the 2
MV /M contour will be located is
22.2 miles, or an increase in dis-
tance of \/1.225 = 1.11 or 11%.
If the frequency for the above
case is 1000 KC, a quarter-wave
tower would be 238 feet and a
half-wave tower 476 feet or $6000.
and 20,000. respectively.!! This
represents an additional tower
cost of $14,000. to locate the 2
MV/M contour 2.2 miles further
from the transmitter. In some very
special instances it may be worth
the investment but, in the major-

11 Figures taken from the "Broadcast An-
tenna” by A. B. Chamberlain and W. B.
Lodge, Proc. Radio Club of America,
November, 1934, page 58. Figures are
for antennas ready for operation.
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ity of cases, it hardly seems jus-
tified. The above example is not
given as an argument against
high radiators but is given merely
to show their limitations as a
means of increasing the service
area. The only real advantage
of high radiators lies in their abil-
ity to control fading. Under aver-
age conditions of conductivity
and wavelength a quarter-wave
antenna will cause complete fad-
ing irrespective of power, at
about 60 miles. Under the same
conditions a .528 wave antenna
with sinusoidal current distribu-
tion will not allow complete fad-
ing in the first 100 miles. In the
range of heights specified the .528
wave antenna is optimum for fad-
ing reduction. This is a real gain
for a 50 KW station on a cleared
channel but is certainly of no
value value for a low power sta-
tion which cannot even be heard
at 60 miles because of interfer-
ence.

It may be argued that this in-
verse square relation holds only
in rare cases. An examination of
Fig. 1 will show that the slope of
the curves above the dotted line
is even steeper, which will ren-
der the results still more pessi-
mistic in this respect. Excellent
experimental verification of the in-
verse square relation has also
been obtained.

Mounting the Slide Rule

Carefully cut along the border
lines of Fig. | and mount on a
piece of brass or aluminum 6 x
10%a x 1/16 with "Artist's Frisket
Cement.” Do not use any paste
which uses water as a solvent
since this will wrinkle the paper.
Any cement which uses carbon
tetrachloride or benzol as a sol-
vent is satisfactory. Before mount-
ing drill and tap 10 holes for a
No. 4 screw, 5 equally spaced, on
each long edge. The center line
for the screws should be 3/32"
from the edge. Obtain two metal
strips 10%2 x % x 1/16 and a
sheet of transparent celluloid 5%
x 10%4 x 1/32. Mill the edges of
the %" strip for 3/16" or half way
across with a 1/32" cut, the thick-
ness of the celluloid. The strips
should be drilled to cleer a No.
4 screw to match the holes in the
mounting plate. They should then

(Continued on Page 34)
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DYNAMIC AMPLIFIER

(Continued from Page 4)

T

polarity of the rectified voltage is
in opposition to the bias on No. 3
grid and serves to reduce this by
the amount of the rectified volt-
age. Consequently loud signals
from the record result in a higher
rectified voltage and lower bias
voltage in the No. 3 grid. Since a
reduction in this bias voltage re-
sults in an increase in gain in
VT,, a much louder output signal
from the loudspeaker results then
as though the amplification of VT,
were constant. At low levels very
little voltage is rectified with the
result that the bias of No. 3 grid
is practically undisturbed and the
gain for that value of bias is ob-
tained.

The time delay circuit R.Cs is
necessary to prevent erratic oper-
ation with sudden changes in vol-
ume. The present values were
determined as the result of many
listening tests and represent the
best compromise in the opinion
of those involved. lIts time delay
is approximately .3 second and is
barely noticeable, to the musi-
cally trained ear, on staccato pas-
sages.

This 20 db extension in volume
range may be used in either of
two ways. With the same level
on low or pianissimo passages
the expander will provide a new
sense of realism on the loud or
fortissimo passages. Since the
gain in VT, is variable depending
entirely on the input voltage a
certain amount of expansion

BROADCAST NEWS .

takes place at all times and thus
provides shadings in the music
at average levels which are
missed entirely without the ex-
pander. ‘L'he other popular use of
e expander involves setting the
top volume on loud passages to
tne desired maximum. In this case
the 2U db expansion is used to
ettectively reduce the pianissimo
passages ZU db lower than they
would be with constant ampliti-
cauon and the same top volume.
‘tus has the effect of reducing tne
record surface noise to a greater
degree than the music. 'This pro-
duces a very desirable ettect
since surface noise on low vol-
ume passages has always been
a source of cnnoyance.

The above figure shows the
average amount of expansion ob-
tauned with different inputs when
the plate current on VT, is ad-
justed as specified at about .12
MA. From this it can be seen that
at all levels above zero some ex-
pansion takes place. Also if the
expanded curve at maximum is
made to coincide with the original
curve the effect of reduction in
signal on pianissimo passages is
obtained.

In conclusion the full benefit of
the expander will not be realized
until automatic compression is
employed during recording. A
gain of at least 15 db in surface
noise could be obtained with
automatic compression without
seriously impairing reproduction
on standard phonographs. When
played on an instrument employ-
ing expansion, surface noise
would be practically eliminated
on low passages and the full dy-
namic range of the orchestra
could be restored.

The above system con be used
on radio if desired provided sig-
nal inputs to No. 1 grid of VT, are
kept below 1.5 volts. Several new
problems are involved in the use
of expansion on radio since «
compromise in the degree of time
delay is necessary between music
and voice. With experimentation
and study, however, this could be
worked out and the result would
entirely justify the labor.
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WCFL
(Continued from Page 3)
ing coil was mounted in «

weatherproof box and connsacted
to the upper and lower portions
of the tower.

At the top, the antenna has a
beacon containing two S00-watt
bulbs in a fresnel lens. At 330
feet and at 130 feet from the
ground dual obstruction lights are
located on diagonally opposite
corners.

The tramsmitter itself fulfills all
of the present and projected re-
quirements for high fidelity opera-
tion. The only rotating machine
retained in this equipment is the
water pump which supplied the
cooling system to the anodes of
the vacuum tubes.

The equipment was designed
for complete accessibility not
alone for trouble shooting but also
with routine maintenance upper-
most in mind. Modern in con-
struction, from the technical stand-
point, it includes many features
of design which appeal to the eye
as definitely attractive and to the
engineer as utilitarian.

Through the use of new meth-
ods of design and construction it
has been possible to reduce
greatly the space required for the
transmitting equipment and at the
same time to reduce the number
of component parts. This has re-
sulted directly in a corresponding
reduction in installation costs,
time and material. This saving
has been reflected not only in the
tromsmitter cost, but also in the
cost of the building required to
house it.

A two story brick and concrete
structure fifty-six by forty-five feet
is quite adequate, not only for the
present setup, but also for the
tuture expomsion which will even-
tually be necessary. It is so de-
signed that a room adjoins the
present location of the 5KW trans-
mitter, ready to accommodate a
linear stage to raise the power to
S0KW. The partition separazing
the two rooms contains no con-
duits or other obstructions wkich
would prevent its removal. The
additional space is now arranged
as an emergency studio. The
floor, inlaid with concealed ducts,
will not require undue wreckage

in accommodating future expom-
sion.
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THERE'S GOLD IN THE AIR!

(Continued from Page 6)

tising, the few changes recorded
in the statistical chart shown be-
low are interesting. Use of elec-
trical transcriptions declined dur-
ing the first half of this year. Live
talent programs show a favorable
increase. This may be attributed
to the great number of talented
youngsters amateur programs
have brought to the attention of
sponsors. It will be noted that
very little change has developed
in both records and announce-
ments.

RELATIVE PROPORTION OF VARIOUS
TYPES OF RENDITION USED IN NON-
NETWORK BROADCAST ADVERTISING

(First Half)
Percentage Represented
by Rendition Type

National
Non-Network Local
Type of Rendition 1934 1935 1934 1935
Elec. Transcriptions 40.0 346 87 8.5
Live Talent Prog'ms 39.7 44.7 50.7 50.4
Records ....coevieeeee .5 7 27 38
Announcements ... 19.8 20.0 379 373
Totals ...oocecrcncnces 100.0 100.0 100.0 100.0

Some very interesting facts are
given below showing the amounts
of money that were spent during
the first half of 1934, as well as

1935, in major advertising media:

ADVERTISING BY MAJOR MEDIA
(First Half)

Gross Time & Space Sales

Adv. Medium 1934 1935
Radio B'dcasting ..$38,221,480 $45,075,972
Nat'l Magazines .. 61,409,805 67,954,820
Nat'l Farm Papers 2,870,927 2.973,225

Newspapers*® 242,535,000 254,551,000
Totals -..cc........$345,037,212 $370,555,017
*Estimated

While radio broadcasting ac-
counted for only 11.08% of the
total amount spent during the first
half of 1934, an improvement was
noted during the first half of 1935.
Radio broadcast advertising ac-
counted for 12.16% of the total.
These figures prove conclusively
that there is still considerable
room for growth insofar as selling
“time on the air’ is concerned.
The mere fact that appropriations
for radio broadcasting are contin-
ually being increased is sufficient
proof that a large volume of addi-
tional business is available.
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CORRECTION

In the article entitled "Impe-
dance Matching Attenuation Net-
works' by ]. B. Epperson, appecur-
ing in the September issue, errors
occurred in the equations which
are corrected below.

RI y[ ‘1 R? |
~ I Tah X J
)
R3 =14 [__*Rz]
Tanh X
(5)
K
Tanh X = —
VIEEE

where K = 4 anti-log X (.4342)

1 4+ K2
Rl =1 [ZI v —RZ:'
K
(10)
1 + K*
RB:%[ZZ\/ ™ —R2]
K
(1)
Y L
=l
R3 =1, [ 200 6 ]
= — — 64
*L o8
Z1 ==.98 (64 + 446.2)
= 499.9
1 4.94)2
R1 = 5[ 300 VLT UIT
4.94
— 64 ]:223 ohms
R3 =1 |:200 XL_
4.94

__ 64 ]—_— 70 ohms
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PERSONAL APPEAL IS “TOPS”
(Continued from Page 22)

Situated on the 12th floor of the
building (the top) at 1211 Chestnut
Street the view from any of the
studios or offices commands the
entire sky line of Phiiadelphia
and far into New Jersey—hence
the call letter slogan "“Sky Top
Studios.” But not only have all
these improvements enhanced the
reputation of WDAS and brought
it to its enviable status, but the
station has proved conclusively
that high power is not essential
in a large city—all that is neces-
sary is a determined and set pol-
icy of operation, a cognizance of
the trends in technical improve-
ments, and a recognition of the
intelligence of the listener and his
will—these factors have brought
WDAS to its “Skytop" position in
Philadelphia.

9 CM. WAVES
(Continued from Page 13)

phere points to the possibility that
more effect on transmission might
be expected under conditions
where the path traverses regions
of variable vapor content, than
during times of precipitation when
humidity is relatively constant. A
calculation of the relative index
of refraction of moist and dry air,
assuming that there is no cnom-
alous change in the dielectric
constant at 3000 megacycles, com-
pared to lower frequencies, indi-
cates that it should be of the order
of 1.0001. The figure of 1.0001 re-
quires either many transitions, or
interfaces at very glancing angles
to cause noticeable variations in
trensmission.

In conclusion we may say that
the tests, both at Sandy Hook
and at Camden, have shown for
3000 megacycle electromagnetic
waves: (1) that the attenuation in
a clear atmosphere is negligible
up to a distance as great as 16
miles, and (2) that the attenuation
of the field caused by heavy rain,
is less than .1 db. per mile; (3) that
an investigation of the water con-
tent and drop size of foq, mist and
light rain show that their effect on
the tramsmission should be less
than that of heavy rain.
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SLIDE RULE
(Continued from Page 31)

be mounted with the outer edge
of the strips flush and the milled
portion arranged so that the cellu-
loid can be slid in. The strips
may then be screwed down and
the celluloid slider fitted. Ink, es-
pecially India ink, takes well on
the celluloid and may readily be
washed off.”

TOWER ANTENNAS

(Continued from Page 21)

one-quarter wavelength shows
that the power wasted is less than
0.1 of one per cent.

These calculations show that a
large amount of base capacitance
is harmless as long as the equiva-
lent resistance of this circuit is
kept small. In fact, an added
capacitance is often placed across
the antenna to match the result-
ant circuit to the transmission line
which feeds the antenna. It has
been found very desirable to
place metallic plates or mats be-
neath the base insulator to re-
ceive any displacement currents
which might otherwise flow
through a layer of earth to reach
the ground system. These mats
are of course bonded directly to
the ground system. In one particu-
lar case, the use of such mats
served to increase the field
strength 11.0 per cent.

BROADCAST NEWS &
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FIELD INTENSITY AND SIGNAL RECORDING
EQUIPMENT IS USED EXTENSIVELY

Station wagon type car used by Edwards and Martin, consulting radio engineers.
Detroit, Michigan.

ANY stations, both foreign

and domestic, have found

the use of field intensity
recording equipment extremely
valuable in making surveys. The
photographs give a very clear
view of the equipment and the
method of installation employed
by Edwards and Martin.

It is permcmently mounted on
thick sponge rubber in a Ford
Station Wagon type of auto-
mobile, the body of which is con-
structed entirely of wood.

The signal recorder consists of
an RCA Type M 123, Automobile

* See Page 35.
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Receiver with revised tuning con-
trol and calibrated RF gain con-
trol, o DC amplifier cnd an Ester-
line-Angus 0-5 recording milliam-
meter. The Field Intensity Meter
used is an RCA type TMV 75-B,
having a frequency range from
500 ke to 20,000 kc and capable
of measuring, with a high degree
of accuracy, signal voltages in
the rance 20 microvolts per meter
to 6 volts per meter.

The RCA Field Intensity Meter
is not only used in all location
survey and field intensity cover-
age survey work but is also used
to calibrate the signal recorder. A
jack is provided in the signal re-
corder to insert a 0-10 milliam-
meter in series with the Esterline-
Angus Recording Milliammeter
for the purpose of tuning and to
insure an ‘in phase condition”
when calibrating with the RCA
Type TMV 75B Field Intensity
Meter.

The power supply for the Sig-
nal Recorder is furnished by en 8
volt battery and maintained con-
stant across the power inpu: to
ihe recorder by means of a series
resistor and volt meter.

(Left) Part of the equipment before
installation.
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NOTES ABOUT OUR
CONTRIBUTORS

LOY E. BARTON. Graduated from
the University of Arkansas where
he first began his investigation of
Class B Modulation Systems. He
is now recognized as an authority
on the subject.

DR. G. H. BROWN. He began his
invesiligations of antennas at the
University of Wisconsin and his
ideas and theories on wave prop-
agation and radiation systems are
now being adopted universally.

H. E. GIHRING. A graduate of
Washington University, St. Louis,
was a civilian employee of the
U. S. Government in radio activ-
ities for several years and has
been associated with RCA since
1929 on field intensity and an-
tenna work.

E. G. LINDER, who collaborates
with DR. IRVING WOLFF in the
article on Tromsmission of 9 CM
Waves in this issue, attended Cor-
nell and specializes in research
on short wave transmission.

MAYNARD MARQUARDT has
been closely connected with the
American Federation of Labor for

many vears, and is chief engi-
neer at WCFL. Many of his ideas
have been incorporated in the
new station.

CHESTER M. SINNETT. Gradu-
ated from the University of Maine
and has been in charge of phono-
graph development for the past
several years.

JERRY STONE, who tells the inter-
esting story about WDAS, is con-
nected with the publicity depart-
ment at that station.

FREDERICK WHEELER, a gradu-
ate of the University of Kansas,
has been on the engineering staff
at WREN for the past six years
and at present is chief engineer.

DR. IRVING WOLFF received his
training at Dartmouth and Cor-
nell. During his affiliation with
RCA he has carried on research
work in acoustics and short
waves.

JOHN VASSOS. Listed among the
ten leading industrial designers
in the United States. He is also
widely known as an author, lec-
turer and critic.
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Over 60% of the total power of licensed broadcasting stations
inthe United States is generated by RCA Transmitting Tubes.
The RCA 100-kilowatt Radiotron UV-862, largest commercial
tube ever built in the United States, does its herculean share!

RCA TRANSMITTING RADIOTRONS

Standard for Fifteen Years
New York: 1270 Sixth Avenue Chicago: 111 North Canal Street
San Francisco: 170 Ninth Street
Dallas: Santa Fe Building Atlanta: 144 Walton Street, N. W.

RCA Manufacturing Co., Inc., Camden, N. J. . A subsidiary .of
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