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ECONOMIC AND TECHNICAL ASPECTS
OF A PROPOSED TELEVISION SYSTEM
FOR FINLAND

INTRODUCTION

Television is the most recent development in the general field
of radio broadcasting. Furthermore, for both educational and enter-
tainment purposes, it now appears that television is destined to be
of even more importance than radioc broadcasting. The idea of sending
pictures, either still or moving, by radio is not new, but not until
just before the second World War had the state of the television art
reached a developmental level which was adequate for general use.

Regular, officially approved, television broadcasting having
high definition had started before the war in England in 1936 and the
United States in 1941. The war curtailed television development but
after the war a large expansion occurred especially in the United
States. Within four years ninety-five new television broadcasting
stations were in operation in the United States and the number of sets
in use was about four million. Because of many complaints concerning
interference and for similar reasons, the Federal Communications Com—
mission in the fall of 1948 discontinued granting construction permite
for new stations, thus slowing the expansion in the United States.
But, in spite of this, the number of sets kept increasing, totaling at
present (1952) about sixteen miliion sets in use, which means about

56 per cent average saturation in the market areas, or 35 per cent



2
average saturation considering the whole country. These figures are
based on the number of families rather than on the number of individual
persons.

Simultaneously, television spread in Ingland. Because of the
high population density in England and the noncommercial operation,
only high-power stations are used, three such stations being in
operation at present. The total number of receiving sets in England
is about 1.2 million, which corresponds to about 9 per cent average
saturation based on the number of families in the country.

Outside of these two countries there is no large scale activity.
Some North and South American and Furopean countries have started
public television service having a few stations in operation, but the
number of sets is less than a hundred thousand in each country.

There are several reasons for the slower progress in these
countries. Probably the most important has been the cost of tele-
vision. The cost of equipment is considerably higher than that of
regular AM and F¥ radio-~broadcast equipment, but the most severe
problem is the high cost of programming. This is especially serious
for those small countries which have low population density and dif-
ferent languages.

Another important factor in retarding television expansion out-
side the United States and England has been the achievements of tele-
vision research. This has improved the quality of the service and
reduced costs. Also, the possibilities of color television has af-

fected television expansion. Many countries have been waiting for



television to settle to at least a semi-permanent level. This is
nacessary to enable them to develop systems which would not soon be
obsolete. Extensive studies have been made in the United States,
England, France, Netherlands, Switzerland, and other countries, to
decide the details of the systems to be used. Conferences have been
held for the purpose of determining international television standards.

During the past few years the economy of the countries has im-
proved noticeably and the agreement on regional standards seems to be
attainable in the near future. Tt has tharefore become feasible,
and even advisable, to make economic and technical investigations of
the local circumstances of a given country, and to determine if a
television broadcasting system should be built. Such a study has
been made for the country of Finland, and the details of the investi-
gation, and recommendations, are reported in this thesis.

This investigation consisted of the following major parts:
television standards, population coverage, technical and economical
study of network elements, network systems, and as conclusions,
recommendations for a proposed television system and suggestions for
its gradual expansion.

The first subject, television standards, must be considered
because a large group of people is concerned. %When an isolated system
of any type is to be built, the standards to be used can be decided
at will by the designer. When a system of television is to be
designed, however, isolation does not exist. Large numbers of people,

and various separate countries, often are involved. Thus, the basic
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principles, and to some extent certain details, must be agreed on by
the groups concerned. For such reasons television standards must be
developed through international cooperation.

The study of population coverage contains investigations of
factors which determine the audiences wiich can be served with tele-
vision. These factors include consideration of the transmitting power
to be used, a study of methods used to determine wave propagation at
the frequencies in question, the reliability of these methods, and in-
vestigations of population distribution in Finland.

The technical study of network elements comprises the considera-
tion of equipment necessary, or sometimes used, in television broad-
casting. This includes layouts of the principal units of a television
system which are the transmi tting stations and studios. These layouts
lead to a study of the economics of the subject.

After a consideration of the principles involved in estimating
prices and operating expenses, the prices of equipment and accessories
were determined. From these the most economical and logical network
units were derived, and finally, programning costs were estimated.

The last study consists of an investigation of two different
economic principles applied to television broadcasting system develop-
ment. Based on this study a television system for Finland is proposed.
The proposal includes development of the network, expected coverage,

estimated cost, and possible method of financing the project.



CHARACTERISTICS OF FINLAND CONCEANING TRLEVISION

Geography

Finland lies between latitudes 60 and 70 degrees north and
longitudes 19 and 33 degrees cast from Greenwich. The length of the
country is about 700 miles and the maximum width is approximetely
350 miles.

The most important factor concerning television service is the
topography of the country. In that respect Finland is relatively
flat, as shown in Figure 1. Near the coast the elevation of the
ground increases practically uniformly from sea level to about 100
meters or 330 feet over a distance of about 30 to 60 miles inland from
the coast. This is good farming country. The average elevation of
the rest of the South Finland varies between 80 and 130 meters, or
260 and 25 feet. This part has many lakes and forest covered gravel
hills, the heights of which are about 100 to 200 feet above average
terrain, the highest ones reaching 350 to LOO feet. Southern Finland
resembles the state of Minnesota in the United States as far as
topography is concerned.

Northern Finland, however, has somewhat higher elevation. The
average elevation is around 200 meters above sea level, or about 650
feet, and the hills rise 600 to 1000 feet above average elevation,
some of them even up to 2500 feet. The highest elevation in Finland
is 4340 feet. There are practically no steep slopes, even low hills

may be several miles wide and most of them are covered by forests.
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Since practically all the people live in Southern Finland,
which has only low hills, the topography of the country is very
favorable for television service as far as wave propagation is con-
cerned. This statement applies particularly to the television bands
at ultra~high frequencies of sevaral hundred megacycles at which the
coverage radius is essentially determined by line of sight. A dis-
advantage of this flat terrain is the difficulty of finding good
sites for television stations, since the transmitting antenna should
be located as high as possible to increase coverage radius. Forests,
which cover about 70 per cent of the country, increase the attenua-
tion of the waves of course, but within the line of sight this
attenuation is not apireciable. The high attenuation beyond the line
of sight caused by the curvature of the earth is so great that the
addi tional attenuation because of the forests is negligible. The
shadow effects of the forests are not too serious, since the trees
are fairly low, arcund 30 to 53 feet high.

Since the weather imposes certain requirements on the equipment
used, a few words will be said about it. BRBecause of the location of
Finland between the same parallels of latitude as Alaska, the climate
of Finland is similar to that of Alaska at equal elevations. The
average annual temperazture in Finland is ~bout 35°F, the warmest
month is July and averages about 60°F, and the coldest is February
averaging about 17.5°F. The highest tempersture is abeut 85°F to
95°F, and the lowest is about -}N°F, although sometimes in the

northern part it falls to -60°F. The average rainfall is 21.5 inches
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& year and is fairly evenly distributed as to time and place. The
maximum monthly average in the fail is about twice the minimnm
average in the spring. Maximum snow cover is in March, averaging

about 26 inches. Sleet storms are very unusual.

Population Distribution

The area of Finland is approximately 130,000 square miles, or
about 17 per cent less than that of California. However, the i:opu-
lation of Finland is only approximately 4,076,000 (3L, p.18) which
glves an average population density of 31.4 persons per square mile,
or less than half of that of California.

From the standpoint of population density, Finland can be
divided in two major parts, North and South Finland. Over 96 per cent
of the total population is south of the 66 degree morth parallel, and
furthermore about 89 per cent is south of the 64 degree north
pardllel. This means that north of the 64 degree north parallel the
average population density is only about 2.7 persons per square
kilometer or about 7.0 persons per square mile, and that socuth of the
6l; degree north parallel the density is about 20.6 persons per square
kiloneter or about 53.0 persons per square mile. As shown in Figure 2,
Finland does not have numerous large cities, which means that the
population censity in the rural areas is fairly high.

The largest city is the capital, Helsinki, on the southern
coast, the population being about 400,000. Next are Turku in southwest
corner of Finland, and Tampere about 160 kilometers north and west of
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Helsinki. Each of these cities has slightly over 100,000 inhabitants.
Lainti, approximately 100 kilometers to the north and east of Helsinki,
and Pori, west from Tampere on the coast, each has about 45,000
inhabitants. Fowr cities, vulu, Vaasa, Kuopio, and Jyviskyl¥, each
has a populaticn betwesn 40,300 and 30,000 persons.

The highest population densities in the rural areas of Finland
are on itie coasts, especially on the souLthern and the southwestemn
coasts. Iu these areas the density is 25 to 100 persons per square
wmile, reaching even 200 persons per square mile in scme communes.

A commune is tae smallest area in Finland having local government.
The middle part of South Finland has 13 to 50 inhabitants per square
mile, somé areas having evén 100, a few up to 200. PFigure 2 shows
populaticn densities Ly communes, although the figures are per square
kilometer since finland uses the metric system.

4s a whole, Southern Finland is fairly evenly populated, which
imposes difiicuities, if large television audiences are to be
served. 7o serve a large audience in this reglon, either many

low-power stalions or a few very high-power station must be used.

Customs and Traditions

The Finnish people as a whole may be considered quiet, delib-
erate, and conservative. Because of these characteristics, they '
prefer radio programming to be more serious than do Americans. In

the present regular AN broadcasting, for instance, about 66 per cent
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of the music is so~-called "light music," which means such programs
as classical and semi-classical orchestra or band music, wocal or
instrumental solos, light operas, and folk music. About 30 per cent
is concert music, orchestra music, solos, symphoni;as, and operas,
and only about L per cent is\dance music (37, p.16). About 58 per
cent of the program time is devoted to music as Just described. The
remaining time is devoted to material such as talks and dramas of
educational and cultural nature. In other words, Finnish people
like a program that is different from the type produced in the
United States.

For this same reason noncommercial operzation of the broadcasting
system is also preferred, since the program then does not contain
advertising or similar interruptions. This noncommercial operation
also enables better program planning as a whole. Most Finnish people,
who have had an opportunity to listen to the commercial type of
program, have expressed this opinion.

The conservative nature of the Fimmish p:ople, and their culture
and traditions, have an important effect on their radio broadecasting
buildings and facilities. As in the whole of North Europe, in Finland
the people make their cities and communities attractive and keep them
clean. This brings about, for instance, very striet critique and
requirements for the architectwre of buildings. Especially, public
buildings including post offices, railroad stations, city office
build;ngs, churches, buildings for radio broadcasting purposes, stc.,

have to look distinguished.
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Circumstances and experience have taught the finnish people
to obtain articles of high gquality and accordingly ol high price
and to ottain long time service from them. This can be seen froam
the radios, for instance. Alt’iouzh the AY broadcasting radio family
saturation in Finland st present is fairly high, approximately 50 per
cent, there seldom is more than one radio in a family. On the other
hand, the so-called "chezp" radio receiver seldom is used. iven the
pocrest people, when thay buy a radio, buyy medium or high class sets
(4100 to $200), usually big wooden table models with three receiving
bands are preferred. Cebinet-type radios are not numerous and small

"bakelite® radios are rare.
Economy

Finland had the best eccnomice situstion ia 1938, but during
the second World War the decrease of production, because of total
mobilization and lack of materials caused rapid lowering in living
standards. After the war an industrial expansion began, especially
in the metal industry, but living standards stayed low for several
years, mainly because of heavy war reparation payments to Russia.
Then Russia extended the payment time from six to eight years, this
year (1952) being the last one. Together with industrial expansion
this extension of time decreased the economic pressure considerably,
enabling forward progress and an increase in living standards. The
prewar level, when goods werc available at reasonable prices, will
be reached in the very near future, according to the progress at

present.
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The finaneing of the present AM radic broadeasting system and
service in Finland is done completely by radio listeners. Fvery
family, which has a radio or several radios usable for receiving
radio broadcasting in one residence, must buy a license anmually.
The license fee is spproximately #5.90 per year. The total income
of these fees, reduced by the collecting expenses, is made available
to the Finnish Broadcasting Company, which has a meonopoly in radio
broadcasting. With this income the Finnish Broadcasting Company
supports both the broadcasting network and the programming. The
Company is supposed to be nonprofitable, but the practice is, how-
ever, that all expansions of the facilities are included in the same
budget, thus being paid for by the listeners, which means that ex-

pansion of capital investment in reality is a net income for the

Company .
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STADARE

Definitions

New terus are encountered in television. Some of these, which
are neither familiar from other radio services nor self-explanatory,
are defined in tihis section., Hany of these standards are based on
television practices in the United States (11, pp.5~7).

Antenna field gaine. The term "antenna field gain" of a2 tele~

vision antenna means the ratio of the effective free space field
intensity produced at one mile in the plane of polarigzation ezpresnd
in miliivolts per meter for one kilowatt antenna input power to a
field intensity of 137.6 millivolts per mcter. '

Antenna‘ heiiht above average terrain. The term "antenng

height above average terrain' means the average of the antemnna heights
.above each point of the terrain within grade A service area.

Aspect ratio. The term %aspect ratio® means the numerical ratio

of the frame width to frame height, as transmitted.

Black level. The term "black level®™ means the amplitude of the
modulating signal corresponding to the scanning of a black area in
the transmitted picture.

Compatible system. The term "compatible (color) system" means

& color system, the transmission of which can be received by a black
and white system.
Effective radiated power (ERP). The tarm "effective radiated

power" means either the product of the antenna power times the antenna
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power gain, or tae product of it1e anleans power times the antenna
field strength gain squared.

Field freguency. The term #field frequency"” means the number

of times per socond the {rame area is I{ractionally scanned in the
interlaced scanainge.
rrane. The term "frame'" ueans one complete picture.

Frame frequency. The term “frame J[requency" means the nwsber of

times per second the picture arca is completely scammed.

Grade 4 service. Tie Lerm "Grade A service" means a service,

the Qualilty of which 1s accepiable tw the average observer and is ex-
pected to be availiable for at ieast JO per cant of the time at the
best 70 per cent of receiver locations.

Grade B service. The term "Grade B service" means a service,

the quelity of which is acceptable to the average observer and is
expected to be available for at least 90 per cent of the time at the
best 50 per cent of receiver locatians.

Interlaced scanning. The term "interlaced scanning” means a

scanning process in whieh successively scanned lines are spaced an
integral number of line widiths, and in which the adjacent lines are
scanned during successive cycles of the field frequency scanning.

Hezative itransmission. The term "negative transmission® means

that a decrease in light intensity causes an increase in the trans-
nitted power.
Pogitive transmission. The term "positive transmission® means

that an increase in light intensity causes an increase in the
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transmitted power.

Progressive scanning. The iermm "mrogressive scanning® means a

gcanning process in which scauning lines trace one dimension sub-
stautially parullel to a side of the frame and in whici successively
traced lines are adjacent.

Radio relay. The term “radio relay" means the radio equipment
for the transmission of a television signal from one location to
another.

Scanning. The term "scanuing! means the process of analyszing
successively, according to a predetermined method, the light values
of picture elements constituting the totial picture area.

Scanning line. The term "scanning line" means a single

continucus narrow sirip containing highlights, shadows, and halftones
wiich is determined by the process of scanning.

Standard television Ei._gnal. The term "standard television

signal" means a signal which coniorms with the television transmission
standards.

Television traismission siandards. The term "television trans—

mission standards" mecans the standards which determine the character-
istics of the television signal as radiated Ly a television broadcast
station.

Vestigial sideband transuission. The term "vestigial sideband

transnlission! means a system of transmission wherein one of the
generated sidebands is partially attenuated at the transmitier and
radiated only in part.
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Video. The term "video" means a signal, which contains picture
information and is obtained by scanning method.
Video bandwidth. The term "video bandwidth" means the band-

width necessary for transmission of video signal.

Visual frequency. The term "visual frequency" means the

frequency of the signal resulting from television scanning.

Visual transmitter power. The term "visual transmitter power®

means the peak power output when transmitting a standard television

signal.

Operation Standards

To handle international questions, determine standards, and for
other similar purposes, the International Radio Consultative Committee
(C.C.I.R.) was founded. The fifth Plenary Assembly of C.C.I.R. in
Stockholm in 1948, decided to establish Study Group No. 11, which would
deal with the television standards and some associated questions.

The Study Group has held one meeting in Zirich, July 4 to 1k,
1949, and another meeting in Lomdon, Yay 8 to 12, 1950. This last
meeting followed studies made in England, France, the Netherlands,
and the United States, March 27 to May 5, 1950. A sub-group,
Sub-Group Gerber, of the Siudy Group hel?d one meeting in Gieneva,

July 24 to 28, 1950. These Study Group meetings prepared recom-
mendations on subjects, which they agreed upon, and referred these
recommendations to the sixth Plenary Assembly of C.C.I.R. in Geneva,
June L to July 6, 1951. The Plenary Assembly adopted all the
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recommendations (25, p.2h). These were as follows:

1. The standard operation of a television system shall be
independent of the frequency of the power supply source (13, p.lt).

All television systems, wiuich arc in operation at present, are
synechronized with the powor frequency. This makes synchroaizing
eagier and avoids the distortion of the picture due to hum in rlate
voliage sources. However, if transuilter and recelver are connected
%o different power sources, wiich are not synchronized, this will
cause diffidult.ies, because of drifting of power frequencies compared
10 each other. Sitiili nore serivus is the situation if the power
supply systenms have diiferent irequencics. Thus tying the television
systems to power frequencies would make international program ex-
changs and natiomvwide program distritutlon diffieult. Since the
study of the additional cost of equipment capable to éperate in~-
dependsntly of the frequency of the power suply systiem showed that
the increase was less than 2 per cent, the Plenary Assembly adopted
this type of operation.

2. The staadard aspect ratic of the transmitted television
ploture shall be 4 units horizontally to 3 units vertically (18, p.h).

Before Study Croup 11 started its work, the aspect ratio L to 3
was used in tuelevision service in all countries but England, which
had toe ratio 5 to L. The motion picture industry has been using ap~
proximately the ratio 4 to 3. Since the ratio i to 3 is more
convenient, and it also has been more widely used than 5 to i ratio,
unanimous agreement was achieved imrediately, England also voting

favorably.
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3. Line interlacing shall be used in the ratio two to
one (18, p.k4).

The reason for using line interlacing is that it decreases the
large-area flicker without additional bandwidth. For this reason
the interlacing ratio should be as large as possible, but if inter-
lacing ratio is larger than 3 to 1, the small-area flicker will become
more amoying than large-area flicker. If a ratio 3 to 1 were to be
used, the lines would seem to move and the so~called "line crawl"
would appear. Thus the best compromise is to use an interlacing
ratio of 2 to 1.

h. It shall be standard in vision transmission to use
asymmetric sideband characteristics (18, p.k).

Since one sideband contains all the required information regard-
ing the picture to be transmitted, it would be a waste of bandwidth
to transmit both sidebands. On the other hand, for practical reasons
complete suppression of one sideband would have an effect on the
other sideband and also on the carrier. Therefore, a compromise, so-
called vestigial sideband transmission, has been developed. As the
name implies, part of the other sideband is transmitted alsc. In
this way a saving in bandwidth and technically reasonable result
have been accomplished. Figure 3 shows an ideal transmitter
characteristic. When this is used with receiver characteristic shown
in Figure L, the final video output of the television receiver is

linear.
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5. There is no necessity to standardize the polarization of
the radio transmission (18, p.kL).

There is no appreciable difference in propagation characteris-
tics between horizontally and vertically polarized waves at the
frequencies used for television service. Thus standardizing would
cause only slight saving in equipment cost. If the selection of
polarization is optional, this selection can be used to avoid
possible Interference between stations, because stations located
close together and operating on the same or adjacent frequencies can
choose different directions of polarization for transmission.

In addition to these five recommendations the sixth Plenary
Assembly unanimously agreed upon the following standards (25, p.2l):

6. Directions of scanning.

7. Amplitude modulation of vision carrier.

8. Receiver attenuation of vision carrier.

9. Full amplitude of transmitter vision carrier.

10. Spacing of sound and vision carriers from channel edges.
11. Attenuation of vision gidebarxis at edge of channel.
12. Black level independent of picture content.

These standards did not encounter controversy. The exact word-
ing of these adopted standards is published in Volume I of the final
documents of the sixth Plenary Assembly of the C.C.I.R., Geneva, 1951.

The Study Group 1l and its sub-group had studied mumerous other
television standards, but neither they nor the sixth Plenary Assembly

could agree upon them. These standards, which are the objeets for
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further study by Study Group 11, are at present the standards about
which the different countries have conflicting opinions. The opinicns
may differ as to what constitutes good television quality. Also,
some couniries have to consider their previous investmerts in
television, in case adopted standards would differ considerably
from those used in the country at present. The standards not
agreed upon are as follows:

13. Rumber of lines per picture.

The number of scanning lines per picture determines the
vertical resolution of the television image. When the first test
scannings of lelevision pictures were made with Nipkow's mechanical
scanning disc, the nmuber of lines was only about 20. This allowed
but the same 20 "dots" or that many different shades of gray in the
vertical direction. To increase the picture quality the number of
lines was gradually increased up to 180 lines per picture. This was
considered the minimum usable number of lines, but on the other hand
it was about the maximum possible by mechanical dise scanning methods.
Thus this mumber of lines was employed in some experimental tele-
vision stations, and when using about the same resolution in the
horizontal direction, the number of transmitted picture elements was
approxinmately 40,000. Since O-millimeter home moving pictures have
about 50,000 elements, the television picture was somewhat inferior
to home novies.

The development of electronic scanning systems made possible

the use of a higher number of lines, about 240 in the beginning. The
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advantages of line interlacing introduced the "odd-line" prineiple,
which was commonly accepted. One of the first odd-line numbers used
was 343, but the desire toward greater definition required a still
higher number of lines.

¥When determining the scanning standards, including the number
of lines, the basic question is the number of elements required for
a picture of acceptable quality.

If only quality were considered, the number of picture elements
should be approximately 2 million, since this would enable one to
examine the plcture closely without noticing any "grain® structure
in the picture. A 2-million dot television picture would have ap-
proximately the same quality as a high quality 8- by 10-inch printed
photo engraving. A l-million dot picture would eorrespond approxi-
mately to the 35-millimeter film quality as projected in professional
theaters. If viewed from a distance of approximately 3 times the
height of picture or farther, this would give detail sufficiently
high for even long shots, like pictures of scenery or of a baseball
game. The 200,000-dot plcture is about equivalent of the average
16-millimeter home movie. Such a picture has satisfactory resolution
for close~ups and medium shots, but for long shots the resclution
may be insufficient. For a baseball game such resolution would
hardly show more than the outline of players. Viewing distance
should be at least four tites the height of picture if grain
structure is not to be bothersome. As mentioned before, J-millimeter

f£ilm has the equivalent of about 50,000 elements in the picture. This
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is hardly encugh for more than close-up work, or at moat for short
flasnes of scenes at moderate distances.

When vertleal and horizontal rosolution are assumed equal, and
when the so-called scanaing line foetor is 1,75, the active scanning
line porcentage is 95, and the aspect ratic ‘s L to 3, then the
number of television lines per picture corresponding to these dif-
ferent picture element mumbers can be computed. The results are ap-

proximately as follows:

2,000,000 elements 1700 lines
1,000,000 ¢ 1200 ¢
250,000 " 10
200,000 " 17 B
50,000 270

This shows, that a 525-line picture, as is used at present in the
United States for black and white television, corresponds apyroxi-
nately to average 1l6-millimeter home movies, as far as numericsl
resolution is concerned. This does not take into aeccount certain
other characteristics; for cxsmple, if line structure is apparent it
is more annoying than if dot structure is visibls.

Thus to improve the quality of the television picture, it is
Justified to select s high number of lincs per frame, perhaps up to
2000, but on the other hand equipment cost rises and the bandwidth
required Iincreases as the square of the line number, if other factors
are held constant. Thus, if the number of lines per frame is high,

the bandwidth required by a television channel is great. This
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necessitates that the chamiel be located at very-:igh or ultra-high
frequencies (perhaps 300 to 507 megacycles) where the required band-
width is available. These requirements make compromise necessary.

Before the second World War, the bigi.est difficulty was the
equipment available. The television equipment which was available
for wide frequency bands and for very-high frequencies was inefficient
and expensive. Since it was possible to find frequency bands at very-
high and ultra=-nigh frequencies to use for velevision service, each
country used as high a number of iines per frame as they considered
obtainable with reasonable equipment cost. England .et the first
standardé of television for public service in 1936, and the lines
per framwere L405. Next, the German standard was determined to be Ll1
lines. The Federal Communications Commission ruled 525 lines per
frame as a standard for the Uanited States in 1941.

The rapid development of electronic equipment during the war
decreased television equipment considerations when choosing the
mmber of lines. The Question oi trequency band availability has
become serious. Probably because of this lack of channels the United
States is going to keep 525 lines as the standard. DBut many countries
where the channel question is not that critical (because of central. .-
zed governmental broadcasting systems, for instance) are seeking
higher picture quality. France has advanced furtherest by intro-
ducing an 819-line system for public use and having two such tele-
vision broadcasting stations on the air. The resolution in 819-line

system is about 55 per cent higher than that of 525~line system, and
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it has zbout 2.5 times as many picturc elements per rreme. Experi-
mental systeme have been built using still higher line runmbers, at
least up to 1029 lines per fraue.

It would be advantagevus to have at i ast regional standards in
Europe although it is not an ebsoclute necessity. Televisicn equip-
ment would cost less especially the receiving sets. Another advantage
woild be an easler exchange of programs between countries, even though
it can be done from cne system to another using special equipment.

If such international or regional standards are ever agreed upon, it
is recommended that one of the itest of the present systems be used.
Or, if .this is not feasible, then it is recomuended that a new system
which has real substantial advantages be developed. In an;y case it
should be as high a definition gystem as available frequency bands
will allow, since that is probably a more serious limitation than
any equipment difficulty. The noncomuercial type of oparation of
broadeasting service in Burope does not require so many channels as
does commeircial operation as in the United States.

Therefore, if worldwide bLandwidth standards ars not possible or
advisable as yet, the European countries could use wider frequency
channels, maybe 2, 3, or even l times as wide as used in the United
States. Thus a television system for Finland having about 1000 lines
per frame would be rccommended, 819 or possibly 1029 lines per Irame
would be suitable. Even using that many lines per picture would allow
enough chamnels, when using very~-high and ultra-high frequency trans-
mission bands, and on the other hand the band would be wide enocugh



for good quality.

There are methods to improve the quality of the plctwre without
inereasing the bandwidth, like "dot~interlacing" and overlapping
video by ihe use of sub-carrier, waich then could be used to attain
good quality of color television, added later as a compatible system
preferably.

1L, Number of frames per second.

Actually the determining factor is the number of fields per
second, but since the line interlacing has been decided to be in
ratio 2 to 1, the fleld rate will be twice the frame rate.

The first factor, which determines the minimumm field rate, is
the assurance of the continuity of motion in the picture. This
requires at least 15 fields per second, otherwise movement would be
njerky." A more severe requirement than this is set by the flicker
of the picture. This rises fram the fact that to accomplish a
sensation of a continuous picture the field rate has to be suf-
ficiently high so that the eye siores the preceding image throughout
the dark interval between fields. Otherwise, the eye will see the
fields as separate pictures. In the motion picture industry L8
fields per second is considered satisfactory. However, it has been
found that the hgher the light intensity of the picture, the higher
ig the field rate required. And, the relstion is such that a small
increase in field rate allows a much larger increase in light in-
tensity. Por instance, an increase from 50 fields to 60 fields per

second allows the light intensity to increase 5 to 8 times with the



28
same annoyance of flicker. This means that movie films with a field
rate of 48 per second, and English television with a field rate of
50 per second, have to be viewed in a darkened room, but American
television with a field rate of 60 per second, can be viewed in
rooms having a little daylight. On the other hand, long-persistence
phosphor can be used to eliminate the flicker to about the same
amount, thus allowing about 7 times the brightness with the same
flicker.

Since it has been decided that the systems are to be independ-
ent of power-supply frequency, it is recommended to use 60 fields
per second rather than 50 fields per second. This would allow more
flexibility of the placement of receiving sels, even for daytime
viewing, and it would eliminate any possible fringing caused by long-
persistence phosphors. If the chamnel width previously recommended
proves to be too great, it would probably be preferable to reduce the
number of lines per frame rather than the field rate.

15, Video bandwidth.

If the number of scanning lines per frame and the mmber of
frames per second are decided upon, then the video bandwidth
determines the horizontal resolution. But since the detail of a
picture should be about equal horizontally and vertically, the
resclutions should be approximately equal. This means, that when two
of the three factors, the number of lines per frame, the number of
frames per second, or the video bandwidth are determined, the third

one is essentially determined also. If some deviation from equal



29
resclution in different directicns is made, it should be in favor of
vertical resolution, since therewith the visible line structure will
diminish.

When vertical and horizontal resolution are taken equal, active
scaming line pcrcentage 95, scanning line faector 0.75, horizontal
blanking 19 per cent, and aspect ratio 4 to 3, the required video
bandwidth can be computed, giving the following values, which are

in megacycles per second:

30 Frames 25 Frames

per Second per Second
LO5 lines per frame 2.89 2.4
525 n m m L.85 L.0h
65 n " u 6488 5.72
g1y ¢ n " 1.8 9.8
1029 " " 18.6 15.5
1200 » v n 25.1 21.1
1700 * n w 50.9 L2.h

Assuming that, at least in Finland and possibly in the whole of Europe,
channels are adopted that are 2 to L times as wide as used in the
Unmited States at present, it would be advisable to use 819 or
possibly up to 1029 lines per picture in television broadcasting.
Using 30 frames per second, this would require 12- to 19-megacycle
video bandwidth.

16. Channel bandwidth.

Video bandwidth practically determines the channel bandwidth,
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since vestigial sideband transmission will be a standard, and sound
transmission requires only narrow additional bandwidth. There are
methods to improve the usage of bandwidth, as mentioned before, and
the adoption of these would be advisable when adding color to the
television transmission. To allow room for the sujpressed sideband,
and the sound transmission, the channel should be approximately 30
per cent wider than for black and white video bandwidth, which ac-
cording to the preceding paragraph would mean channels 15 to 2l
megacycles wide (Figure 3).

17. Designation of attenuated sideband.

These are technical details, which can be deecided at will with-
in certain limits. For easier transmitter design the attenuated
sideband should not be suppressed too much, but on the other hand,
the more it is suppressed the narrower can be the chammel. A
practical compromise would be to send with full amplitude the at~
tenuated sideband about 15 per cent as wide as the unattenuated side-
band, as is standardized in the United States, and after that have
fairly sharp cut~off, to clear for the adjacent channel.

18. Polarity of vision modulation.

Both positive and negative modulation are in use at present in
television systems, positive in England and France, and negative in
the United States. Considering the polarity of modulation, the most
important factor is the effect of noise when using the gystem. The
most serious type of noise at very-high and ultra-hizh frequencies is

ignition noise from motor vehicles. When a noise peak occurs during
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the scanning line, it causes a white spot in the picture received
by positively modulated traismission, but a black spot in case of
negative modulated transmission, the latter being less annoying.
The disadvantage of negative modulation is that a noise peak may
cause a missynchronization. However, since for the szke of good
received pictures the sweep oscillator should be very stable anyway,
this danger of missynchronization is not too important and thus nega-
tive polarity of vision modulation is recommended to decrease the
annoyance of the noise.

19. Synchronizing waveform.

The synchronizing waveform should be as simple as possible so
that the receiver circuits will not be too involved. However, the
waveform must assure certain synchronization. The waveform used in
the United States has proved to work satisfactorily, and the Sub-
Group Gerber of C.C.I.R. also recormended that this waveform, with
small changes, be used. This waveform is shown in Appendix TI.

This same synchronizing waveform can be used with color tele-
vision also. ©Some additions may be necessary, like possibly sub-
carrier synchronizing frequency, which can be added, for instance,
on the "back porch? of the horizontal synchronizing pulse.

20. Synchroniszing pulse to picture ratio.

If the ratio of the synchronizing pulse magnitude to picture
signal magnitude is large, the synchronization is certain, but the
amplitude difference usable for picture information is small, causing

the pleture quality to be poor. On the other hand, if the
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syné’arenizing pulse is decreased in percentage of the total amplitude,
the plcture information increases improving the quality of the
pictuwre. However, a small synchronizing pulse may make missynchroni-
zations, due to noise foar instance, much easier. The value of 25 per
cent of total amplitude used for synchronizing hzsz been found suit-
able.

21. Method of gsound modulation.

Two methods of modulation of the television sound carrier are
in use at present, amplitude modulation in Ingland and in France,
and frequency modulation in the United Staies.

When very-high or ultra~high frequenclas are used for sound
transmission, frequency modulation gives superior reproducing quality
compared to amplitude modulation, especially if a large bandwidth can
be used. Using l5~kilocycle frequency swing the noise suppression
would be approximately 5 decibels, and with 75-kilocycle swing about
20 decibels, if the audio channel is linear to 15-kilocycles per
seoond. If pre-emphasis is used the improvement is still greater,
in practice 2 to & decibels more depending upon the time constant.

Since the sound channel width is negligible compared to the
video channel, wide frequency swing can be used. The maximm
frequency swing of 75 kilocycles which is used in regular frequency-
modulation broadcasting today, is the walus recommended. Suitable
Jre—~emphasis would be 50 microseconds, which is the maximum amount

that does not cause overmodulation on higher scund frequencles.
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The first 1?2 standards vere adopted by the Plenary Assembly
of C.C.7.R. and the other 9 have been discussed by hoth the Assembly
and Study Group 11, but without agreement {25, p.2L). In addition
to these 21 subjects there are several others which should be
standardized but do not aprear in the preceding disecussion. The
most important are as fallows:

22. Radiated power of aural transmitier.

If frequency modulation is to be used in sound transwission,
it will provide better performance, when noise is present, than the
video transmission. Therefore, 1t is not necessary to use as high
power for sound transmlssion to obtain coverage equal to that obtained
with a given amount of power used in video transmission. About 50
per cent of the peak power of the video transmitier would be
adequate and suitable for sound transmission.,

23. Prightness characteristics.

In present—-day amplitude~modulated radic broadcasting, it has
been the practice to have both trensmitier and receiver character-
istics as linear as possible with respect to amplitude. But in
television, where the signal 1s reproduced on the cathode-ray tube,
the cathode~ray tube itself is nonlinear, following a power law.
Therefore, if a rsceiver circuit is linear, the natural outcome would
be a recelver characteristic having the power-law characteristic of
screen brightness versus signal voltage.

It 18 relatively easy to obtain any type of characteristic by

special circuits in the equipment. There are several factors, which
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nave W bLe comsidcred, when cinoosing lie desired overall system
cnaracteristic, nost of them Leing inposed by receiving condition.
Therefors the television receiver frequency-response characteristic
should be determined first. The wost important controlling factors
are sensitivily to modulation level changes, correction possibilities
to compensate for stray lizht, sensitivity to bias changes, sensiti-
vity to added noise, and sensitivity to differing brightness ranges
in transmitter and receiver. all the factors are not known well
enough to enable one to decide which would be the best character-
istic., The clamping level of the receiver plays an important part
also. A linear receiver characteristic wouid allow good correction
for stray light, but on the other hand it makes the receiver
sensitive to bias changes and added noise, aud depending upon the
clamping level, to the level changes too. In addition to these the
brightness range in the receiver and the transmitter should be egual
to avoid serious contrust distortion. If the power characteristic
previously mentimmed has a numerically high exponent, the sensiti-
vity to level changes becomes severe, unless the receiver is clamped
near "white" lecvel. At the moment the most advantageous character-
istic for a receiver appears to be a fairly high power characteristic,
but not exponential.

Once the receiver brightness characteristic is determined, it
does not necessarily follow that transmitter characteristic should
be its inverse, although it is probable. It could be advantageous,
for instance, to increasc the conirast in the brightness range of

major interest.
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2. Frequencies to be used for television service.

If fairly wide channels (15 to 2 megacycles) will be used
for television, they should be located at the higher of the very-high
frequencies or in the ultra-high i’reQuency band, since lower fre-
quencies can be more advantageously used for other radio services.
Additionally, equipment construction would cause difficulties on
lower frequencies, when using wide bandwidths. Also, the possibility
of ionospheric interference commonly occurring at lower frequencies
would be diminished.

25. Channel allocation standards.

When very-high and ultra-~high frequency bands are used for
television service, there is usually no long distance interference
between stations. Therefore each country should be allowed to
choose their channels and powers to be used at wili, provided the
radiation of the transmission to any other country is below the
limit which would assure noninteriered reception of their own tele-
vision stations within grade A service area. If the radiation
exceeds this limit, both the channel and power used should be ap-
proved by C.C.I.H.

Numerous investigations have been made, espectally in the
United States, to determine the field strengths required for the
service grades defined before. The average results have been pub-
lished by the Federal Commmications Commission, and are as
follows (12, p.3075):
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Fequired medisn field strengtis in db sbtove 1 nicrovolt per meler.
&

Grade of Service At 270 ne 56 50090 me
A 7L b 7L ¢b
P ' 6 gt -6l db

After similar studies tie following field strength ratios have been
found to allow the speciiied Federal Communications Commission
grades of servics.

Permissible co-channel rabios in decibels of median desired

field strengths to 10 per cent undesired field strengths:

At 50-~200 me At 500-900 mc
Non- Non-~-
irade of Service offset OfLfset offset Offset
A 51 db 34 db 53 db 36 db
(355:1)  (50:1) (bh7:1)  (63:1)
B 15 dv 28 db LS db 28 db
(178:1) (25:1) (178:1) (25:1)

No permissible adjacent channel field strength ratiocs need to
be specified, but a separation of about 90 to 100 kilometers should
be allowed between stations operating on adjacent chamnels.

Offset carrier operation means that stations operating on the
same channel have their vision carriers separated from each other by
an amount which makes interference less visible in the received
picture. The optimum separation is half of the line frequency per
second. However, in the United States one~third of the line
frequency is used for separation, thus allowing more stations to be

protected.
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ffor satisfactory operation, reception should be interference-
free within the grade A service area of the station. Therefore, the
limit previously mentioned is recomnended to be 20 decibels above
1 microvolt per meter or 10 microvolts per meter. Furthermore, it is
recom:ended that the field streagih be less than this value 90 per
cent of the time. In other words, the countries should be free to
select their channels and powers used, provided that the radiation
to any other country is 10 microwolts per meter or less at least
90 par cent of the time. And, if this will be exceeded, then approval
should be obtained fram C.C.I.R.
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The number of people that will be served by a television
station is determined by the transmitting power used, the propagation
of radioc waves from the antenna at the frequencies in question, the
required minimun field strength, and thepoppulation within the area
where the field strength is at least the minimum permissible. Studies
of these different factors were made, except for the required field
strengths as discussed before. The mcthods and resulis of the

studies are explained in this chapter.

Transmitting Power

Since very-high and ultra-high frequencies are used for tele-
vision broadeasting, the radiation is comparatively easy to
concentrate in the direction which is the most useful, thus improving
the usage of the transmitter power. The directivity of an antemna in
the desired direction is usually expressed by the term "gain® of the
antenna. The product of the transmitter power minus transmission
line loss and the power gain of the antenna gives the effective
radiated power, which is one of the factors determining the field
strength. Thus the effective radiated power may differ considerably
from the transmitter power.

A few years ago it was difficult to obtain high powers at the
very~high and ultra-high frequencies used for television service.

The powers used have been commonly from 100 watts up to about 5
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kilowatts. The need of still higher power has been met by two
different methods, either by circuit design which allows the use of
several tubes in parallel, or by the design of new tubes which will
provide the high power needed. With several tubes in parallel
television transmitters have been designed at least up to 50 kilo~
watts in power at very-high frequencies. New tube design has
produced, for instance, a high-power klystron, which can provide at
least 12 kilowatts of continuous power at ultra-high frequencies,
and there is no reason why klystrons of still higher power cannot
be built. Because of these developments, it appears to be probable
that at ultra-high frequencies 50- or 100~ or perhaps even 200-
kilowatt transmitters can be built in the near future.

The purpose of directional antennas in television service is
usually only to awoid radiation in undesired directions like down-
wards and upwards, where the power would be wasted. The most common
type consists of a modification of the original turnstile antenna.
These antennas have circular patterns in the horizontal plane, but
in the vertical plane the pattern is more or less "flattened"
depending on the number of turnstile layers used.

The commonly used television antennas at present have a power
gain from 1 to 7, some up to 13 at very-high frequencies, but new
desgigns allow the gain to be increased to 20 and over. For ultra-
high frequencies antennas having gains from § to 25 are commercially
available. High-gain antennas increase the coverage radius of the

station, but for other reasons a high-galn antenna is not always
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desirable. If such an antenna is located high above average terrain,
the radiated power to the direction of the first null below ths
main loop may be too small to provide adequate fieid sirength for
reception at close distance. This and not the technique of antenna
design will usually set the limit for the maximum gain which can be
used.

With the present-day transmitters and antennas, an effective
radiated power of 600 kilowatts at very-high frequencies or about
300 kilowatts at ultra~high frequencies is readily available, and
probably it can eventually be increased to a few thousand kilowatts

without major difficulties.

Wave Propagation

Wave propagation is affected by several factors. Some of them
are as follows: frequency, polarization, antenna heights, distance,
curvature of the earth, atmospheric conditions, terrain, quality
of the ground, and city buildings. Since all these factors have to
be considered, the wave propagation problem as a whole becomes very
complicated. For practical applications, the problem must be
simplified. This is possible, since in each case it is usually a
question of special application. When television is considered,
the frequencies of primary interest are from about 100 to 1000 mega~-
cycles per second.

At these frequencies the effect of polarization is essentially

negligible. The main difference occurs, when the anienna elevation



is small, less than cne wavelength. Al such low elevations
horizontally polarized radiation is much weaker than vertically
pularized, since for horizontal polarization the radiation approaches
zero, when elevation approaches zero, but for vertical polarization
the radiation approaches a certain constant value at zero elevation
(33, p.694). This difference does not have practical effect, since
antennas at ultra-high frequencies are alwgys elevated several wave—
lengths high.

One of the most important factors at very- and ultra-iigh
frequencies is the height of antennas., For example, if horizontal
polarization is used and the antenna is well below the line. of sight
from the observation point of the field strength, and the elevation
of the transmitting antenna is increased from zero, the received .
field strength first increases approximately linear with the height,
until at very large heights the field strength begins to increase
exponentially. If the transmission is vertically polarized, the
only difference is that the field strength starts from a certain
congtant value and stays approximately canstant at first, until the
height has a value at which the field strength of a horizontally
polarized wave would be about the same as a vertically polarized
wave. Then, the field strength starts to increase and merges with
the values for horizontal polarization at a moderate height.

If the antenna heights were appreciable compared to the trans—
mission distance, then instead of exponential increase with the

height increase, at large heights the field strength would vary with



oscillations aboul approximately constant value. These oscil-
lations are due to reflection of the waves from the surface of the
earth, which alternatively add and subtract the reflected wave
from the direct wave.

The same effect of reflected waves occurs, if the height of
transmitting antenna and observation point are kept constant and
the distance between them is increased from zero to large values.

At first, when the points are close together, the reflected wave

is weak compared to the direct ray, and the field strength decreases
according to free-space conditian. is the distance increases, the
reflected wave becomss appreciable compared to the direct ray, and
again alternatively adding and subtracting changes the amplitude

of the field strength, thus causing oscillations in the field
strength. However, the average value of the field strength follows
the free-space condition. When the distance increases, the relative
emplitude of the oscillation increases, since the amplitude of the
reflected wave approaches that of the direct wave. Simultaneously
the period of oscillations becomes longer because of geometrical
reasons. Finally, at distances close to line of sight, the dif-
ference in the path of direct and reflected waves becomes less than
one wavelength and the oscillatlon ceases, and when the length of
the paths becomes equal, the field strength begins to decrease much
faster than it would in free space, since the reflection coefficient

is about ~1.
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The reason for the importance of antenna height at wWltra-.igh
frequencies is the curvature of the earth. The practical service
distance 1s only a little more thin the line-of-sight distance.
Since sky-wave propzgation is not possible, the field strength
beyond the line of sight is largely due to ground-wave propagation.

There are three factors which enable signal transmission to
the region beyond the line of sight. These are refraction, dif-
fraction, and energy loss at the ground. The refraction is the
change of direction of radiation due to the change of dielectric
constant of the atmosphere with height. The dielectric constant
depends on the amount of water vapor present, pressure, and tempera-
ture of the alr; thus weather has an effect. In general the di-
electric constant of the atmosphere varies from point to point,
and for practiecal purposes some assumptions have to be mace. In
average conditions, the dieleciric constant is uniform in a hori-
zontal direction and decreases approximately linearly with height
above the surface of the earth. Such conditions would cause the waves
to bend toward the earth and the effeet can be taken into account in
computations by assuming the wave propagation to be linear, and as-
suming the radius of the earth to be larger than it is. A practiecal
multiplying factor is 1.33 (3, p.1129). The average is slightly
smaller in the arctic regions and lurger in the tropics (27, p.l).
This is an average condition and can be used for estimating purposes,
but the dislectric constant under certain conditions may vary
considerably from the situation previously described. This constant
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may even incruase with heignt, in which case the waves bend away from
earth. On the otaer hand, if tne dielectric constant decreases faster
than a certain limit, the curvature of the path of the wave is smaller
than the earth's curvature, and the waves come closer to earth
either striking against it or soxe layer of air which has a smaller
gradient of dielectric constant. These phenomena cause so—called
"duct transmission."

Diffraction is the phenonrenon of bending of electromagnetic
waves around objects. It is a fundamental property of wave motion,
which enables wave propagation behind obstacles. It depends on the
wavelength of the radiation, and in light propagation cannot be seen
without special instruments. At 1000 megacycles the wavelength is
30 centimeters or zbout the same as the wavelength of 1000-cycle
sound wave in air; tius a similar bending around obstacles may be
expected.

The effect of the ground losses is that it causes a forward
tilting of waves above the earth's surface, and thus partially
guides the radiation. The effect of electrical properties of the
ground is very small at ultra-high frequencies. In practical
computations it is usually neglected.

The terrain ineluding hills, trees, buildings and other
obstacles, which can be neglected at low frequencies, is of primary
importance at ultra-high frequencies. The radiation is mainly
restricted within the line of sight. Therefore all obstacles cause

nghadows® in field strength, and if the obstacle is impenetrable
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like a hill, the only radiation which reaches behind it is due to
diffraction over and around the hiii. In cities the field strength
at street level is approximately 10 to 30 decibels below what it
would be without the effects caused by buildings. 4t 100 megacycles
trees cause from 2 decibels to 10 decibels loss in field strength
depending on the density of the trees. Higher loss occurs for verti-
cal polarization than for horizontal polarization. At 1000 megacycles
a thick forest is practically impenetrable and diffraction determines
the field strength.

The reflections of radio waves from buildings, trees, air-
planes, and other similar obstacles cause muliipath reception at
ultra=high frequencies. Because the physical size of these obstacles
is large compared to the wavelength of the transrmitted signal, the
reflected energy may be comparable to the energy received by direct
transmission. This multipath transmlssion causes so-called “ghosts"
in television reception, and they are difficult to avoid, unless
line~-of-sight transmission is avalilable and highly directive
antennas are used.

On fringe areas fading is also noticeable. This is due to
sudden changes of atmospheric index of refraction, or tropospheric
reflections as these phenomena are called. At ultra-high
frequencies the fading may be about 15 decibels near the horizon,
but far beyond that distance it may reach even 50 decibels.

All these factors are at least difficult, if not impossible,

to include in formulas for computations. Many of them are not well
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enough nown, cspecially in the 1.L1tra;~§“xi{?,l’l frequency region. Hence,
such factors are neglected in making computations. Howcver, simple
transmission problems can be theoretically solved as will now be
explained.

The simplest problem is encountered when the fisld strength
must be determined at a distance from transmitting antenna, at which
the effect of ground is negligible, in other words, in the free-
space condition. By solving Maxwell's cquations using M.XK.S. units,
the field intensity in the plane, perpendicular to a short dipole,
is given by (38, p.69).

u:
Epg = 607 =1

where Epg is the free-space field intensity in volts per meter
i is the antenna cwrrent in amperes
1 1is the length of the antenna in meters
A is the wavelength of radio waves used in meters
d is the transmission distance in meters
If the power input to the antenna is substituted in the equation,

the field intensity in volts per meter is given by

where g 1s the power-gain of antemna compared to a short dipole

and P is the radiated power in watts

For half-wave dipole g is 1.09 and the field intensity (3, p.1123)
/P

is Egg v 7 —
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When the transmission distance is so great that the reflected

wave is appreclable compared to the direct wave, then the formulas
become complicated. If a short vertical dipole is placed on a
perfectly conducting plane, the field intensity in the plane is

given by

- V.30
Bp = V-

where g 1is the power-gain of antenna compared to a short dipole

If the power is 1 kilowatt, then this formula gives the familiar
figure of 300 millivolts per meter at 1 kilometer. After theoreti-
cal investigations, A. Sommerfeld defined a factor A, which takes
into account the effect of the earth, and thus gives the field in-

tensity at the finitely conducting surface of the earth

Esu"Elbﬁ

or in more familiar form {33, p.675)

2B
0
Bgu = g~

where Eg; is the field intensity of the surface wave (sometimes
called ground wave) in volts per meter

2E, 1s the inverse distance field at a unit distance in
volts per meter

When the elevation of both transmitting and receiving antennas is taken
into account, two additional factors must be added, glving the general

formula: 2 E, A F FZ

E = a1
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where E is the ground-wave field intensity in volts per meter

2E, 1is the inverse distance fileld at a unit distance in
volts per meter

A is the attenuation factor

Fy is the height gain factor for the transmitting antenna

Fp 1is the height gain factor for the receiving antenna

d is the transmission distance in meters

From this final formula several different simplified methods have
been derived for practical computations.

The Sommerfeld's attenuation factor was first applied to
practice by P. P. Eckersley. Later, several others have published
application methods on this subject. Investigators of transmission
at ultra~high frequencies‘include C. R. Burrows, M. C. Gray,

K. A. Norton, K. Bullington, T. L. Eckersley, and F. W. Smith. All
the methods used are based on the smooth—earth theory and some of
them have methods to correct values attained according to
irregularities of the terrain.

To obtain for the purpose of this investigation at least an
approximate comprehension of the accuracy and reliability of these
different methods, a study was made comparing the theoretical
results obtainable with actual measured values. To avoid all
possible interfering effects the measured values have to be obtained
under as ideal geographical conditions as possible. Therefore, test
results measured by J. Day and L. Trolese in the Arizona desert were

chosen for comparison purposes (7, pp.165-175).
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The first method used was presented by X. Bullington in his

article in the Proceedings of the Institute of Radio Engineers in
1947. By this method the field stren;ths are detcrmined using nomo—
graphs, which are derived by theoretical calculations after simplify-
ing assumptions are applied.

Comparing calculations were made for fixed transmitting
antenna height and variable receiving antenna height both for
relatively short and moderate distances. Figure 5 shows measured
average field strength variations in the form of shaded areas
depending on the height of receiving antenna at three different
frequencies, when the transmitiing antenna height is 190 feet above
the terrain and the transmission distance is 26.7 miles. The field
strengths are in decibels relative to free-space values. The
field strengths were computed for four receiving antemna heights at
each frequency, and they are shown as dots on the graph sheet.
Plane earth theory was used (3, p.1126). At all frequencies, the
measured values agree within 2 to 7 decibels with the computed
values, except on the 5~foot height. A reason for this is that if
the receiving antenna is that low, it is beyond the eleetrieal
horizon, since electrical line of sight is reached at a receiving
antenna elevation of about 25 feet. Thus the plane earth theory is
not usable for 5-foot elevation.

For 170 megacycles, for a transmitting antenna height of 190
feet, and for a moderate transmission distance of approximately 55
miles the variation in field strength with receiving antenna height
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is as shown by the curve in Figure 6. Smooth plane esarth theory
can still be used at distances such as 55 miles if receiving antenna
height 1is over the line-of-sight limit., For line-of-sight condition
(electrically) the receiving antenna height must be at least 600
feet (3, p.1128). When using the plane-earth theory, the antenna
heights have to be adjusted. Therefore the point where the
reflection occurs on the spherical earth's surface must be determined.
If the receiving antenna height were 1000 feet, this distance would
be about 15 miles from the transmitting antenna. The adjusted
antenna heights are now the antenna heights from the plane, which is
tangent to the earth al the point of reflection. In this case they
would be approximately 215 and §3 feet instead of 1000 a i 190 feet.
By this method the field strengths for 1000 foot and higher eleva-
tions can be computed giving values shomn by dots in Figure 6. At
600-foot elevation, plane earth theory does not apply, since that is
the condition of the signal grazing the earth.

Taking diffraction of the waves around the curvature of the
earth into account, K. Bullington derived a nomogram which was
especially intended tc be used when the line-of-gight condition
does not exist (3, p.1127ﬂ). This method can even be used within the
. 1ine of sight, although theoretically it is valid only beyond line
of sight. However, if the distance between points, where the tangent
lines drawn from the antenna locations to the smooth spherical
surface of the earth between antennas touch the earth, is taken

negative within the line of sight, the "loes' obtained from the



Transmitting antenna height= 190feet

Average distance = 55 miles

7000*

feet

6 000

Receiving antenna height,

0

T T I A

-30 -20 -10 0 +10
Field strength relative to free space, decibels

Fig. 6 Comparison of measured and computed field intensities



53
nomogram will te negative also, and the final result gives a
relatively ¢loce value of the field sireagth to be expected. Using
this smooth spherical earth thecory the field strengths corresponding
to five different heighlts of thse rocelving antenns were obtained.
These values are shown by circles in the Figure 6, except the three
higher elevation values, which coincide with the values previocusly
obtained. All the resuits agree well enough with the measured
average values, although in four out of five cases the line-of-gight
condition did exist.

These calculations showed that the plane earth method of
K. Bullington can be used, as long as the distance belween antennas
is at least approximately 20 per cent shorter than the maximum
distance, at which the line-of-sight condition still obtains.
However, the adjusted antenna heights should be used.

The smcoth spherical earth method developed by ¥X. Bullington is
sgain applicable for beyond the line-of-sight and grazing conditions
and somewhat within the line-of-sight, but further investigations
showed that on shorter trans-isslon distances the results were ap-
proximately 10 to 20 decibels too low (distance 26.7 miles).

Similar comparing computations were made using other
sirplified methods. They all have their base on the general modi-
fied Sommerfeld formula mentioned before, but the derivation of the
methods has been accomplished using different simplifying assumptions.

One of the most accurately derived methods is published in

Ground-{fave Field Intensities by the Radio Propagaticn Unit of the
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U.S. ar1y Signal Corps (27, pp.1-59). Their method utilizes the
general formula in its basic form, giving values for diffecrent
factors in the form of curves.

The Radic Propagation Unit also has published Ground-Have Field
Intengities within the Line of Sight (28, pp.1-175). This utilizes
the same method, but is simpler, since field intensities are
computed for one kilowatt, for several antenna height combinations,
for several ground constants, and for varicus frequencies.
Intensities are presented in the form of graphs. The mly computa-
tions necessary are the addition of the effeet of power and antenna,
and possible interpolations between frequencies, antenna heights,
and ground constants.

Somewhat more simplified is the method derived by T. Eckersley
(10, pp.286-30L), the curves of which are printed in the Radio
Engineers' Handbook by F. E. Terman (33, pp.756~758). Those curves
negleot the refraction of the waves in the atmosphere.

Some results from the computations made by these different
methods are in Table I. Calculations were made for two transmission
distances, three antenna heights, and two frequencies, which are in
the region of prinary importance. The four values in parentheses
were obtained by the method R 3 of the Radlo Propagation Unit and
are calculated using antenna height gain factors, although antenna
height conditions were not fulfilled and thus the antenna height
gain factors were not supjosed to be used. If these factors were not

used, the errors wculd have been over €0 decitels.. The values



TABLE I

Transm, Measured
Distance and rec. | Frequency average Computed field stren;ths differ from measured
antennsa field values
miles heirhts me intensities decibels
per sec, relative to
feet free space B R 3 SR 3 E
db
26.7 190 170 - 10 545 (- 1) - 1.5 - 5.5
26,7 100 170 - 20 - 2.5 (- 3) -3 - 10.5
26.7 100 520 - 5 - 1
26,7 25 520 - 28 - 13.5
46,3 190 170 - 25 -3 (1) 1 - 10.5
46.3 100 170 - 40 5.5 (4) 3.5 - 11,5
46.3 25 170 - 56 = 3.5 -5 -5 - 17.5
B - method by K. Bullington
R 3 - method by Radio Fropagation Unit (Ground-wave field intensities)
SR 3 - method by Racio Propagation Unit (Ground-wave field intensities
within the line of sizht)
E - method by T. Eckersley




5%
obtained by Eckersley's method are based on 1l50-megacycle frequency
instead of 170 megacycles per second, but tue difierence is
negligible.

Good agreement was obtained at very-high frequencies using
both Bullington's method and method Sk 3 of the Radio Fropagation
Unit. Method R 3 of Radio Propagation Unit gave also very good
results, if the antemna height gain fuctors were used. ickersley's
method may be used, but especialiy on longer distances the values
are tco low. The recason for this is that the effect of refraction
of waves in the atmosphere is appreciable ét longer distances, and
cannot be neglected as has been done in this method. 4t ultra-high
frequencies the Bullington method is the only one available and
the results are usable, although the agreement with the Arizona
desert investigation is not always too good.

The simplest method to use is the metinod published by Federal
Communications Commission (12, pp.3082-3085). It is intended to be
used for predicting television service areas mainly for application
filing purposes.

The method is graphical and the grapns are derived theoreti-
cally from the modified Sommerfeld formula mentioned before. The
method takes into account all factors, but ground constants, and
the earth is assumed to be a smooth sphere. BSince the propagation
of the radio waves does not generally chauge rapidly, when the
frequency changes, the same curves are used for a wide frequency

range, for example from 200 to 900 megacycles. The receiving antenna
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elevaticn is assumed to be 30 feet. The graph sheets for this method
are included as the Appendix 1i.

According to calcuiaiions made at 170 megacycles, the values
obtained by using this metliod were 11 to 5 decibels below the average
values measured on the Arizona desert at 26.7 and h6.3 mile distances
respectively, ihen the transmitting antenua height was 190 feet.

By Bullington's method, calcuialed values from 7 to 1 decibels below
thg measured values were obtained. Thus the Federal Communications
Commissionts graphs gave a little lower values (k4 db) than
Bullington's method, which is reasonably close agreement for wave
propagation computations. In addition, the lower values probably
agree better with the actual field strengths for typical television
conditions where the terrain is nol so ideal as in the Arisona
desert. Because of the simplicity of the method of the Federal
Communications Commission, and because of tie validity of this
method at least as indicated by the preceding comparisons, the F.C.C.

method was used in all later investigations incliuded in this thesis.

Population Study

When the coverage of a ielevision station is to be computed,
it is necessary to determine the total population within the area
to be scrved. If clitles or towns are in the vicinity, their popu~
lation can be included in the potential audience only if they are
within the grade A service area. Bul when a television network

of several stations must be designed, somewhat mcre lknowledge about
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population is necessary if an extensive economic study is to be done.
Information must be aveilsable for instance as to the chunge in
audience if different coverage radii sre used. The mst useful form
of populaticn distribution information is a curve or table showing
the population covered versus the distance from each probable trans-
mitter location, for both total population and for rural population.
The so-called rural population curve may include also the city or
town where the station is located, since thet will be inside grade A
éervice area anyway. DBecause this kind of information about Finland
was not available, the study reported in this section was made to
cbtain this knowledge.

The smallest areas in Finland, which have local go- -rnment,
are called commmnes. The average area of a commune ig approximately
550 square kilometers or sbout 200 square miles. The average popu-
lation is aprroximstely 5000 persons per comoune (3kL, pp.1-18).

From smaller areas no accurate population data are availsble.
Therefore a method had to te devised, which would give the smallest
possible error in the curve values, with reasonable amount of woerk.
For investigatlon purposes the city of Rovaniemi in northern Finland
was chosen as a possible television station location (somewhat north
of the 66 degree north parallel, Figure 1). Rovaniemi is especially
suitable for this purpose, since therc are very few communes within
the 200 kilometer distance from the city. The 200 kilometer
distance was chosen since that 1s large enough, when considering

television stations of any practical power.
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Since no accurate population distribution information of the

communes was available, it was considered that the population
would increase approximately linearly with the distance from
Rovaniemi within the area of each commune. Figure 7 shows, then,
the population of each commune as it increases the total population
versus distance from Rovanieml. The total population versus
distance, as shown in Figwre 8, is obtained by summation of the
curves in Figure 7. If cities are not included, the rural population
(including the city of Rovaniemi for reasons previously mentioned)
will follow the curve shown in Figure 9. These two curves, Figures 8
and 9, give the information necessary for economic investigations,
and they are fairly accurate. The accuracy of such curves will Le
still higher, when cities in southern Finland are considered, since
there, a 200-kilometer circle includes over 200 commmnes instead of
about L0 as in the case of Rovaniemi. Because such curvees have to
be made for about 25 different cities the work is excessive and some
simplified method must be used.

Investigations have shown that a relatively accurate curve
with a reasonable amount of work was attainable if the population
of each commune was assumed to be concentrated at the middle point
of the commune. The distance from the station location was divided
in 10 kilometer sections, except the first and last, which were
5 kilometers. The populations of commnes, the middle points of
which were within the same distance section, were added together.

By adding these sums the ordinates of the points in Figure 10 (in
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case of Rovaniemi) were cbtained and plotted, using the middle
values of distance sections as abscissa values. If a smooth curve
is drawm through the middle point of each step in the step curve
thus obtained, the curve obtained does not doviate appreciably from
the curve in Figure 9. The maximum difference was sbout 6 per cent.
In southern Finland, where communes are much smaller, the deviation
would probsbly be below 1 or 2 per cent. It was found that a 10-
kilometer distance section was approximately the maximum usable,
since any larger step would cause appreciable errors in the ordinates
of the curve. This method can be used cnly to obtain curves for
rural populations, since sudden changes like those caused by cities
or market-towns would not show in the curve,

As an example, tables and curves of computations about the city
of Lahti are included. Table II shows the tebulation of Finnish~
speaking rural population plus the pcpulation of Lahti, versus
distance from Lahtl. Table III shows the Finnish-speaking urban
population versus distance from Lahti. Similar tables were prepared
for the Swedish-speaking part of the population. It is advisable
to investigate the distribution of both languages at least for
program distribution purposes, since they both are official languages
in the country and approximately 9 per cent of the Finnish nation
spezks the Swedish language. The Swedish language is used only on
the coasts, especially near Helsinki, Turku, and Vaasa, and on the
islands of Ahvenanmaa in the southwest corner of the cowntry. The
rural population plus the city population of Lahtl versus distance
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TABLE II, LAHTI
Distance from Lahti, kilometers
o | 10] 20 30 40 50 60 70 80 90 100 110 120 130 140 | 150 160 170 180 190 200

Population of 45190| 11311 14878| 3365| 2270| 4126| 5637| 4685| 11151| 11530| 11103 659| 8298 2436| 410| 2192| 7261 391 3987 6737 1844
communes 6296 9012| 11220| 2683| 1159 2354| 6792| 3559| 4090| 4197| 1380| 3948| 4297| 5747| 10583 1281 3027 5907 71,
9619| 3083 2633 193] 2751| 9870| 2188| 2149| 11029| 3808 903| 2072| 4207| 10372| 10176 2859| 1753 1902| 12224
(Finnish 10841 7583 9546| 6576] 6413| 9492| 4850| 10540| 4890| 1040| 2168| 2963| 3798| 2716| 2741] 10580 6162 5614
speaking) : 5048| 12171| 5634| 4798| 5264| 2060| 11080( 3391| 3790| 2616| 8112| 3483| 2329| 6827 4375 1563 2109
6302 5413| 2184 3476| 4922| 5006| 7940| 6049| 3201| 3888| 2878| 4197| 3112 5390 1639 5200
2407 9970 14754 6443 11779| 8001| 4514| 4434 | 11698| 8214 1857| 4553| . 8627 5951 4191 5083
94,3/ 6722| 4080| 5888 7908| 8934| 4129| 3295| 2447| 10880| 2305 8526 1324| 2918 3183
3802 4617| 15918 2329| 7470 8276| 4867 1341| 9515| 2986| 9788 7543| 4064 1675 11329

1831, 10175 1997| 2514 9664 | 5650 6956| 2806| 5635\ 4244|3439 3397

5749 4617| 6324| 5201| 5428| 5286| 2461| 2376 3651| 8871

5402 174 | 11265| 20436| 1868| 3772 166 1131

2570 4410| 4058| 5867 1784| 9828 1245 3723

6505| 6822 3164 13141| 8217 3766| 12459

13540 2911 6436| 3376 3173 5172

10858 11243 9795 9612| 17076

3623 14100 12326 2519

3522 3356| 11854

2489

8481
Suns of columns 45190|11311|30793| 26301| 29654| 68978| 37140| 56397 74979| 49066 83973 | 68217| 75824 | 79505| 82740 86757 |114614 | 48527 82545| 99866| 47300

?rlvoa of sums 5656115397 | 13151| 14827| 34489 18570| 28199 37490| 24533| 41987| 34109| 37912 | 39753| 41370| 43379 57307 24264| 41273| 49933
:zgi::izgozithin 45190| 50846 | 71899 |100447] 128422 | 177738 [230797 | 277566 | 343254 |4,05276 |471796 | 547891 | 619911 (697576 | 778698 |863447 [964132 [1045703 1111239 (1202444 (1299677




TABLE 11X LAHTTI
Distance Finnish speaking urban
from City or market-town population
Lahti in the within
kn city or town |radius at left
31 Heinola 8491 8491
55 RiihimBki 16971 25462
58 Kouvola 10551 36013
60 Hyvink®¥ 13383 49396
65 Jirvenpii 7601 '56997 .
65 Hémeenlinna 22612 79609
67 Porvoo 3457 83066
68 loviisa 967 84033
72 Kerava 7647 91680
87 Karhula 19640 111320
91 Kotka 24528 135848
93 Valkeakoski 11916 147764
9% Karkkida 4503 152267
96 Hamina T144 159411
99 Toijala 5814 165225
99 Helsinki 279281 444506
100 Kauniainen 1109 445615
111 Forssa 9031 454646
116 Mikkeli 15955 470601
120 Tampere 102910 573511
120 lohja 6140 579651
128 Nokiea 16060 595711
130 Mintth 5969 601680
135 Lappeenranta 17332 619012
139 Jyviskyld 30881 64,9893
140 Lauritsala 10664 660557
12 Loimaa 5510 666067
147 Kerjaa 568 666635
153 Vamnmala 1116 667751
154 Salo 9343 677094
163 Ikaalinen 500 67759
165 Tammisaari 689 6782¢3
165 Pleks#mBki 7907 686190
170 Imatra 28441 714631
174 Suolahti 5027 719658
178 A¥nekoski 6077 725735
190 Varkaus 17783 743518
195 Turku 89039 832557
197 Hanko 1546 834103
197 Savonlinna 11867 845970
198 Parainen 1639 847609
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from Lahti is shown in Figure 11 for both languages. These two
curves and two tubles of urbin population give all populaticn
inforanation necessary for each location of a2 television station.

A complete population study like the one Just described was

made for the 1l largest cities of Finlend (population in

parentheses).
Helsinki (375,981) Kuopio (33,305)
Turku (103,899) Jyviskyl¥ (30,881)
Tampere (102,910) Kotka (24,528)
Lahti ( 45,190) Keml (23,959)
Pori ( 43,983) Himeenlinna (22,612)
Oulu ( 38,703) Lappeenranta (17,332)
Vaasa ( 36,178) Mikkeli (35,955)

Besides these 1ll; cities, six other possible television station loca-

tions were chosen and population studies were made for them. They

are:
Rovaniemi Joensuu
Kokkola Tammisaari
Kajaani Riihimki

During the economic investigations, partial population studies were
necessary for four additional locations:

Ohkola Savonlimma

Ylivieska Kari joki
A1l the population data used were based on 1951 census, which gives

the population as of January 1, 1951 (34, pp.l-18).
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TFCHNICAL AND LCONONIC CONSIDERATINN
OF NETWORK ELEMENTS

A techniczal study of the ecuipment required for a television
system 1s made in the following pages. The details have been extended
as far as necessary for carrying out the investigations concerning
the whole network of several television stations. The study was
based mainly on technicsl information available from television
practices in the United States. Besides a tcchnical study, an
economic study is necessary to enable one to design the most
economical and logical network units for a final television system;
such an economic study also is included in the following pages.

All prices are as they would be in Finland, although for
practical reasons they may be expressed in dollars. The present-—day
(1952) official exchange ratio has been used, according to which
231 Finnish marks correspond to one American dollar. Figures such as
the price of antenna towers and buildings, the cost of electriecity
and wages of personnel are based on information obtained from
Finland, but the prices of the equipment, the prices of which are
not available from Finland, are averages of the prices of two or
three large companies in the United States which are manufacturing
television equipment. To cover the transportation cost, possible
customs duty and installation cost or, if the equipment would be
built in Finland, to cover the higher manufactuwring and installation
costs, an estimated 25 per cent has been added to the American

average prices.
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The calculations are based on nonprofitable operation. The
interest has been taken 7 per cent per year as an average, since it
varies between 5 and 9 per cent at present. Where depreciation time
is concerned, the facilities have been divided in two groups. For
buildings and towers, a 20-year depreciation time was chosen, since
brick buildings and steel towers are used. For equipment, a S-year
depreciation time has been used. A reason for the short depreciation
time of equipment is that rapid advancement of television research
may make the equipment relatively soon obsolete.

To obtain fixed annual cost, a variable depreciation percentage
was chosen. For equipment, a 5-year depreciation time and 7 per
cent interest give an annusl cost of 2h.L per cent of the purchase
price. This means that the first-year depreciation is 17.L4 per cent
and the fifth-year depreciation is 22.81 per cent of the purchasing
price. For buildings and towers 9.L45 per cent of purchasing price
annual cost will provide depreciation in 20 years and with 7 per
cent annual interest, the first-ycar depreciation is 2.45 per cent
and the twentieth-yecar depreciation 9.0l per cent.

Before exact studles could be made, a necessary step was to
form generalized stations, without taking any possible local
situations into account. These generalized stations enable plans
for the whole network to be made, and such plans can be used as
guides, when forming the final plan. All these investigations are
made for about 200 megacycle frequency operation, since that is

probably the most suitable frequency to be used for television
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service in Finland.

Tranmittin& Stations

Station block diagrams. The transmitting stations wore divided
into four groups according to the transmitier powar. The smallest
stations, up to 1 kilowalt, have been considered possible of auto-
matic oper.tion. Thsy can be used in unimportant places, or in

places where there is a regular attendsd All broadecasting station

in vicinity so tnat possible interruptions can be cleared rapidly.
Larger stations are to te manually opsrated.

At the small "automatice" stctions only the minimum of equipment
is needed. Figure 12 shows the block ciazram of such a station.
After the network terminal (radio relay rcceiving unit), limiting
amplifiers are nesded, since the amplitude of received signal may
vary. Limiting amplifiers are not used on the television staticns
for video at present, but on autematic stations it would be necessary.
A stabilizing amplifier should precede the video transmitier to
remove possible hum, switching, and similar transients, and to adjust
the video signal lo a synchronization pulse ratioc suitable for the
trunsmitter. On the audio channel, a pre-emphasis network is
necessary. In addition to these, timing, alarm, and control panels
are required for the transmitter, and scme monitoring equipment which
can be used when servicing the stztion. When the prices are estimated
&s mentioned before, the transmitter accessories alone would cost in

Finland, when installed, and including a radic relay receiver,
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$22,500 or 5.2 million marks.
The same radic relay system cun be used to transmit both video and
audio signals, if a sub~carrier is used for audio signal.

The next group of steticns considered is the *®small manual
stations® having trans:itter power of from 1 to 10 kilowattas. The
block diagram for these stations would be as shown in Figure 13.
This size station would not originate progr:ms, but in case the
progranm distribution system fails, a monoscope camera is furnished
to give station identification, and microphone and turntable can
be used for announcements and rmsic. Some additional amplifiers
are needed, as will be noted if Figure 13 is compared to Figure 12,
Also an audio transmitier frequency snd modulation monitor has been
added. Limiting amplifiers are not necessary, since an operator
is slways on duty. The price of transmitter accessories including
radio relay receiver would be approximately, when installed,

$LL, 600 or 10.3 million marks
without spare tubes. |

Figure 1l shows the block diagram of a "medium-size station,®
which are stations having transmitter power of 15 to 50 kilowatts.
Tﬁese stations are so large that they should have program facilities
to provide continuous programming even when the program transmitting
network fails. Therefore, one film camera chain, 35-millimeter
£ilm projector, and slide projector are furnished in addition to
the monoscope camera. This plan has more amplifiers (like mixing
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amplifiers) and monitoring equipment (video transmitter frequency
monitor and radio frequency load) than the preceding one. The
price of transvitter accessories, installed, without spare tubes and
radio "requency load but including radio relay equipment would be
approxinately,

$81,500 or 18.8 million marks.

The equipment needed for the largest stations is shown in
Figure 15. These "big stations" (100 kilowatis or more) would have
two film wrojectors and two slide projectors, and somewhat more
versgatile switching, testing, and amplifying facilities, but
basically similar to the preceding one. The transmitter accessories,
again without radio frequency load and spare tubes, would cost in-
gtalled ap.roximately,

$121,800 or 28.2 million marks.

In all these television stations the programming facilities
are more or less only for “eﬁérgency'use," gince the program will
practically all be distributed from the main studios in Helsinki.
The 35-millimeter projectors m.ll probably be more useful than the
16-millimeter projectors, which are generally used in the United
States, since 16-millimeter film is very little used in Fiuland,
and all Finnish commercial moving picture features are on 35-millimeter
films.

Transmitters. Television stations in the United States all
have transmitters which are a combination of two different trans-

mitters, one for video and cne for audio. The transmitters employ
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approximately the same type §f tubes, but the power output of the
audio transmitter is usually about half of the power output of the
video transmitter, which is obtained by using lower plate voltage in
the final stage. Both high and low level modulation systems are
used in the video transmitters. Although some single transmitter
type, using sub~carrier for audlo, for instance, may be dewveloped,
the calculations in these investigations are based an the Ameriecan
average prices in 1951, which are shown in Figure 16. These mrices
like all other American prices are adjusted for Finland by adding
25 per cent as mentioned before.

For investigation purposes eleven transmitter sizes ranging
from 100 watts to 200 kilowatts were chosen. All stations below
1 kilowatt are to be automatic. Costs were computed for 1 kilowatt
stations both with antomatic and with mamual operation.

Table IV shows the purchasing price and annual operating cost
of the equipment, except transmission lines and antennas, far the
different size television stations. This includes transmitter,
transmitter accessories, and spare tubes, radio frequency load for
stations specified before, and high-voltage power equipment. It is
assumed that up to 2 kilowatt stations the power will be supplied
to the station at low voltages, the higher power stations will be
supplied at 10 to 20 kilovolt transmission line voltages, as is
usually done in PFinland., In the latter case the prices of trans—
formers, disconnecting switches and for larger stations oil circuit

breakers and some accessories are included. Table IV gives also the



Fige 16 Telovision trensmitter prices in the United States
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Cost of a television station without transmission

v

line, antenna, tower, building,and site costs

Transmitter

1

1

power, kw 0,1 0.25 | 0.5 DS S 2 5 10 25 50 100 200

Purchasing pricJ
of transmitter,
accessories, $ |56500| 57500, 60000 72500| 97100|114600|151900 187300 |296000|369400|509900 | 642000
spare tubes,
RF load and jmill 1
high voltage ik 13.1] 13.3] 13.91 16.8] 22.4| 26.4 | 35.1 | 43.3 | 68.4 | 85.4 | 118.0] 148,5
equipment.
Annual operat- $ 13800| 14000] 14600{ 17700| 23700| 28000| 37000| 45700| 72200| 90200124400 156700
ing cost of 11 g
th‘ ‘bove lnillk 3.2 3024 303 10009 54.8 6[&07 8055 1006 16.7 20.8 28.8 3602
e T 2 3| s.5] e.5| 13.2| 20| 46! 00| 185 | 30 | 630
Annual power $ 128 128 128 235 363 564 | 1111 | 1965 | 4270 | 7900 {14520 [26910

cost mill
6 hrs per day sk 0,03 | 0,03 | 0,03 | 0.054| 0,084 0,13 | 0,257| 0.454| 0.987| 1.83 | 3.36 | 6.22
Salaries of $ 57241 57241 8620| 10312| 12424 | 12424 14376 14376
pescionze L g 1.32| 1.32| 1.99| 2.38] 2.87| 2.e7| 3.32| 3.3




81
ammual power cost of the station and wazes of the personnel. The
power cost 1s based on six~hour operation per day and the price of
the electricity is taken as the average of the total pawer cost
of the Pinnish broadcasting network in 1950. This average was

4.5 marks or 1.95 cents par kilowatt-hour.
The wages of the personnel are based on the Table V, which gives
the average wages as they were in 1951.

Buildings. Buildings are assumed to be brick buildings. The
automatic stations should have space for only the transmitter equip-
ment and storage. All manual stations need room for a shop, and
stations from 5 kilowatts up require a high wvoltage room, an office,
and an apartment for a janitor. Larger stations require garage and
projection room, and extra space for heating room, hall and similar
purposes. Table VI shows the estimated areas and prices for
stations of different sizes. Cost per square foot has bcen estimated
fairly high, but the prices of these buildings agree with the actual
prices in Finland. The latest large broadcasting station in Finland
is the new 100-kilowatt AlM-station in Helsinki. The building for
that cost approximately $138,000 in 1950, which agrees with the
corresponding estimated price for a television station. Besides
transmitter building manually operated stations should have also
regidence building for a chief engineer.

Transmission lines. Since very-high and ultra-high frequencies

are used for television service, the only practical transmission line
from transmitter to antenna is a coaxial line. The line has to be



TABLE. V

Personnel needed in a televisisn station and their salaries

Transmitter Chief First Second Janitor Charwoman Secretary
power, kw engineer engineer engineer
1 1 2
2 1 2
5 1 1 1 1 : §
10 1 1 2 3 1
25 1 1 = 1 1 1
50 1 1 2 1 1 1
100 1 1 3 b | 1 1
200 1 1 3 1 1 i
Monthly salary 45,000~ '
marks 60,000 40,000 32,500 28,000 23,000 28,000
Annual salary 2340~
dollars 3120 2076 1692 1452 1200 1452

8



TABLE VI

Size and cost of trarsmitter building of television station

Transmit=-| Building Price Purchasing price Annual operating
ter power| area per co
kw square square $ million $ million
feet foot marks marks
0.1 225 24 5,400 1,249 510 0.118
0.25 230 24 54520 1.275 522 0,121
0.5 240 24 5,"160 1033 5“ Oo 126
1 290 2% 6,90 | 1,608 65¢ | 0,152
auto;utic
1 830 20 16,600 3,835 1570 0,363
2 930 20 1&,600 4e3 1758 0,406
5 2190 20 43,200 | 10,12 4140 0.957
10 2930 20 58,600 | 13.55 5540 1,28
25 3700 20 74,000 | 17,1 7000 1,62
50 4370 24 104,900 | 24.25 9910 2,29
100 544,0 24, 130,700 | 30,2 12350 2,86
200 6690 24 160,700 | 37.1 - 15180 3.51
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gas~insulated to reduce losses. The safest way to prevent flashovers
end to contrel the condition of trans:iission iines is to use slight
gas pressure in the lines. The pressure keeps the moisture cut sad
warns zbout possible leaks. Standard sizes in the United States are
7/8-inch, 1 5/8-iach, 3 1/B-inch and 6 1/8-inch line in television
stations., The calculations have been made using these same sizes
and in addition 9=, 10~, 12-, and ll~inch sizes, which all have ap-
proximately 5l-ohm characteristic impcdance.

Wihen the most economical transmission line diametsr has to be
determined for certain size transmitter, the length of the trans-
mission line has to be nown. Ey plotting the toial annuval operating
cost without the antenna, versus power delivared to the antenna as
shown in Figure 17, the tangent from the origin to the curve shows
the diameter which gives the mudimum poser per unit cost. In the
example just glven, the closest standard diametcr is 6 1/8 inches.
Of course, some other transmitter and transmission line combination
may be still more economicel. Or, if initial investment is to be
considered, some smaller size transmission line may be preferred.

At higher transmitter powers again, the economical optimum size may
be impossible to use because of too emall power carr,ing capacity.
Also possitle later power increase has to be considered.

When different transmitter and transmission line combinations
are considered, a series of curves will be obtained as in Figure 18.
In this example at transmitter powers from 100 watts up to 25 kilo-

watls the closest standard coaxial cable diamcter to the optimum was



Annual operating cost, dollars

Transmission {ine
diameter = 12"

40 000 -
9“
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20000 | Iy n
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6 1/8 inches, but &g shown in the figure oy &mws the ciosea dia-
meters were samaller for tue transuiilers at the lower powers. One
reason for this choice is thut scie other combination of larger
transmitter and smaller cable wou.d pive more economically the same
power at the sntenna. Power capacity, possible reserve in iths power
capacity, and economic preference between single and dual line were
considered also (26, pp.101-102).

Antennas. The simplest antenna for nondirectiocnal operation is
some vax-ia”oian of the original turnstile antenna. An additional
requirement compared to general radio uses is the wide band
characteristics necessary to handle a television signal. In the
Alexandra Palace station, in London, the dipoles comprising the
turnstile antenna are made thick, but in the United States the so-
called "bat-wing" type is the wost common. At 200 megacycles bat-
wing antennas can be built using up to 12 turnsiile layers having a
gain of about 13. For mainly mechanical reasons no higher gain bat
wing antennas can be built. If highexr gains are required, some other
construction method like "super—gain antennas" have to be used.
Instead of the pole in bat-wing (super-tumstile) aniemnas, the
super—gain antenna emplcys preferably square tower construction, upon
which dipoles and shields are placed on four sides, or if a direction-
al patiern is wanted only on three, two, or one side. Using super-
gain antenna construction very iigh gains can be obtained. Direction-
al patterns are sometimes wanted, on sea-shore, for instance. These

can be attained using different numbers of dipoles on different
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sides of the tower and feeding them in proper phase. For ultra-high
frequencies, new constructions like the helical and the slot antenna
have been developed.

When all other factors including the antenna height above
terrain are known, the same method as used to determine the most
economical transmission line and transmitter combination can be
used to determine the most economical tronsmitter and antenna combi-
nation by plotting annual operating cost versus effective radiated
power instead of power at the antenna like in Figures 17 and 18.

Figure 19 shows an example. For high-gain antennas the
close~range field intensity has to be checked as previously mention-
ed (26, pp.83-155).

Towers. Either self-supporting or guyed towers can be used
depending upon the space available. In Finland practically only
guyed towers are used, because broadcasting stations are seldom
located in the crowded part of a eity. If they are so located, they
are in parks or similar places, where guyed towers can be used.

In television, the antenna height is of primary importance
and since Finland does not have conveniently-located mountain tops,
towers as high as practicable should be used. They should be built
preferable, in Finland. The tower prices used were based on infor-
mation obtained from Finland, and they were approximately 20 per cent
higher than the prices in the United States.

Generalized stations., To determine the generalized stations,

e GBS s WL Ges W amm e e Gem W

or the most economical and logical stations, four tower heights were
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chosen for computation purposes. These were 200, 400, 820, and 1640
feet. For these different tower heights and for different sige
stations the most suitable transmission lines and antennas were
determined using the method described} before. The total cost was
calculated, and the grade B service distances determined using
Federal Communications Commission's designing curves (Appendix IT).
The annual operating cost and service distance were plotted versus
effective radiated power having tower heights as parameters. These
curves can be combined by transforming them to show ammual operating
cost versus effective radiated power, the service distances being
para!netez;s. The minimums of the curves give the most economical
effective radiated powers for certain service distances, and cor-
responding transmitter and tower combinations ean be determined v
based on all other previously considered factors. Table VII shows
the results which indicate that economically, about 1 kilowatt
station should have a tower approximately 1600 feet high, in other
words as high towers should be used as other factors like initial
cost and servicing allow. Towers 1600 feet high are not advocated
for practical reasons.

Based on these computations and taking practical factors inte
account, generalized stations were determined. Tsble VIII contains
the summary of the values. Antemna bay-numbers up to 12 refer to
super-turnstile antennas and above that to super~-gain antennas. In
this table the terrain is assumed to be flat, and the cost includes

the total station cost, installed, without possible power-supply



TABLE VII

Most economical transmitter-tower combinations

Grade B Effective Corresponding
service radiated transmitter tower
distance power . power height
km kw kw feet
20 0.6 0.3 250
30 0.8 0.35 400
40 1,3 0.425 550
50 3.2 0.6 600
60 3.2 0,65 900
70 3.8 0.8 1200
80 3 0.8 1600
90 10 1.6 . 1600
100 30 3 1600
110 100 10 »1600
120 320 30 1600




- TABLE VIII
Generalized televisipn stations

Transmitter power ' 1 ) ] ' -
ilowatts 0.1 1 0.25] 0.5 | ton] manua] 2 5 10 | 25 50 100 | 200

Tower m 30 60 100 150 150 150 200 200 200 250 300 4,00
height ft 100 200 328 500 500 500 655 655 655 820 985 1300
Antenna bay-

number 1 2 6 12 12 12 12 12 12 30 40 40
Electrical antenna
height, feet 105 208 347 538 538 538 693 693 693 753 896 1211

Transmission line

diameter, inches |2X7/8| 2x7/8|2x1 5/8 3 1/8| 3 1/8| 3 1/8| 6 1/8| 6 1/8| 6 1/8| 6 1/8|2x6 1/8] 10

Transmission line
eff-]_ciency,per cent 78 67 72.5 73.5 7305 73.5 87 87 87 85.5 83 84

Effective radiated

power, kilowatts |Ce98| 0-402| 2.48| 9.78| 9.7 19.55| 57.9 | 115.8| 289 | 1189 3070 | 6220

Hurchasing 3 76220 | 84910(112280 87350 R31590 R51090|350900|403100| 527200869750 1184900 | 1503600
price mill.mk 17.6 19.6 26 L34 53.5 58 81.1 93.1| 121.8| 201 274 348
Annusal

overatine | & | 16730 18380| 23440 | 36530 | 50230 | 54920 74740| 87580|119950|196220| 269770 337190
cﬁit ° lmillomk | 3.2 4.8 5.4 | 8.4 11.6| 12.7| 17.3| 20,2 27.7| 45.4| 62.4] 77.0
Service A 3.54] 7.25] 1.5 | 28.21 28,21 32,2 49.1|. 55.5| 64.4| 77.3]  89.4) 104.6
radil, km B 8,53 7.241 35.4 | 57.9| 57.9| 64.4| 78.1| 83.,7| 91.8| 104.6| 117,5| 132.8
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transmission line cost. 4 resicdence building for the chief engineer
is included. No deprecistion has been computed for the station site.
Service radii have been determined using Federal Commundcations
Commissiont's graphs (12, pp.3082-308L). These generalized television
stations have been later used for designing networks of several
television stations.

Similar studies as the cne just described were made specifically
for Helsinki. The television station was to be located at the
present 100-kilowatt AM broadcasting station, and one of the pr-sent
self-radiating towers was to be used to support the television
antemma. The towers are 500 feet high and located nearly at sea
level. Television transmitters up to 2 kilowatts in power can be
housed to the same bullding with AM station, but for a higher power
station, a separate building has to be built. The computations
showed that by placing the television station at a present AM
broadcasting station and utilizing its tower apiroximately 10 to
30 per cent of the purchasing price and about 5 to 15 per cent of
the annual operating cost can be saved.

If a televigion station is to be close to the seashore, a
directional antemna may be advantageous. However, if the tranamitter
power is small, 5 kilowatis or less, a standard bat-wing antenna
was found to be as cheap as or cheaper than a modified super-gain
antenna for the same service radius. At a power of 25 ldlowatts or
more, a modified super-gain antenna having approximately a pattern
of the form of cyeloid results in a saving of about 20 per cent in
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annual operating cost for the same service radius. Such an antenna
should have about eleven times as many antenna elements in the
direction inland as on the side of the sea (26, pp.l07-109).

As mentioned before the first null below the main loop is
the limiting factor of highly directional antemnas. In the case
of Helsinki calculation was made for the 500=-foot tower and 60-
layer super-gain antenna. The null was estimated to be about 2 per
cent (unusually low) of the field intensity of the main loop at the
same distance. The calculated field intensity was about six times
that required for grade A service. Thus even 60 layers can be used
in Helsinki if the tower is no more than 500 feet high. However,

tilting of the beam is recomnended.
Studios

In the proposed television system for Finland there will be a
main studio in Helsinki. Since noncommercial type of operation will
be used and since Helsinki has much better possibilities for good
programming than any other city in the country, the Helsinkl studios
will probably be fully developed before additional studios will be
built. Therefore in this investigation only studios for Helsinki
have been considered, and all programs are assumed to originate
there. Four different sige studio faciliiy combinations are
described in the following.

The smallest possible studio facility is a film studio. There

has to be one film camera chain, two (probably 35-millimeter) film
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projectors and two slide projectors. Since plain film programs would

not be preferable, remote pick-up equipment is included, having two
camera chains, portable radio-relay equipment; and mobile unit. In
the studio two announcing booths would be practical. In addition
amplifying, switching, and monitoring equipment are needed, plus
monoscope and network terminal equipment.

The next size would have one live-~talent studio with two
cameras, and a film studio with one film camera chain, one 35~
millimeter film projector and a slide projector (26, pp.312-315). A
combined studio and master control room can be used. A remote pick-
up equipment with two cameras and a mobile unit should be available.
With this amount of equipment, daily live-talent programs of about
three hours can be produced and a personnel of about 30 persons is
needed.

The next size studio facility would have two live-talent
studios. In this type, separate control rooms should be provided
for both studios, which would have a total of six cameras. Film
studio should have two or meybe three camera chains, four 35-millimeter
projectors and two 16-millimeter projectors. A seperate master control
room is necessary for flexible operation and the switching is best
done by relays to make future expsnsions essier. Also a film studio
control room is useful. Two sets of remote pick-up equipment with
two camera chains and a mobile unit for each set should be provided,
(26, pp.321-325). The program capacity of two-studio system is ap-
proximately six hours daily and a personnel of about 60 persons is

needed.
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For extensive programming three live-~talent studios are
required. This system can be easily, expanded from the previous one
by adding a large studio with five camera chains, a separate control
room and switching facilities in the master control room. With these
facilities approximately nine to twelve hours daily of live-talent
programming is possible using a personnel of about 90 persons.

For these four different studio facility sizes equipment costs
were determined, necessary room areas calculated, the cost of
buildings computed, wages of personnel, and probable power cost
determined. This information has been gathered into Table IX. The
annual operating cost in the table is the total programming cost,
including such items as the payment for artists. Corrected area
of the building means that studio areas have been added twice,
since studios are two stories high. The figures from Table IX were

later used when computing the total cost of a television network.

Program Distribution System

When a centralized prograrmming is used, the program distri-
bution system is of primary importance. The present-day radio AM-
program distribution is accomplished completely by telephone
circuits in Finland but for television it is impossible to use such
circuite because of the bandwidth required. Three systems are
possible for television program transmission. These are coaxial
cable, radio relay, and films by mail.



TABLE IX

Studio irformation

Number of studios 1 2 3
studio cameras 2 6 11
film cemeras 1 1 3 3
field cameras 2 2 4 4

Studio area, square 2000 7400 14,700

feet

Building are, 24,90 7960 24955 51900

square feet

Number of stories 1 1 4 4L or 8

in building

Price per corrected 24 24, 20 20
area, $/8q.ft

Purchasing $ 59,760 239,040 647,100 1,332,000
price of mill,
bud 181ng Cmk 13.8 55.22 149.48 307 .69

Total
purchasing uili 217,760 466,940 1,357,900 | 2,217,800
price e 50,3 108 31 513

Annual
operating ¢ 80,060 287,200 637,900 942,300
cost:iof mill,
studios mk §eS 66.4 147.5 =3B

Deily program
tine, hre 3 3 é 9

Approximative 9 32 60 90

personnel
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Coaxial cables and also speclally equalized "telephone" wire
pairs car be used for a wide bandwidth, but their installation and
maintenance cost is likely to be high. Also the many repeaters
required add costs and inconveniences to these circuits. Mail can
be used for programs which are not important as far as the time is
concerned, However, since local programming will be very slight,
news and special features require immedlate program distribution.
The slow distribution by mall is a disadvantage. Also, 1if mail is
used extensively for program distribution, film camera equipment
and projectors and operators are required at every transmitting
gtation, which would increase the cost considerably. The most
practical system, as proven by experiences in television networks,
is a radto-relay distribution network. Thus a few words will be
said about radio-relay transmission systems in the following pages.

Radio relays for television purposes operate at ultra-high
or usually at super-high frequencies, from 2000 to 10,000 megacycles
per second. At these frequencies a very highly directional antenna
system can be utilized. For instance, at 7000 megacycles a 6~foot
parabolic reflector will give a power gain of aprroximately 11,000.
The high gain allows small transmitter powers to be used, and
additionally, when both transmitter and receiver have a highly
# rectional antenna, the transmission path is selective and certain
noise, interference, and reflections can be avoided. Since line-
of-sight condition has to be obtained, the earth's curvature imposes

the necessity of repeater stations. These repeaters can be
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unattended and remotely controlled. Radio-relay circuits have been
uged in the United States having up to 60-mile spans, but shorter
spans are preferred to ensure reliable sarvice. The beam should
clear the earth by at least about 100 feet. In the television
practices in the United States, radio relays for local progranm
gervice have beeu used only to transmit the video signal, and for
audio signal the regular telephone facilities have been utilized.
However, in Finland for nation-wide program service both signals
should be transmitted through the same radio-relay distribution
systems If the radio-relay equipment is designed for a slightly
wider bandwidth than is required for video only, the audio signal
can be transmitted simultaneously with the video signals using a
sub-carrier systen.

A study was made to determine the optimum tower height for
radio-relay repeater. The earth's surface was assumed to be smooth
and spherical, and long distance was to be covered. Based on
annual operating cost determined as explained before and sssuming
only one relay system on the towers, it was found that the height
of 300 fest would zive the most economical operaticn, approximately
202 dollars per mile, but the variation in cost is only about 3 per
cent, when using tower heights from 250 to 400 feet. If 200-foot
towers were used the annual cost would be approximstely 235 dollars
per mile or about 15 per cent higher than with 300-foot towers.
With 200-foot towers sbout 28-mile or hb-kilometer span can be
used, 300-foot height would allow about LjO-mile or 64-kilomster span
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to be used. Those are much shorter distances than have been used
in the United States. However, higher than about 250-foot towers
should not be used because of maintenance difficulties. The iower
frices were assumed to be about 50 per cent higher than the regular
guyed antenna tower prices, since additional to those thgy have to
have covér or room for equipment, possible heating equipment, and

better stairs for maintenance.
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PLOGRAMS

Programming cost forms a great part of the total cost of
providing television service. When investigating the feasibility
of a system, the cost of programming has to be estimated, although
in practice it may vary considerably. Therefore a study was made
of the probable distribution of the progrem time for different kinds
of programs, and the probable cost was estimated.

4 study was made of the time distribution of the programs of
a large American television company during a 5-year period (8,
pp.204=211). The number of programs was changed to probable
percentage of program time. On the other hand, similar study was
made of present—dsy AM radio programs in Pinland (37, pp.$-38).
By comparing these and taking the different nature of the programs
into account, an estimated distribution of television program
time for a Finnish system was obtzined. In the United States the
greater part, sometimes up to 90 or 100 per cent, of programs is
r.frem film, and live-talent cost is correspondingly less. But, in
Finland probably nearly all program will be live-talent features,
since practically all program will be produced in Finland and can
be transmitted simultaneously through the whole network without
using film recording. On the other hand, the professional film
industry does not roduce many films that they can be counted on.
Because of language difficulties, program exchange between countries
will probably be small. Accordingly, it was assumed that
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approximately 80 per cent of program time will be live-talent

features and the rest, 20 per cent, films, The estimated program
time distribution is as follows:
Religion kL

Science
Monologs
Discussions
Art
Hobbles
Education
Sports 29

Drama
Revue

Opera 33

AN 2

Children's program

Variety
Dance

Music

Special features
News

ﬂw;\n

100 per cent

This ineludes the film programes also, half of that being in dramas.

The cost of programming was estimated using the cost of the
present—day A¥ radic programs in Finland as a comparison. The total
"person-hour® amount of performers in a year was calculated as
closely as possible, and Inowing the sum paid to the performers
during the same time, the average wages of performers per hour were
computed. The average wages per Srogram hour were

$29 or 6700 marks per hour.
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By computing the person-hour amount for the television program
specified above, the average number of performers in an hour turned
out to be

5.2l performers per hour.
This gives the cost of program, as far as the performers are
concerned,

$152 or 35,100 marks per hour.

The annual pay to the performers is then
$4l,400 or 10.28 million marks

per total daily program hour. This value has been used, when pre-

paring the annual cost of studios for Table IX.
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BROADCASTING SISTEIS

In the preceding chapters studies have been made of the dif-
ferent factors which affect the design of a television network of
geveral stations for Finland. Such factors are wave propagation at
frequencies used for television service, population distribution,
technics and economy of network elements, and the nature and cost of
programming. Generalized transmitting stations and different size
studio units have been designed, and their costs determined. Using
this knowledge, plans for the final television network can be made.
When making a plan for a network, two different principles can be
applied, so-called "minimum cost per person principle" and "equal
cost per person principle." Using both of these mrinclples,
preliminary plans were made for television broadcasiing systems

and the resulis obtained are explained in this chapter.

Minimum Cost per Person Plan

When a television broadcasting network is to be designed for
the whole country, the minimum cost per person principle means that
for any certain coverage a plan is to be made which is the cheapest
per person for the number of people covered. This means that if a
network is to be expanded, either a new station has to be built, or
a previous one enlarged, depending on which one gives more addi-
tional population coverage per unit cost. The determining factor

is the annual operating cost, assuming that the capital needed is
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available. However, since it would be unfair to disfavor a group
of people only because they live far from the main studio, it was
considered that the cost of the program distribution system was
to be excluded when making the plans.

First, a study was made of the amual operating cost per person
of a television station within & service area for stations of dif-
ferent size, and for each logical station location. The terrain
was assumed to be flat. Some of the curves thus obtalned are shown
in Figure 20. As can be seen from the figure, the cost per person
first decreases, when the power increases, except in case of
Helsinki. But, when the power exceeds about 1 kilowatt, the cost
begins to increase. Based on this economical optimum at 1 kilowatt
power, it was considered that smaller than 1 kilowatt stations
should not be used. In Helsinki, less than 1 kilowatt power is
undesirable because of the size of the city. In the case of
Riihimdki it was found that the economical optimum was power of
about 35 kilowatts. The reason is that at that high power the
station would cover three cities including Helsinki, thus obtaining
a large coverage.

The curves of Figure 20 were then used for making the minimum
cost per person plans for different coverage percentages. It was
decided that only 1, 5, 25, 50, 100, and 200 kilowatt stations
would be used, to reduce the number of different sizes. The plans
were made by expanding the network either by new stations or by

enlarging the previous ones, depending on which choice was cheaper
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Fig. 20 Annual operating cost per person versus service
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per additional audience insofar as amiual operating cost is
cencerned. The plans for different éoverages are shown in Figures
21 to 25 in the order of expanding coverage. As can be seen from
the figures nearly all stations are 1 kilowatt stations. Even in a
plan for sbout 80 per cent total population covarage only three
stations are 5 kilowatt stations. The reason is that usually more
population coverage is obtained per unit cost, when a new station
is built, than by increasing the power of an existing atation,
when program distribution cost is ignored. Table X shows more
detail about calculated system networks. Also the network cost
is included in the table, but without studio and program costs.
This total network cost includes the cost of the radio-relay
system. The cost of the radio-relay system has been determined
using the same principles as were used in the final plan, which is
explained on later pages, except that the terrain was neglected.
Expenses are based on daily 6~hour on-the-air time, and all program
material is assumed to be distributed from Helsinki.

Equal Cost per Person Plan

The equal cost per person principle is another way to consider
the problem of designing a television network far a country. The
largest possible audience is not sought as in the preceding method,
but it is considered that the network expenses, without studio and
program cost, should be divided in proportion to the audience, or

population coverages of different stations. By this methcd there
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Fige 22 Minimum cost per person plan for 26.3 per cent coverage
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TABLE

X

Minimum cost per person plan

13

Coverage, per cent 12.33 26,3 474 67 4 79.6
of total population,
persons 503,000 |1,072,000|1,931,000{2,746,000|3,244,000
Stations:
Helsinki lkwap| 1kwap| 1kwap
Espoo 5 kw 5 kw
Turku lkwap| 1 kwap| 1 kwap| 1 kw ap
Tampere lkwnm lkwm
| Y18 j8rvi i 5 kw 5 kw
Lahti [ 1l kwap| 1 kw ap|] 1 kw ap]
Pori lkwnm lkwm lkwnm
Jyviskyld lkwm | lkwm | lkwan
Kuopio lkwap| 1kwap| 5 kw
Kotka lkwa lkwa lkwm
Joensuu I kw(a)| 1 kw(a)|
Vaasa 1 kw(a)| 1 kw(a)
Ylivieska 1l kw(a)] 1 kwm
Mikkeli lkw a lkwn
Oulu 1 kw(a)| 1 kw(a)
Kari joki 1kw a
Savonlinna 1l kw a
Lappeenranta lkwa
Kokkola lkwa
Kajaani lkwa
Kemi lkwm
Number of stations
total 1 3 8 13 19
1 kw 1 3 8 11 16
5 kw 2 3
Purchasing  § 131,650 | 678,190 | 2,037,520| 3,745,830| 5,645,140
price mill.mk 30.4 156,6 471 865 | +1,303
$ per person 0.261 0,632 1.055 1,364 1.74
mk per person 63 146 244, 315 402
Annual 3 32,390 | 150,340 451,510 1786,180|1,187,450
operating mill.mk 7 48 34.8 104.1 181.5 274
cost & per person 0,064 0.1 0.234 0,286 0,366
mk per person 1.8 32.4 54,1 66,1 8.6

a
(a)

m
P

automatic station

" n

manually operated station
station located at AM broadcasting station using

near regular AM broadcasting

station

the same tower
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will be high-power stations in regions wiere the popuiation density
is high, thus providing saturated field strength and Letter service.
In this case the effect of program distribution systen shouid be
neglected also.

The equal cost per person principle was applied ©y ottaining
guiding station sizes from Figure 20, which give the same ananual
operating cost pcr person and correcting the values taiding the
overlapping of service areas into account. On overlapping areas
only half of the population was counted as coverage for each
station. This plan was also prepared for diflerent coverage per-
centages. The location of stations and tie coverage areas are
shown in Figures 26 to 31, and Table XI gives more information
about these plans. By this method there would be several high-power
stutions in the southwest corner of the country, and large over-
lapping service areas. Again the cost figures given contain the
network cost only, including radio-relay system, but without studio

and program costs.
Critique

To compare the wo preceding methods economically, the annual
operating cost per person of both systems were plotted versus
population coverage per cent of total population of the country.
These curves are shown in Figure 32. The equel cost per person
principle gives higher total network cost, but the diflerence is not

as great as might be expected. A reason is that the cost includes
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Fige 30 Bqual cost per person plan for 67.1 per cent coverage
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TABLE XI
Equal cost per person plan
Coverage, per cent of 12.33 29.7 38.3 49,6 67.1 82.1
total population,
persons 503,000 1,211,000 | 1,560,000 | 2,023,000 | 2,735,000 | 3,344,000
Stations:
Helsinki 1l kw ap
Espoo 5 kw
Ohkola 50 kw 50 kw 200 kw 200 kw
Turku 1l kw ap 1 kw ap 5 kw 5 kw 25 kw
Tampere lkwm lkwm i
Y18 Rrvi 5 kw 25 kw 50 kw
Pori lkwm lkwm 5 kw
Jyviskyl# lkwn 5 kw 5 kw
Kuopio 1l kw ap 5 kw
Joensuu 1 kw (a) 1 kw (a)
Vaasa 1 kw (a) 5 kw
Ylivieska 1 kw (a)
Oulu 1 kw (a)
Mkkeli lkwm
Lappeenranta lkwa
Savonlinna ' 1l kwa
Number of stations ? 1
total 1 3 3 5 - 13
1 kw 1 2 2 2 4 6
5 kw 1 2 2 4
25 kw 1 1
50 kw 1 1 1
200 kw 1 1
Purchasing $ 131,650 897,440 1,416,290 2,474,730 4,221,840 6,694,290
price mill.mk 30.4 207.5 327 571 975 1,547
$ per person 0.261 0.74 0.907 1.222 1.543 2,002
mk per person 63 171 209.5 282.5 356.5 462
Annual $ 32,390 192,690 314,170 541,770 921,730 1,446,430
operating mill.mk 7 48 44 .5 125 125,3 213 ‘ 334
cost $ per person 0,064 0.159 0,202 0.268 0.337 0.433
mk per person 1.8 36,8 46.7 61.9 T7.9. 100
a - automatic station
(a) - " " near regular AM broadcasting station
m - manually operated station
p - station located at AM broadcasting station using the same antenna tower
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radio-relay system expenses also, and although the transritter
station cost may differ considerably in these two plans, the
minimum cost per person plan requires more radio-relay equipment
thus reducing the difference. The maximum difference is approxi-
nately 17 per cent.

In addition to the somewhat more expensive network, the equal
cost per person plan has a disadvantage on high coverage percentages,
when the overlapping of service areas of different television stations
becomes excessive in the regions of high population density.

Advantages of large stations are that they provide higher,
more saturated field intensities in densely populated areas, which
is important, if noise is present. Another advantage is that the
number of stations is smaller and also usually requires less radio-
relay equipment, which reduces the maintenance problem.

These plans were made without taking terrain into account,
either as concerning transmitting stations or the radio-relay
systems. This 1s likely to make the cost figures too high. However,
these plans can be used as guides when making the final plan.
According to these plans, it appears that probably the most suit-

able plan would be a compromise between the two.
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PROPOSED SYSTEM

The study on the preceding pages showed that both the minimum
cost per person plan and the equal cost per person plan have dis-
advantages, when principles are applied striectly theoretically.
However, much of the disadvantage can be avoided or at least
reduced by finding proper compromise between the systems. Using
the two preceding plans as guides, a compromising proposal for a
television network for Finland and its development was made. To
obtain reasonably accurate results, the investigation was carried
further as to the details. Finally a possible financing method

is suggested. These proposals are explained on the following

pages.

Development and Cost of the System

To obtain high field intensities in demsely populated areas
and keep the amount of equipment as small as possible, the equal
cost per person principle was closely followed for smaller coverage
percentages. However, for large coverages more and smaller stations
were uséd than would be the case by equal cost per person principle,
thus showing a tendency toward the minimum cost per person
principle. The latter would avoid the wasting of power for too
extensive overlapping of service areas.

The stations proposed for different coverages are shown in

Teble XIT. The station units are taken from generalized stations,
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Table VIif, and applied to escih speciiic location. If the present-
day Al radio broadcasting station in thie saie area has at least a
100-meter (328-foot) tower, the 1 kilowatt television station is
assumed to be located at the AN station utilizing the same building
and antenna tower. Eecause of the extreme importance of tower
height for television stution, lower than 328-foot towers are not
advisable, and if a new tower is to Le built, it should be at least
50) feet high. For a new location of a television station the most
suitable place was chosen taking the height of the location and
the population distribution into account. The proposed locations
are shown in Table XI{I. The locations are generaily sbout 1 to 3
miles from the closest city, a few are farther away, the most distant
being 11 miles away from Joensuu. The station of Ohi.ola is not
close to a large city, since it was intended to serve a large area
on the scuthern coast including three cities, Helsinki, Lahti, and
Hameenlinna, in this densely populated area.

For each station location, a study of terrain elevation was
made. Therefore, 8 radials were drawn from the station location
to the main directions of the compass. The elevation contour of
each radial was determined from topographical maps. The length
of radials was taken apyroximately equal to the grade A service
distance of the station in question. As an example, the elevation
contours of radials of the Joensuu station are shown in Figures
33, 3L, and 35. Afier the average elevation of euch radial was

determined, the average of thes. gives the average terrain



TABLE XIII
Station locations
Station Location |Geographical location|Dist{Elevation | Average terrain | Location
from|of station elevation elevation
north east main| location within| above ave.
city| m ft m ft | dist. terrain
km ‘ km ft
1

Helsinki Hagalund 60110 24%2'350 | 7.5 5 | 16|28.1] 92| 0-30 -76
Ohkola Jhtyri 60934 106" 2509121 461118 | 387 | 75.6 248 | 2-75 139
Turku 1 kw 60926122% 22°18119" 2| 20 | 65|30 | 98| 0-50 -32.5

"5 kw Littolnen 600281 220221241 5| 64,9/213 |30 | 98 0-50 115
Tampere Pyynikki 61929156" 230431440 2(151.7! 497 po6 1348  2-50 149
Y18 j4rvi 610351 23038154" 11|171.8 563 106 |348 | 2-50 215
Pori Nakkila 610221 21946'36" |13.5| 51.2/168 | 35.5!116 | 0-30 52
Jyviskyld Laajavuori 62°15130" 25°,1'06" 4-1227.1) 745 32,5 434  0-50 311
Kuopio 1 kw | Huuhanm¥ki 62°53109" 27939104" | 2 |150 | 492 l09.6 359 2-50 133

" 5kxw | Puljo 62954,132m 27039135 | 2.5(232 | 760 109.6 359 2-50 401
Joensuu Pyytivaara 62944, 148" 29954 130" 230,5|756 P15 377  2-30 379
Vaasa 1 kw 63%05120" 21°938'10" | 1,5| 6.2/ 20| 17.5 57 0-50 -36,7

n 5 kw | ®berget 63%02114" 21°34156" | 7 | 48.3/158 | 17.5 57 0-50 101
Ylivieska 64,2061 240371 86 |282]73.5 241 0-30 41
Oulu 64059157 25%¢t08" | 1 | 10 | 33]|19.3 63 0-30 -30
Mikkell Vuolinko 61942148" 27°12154" | 4 |140 |459 f03 338 | 0-30 121
Lappeenranta | Haukilahti 61206120 28°25'13" [13,5[110 |361| 84.6 277  0-30 84
Savonlinna Pihlajanniemi 61050'18" 289501 42" 4 |100 |[328 | 86.4 283 ' 0-30 45
Kotka Kymi 60°31'19" 26954142 | 5,5| 56.6/186 | 26.4 87 0-30 99
Kari joki Pyh#vuori 62°15130" 21938112 130 [426 |55 180 2-30 246
Kokkola 63950118" 23°07124" 10 | 33|10.3 34 0=30 -1
Kajaani Rupukkavaara | 64°14'  27958'12" | 12 [299 |980 172.5 565  2-30 415
Kemi Kallinkangas | 65949%05" 24031'37" | 8,5| 56.7/186|28.5 94 0-30 92
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elevation close enough for television station design purposes. If
the station location was exceptionally high compared to the average
elevation, the nearby area within 2 kilometers was excluded from the
elevation computations. To ve able to determine the probable field
intensity in the principal city, a radial through the city was also
drawn and average elevation for the radial determined. The elevation
of each station locction and the average terrain elevation computa-
tion information are shown in Table XIII.

Vhen the elevation information was obtained, it was possible
to determine the probable service distances. This was done by
using Federal Communications Commission's graphs (Appendix II)
and the distances are shown in Table XIV. Corresponding service
areas for different population coverage percentages are presented
in Flgures 36 to L3. The population coverages were obtained by
service distances (Table XIV), and curves and tables of population
distribution, which were explained in preceding chapters. The over-
lapping of service areas was taken into account and the audience of
these areas was divided equally between the stations which were to
serve the area. The total coverages are shown in Table XV.

A point, which has to be especially considered, is the field
intensity in the principal city areas. It is considered that the
principal city field intensity should be, at 200 megacycles, at
least 77 decibels above one microvolt per meter (12, p.3077), to
assure first-class service. Therefore field intensities for each

case in the principal city were calculated, and the values are shown
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XIV

Technical details of proposed stations

Station

Tower height Antenna Transmis=-|Electrical |Effective |Service distance,
m | ft bay=-number|sion line|height of |[radiated kilometers
antenna;ft |power, kw|Grade A ‘ Grade B

Helsinki 1 kw 150 500 12 3 1/8" 424 7,98 22,5 T. 51.5
Ohkola 50 kw 250 820 30 6 1/8" 892 1189 80.5 | 109.5
Ohkola 100 kw 250 820 40 2x6 1/8" 870 3180 88.5 | 117
Turku 1 kw 150 500 12 3 1/8" 467 9.92 | 25 53.9
Turku 5 kw 200 655 12 6 1/en | 808 57.9 | 53.1 j 82.1
Tampere 1 kw 150 500 12 3 1/8" 687 9,78 | 32.2 64 .4
Y18j8rvi 5 kw 200 655 12 6 1/8" 908 57.9 | 56,4 84.5
Y18j4rvi 25 kw 200 655 12 6 1/8n 908 289 70.9 98,1
Pori 1 kw 150 500 12 3 1/8n 590 9.78 | 29 60.4
Jyvhskyl® 1 kw | 200 655 12 6 1/8n 1004 11.6 | 41.9 | 75.7
Jyvlskyl® 5 kw | 200 655 12 6 1/8n 1004, 57.9 59.5 87.7
Kuopio 1 kw 150 500 12 3 1/8n 671 9.78 | 31.4 64 o4
Kuopio 5 kw 200 655 12 6 1/8" 1094 57.9 61,2 91
Joensuu 1 kw 150 500 » 3 1/8" 917 9.,7¢ | 36,2 72.5
Vaasa 1 kw 100 328 12 3 1/8n 329 7.98 | 19.3 | 44.3
Vaasa 5 kw 200 655 12 6 1/8n 79, 57.9 52,3 81.4
Ylivieska 1 kw | 150 500 12 3 1/8" 579 9,78 | 29 60.4
Oulu 1 kw 100 328 » 3 1/8" 336 7.98 | 20.1 45.1
Mkkeld 1 kw 150 500 12 31/8" | 659 9.78 | 31.1 | 2.2
Lappeenranta 1 kw| 150 500 12 3 1/8n 622 9.78 | 29 61,2
Savonlinna 1 kw | 150 500 12 3 1/8n 583 9.78 | 29 6044
Kotka 1 kw 150 500 12 3 1/8" 637 9.78 | 30,6 62
Karijoki 1 kw 150 500 12 3 1/8n 7L, 9.78 | 34.6 | 67.6
Kokkola 1 kw 150 500 12 3 1/8" 537 9.78 | 27.9 | 58
Kajaani 1 kw 150 500 12 3 1/8av 953 9,78 | 38.6 | 72.5
Kemi 1 kw 150 500 12 3 1/8n 630 9.78 | 30.3 | 61.2
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Fig. 37 Proposed plan for 27.25 per cent coverage
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Figs 40 Proposed plan for 61.7 per cent coverage
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TABLE XV

Populatioh coverage

Approximative coverage,
per cent of total 12.5 30 40 50 60 70 80 90
population
Number of stations:
total 1 3 3 6 8 10 13 18
1w 1 3 2 5 5 5 7 12
5 kw 2 4 4 4
25 kw 1 1l
50 kw 1 1 h § 1
100 kw 1 1
Accurate population
coverage,
persons 505,700 | 1,111,700(1,580,000|2,193,700|2,517,000]| 2,£01,000| 3,299,000| 3,615,000
nar cent of total
popuiation 12.4 27 25 38,75 53.75 61.7 68.7 80.9 88.6
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in Table XVI. In every principal city the predicted value is well
above the limit mentioned, and in other cities above grade A service
limit. The most interesting is the Ohkola station, since it is
supposed to serve three cities fairly far away from the staiion.
But, with 50 kilowatts of power, the field intensity shouid cxceed
the minimum by 13, 7, and 3 decibels in the order of decreasing
importance. Since there are hills approximately 100 feet high
between the station and the cities, close to the cities, the field
intensity would be somewhat smaller. In locations immediately
behind a 100-foot hill a reduction of approximately 6 decibels
average can be expected (L, p.h). Even this reduction leaves
Helsinld well above, and Lahti slightly above, the "principal city
service" minimum, and Hameenlinna well above regular city service
value, which probably would be enough, since Hémeenlinna has only
about 23,000 inhabitants.

Thus all the major factors of transmitting stations have been
determined. To complete the network, the program distributim
system is to be designed. Because of maintenance difficulties
it was decided that there should be enough repeaters to avoid
higher towers than about 250 feet. Many probable repeater loca-
tions inekuding several alternative possibilities were selected.
Then elevation contours for each span were determined from topo-
graphical maps. Figure L} shows an example. Only peak values are
plotted, and not the whole contour. Rectangular coordinates were

used for elevations and the earth's curvature was taken into account



TABLE XVI

Field intensity in principel cities

Field intensity in

Station City decibels above one
microvolt per meter

Helsinki 1 kw Helsinki 91.5
Ohkola 50 kw Helsinki 90

w Lahti 84

" Hémeenlinna 80
Ohkola 100 kw Helsimki %45

" Lahti 88

" H&meenlinna 83.5
Turka 1 kw Turku 110
Turku 5 kw Turku 108.3
Tempere 1 kw Tampere 110.7
Yi8jhrvi 5 kw Tampere 98,8
YIBjlhrvi 25 kw Tampere 105.8
Pori 1 kw Pori 83.5

" Rauma 72
Jyviskyld 1 kw Jyviskylh 104 .4

" AMnekoski 72 .4
Jyvskyl® 5 kw Jyviskyl# 111,3

" Alnekoski TOT
Kuopio 1 kw Kuopio 111
Kuopio 5 kw Kuopio 117
Joensuu 1 kw Joensuu 84
Vaasa 1 kw Vaasa 11l
Vaasa 5 kw Veasa 104.5
Mikkell 1 kw Mkkeli 102.5
Lappeentanta 1 kw Lappeenranta 83

" Imatra 76
Savonlinna 1 kw Savonlinna 101,7
Kotka 1 kw Kotka 9

" Hamina 82
Kokkola 1 kw Pietarsaari Td:5
Kajaani 1 kw Kajeani 91
Kemi 1 kw Kemi 91

n Tornio 80.5
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by assuming radio wave propagation to be curved as Figure l); shows.
Usually the earth's curvature is included into the elevation values
and thus the wave propagation kept straight, tut the method above
saves much work. The most suitable grazing beam was drawn in each
graph, and the required tower heights were obtained by adding to
the values read from the graphs, the clearance required, which was
assumed to be about 100 feet. The selected repeater locatians,
their elevations, and required tower heights are shown in Table
XVII. All the repeaters are to be remotely controlled. To obtain
as trouble~free operation as possible, it was considered that if a
television radio-relay system is to serve a larger station than
1 kilowatt, or if it is to serve more than two stations or some-
times for serving important places, it should have stand-by equip-
ment, which will take over if the regular channel fails. The
program distribution system for different coverage percentages is
shown in Figures L5 to 5l.

Based on these proposals, the cost of the whole television
network for these different coverages was computed. This cost
was determined as in the previous plans. The cost of the complete
television network, without studio and programming costs, iz shown
in Table XVIII. Also the purchasing price of additional equipment
is shown, when the network is expanded from the preceding size.
If a station has to be moved to another location, it has been
assumed that about 65 to 70 per cent of the initial purchasing value

can be utilized. The annual operating cost figures from Table XVIII
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TABLE

XVII

Repeater locations, their elevations, and tower heights required

Repeater location Geographical location Elevation of repeater Tower height
"location required
north east n ft m | £t
Lohja 60°16124"  24°09" 118 387 147
Muurla 60022124" 23°22 ' 120 393 = 66
Tiirismaa 61°00124"  25%31142" 223 730 /o* 131/0%
Kuohi joki 61°17130"  24°,6" 150 492 0/131*
Ohkola 60%34 106" 25012 118 387 40/0* 131/0%
Soiniharju 61°%46130" 22°1.3 1300 186,2 610 35/15% | 115/49%
Per#évuori 61°38136" 2523112 201° 660 25 | &
Istunmiki 629411300  26° 024! 189 620 35/10% 115/33%
Lauhavaori - 62311' 22 11'30" 223 730 55 180
Nori 6234 259 100 328 55 180
Maarianvasra 62°51'30" 28°54' 242 793 40/0% | 131/0%
Keitelepohja 63°11'30" 25 1.1.' %8 485 55 180
PitkBharju 63°38' on  25%3,1 217 712 15 49
Vihantd 64°321300 259 80 262 80 262
Matarusmiki 61°39148"  26°15130" 201 660 0 0
Puumala 61°33118"  28010'12" 110 361 40 131
Lapptrisk 60939 136" 26°0‘7'12" &4 276 30 )
Kannus 639541 24,207 96 315 35 115
Ii 65%23112" 5°18'42" 8 26 45 147
P818m8ki 63%221300  27%7130" 252 826 0 0
Murtom#ki 64° 27924 275 902 50 164

# ~ the two heights are necessary in two different stages of

the developement of the plan
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Fig. 51 Radioerelay system of proposed plan of
88.6 per cent coverage



TABLE XVIII

Network cost without studio and programming costss

i g e = 124 | 27.25 | 3875 | 53.75 | 617 68.7 80,9
Purchasing $ 131,650 | 663,690 | 1,437,890|2,339,880|3,230,440|3,986,940|5,378,730
price mill.mk | 30.4 153.3 332 541 46 921 1,242
~ § per person 0,261 0,597 0,910 1,068 1.285| - 1.425 1,63
mk per person| 63 138 210 246.5 297 329.5 376.5
Additional $ 131,650 | 532,040 | 905,850| 809,890|1,007,700| 797,000|1,431,340
purchasing mill,mk| 30.4 123 209.5 187 232.7 184.1 330.6
price $ per person 0,261 | 0,479 0,573 0.369 0.401 0,285 0.434
mk per person| 63 110.8 132.3 85.3 92.7 65.9 100.2
Anmual $ 32,390 | 153,830 | 322,800| 519,970 700,650| 864,6801,182,840
operating mill, mk 7 48 35.5 T o6 120.1 162 199.8 273.5
cost $ per person| 0,064 0,138 0.204 0.237 0.279 0.309 0.359
mk per person| 14.8 31.9 47,1 54,7 64.5 714 83
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have becn plotted in Figure 32 to enalle comparison of the proposed
plan to the minimum cost par person plan and to the equal cost per
person plan. As can be seen, the cost of the proposed television
system follows approximately the cost of minimum cost per person
plan, although the equal cost per serson plan has been apjocrimately
followed. The reason is that proper selection of locations both
for statons and repeaters decreases the cost per person by
increasing the population coverage.

For the total television system cost, studio and programming
cost from Table IX was added to the network cost in Table XVIII.
The program time has been assumed first to be 3 hours daily, later
incrcasing to 6 and 9 hours per dsy. The figwres obtained are

shown in Table XIX.

Congideration gg Finaneing

A television system for Finland will probably be financed by
the revenue from television receiver licenses. Therefore, a study
was made of the probable rate of increase of the number of
licenses. Aporeciable experience with televisicn scarvice has been
attained only in the United States. It was found that in television
service areas in the United States, the increase in number of
receiving sets has been approximately linear with time. The number
of ammusl additional sets has been about 5 per cent of total popu~
lation in the service area, which means that the area would be

saturated within about 5 years. On the other hand, the corresponding



TABLE IXIIX

Total cost of television network system

Coverage, per cent of
total p::cpulation 12.4 27.25 38.75 53.75 61.7 68.7 80,9 88,6
Number of stations 1 3 3 6 8 10 13 18
Program time, 3 3 6 é 6 9 9 9
hours per day
Required number of '
studios 1 L 2 2 2 3 3 3
Purchasing I 598,590 | 1,130,630|2,795,790|3,697,780 (4,588,340 6,204,740(7,596,530( 8,875,660
price mill.mk| 138.3 261 645 854, 1,060 1,433 1,756 2,052
$ per person 1,187 1,018 1,769 1,685 1.823 2,216 2.300 2.455
mk per person| 274 235 409 389 421 511 531 567
Additional $ 598,590 532,040(1,936,950| 809,890|1,007,700 1,656,900]1,431,340] 1,279,130
price $ per person 1,187 0,479 1,225 0.369 0.401 0.591 0.434 0.354
mk per person 27[0 110.8 283 85.3 9207 13605 100.2 81.8
Annual $ 319,590 441,030 960,700|1,157,870| 1,338,550 1,806,980| 2,125,140| 2,393,750
operating mill,mk| 73.8 102 222 267.5 309.5 417.5 491 553
cost $ per person 0.633 0.397 0,608 0.528 0.532]  0.645 0.644 0,662
mk pef persom| 146.3 91,7 140.5 122 123 149 148.8 153

&
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annual increase of number of the regular AM radio broadcasting
receiving licenses has been in Finland about 1 to 1.5 per cent of
the total population. Based on these figures, it was assumed
that in Finland the annual increase in the mmber of the television
receiving sets would be approximately 2 per cent of the population
within the television service areas. The reasons were: (1) The
television sets will probably cost only about twice as much as
the AM receiving sets, which are commonly used in Finland, (2)
Television is probably more attractive than AM radio broadcasting
service, ({3) The densely populated areas, which will be served,
are the wealthy regions of the country. The 2 per cent annual
increase would mean about 13-year saturation time in each service
area.

Following approximately the custom of finaneing radio broad-
casting service in Finland as explained before, the finaneing of
the proposed television system could be done the following way.
Since in the beginning the coverage area would be small and the
saturation in the area also small, the annual revenue would be
small. To speed up expansion, a station for each of the three
largest cities should be built simultaneously with a studio in
Helsinki by obtaining a loan of about

$1,176,320 or 272 million marks.
The first year only film programs should be used. Even then, the
aprmal operating cost would exceed the revenue during the year.

This loss is included in the loan above. If the annual increase of
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the number of sets is 2 per cent of population covered, and if the
license fee is about twice that of the present-day AM broadcasting
radio receiver license fee or about $10 per year, 80 per cent live
talent programming can be started in the second year, 3 howrs daily.
The first system expansion would be during the seventh year, and
from then on expansion would occur each year according to the pro-
posed plan. By this method the 88.6 per cent coverage would be
obtained within eleven years. The development of the system is
shown by figures in Table XX and the corresponding predicted
nunber of licenses versus tims in Figure 52. The first-year loss
is assumed to be pald during the second and third years, but the
rest of the loan is left to be paid after the system is fully

developed.



TABLE

XX

Financing plan for the proposed television system
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!..r 10 2. 30 4- 5' 6: 7. 8. 9. 100 110 12.
Coverage, 't of
total p;pﬁiit;g:‘ 5 27.25 27.25 27,25 27,25 27:25 27.25 38.75 53.75 61.7 61.7 68,7 88.6
Number of stations 3 3 3 3 3 3 3 6 8 8 10 18
Program time, hours per day 3 (film) 3 3 3 3 3 6 6 ) 9 9
Estimated number of licenses 22,220 4y , 44,0 66,660 88,880 |. 111,100 | 133,320 | 164.920 | 208,780 | 259,120 | 309,460 | 365,480 | 437,780 .
Revenue $ 222,200| 444,400 666,600| 88e,800|1,111,000(1,333,200|1,649,200|2,087,800|2,591,200|3,09,600| 3,654,800
million mk 51.4 102.7 154 205.4 256.5 308 321 483 598 715 845
Annual operating cost $ 267,890| 441,030 441,030| 441,030] 441,030] 441,030 9€0,700|1,157,870|1,338,550(1,33€,550|1,806,980(2,393,750
milliop mk 61.9 102 102 102 102 102 222 267;5 309.5 309,5 417.5 553
Net income $ -45,690 3,370 225,570| 447,770 669,970 892,170| 682,500 929,930|1,252,650|1,756,050|1,847,820
million mk| <-10,56 0.78 52.1 103.4 154..5 206 159 215,5 288.5 405.5 427.5
Balance from preceding $ -4,8,900| -48,700| 176,870| 624,640]1,294,610| 249,230| 128,440| 50,670(1,303,320|1,402,470
year _ million mk -11.3 -11.25 40.9 Lk o4 299 57.7 29,7 11.7 301 324
Purchasing price of $ 1,936,950| - 809,890|1,007,700 1,656,900(2,710,470
new facilities million mk 447.5 187 232.7 383 626,1
Balance 3 -45,690| -45,530| 176,270 624,640|1,294,610| 249,830| 128,440 50,670|1,303,320(1,402,470| 539,820
‘ million mk| =10,56 -10,52 40.9 14 .4 299 57,7 29.7 11,7 301 324 124.8
Loan
facilities 4 1,130, 630|1,130,630|1,130,630|1,130,630|1,130,630(1,130,630|1,130,630|1,130,630|1,130,630 |1,130,630| 1,130,630
million mk| 261.5 261.5 261.5 261,5 261,.5 261.5 261.5 261.5 261,5 261,5 261.5
operating cost $ 45,690 45,530
million mk 10,56 10,52
total $ 1,176,320|1,176,160|1,130,630 |1,130,630(1,130,6301,130,630|1,130,630|1,130,630|2, 130,630 |1, 130,630|1,130,630
million mk| 271,6 271,56 261.5 261.5 261,5 261.5 261,5 261,5 261,5 261.5 261.5

Annual increase of

the number of licenses assumed to be 2§per

Ilicense fee assumed to be 10 dollars or 2310 marks per year,

cent of population covered,




Predicted number of licenses
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Fig. 52 Predicted number of television receiving
licenses versus time



161

CONCLUDING RYV.COM 'ENDATIONS

In the preceding pages a technical and economic study of a
television system for Finland was made. Finland is a relatively
small country with modest living standards. The study was ex-
tensive, taking into account the economy, customs, population
distribution, geography, and terrain of the country. The equipment
has been considered both on the basis of black and white technlque
at present and possible future developments of color television.

Based on the investigations a recommended system is presented
in the preceding pages which would be flexible enough to adapt
possible future improvements. Because the system would be of the
centralized non-commercial type, all programming would originate
in studios in Helsinki. At first, three l-kilowatt stations are
recommended to be built. These would be in Helsinki, Turku, and
Tampere. The three stations would provide the country with adequate
television service for from 5 to 7 years. The first year only film
programs can be afforded, but during the second year live-~talent
programming can be started.

During the first 6 years a 50-kilowatt station can be built
to Ohkols starting the service in the seventh year. The l-kilowatt
station in Helsinki may be left for more flexible service (Swedish
programs, for instance) or may be moved to a new location. After
this a gradual expansion of both network system and programming
would occur. The next year new l-kilowatt stations can start
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television broadcasting in Pori, Jyvaskyld, and Kuopio. The
following year the power of the station of Turku can be increased
to § kilowatts, and a new S-kilowatt station built in Y1ojidrvi near
Tampere. The l-kilowatt station from Tampere would be moved to
Vaasa, and a new one built to Joensuu.

During the eleventh year Jyvaskyld and Kuopio would operate
at increased power of 5 kilowatts, and Ylivieska and Oulu have new
l-kilowatt stations. By the end of the eleventh year, the tele-
vision broadcasting system would have expanded to cover 88.6 per
cent of the total population of Finland. This is considered
essentially complete television coverage and no further studies
were made. The power of the stations of Ohkola, Ylojarvi, and
Vaasa would have been increased to 100, 25, and 5 kilowatts
respectively, and l-kilowatt stations would have been built to
Mikkeli, Lappeenranta, Savonlinna, Kotka, Karijoki, Kokkola, Kajaani,
and Kemi.

The 1license fee is recommended to be approximately 10 dollars
per year. If the development of the television broadcasting system
were made following the recommendations above, this license fee
would make the broadcasting company financially stable and capable
of the development and shift to color television when this has
reached the stage to be suitable to be applied.
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APPENDIX I

Appendix I shows the synchronizing waveforms as a reprint
from "Standards for the intemational 625-line black and white
television system® by International Radio Consultative Cormittee.
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NOTE
( see figure 1 and 2 )

1. H = Time from start of one line to start of next line.
2. V = Time from start of one field to start of next field. )
S 3. Leading and trailing edges of vertical blanking should be complete in less than 0.1 H.
4. Leading and trailing slopes of horizontal blanking must be steep enough to preserve min. ahd
max. values of (x +y) and (i) under all conditions of picture content.
5. Dimensions marked with an asterisk indicate that tolerances given are permitted only for long
time variations and not for successive cycles.

6. Equalizing pulse area shall be between 0.45 and 0.5 of the area of a horizontal sync. pulse.
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APPENDIX II

Appendix II shows graphs to be used for field intensity
computations as a reprint from "Television broadcast service, third
notice of further proposed rule making® by Federal Comsmunications

Commission.
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APPENDIX X
FIGURE | - TELEVISION CHANNELS 2 - 6

EXPECTED FIELD STRENGTH EXCEEDED AT 50 PERCENT OF THE POTENTIAL

AT LEAST 50 PERCENT OF THE TIME AT A

RECEIVING ANTENNA HEIGHT OF 30 FEET.
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FIGURE 2 - TELEVISION CHANNELS 7 - 83
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FIGURE 3 - TELEVISION CHANNELS 2 - 6

EXPECTED FIELD STRENGTH

EXCEEDED AT 50 PERCENT OF THE POTENTIAL
AT LEAST 10 PERCENT OF THE TIME AT A

LOCATIONS FOR
RECEIVING ANTENNA HEIGHT OF 30 FEET.
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