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MT INVESTIGATION OF RADIO GROtJND WAVE 

TRMTSMISSION IN OREGI AT 

BROADCAST FREQUT C lES 

INTRODtT ION 

A complete radio broadcasting system consists 

of a transmitting installation, a medium of 

transmission, and a receiving installation. The 

primary object of broadcasting Is to provide a 

continuously high quality signal to Its listeners 

within a certain area. 

The popularity of a station depends not only 

upon the quality 6f Its programs, but also upon Its 

ability to serve the public with a signal of 

sufficiently high intensity that the program is not 

marred by extraneous radio signaic and noise 

originating from electrical and manmade static. 

The modern receiver Is sensitive enough to render 

audible extremely weak signals; but, at the same time, 

static and other interference of electromagnetic nature 

is received and amplified to the same degree. For a 

given percentage of modulation at the transmitter, 

satisfactory reception is determined by the ratio of 

the radio signal Intensity to the background noise 

intensity due to the electrical disturbances. 
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Background noise at a receiving location may be 

due to any one or more of the following: 

1. Atmospheric or true static interference 

2. Inductive interference from electrical 

machinery 

3. Heterodyne interference from the simultaneous 

operation of stations on the same frequency channeL 

4. Cross-talk interference from stations operating 

on adjacent channels 

A given location is served best by the station 

which produces the highest signal to noise ratio. 

Of course, if very little or no background noise is 

present, several stations may compete for the greatest 

popularity, in which case the program is the predominant 

feature. The strongest signa]. does not always insure the 

greatest popularity, for a person may be quite willing 

to listen to a weak station for a program he enjoys to 

the exclusion of a local powerful transmitter. On the 

other hand, the average listener will not countenance 

the continued reception of a program which is interrupted 

by fading and marred by crashes of static or by hetero- 

dyne interference. Consequently, a strong steady signal 

is requisite to the insurance of a stable audience. 

During the past several years, the standard for the 
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measui'e of the intensity of a radio signal has been 

either the "volt per meter", the "millivolt per meter", 

or the "microvolt per meter". Each of these specifies 

the voltage induced in a conductor by the passage of the 

radio wave between two points one meter apart on the 

same electromagnetic line of force. 

Inasmuch as the broadcast station is concerned with 

serving the greatest possible population, it is important 

that the service area be as large as possible. The tern 

"service area" may be defined as the area covered by a 

given station with a field intensity sufficient to afford 

satisfactory or interference-free reception at all tiiys, 

except when conditions of abnormal interference may be 

encountered. There are variations in the opinions of 

radio listeners concerning the definition of satisfactory 

reception. Reception in cities is subject generally to 

high interference intensities so that listeners may 

consider local signals only satisfactory. On the other 

hand, rural residents who are not troubled greatly with 

interference will accept lower intensities, while isolated 

or distant listeners may be willing to accept a very- 

weak signal, Imowing that nothing better is available. 

Thus, the intensity required for good service varies with 

the receiving conditions; and, in general, decreases as 
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the distance from cities and other sources of Inter- 

ference increases. The service area, then, varies in 

accordance with the conditions that make a specified 

signal to noise ratio satisfactory. 

Radio engineers have classified broadcast service 

in three grades: 

Grade I. Dependable high quality signals of at 

last 10 millivolts per meter 

Grade II. Reasonably satisfactory signals of at 

least 500 microvolts per meter 

Grade III. TJeeable but at times unreliable signals of 

less than 500 microvolts per meter 

Jansky and Bai1ey prominent consulting radio 

engineers, class Grade I and Grade II together as Grade A, 

and Grade III as Grsde B. Grede A service provides 

good daytime reception in the absence of interference. 

By measurements of the field strength, it is 

possible to determine the boundary of the service area 

by locating the points about the transmitter at which 

the signal strength is of some certain value. A line 

drawn through these points on a map marks the boundary 

of the area considered and is designated as a field 

strength contour. 

Directly affecting the extent of the service area 

are three factors: 
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1. TransmItted power 

2. Frequency of transndsslon 

3. Medium of transmission 

It is obvious that an increase of transmitted power 

will increase the field intensity and the contour of 

a given service area. The frequency of transmission 

has become of increasing importance in late years 

with the establishment of definite standards of 

service. The medium of transmission although involving 

complex variation in characteristics, of which little 

is known, and being the least subject to human control, 

is, nevertheless, deeply involved in the problems 

concerning the site of the transmitter and the coverage 

which may be obtained with a given transmitted power. 

The phenomena of radio transmission involve such 

irregularities and vagaries that the problems of 

coverage and service are exceedingly complex, and the 

variable factors are so numerous that intensive field 

studies must be undertaken to afford a comprehensive 

knowledge of the eccentricities of transmission. 

It is considered generally that the radiation of 

energy by a broadcast transmitter occurs radially 

from the antenna and consists of a family of rays 

propagated at various angles to the horizontal. The 

ray which is transmitted substantially parallel to the 

earth's surface constitutes the direction of what is 



termed the "ground wave", while al]. other rays which 

are transmitted at any angle of elevation comprise 

the directions of other waves customarily referred to 

by the term (In the singular) "sky wave". These 

terminologies do not apply to radiation from specially 

desigued antennas for beam or directional transmission 

which may possess characteristics peculiar to both 

the ground wave and the sky wave. 

At distances between 100 and 200 kilometers 

above the earth's surface, there exists a region of 

ionized atmosphere imown as the ionosphere which 

refracte the sky wave back to the earth. The ionizaticn 

is produced by the action of the sun's rays upon 

the rarefied atmosphere. The density of the ionization 

varies with the amount of light received from the 

sun so that during daytime, the ionization is 

maximum; and, during nighttime, is considerably less. 

The sky wave tends to penetrate this region, but 

it is refracted to such a degree that a reflection 

of the wave occurs to direct it back to the earth's 

surface. A high density causes the reflection to 

occur with but little penetration and produces a 

considerable loss of energy. At night the reflection 

occurs at a much greater heiit because the wave 

must penetrate the less dense ionized atmosphere 
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to a greater extent in order that sufficient refract- 

ion may occur to produce a reflection. Because of the 

decreased density, the loss os energy is considerably 

less. Consequently, the sky wave returns to the earth 

with greater intensity and at greater distances from 

the transmitter at night than at day. 

The motions of the individual ions produce 

turbulence in the ionosphere which is manifested 

by a billowing and a rising and falling in height. 

Because of this turbulent motion of the ionosphere, 

the sky wave meets the earth's surface with constantly 

varying phase relation to the ground wave so that 

may occur and be manifested either as 

fading, a fluctuation of the total field, or as 

distortion in the quality of the program, a selective 

interference of a limited range of frequencies. It 

is generally conceded that the service area of a 

station is covered by the ground wave and cannot 

extend beyond the distance at which the sky wave 

begins to have an appreciable intensity at the earth's 

surface. At greater distances, selective Intorference 

and fading mar the program and cause unpleasant 

reception. 
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THEOR! OF RADIO WAVE PROPAGATI 

The Mechanics of Radiation 

The radiation of a radio wave is effected by 

means of en antenna system of one or more electrical 

conductors suitably arranged so that the exciting 

electric energy may be transformed into electromagnetic 

and electrostatic energy for propagation through space. 

A antenna represents a circuit having distributed 

Inductance and capacitance so that a distribution of 

the alternating current and voltage occurs along its 

length. The current is zero, and the voltage is 

maximum at the open ends of the antenna, and at all 

points that are an exact multiple of one half wave- 

length distant from the open ends; while the current 

is maximum and the voltage zero at all points that are 

odd one-fourth wavelengths distant from the open ends. 

Thus at any instant the phase displacement between the 

voltage end the current Is 900. The length of an 

antenna may be expressed in wavelengths as the length 

between its ends measured in ternis of the wavelength 

of a radio wave. 

An electric field exists in the region between 

two points of potential difference. The intensity of 

such a field at any point is measured by the force 

acting upon a unit charge of electricity placed at 



that point. 

Similarly, a magnetic field exists In the region 

about a conductor through which an electric current 

flows. The intensity of the field at any point Is 

measured by the force acting upon a unit magnetic pole 

placed at the point. 

The lines of action of the fields ar'e termed 

electric or magnetic lines of force as the case may be. 

They represent at any point the directions of the 

forces; and may be illustrated graphically by lines, 

the number of which in a given area represents the 

intensity of the force. However, It must be remembered 

that the electric and the magnetic fields are in 

reality forces. 

There are three important facts regarding the 

nature of the forces, namely: 

1. An electric or a magnetic field represents a 

definite amount of energy per unit volume of the 

field. 

2. A magnetic field in motion produces an 

electric field. 

3. An electric field in motion produces a 

magnetic field. 

The production of electric and magnetic fields 

is accompanied by an expenditure of energy in the 
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electric circuit. When alternating current flows In 

the circuit, the magnetic field alternately expands and 

contracts as the current intensity Increases and 

decreases. The movement of the field, by a process 

known as induction, produces a voltage in the circuit 

opposite to that which caused the current to flow. 

The energy expended In overcoming the opposition of this 

back voltage is that represented by the magnetic field. 

Because of the phase displacement between the voltage 

and the current, the back voltage Is in phase with 

the exciting voltage so that an electric field is set 

up in quadrature, or 900 out of time phase, with the 

magnetic field by the differences of potential 

existing along the anternia. 

The total field produced by the flow of alternating 

current in the antenna may be considered as consisting 

of two components each composed in turn of an electric 

and a magnetic field, respectively. One of these 

components expands and collapses alternately about the 

radiator so that energy is exchanged alternately between 

the antenna and the field by the process of induction. 

The average displacement of the electromagnetic and the 

electrostatic components is zero. The field is therefor 

known as the "induction field". 

The other component of the total field Is the one 
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which represents radiated energy lost to the antenna 

system. This "radiation field" is prevented from return- 

Ing to the antenna and travels outward with the velocity 

of light. The radiation field is fundamentally of the 

same nature as the induction field. However, the electric 

and the magnetic components as has been shown by Clerk 

Maxwell are in phase with each other so that at any 

instant the energy represented by the electric field 

is equal to that of the magnetic field. The total energy 

of the radiation field in the neighborhood of any point 

is thus twice that of either component. 

The induction and the radiation fields are not 

entirely separate from each other.2 In reality, the 

induction field occurs only when the electric and 

magnetic fields are out of phase with each other, and 

its magnitude depends upon their phase relation; that 

is, it is a maximum at the radiator where the phase 

displacement is 90°. As the electric and the maietic 

fields progress from the radiator, their phase 

displacement decreases until at a distance of one 

wavelength the two fields are practically in phase 

with each other. Theoretically the displacement does 

not become zero until the wave has travelled an infinite 

distance. 

The reason for the propagation of the radiated 

energy lies in the fact that a portion of the total 
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energy given to the rapidly alternating field is 

unable to retui to the antenna before the succeeding 

cycle is begun. Thus energy is being pushed out 

continually from the antenna and is transmitted throu& 

space. 

The induction and the radiation fields exist at 

all points about the antenna; but the aniplitude of 

the induction field is inversely proportional to the 

square of the distance, while the amplitude of the 

radiation field varies inversely as the first power of 

the distance when there is no attenuation. Consequently, 

the induction field is predominant near the antenna, 

and is limited practically to the space within one 

wavelength from it. At greater distances, the 

induction field is negligible, and all effects may 

be considered as due to the radiation field. 

The antennas used for broadcast transmission are 

usually of the vertical type, grounded at one end, 

with an equivalent length of one-fourth or one-half 

wavelength. The radiating system is adjusted so 

that a sinusoidal, or nearly sinusoidal, distribution 

of the high frequency current and voltage occurs over 

its length. The directional characteristics of 

antennas of one-half wavelength or less are such that 



the major portion of the energy is transmitted in 

directions at right angles to the radiator. Thus a 

vertical antenna emits a wave front substantially 

perpendicular to the aarth's surface with fairly 

weak sky wave components. Moreover, the polarization 

of the wave, or the direction of the electrostatic 

lines of force, is vertical. 

If a horizontally polarized wave were radiated 

from a horizontal antenna, it would be attenuated 

by earth absorption to a much greater degree than the 

vertically polarized wave. The major portion of the 

energy would be concentrated in the sky wave. 

Consequently, the use of a vertical radiator has 

become universal for broadcast transmission in which the 

strongest ground wave obtainable is desired. 

The strength of the radiation at a given point 

in the field of a given antenna and for a given 

frequency of current in the antenna is proportional to 

the product of the antenna current and the length 

of the antenna. Since the current varies in magnitude 

along the radiator, an element of length contributes 

different amounts of energy to the total field, 

depending upon its position. At the extreme end of the 

radiator, where the current is low, or practically zero, 

a greater length is necessary to contribute a definite 



14 

amount of energy than near the base where the current 

is high. The sum of the products of each element of 

length and its current intensity comprises a "current 

moment" which is equivalent to that of a radiator having 

a constant current intensity over its length and an 

effective height somewhat lower than its physical 

length. 

The Attenuation of a Radiated Wave 

Since the ground wave is propagated in all 

directions over the surface of the earth, progressive- 

ly covering a larger area, the wave front, being a 

cylinder around the radiator, !rust increase in area 

as the radius increases. The energy per unit area of 

the wave front therefore must decrease in proportion 

to the distance from the antenna, provided that the 

medium of transmission is a perfect conductor. 

However, the conductivity of the earth's surface 

is far from perfect. The wave produces voltages and 

eddy currents by e1ectromaietic induction in the 

earth over which it travels. Hence, the wave loses 

energy because of the earth's resistivity. The relation 

between the amount of this loss and the resistivity 

may be explained satisfactorily from the standpoint 

of the theory that s. good conductor Is a good reflector, 

and vice versa. It may be assumed safely that, 
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provided the angle of incidence of the wave remains 

constant, the voltage Induced in a section of the 

earth's surface is the same as that induced in any 

other similar section, regardless of the intrinsic 

resistivity. 

Ordinarily the power loss in a conductor is 

inversely proportional to its resistance when the 

voltage is constant. If this method of reasoning 

were followed in the explanantion of the attenuation 

of a radio wave over the earth's surface, a damp earth 

or a large expanse of water would cause a serious 

attenuation. However, it has been proven as a fact 

that sea water is nearly a perfect conductor or 

medium of transmission and a damp earth is also 

very good. Now if the possibility of reflections 

were considered, sea water would not allow an appreciable 

penetration of the wave. All surface rays emanating 

from the antenna would be reflected immediately upon 

exhibiting any tendency to penetrate beneath the 

surface. Consequently, no appreciable voltage would 

be induced, and no losses would occur. 

If an obstacle such as a mountain or other large 

mass were interposed directly in the path of the 

wave, the angle of incidence between it and the wave 

would be large. A large amount of e1ectromaietic 

flux would act to induce relatively high voltages 
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in the mass and these would produce correspondingly 

high eddy currents. Although the intrinsic resistivity 

of the mass could easily be the same or even lower than 

that of a flat portion of the earth's surface, the 

increased losses would indicate an increased effective 

conductivity. 

In other words, the effective conductivity would 

be decreased. It is this factor which bears an important 

part in the propagation of the ground wave. 

The loss of energy suffered by the wave at the 

earth's surface is compensated for partially by a flow 

of energy from other rts of the wave at a short distance 

directly above the point of absorption. Thus the wave 

at a short distance above the surface suffers 

attenuation to some extent from the same effects as 

does the wave directly at the surface. The attenuation 

is less severe, however, so that at high elevations, 

such as mountain peaks, the intensity of the wave may 

be expected to be considerably higher than at the 

suface. 

The actual sk wave is at a sufficietiv et 

height so that no true attenuation is suffered by it. 

The intensity decreases with increased distances, of 

course, arid is affected to some extent by the iono- 

sphere. 
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As mentioned before, at a point at. a given distance 

from the transmitter, the total field is composed of 

sky and ground wave components. The sky wave may combine 

with the ground wave either in phase or out of phase, 

thereby either increasing or decreasing the total field 

strength and producing fading, as the momentary 

fluctuations in the height of the ionosphere affect the 

length of the sky wave path. 

Because the vertical radiation is small, the sky 

wave component returning to the earth does not become 

appreciable until distances of 50 kilometers or more 

are encountered; the exact. distance depends upon the 

frequency of transrnision. At a frequency of 1300 

kilocycles per secord, fading becomes noticeable at 

50 kilometers, and increases with the distance. At 

600 kilocycles per second, ho'vever, no fading of 

appreciable intensity is encountered within 120 

kilometers. 

The intensity of fading depends to a large 

measure upon the relative strengths and directions 

of the sky and ground waves. The worst effects are 

encountered when the two waves are equal in intensity 

arid are in the same direction as then it is possible 

for the total field to vary from zero to twice its 

normal value. 
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The attenuation of the ground wave thus has some 

effect upon the distance over which fading-free 

reception may be obtained, especially at the high 

broadcast frequencies, since poor conductivity may 

reduce the strength of the ground wave to a value 

comparable to that of the returning sky wave at a short 

distance from the antenna. 

The Sorrnerfeld Theory 

A. Sommerfeld in 1909, published the results of 

his investigations of the attenuation of radio waves 

propagated between two semi-infinite media with 

different elastic properties. Two years later, he 

presented a more popular treatment4 of the subject, 

but very little attention has been paid to his formula 

until recent years when it has been shown5'6'7'8'9 

that his method of attack is the only one evolved so 

far which is applicable to the study of broadcast 

transmission over the short distances normally used. 

Sornnierfeld's original formula included three 

variable factors depending upon t] 

surface; namely, the conductivity 

constant k, and the permeability 

factors, the distance d from the 

frequency f. 

The dielectric constant is a 

the ratio of the capacitance of a 

ae transmitting 

e, the dielectric 

u; and two additional 

transmitter and the 

pure numeric and is 

condenser with a 
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dielectric of a given substance to the capacitance of 

a condenser whose plates are separated by a vacuum. 

The permeability is the specific permeanee, or the 

conducting ability for magnetic flux per unit volume 

of the m1ium. 

The effect of the permeability of the earth's 

surface is negligible and may be neglected without 

error. The dielectric constant has xo appreciable 

effect upon low frequency transmission above a 

frequency of 1500 kilocycles per second. Errors due 

to the neglect of the effect of the dielectric 

constant are important at very high frequencies in 

the neighborhood of 30 megacycles per second. The 

factor has Its real application at these frequencies 

in the consideration of curious phenomena among which 

is the complete vanishing of the field at finite 

distances Errors at broadcast frequencies are likely 

to occur only when a high dielectric constant and a 

low conductivity exist together, a condition which 

probably will not be encountered in practice since a 

high dielectric constant indicates a wet earth which, 

as stated, has a high conductivity. 

The simplified Sommerfeld formula for ground wave 

transmission is given as: 
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OS h I f 
E = ( - - ) A microvolts per meter (1) d 

in which 

h = effective height of the antenna in meters 

I = antenna current In amperes measured at the 

base of the antenna 

f = frequency of transmission in ki].ocycles per 

second 

d distance in kilometers from the antenna 

A = attenuation factor which accounts for the 

effect of the earth's conductivity 

The quantity within the bracket represents the 

field strength over a perfectly conducting surface 

wherein the intensity is inversely proportional to 

the distance. The quantity 0.4 if h I f represents 

the field strength at one kilometer from the antenna. 

The total radiated power is given by the relation: 

'r 

E1 d1 )2 10_10 kilowatts (2) 

in which 

E1= field strength in microvolts per meter 

d1= distance at which E1 Is obtained, close 

enough to the antenna so that attenuation 

is negligible 

The attenuation factor may be defined as the ratio: 
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Ed 
A= (3) 

E1 d1 

in which E is the field strength in microvolts per meter 

at any distance, d; and E1 and d1 are values defined 

above. 

The functional relation between the factor A 

and a "nu.merical distance" d which is dependent 

directly upon the distance and inversely upon the 

conductivity, the wave velocity, and the square of 

the wavelength was given originally by Sommerfeld in 

the form of a complicated integra10 This has been 

simplified by Van der Pol to the following empirical 

formula: 

A - 
0.3 d 

- 2+d+O.6d 

To use this formula, values of the attenuation 

factor for the corresponding values of the numerical 

distance must be available. These were calculated and 

are plotted in Fig.l. Above values of d=1OO, 

A = 1/2 d within 1%. 

When the dielectric constant of the earth ny be 

neglected, and the values of the earth conductivity 

for a particular terrain are known, the values of 

the numerical distance are given by the formula: 

(4) 

d= (0.582 io20. d f2) / c (5) 
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The determination of the field strength at any 

distance and the attenuation curve may be made easily 

for any frequency and for any radiated power. 

Accordingly, a knowledge of the earth conductivity 

should be of' great value to anyone concerned with 

radio transmission phenomena. 
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APPARAT US 

The usual and most satisfactory method of 

determining the intensity of a radio wave at a given 

point is by the comparison of the voltage induced 

by the passage of the wave in a receiving antenna of 

known effective height with a knowìi voltage of the 

same frequency locally generated by means of a vacuum 

tube oscillator. The measuring equipment for this use 

is commonly known as a radio field strength meter. 

The required apparatus consists of a loop antenna, a 

radio receiver preferably of the double detector type, 

a sensitive intrument connected in the piste circuit 

of the second detector tube to indicate the change of 

plate current produced by a radio frequency voltage 

impressed upon the grid of the tube, a local comparis 

signal generator to provide the voltage with which the 

radio signai Is compared, and suitable apparatus for 

measuring and adjusting the voltage. 

The Field Strength Meter 

The field strength meter used to obtain the data 

for this project was of the composite type constructed 

In the radio laboratory. The circuit diagram is shown 

In Fig. 2, end a general view of the equipment set up 

for operation is shown In Fig. 3. 

The antenna was a ten turn loop 75 cm. square with 



Fig. 2. - Schematic Diagram of Radio Field Strength Measuring Equipment 



Fig. 3. - General View of Field Strength Meter 
for Operation 
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provi1on for its removal from the set to facilitate 

transportation. The receiver was a Western Electric 

type 4-D superheterodyne set employing 6 W.E. 215-A 

vacuum tubes. A O-200 microanimeter was located at the 

right of the receiver so that it could be connected 

in series with the second detector plate circuit by 

means of a plug and jack. A bucking potential was 

supplied by a 1.5 volt dry cel]. in order to neutraize 

the no-signal plate current and to allow the use of the 

full scale of the instrument for indicating the change 

of plate current due to the received radio signal. 

The bucking voltage could be adjusted to any desired 

value by means of a 2000 ohm potentiometer across the 

dry cell and a variable 400 ohm resistance In series 

'with the circuit through the microammeter. A single- 

pole single-throw switch served to open the micro- 

ammeter circuit as a precaution against a damaging 

deflection when the receiver was turned off. 

Power for the operation of the receiver was obtained 

from a 6 volt storage battery and a single 45 volt 

B battery carried externally. Connections were made 

to the receiver through a 4 wire cable. No signal 

pick up could be obtained by the leads so it was 

considered unnecessary to shield them. The receiver 

itself was shielded sufficiently to prevent signal pick 
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up by any of Its parte or circuits. 

The comparison siia1 equipment, shown in Fig. 3 

below the receiver, consisted of two parts, the 

oscillator, and the input unit. The oscilletor circuit 

Was of the Hartley type and used. a W.E. 231-D vacuimi 

tube. A General Radio type 247 variable condenser 

provided the means of varying the frequency of the 

oscillator over the broadcast frequency band. A zero 

beat adjustment was provided by a midget condenser in 

parallel with the large condenser so that the 

oscillator could be timed reucUlr to the frequency 

of the radio signal. A rheostat served to adjust the 

filament current of the tube and also to open the 

filanient circuit when the oscillator was not in use. 

Filament power was supplied by one 4.5 volt "C" battery, 

and power for the plate by three portable type 22.5 

volt B batteries connectea in series. These were 

contained within the oscillator unit. 

Double coppr shielding was used to eliminate 

radiation from t.e unit, since this would have 

induced voltages in the antenna to cause errors in 

measurement. The inner shield of the oscillator was 

connected to its ground circuit and was supported 

within the outer shield with one-half inch spacing. 

The oscillator was made accessible from the rear by 

the removal of t'ie machine screws which held the 
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covers in place. The Interior view of the oscillator 

is shown in Fig. 4, with the Input unit. 

The effectiveness of the double shielding Is 

illustrated by the fact that no signal field from the 

oscillator alone was indicated by the receiver when 

the oscillator was as close as one foot from the loop. 

Without the outer shield around the unit, however, 

the field strength was measureable at a distance of over 

20 feet. 

The input unit consisted of' a potentiometer and 

variable resistance for controlling the current 

supplied by the oscillator, a thermocouple and a 

microanirneter to measure the current, and a General 

Radio L type network to attenuate the output voltage. 

The attenuator was calibrated as a multiplier and 

provided twelve voltage ratios from 5000 to 1. down to 

i to 1. ThIs apparatus had a non-reactive output impedance 

of 10 ohms at each step. A small portion of the 

oscillator grid coil was shunted by a 400 ohm potentio- 

meter which controlled the input current. The micro- 

ammeter was calibrated to indicate the voltage output 

of the attenuator at the lowest step. 

The unit was shielded with a copper box connected 

to the ground potential circuit of the attenuator. The 

brass tube which connected the outer oscillator shield 
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to the input unit shield also enclosed the leads from 

the oscillator to the input potentiometer. One of the 

leads affords a direct connection from the oscillator 

ground circuit to the attenuator ground circuit so that 

the Inner oscillator shield was connected to the whole 

outer shield at the attenuator. This arrangement 

effectively prevented the radiation of stray fields 

from the apparatus. The thermocouple and the input 

potentiometer were shielded within the input unit, 

and the attenuator was individually shielded to 

prevent capacity couplings between the parts of the 

circuits. 

The output of the atteima4.r w shunted with a 

1.11 ohm resistance making the total output resistance 

1.0 ohm. This was inserted in one side of the loop 

adjacent to the ground, or center, connection; while 

an additional 1.0 ohm resistance was inserted in the 

other side to maintain a balanced condition in the 

loop with respect to ground. The two outer ends of the 

loop were connected to the tuning condenser of the 

receiver. 

The determination of the field strength of a 

given signal consisted of first tuning in the signal 

on the receiver and adjusting the amplification to 

obtain a convenient deflection of the detector 
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nileroanimeter. '2be comparison signal generator was then 

started and adjusted to the sia1 frequency by the 

zero beat method. Care was taken to ascertain that the 

generator was not beating with a stray signal or with 

the oscillator in the receiver. The correct frequency 

adjustment was indicated by the detector microamnieter 

which fluctuated when the beat frequency approached 

zero. The comparison voltage was reduced to zero and 

the microammeter deflection 'i to the radio signal 

was noted. Then the loop was turned to the null position 

to eliminate the radio signal, and the comparison 

voltage adjusted to give the former microamineter 

deflection. The voltage induced in the loop was 

determined as the product of the attenuator setting 
and the voltage corresponding to the observed input 

microammeter reading taken from the calibration 
curve of Fig. 5. The intensity of the, radio signal 

in rrLicrovolts per meter was then the ratio of the 

total voltage induced in the loop to the effective 

height of the loop. 

The relation between a radio field strength, e, 

expressed in microvolts per meter, and the total 
voltage, E, which it induces in the loop is the 

product of the field strength and the effective 

height, as follows: 
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E=he 
or, E=( 2fANe )/v 
in which 

f = frequency of the wave in cycles per second 

A = area of the loop in square meters 

N = number of turns on the loop 

y = velocity of propagation, 3 meters per 

second 

h=(2ffAN/v)f=(l/K)f 

The field strength may be expressed then as 

e = E K / f microvolts per meter 

The loop area was 0.544 square meter so that the 

numerical value of the loop constant, K, was 8,760,000. 

The value of E was obtained from the ca1ibraton curve 

and the attenuator setting as explained previously. 

Calibration 

The only calibration necessary for the proper 

operation of the measuring equipment was that of the 

input unit. This was made on direct current with the 

aid of a Leeds and Northrup potentiometer and a 

Weston Standard Cell. The direct current was obtained 

from a dry cel]. connected in place of the local 

oscillator. The current through the thermocouple was 

varied by means of the input control while the output 

voltage of the attenuator was measured with the Leeds 
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and Northrup potentiometer for each corresponding 

mlcroarnneter reading. The attenuator was shunted with 

the 1.11 ohm resistance, and set at minimum attenuatii 

during the calibration. The output voltage values were 

then divided by 5000, to obtain the values for the 

calibration curve. 

The field strength meter as a unit was checked 

finally with the Bell Laboratories' Standard Field 

Strength Meter belorig-ìg to the Department of Electrical 

igineering. by simultaneous measurements of the 

field strengths of several Port,].and broadcast stations, 

during daylight when fading effects were at a minimum. 

Accuracy of Measurements 

The accuracy required for a field strength 

measurement should not involve an error greater than 

10% of the actual field strength. The accuracy of the 

calibration of the input unit on direct current may 

be expected to be well vvithin ].. Several tests were 

made to ascertain the constancy of calibration by 

jarring the input unit and by alternately removing 

and applying the input current to the attenuator and 

the thermocouple. In no case did the trial measure- 

ment vary from the original calibration by more than 

l. 
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It is understood, however, that considerable error 

may be involved in the measurerat of high frequency 

current with attendant skin effect and stray field 

phenomena so that the errors of the unit in operation 

may be expected to be considerably greater than 1%. 

In fact, it is the opinion of radio engineers that 

a voltage attenuation of 2 to J. at 1000 kilocycles per 

second will involve an error of not lees than 1%. 

Accordingly, the Gcneral Radio Company, n'riufacturers 

of the attenuator used in this equipment, state that 

the probable accumulative error of the whole attenuator, 

involving twelve 2 to J. ratios, should not exceed 15% 

at the lowest output voltages. The probable accumulative 

error, however, would decrease as successive sections 

of the attenuator are removed to obtain higher voltages. 

The check measurements made with the Bell 

Laboratories' field strength meter indicated an 

agreement between the tvo field strength meters to 

within an average of 5%. Discrepancies of the order 

of 2% were involved in the measurements on KGW, and 

up to 10% on the higher frequencies in the measurements 

on KOIN, KWJJ, end KKX. 

Manipulations 

All field strength measurements were obtained 

during daytime so that they would be affected as little 
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as possible by sky wave components. The stations 

selected for the study were KOAC, operating on 550 

kilocycles per second in Corvallis; and KOW, 620 kc. 
per sec.; KOIN, 940 kcs. per sec.; IWJJ, 1060 kes. per 

sec.; KEX, 1180 kcs.per sec.; and KALE, 1300 kcs. per 

sec. in Portland. Practically the whole western half 

of Oregon is covered by a siial of measureable intensity 

from at least one of these stations. Moreover, their 

frequency ass1-iments are such that an opportunity 

was afforded to investigate the effects of frequency 

upon the attenuation. 

Measurements were made at intervals of several 

kilometers from within one or two kilometers from 

each transmitter to 100 kilometers and more, or to 

distances at which the field strengths became too 

weak or too erratic to be of value. The nearby 

measurements were made within the distances at which 

attenuation became appreciable in order to obtain 

data for the determination of the radiated power. These 

data were necessary, also, for the calculation of the 

earth conductivity. 

The majority of the measurements were taken on 

the frequencies of 550 kcs. per sec. and 620 keg. 

per second because of the lower attenuation and 

minimum sky wave interference, oth of which afforded 
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investigations over long distances. 

The field strength meter was transported on the 

trips by a motor car. The routes over which the 

measurements were made followed the major hig1iways of 

the State of Oregon west of the Dalles - California 

Highway. The routes are sho'in in either of the field 

pattern maps of Figs. li to 19 inclusIve. They Include 

the Oregon Coaat Highway, the Pacific Highway, the 

Dalles - California Highway, and Interconnecting 

highways. 

The selection of each point of measuremit was 

made as carefully as possible in order to minimize 

effects of nearby objects, such as mountains, 

buildings, wire lines and other serious irregularities 

in the path of the wave likely to cause distortion of 

the wave at such points and inconsistent measurements. 

Whenever possible, the measurements were made in wide 

open spaces. Particular attention was paid to overhead 

telephone and power lines as measurements made within 

two hundred feet or so of them are bound to be in 

error because of a reradiation of the radio si'ial from 

the line itself. Even with all precautions being 

observed, two fairly close points may give measurements 

differing by 10 to 20 per cent. Usually, a number of 

measurements were made about each point, and the field 

strength at the point was expressed as the average. 
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A STUDY OF ATTENUATI 

The field strengths were plotted with respect to 

the distance from the transmitter on semi-logarithmic 

coordinates as shown in Figs. 6 to 15 inclusive. Several 

points of interest may be noted from these attenuation 

curves, especially the differences in attenuation due to 

the types of terrain and to the frequency of transmission. 

In Fig. 6, are shown two curves for transmission 

from KOAC, one for the Willamette Valley, and one for 

the Coast Range in western directions from Corvallis. 

The oustanding feature of these curves is the difference 

in the attenuation of the two paths. Field strengths 

throughout the mountainous region are about one-eighth 

of the values found at the same distances in the valley, 

while the distances to given values of field strength 

in the mountains are rom one-half to one-third the 

distances to the same values in the valley. These 

differences are directly attributed to increased 

losses in the field occassioned by the interposition 

of the hills and mountains in the paths of trans- 

mission. A large area of the earth's surface is thus 

preseuted to the wave rrönt. The lines of force of 

the wave must cut through the obstacles thereby In- 

ducing relatively high losses. In addition, reflections 

may occur from the sides of the hills facing the 
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transmitter so that part of the energy of the wave ìn.y 

be transmitted away from the earth's surface. Over flat 

land, such as in the valley, no obstacles of consequence 

are encountered so that the losses are relatively low 

and occur only in the flat surface. Since the trans- 

ìmitter location is within a few kilometers of the 

edge of the Coast Range, transmission in all directions 

from northwest to southwest is over mountainous terrain 

entirely. Consequently, the attenuation curve includes 

measured values of field strength over a considerable 

extent north and south of the points directly west of 

the transmitter. The curve is extended to include these 

points at distances considerably greater than the 

distance directly west to the Pacific Ocean. The close- 

ness with which the values at widely separated points 

agree with the average attenuation depicted by the 

curve is justification for the assumption that the 

attenuation and the conductivity are practically independ- 

ent of the direction of the transmission. The conductivity 
13 was determined to be 0.21 l0 . It was impossible to 

obtain accurate information concerning the average height 

of the mountains, but it is estimated that the average 

elevation of the peaks is between 1000 and 1400 feet 

above sea level. 

The attenuation curve for the Willamette Valley 

includes measuremts made on both sides of the river 
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Fig. 7. - Field Strength Meureents for KOAC 



over a path approximately 40 kilometers wide. From 

the agreement between measurements made at the river's 

edge and those made 20 to 30 kilometers away, it is 

evident that the river does not affect appreciably 

the transmission from KOAC. A slightly increased 

attenuation was noted in the transmission through the 

city of Portland, but such effects were neglected In 

this curve as it was desired to show only the attenuation 

through the valley. 

Fig. 7 shows the attenuation curve of KOAC over a 

route directly north from Corvallis including a portic*i 

of the Willamette and the Tualatin Valleys and the 

mountainous region between the Tualatin Valley and the 

Columbia River. The curve Is composite in that two differ- 

ent slopes occur. Up to a distance of 100 kilometers, 

the attenuation and the conductivity are practically 

the same as those along the Willamette River. At the 

town of Banks, 120 kilometers from Corvallis, the 

terrain becomes mountainous and the attenuation increases. 

It may be noted that the lower curve is a section of a 

complete attenuation curve corresponding to the 

conductivity of the region, which was determined to be 

0.15 l03e.m.u. An interesting feature of the 

transmission path is the fact that It lies over the 

region containing low-grade Iron ore deposits in the 
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vicinity of Vernonia. This may account for inconsistent 

values of field strength measured at several points, and 
a 

for a slightly higher conductivity in this region than 

in others of the C0ast Range. 

Attenuation through the level fertile valleys 

indicates a conductivity of 0.6 . l03e.m.u. 

East from KOAC, the transimision is over the valley 

for a distance of 40 kilometers, before the foothills 

of the Cascade Range are encountered. Increased 

attenuation begins at the foothills near Sweethome, as 

shown in Fig. 8, and the curve assumes a change of slope 

to correspond with another value of conductivity. It is 

quite likely that the conductivity changes as the 

mountains become higher, but the average value was 

determined to be 0.15 io e.rn.u. Measurements of 

field strength were made on the western slope to the 

snowline, and on the eastern slope from the snowline 

to a point a few kilometers east of Prineville. East of 

Sisters, the conductivity should increase as the country 

becomes level over a plateau some 3000 feet above sea 

level. However, the composition of the coil is very 

different from that of the Willamette Valley, being 

mostly of volcanic material so that the conductivity 

may be expected to be lower than it is in the more 

fertile country. Because of the weakness of the field 
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and the insensitivity of the instrument, the effect 

could not be ascertained. Rough measurements were 

continued eastward from Prineville to John Day, but 

intensities were below 10 microvolts per meter, and 

indications of an appreciable sky wave interference 

were apparent over the route. 

South from Corvallis, the transmission, as shown 

in Fig. 9, is affected by three regions of different 

conductivity. Between Corvallis and Junction City, the 

attenuation is the same as in other directions through 

the valley. South of Junction City to Roseburg the 

attenuation indicates a conductivity of 0.3 1013e.m.u. 

The measurements were made over a route directly 

south of Junction City, through hilly country typical 

of the terrain over the whole route to Roseburg. 

A peculiar attenuation was encountered between 

Junction City and Eugene over a route following the 

Willamette River. The indicated conductivity was 

'3 
0.3 10 , the same as that for the route through 

the hills several kilometers west, yet the terrain in 

the two cases are different. This increased conductivity 

was not apparent in the attenuation of the signals from 

the Po:tland stations over a route several kilometers 

east of the Willamette River. Apparently the region of 

low conductivity is confined to a small area along the 
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highway between Junction City and Eugene. 

South of Roseburg the transmission path encounters 

mountains with an average height in the neighborhood of 

1500 feet above sea level. The increased attenuation 

indicates a conductivity of approximately 0.2 l03e.m.u. 

The attenuation of the field from KGW is shown 

in Fig. 10 for four directions. The transmitter location 

is in a damp and low area near the confluence of the 

V!illamette and the Colur'Lbia rivers. The efficiency of 

the antenna system is therefore high as a good ground 

connection is obtained. The attenuation through the 

W1l].amette Valley indicates a conductivity of 0.6 s 
io13 

e.m.u. Over a route following the Columbia River 

northward from Portland for 80 kilometers, a conductivity 

of 0.4 io13 is indicated. The measurements were made 

purposely away from the river's edge, and express the 

field strengths received by the towns along the route. 

The conductivity is somewhat lower than that for the 

Willamette Valley. The reason for this is attributed to 

the effects of mountains and hills over a considerable 

portion of the transmision path. Measurements made at 

the river's edge, although showing somewhat increased 

field strengths, did not give sufficiently high intensi- 

t.ies to bear out an assumption that the waterway is an 

important factor contributing to a high value of 
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conductivity for the whole valley. Of course, if the 

path of the wave were wholly over water, the attenuation 

would be decreased materially. Over this route, which did 

not follow a direct line from the transmitter, the 

direction to the transmitter changed with the point of 

measurement so that each transmission path did not 

include an appreciable expanse of water. 

Measurements in the west and northwest directions 

to Astoria and Tillamook indicated a conductivity of 

0.2 l03e.m.u., which is practically the same value 

as that obtained from the attenuation over the Coast 

Range from Corvallis. Several erraticfield strength 

values were indicated by the measurements in the region 

about Vernonia indicating increased attenuation due to 

the ore deposits. The effects apparently were local. 

It is possible that the calculations for this district 

should involve considerations of the dielectric constant 

and the permeability. 

Measurements made along the route from Portland 

eastward over the Columbia Highway as far as Bonneville 

and at points east of the Cascade Range indicate the 

conductivity to be 0.16 . which is nearly the 

same as the value obtained from the measurements on 

KOAC. The average elevation of the range Is estimated 

to be about 5000 feet above sea level. 
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Fig. 11 shows the field strengths for four other 

Portland stations through the Willamette Valley. The 

curve for KOIN, operating with a rated power of 1000 

watts, shows strange characteristics in that the 

attenuation is less than normal at distances above 

30 kilometers. The other three curves, for KWJ5, KEX, 

and KALE, indicate a conductivity of 0.6 1O1e.m.u. 

The points for the curve of KOIN field strengths are 

scattered considerably more than those for the other 

stations. A similar scattering may b encountered at 

the higi frequencies because of the appreciable effect 

of the sky wave interference at distances above 30 

kilometers. However, the field strength at each point 

of measurement was expressed as the average value of 

measurements taken over a period of several minutes in 

order that the sky wave effects might be eliminated. 

This method of rnssu.rement appeared satisfactory for 

the higb. frequency stations, KWJJ, KEX, and KALE, so 

that it is reasonable to expect that the points shown 

f or KOIN should indicate average values of ground 

wave intensity. 

It is possible that the sky wave increases the 

average value of the field strength above the normal 

ground wave strength. However, since the sky wave may 

interfere with the groundwave in any phase relation, 

it seems probable that interference should occur in phase 
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as often as out of phase with the ground wave, thereby 

producing no effect upon the average ground wave 

intensity. Continuous recordings'2 made at Corvallis 

during severa], months of 1931 and 1932 show that the 

average field strength of KOIN is very much greater than 

it should be normally. 

If the curves for the transmission through the 

Willamette Valley are compared with the family of curves 

calculated for a radiated power of 1000 watts and ari 

earth conductivity of 0.6 io13, shown In Fig. 12, 

very good correlation may be observed for all the 

stations except KOIN, provided that the differences 

in the radiatéd power are considered. Up t: 30 kilometers 

from the KOIN antenna, th field strength decreases 

normally as predicted by the curve. At greater distances 

however, the field strengths represent approximately 

2000 watts of radiated power, according to the method 

of calculation previously explained. 

It seems unreasonable to attribute all of the 

increase in the average field strength to a possible 

effect of the sky wave, especially at distances of 

from 30 to 50 kilometerS, which for a frequency of 

940 kilocycles per second, should be within the distance 

at which sky wave interference becomes appreciable. 
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It is possible that the condition may be due to the 

location of the transmitter upon a dominant hill west 

of the boundary of the city of Portland. The conductivity 

of the earth's surface might appear to be greater for 

a wave transmitted from an elevated antenna than for a 

wave from an antenna at the normal height of the land, 

since the former wave would have a greater proportion of 

its path above the surface than would a wave transmitted 

close to the surface; and, consequently,would suffer 

less absorption. 

It, seems reasonable to assume also that the 

effective conductivity over an elevated terrain such 

as mountains would be approxinwtely the same as that 

over low or flat terrain, provided that the transmitting 

antenna is located upon the height of the land considered 

in each case. 

The fact that the measured field strengths for the 

other Portland stations, all located in the valley, or 

at the normal height of the land, agree closely with the 

predicted values leads to the belief that the elevated 

location of the KOIN transmitter is responsible, at least 

in part, for the low attenuation; and that the average 

of several measurements over a short period of time yields 

a reasonably accurate value of the ground wave field 

strength. 



i.xo. 

2OXX 

o0ooC 

500CC 

2000( 

500C 

LU 

H 
20cx 

tAJ 

(f 

H 
dscx 
> 

o 

I0( 

5( 

FI 

, 
Iï 

pINI. 
. 

s-'- s-" 
- -' 
__I -- II_ 

. 

Jw= IT;lli _________ 
--- - . 

__._i --w 
h 

L.WS i__,________ 
I L____ 
I - _r__ 

I -- 

s i 4 .1 ¡e .i dS .( ;. ;s . s 

ÑLOM E T ER S 
Fig. 13. - Field Strength Meaureìnents over' the 

Coast Range 



44 

The peculiar attenuation of the KOIN field 

strengths is further illustrated in the curves of 

Figs. 13, 14, and 15. It may be observed that at a 

distance of 40 kilometers from the antenna, the 

field strength is 1000 microvolts per meter regardless 

of the direction of transmission and the type of 

terrain. Also, at a distance of 50 kilometers, the 

field strength is 500 ntLcrovolts per meter in the 

three directions of north, east, and west. 

The route marked "West From Portland" in 

Fig. 13 includes the area lying in the octant between 

the west and the northwest directions from KOIN. 

Transmission is over mountainous terrain entirely. The 

indicated conductivity is the same as that for the 

Willamette Valley, 0.6 lO3e.m.u., as far as the 

500 microvolt per meter field strength or to a distance 

of 50 kilometers. At greater distances, the indicated 

conductivity for the Coast Range is 0.4 ' l03e.m.u., 

considerably higher than that indicated by the KOEW 

attenuation. The KWJJ and KEX attenuation curves 

13 ,.z 

indicate conductivities of 0.4 . 
10L and 0.5 

respectively for the same region. However, bad fading 

effects were encountered at all distances over 20 

kilometers so that no reliance should be placed in 

these measurements. 



KILOMETERS 
Fig. 14. a Field Strength Measurements through the 

Columbia Valley North from Portland 



KILOMETERS 
Fig. 15. FIeld Strength Measm'ements over the 

Cascade Range 
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Over the route north from Portland, the attenuation 

curves for KOIN, ICWJJ, and KEX all indicate a conductivity 

of 0.4 which is in agreement with that determined 

from the attenuation of KGW. These curves are shown in 

Fig. 14. It is peculiar to note that less serious 

sky wave interference was encountered over this route 

than over the mountainous region to the west. 

Over the route east from Portland along the 

Columbia River the field strengths of KEX and KWJJ 

were inconsistent and the attenuation so high that 

no worthwhile data were obtained. Measurements made 

on KOIN, however, indicate a normal attenuation with 

no sky wave interference. The curve of the field strengths 

is shown in Fig. 15. The conductivity up to a distance 
_13 

of 45 kilometers is indicated as 0.4 10 '. The trans- 

mission path is over the city of Portland arid some 

elevated terrain. East of Crown Point the attenuation 

through the mountainous Cascade Range indicates a 

conductivity of 0.16 s lÖ3e.m.u., which is in agreement 

with that obtained by measurements of the KGW field 

strengths. 
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As a result of these measurements, lt appears that 

the values of conductivity ny be correlated with the 
types of terrain. However, in view of the fact that lt 

was impossible to obtain accurate data on the average 

elevations of the mountain ranges over which the 

attenuation was studied, it was necessary to estimate 

elevations by the consideration of the known elevations 

of the highway passes and the mountain peaks. Such 

estimates are bound to be in error, but the following 

table has been prepared from the data and is given 

below. 

Table I 

Type of Location Average Conductivity 
Terrain Elevation c in 

above e.m.u. 
Transmitter 
in Feet 

-13 
Flat and Willamette - 0.6 10 
fertile and 
valley Tualatin 

rivers 
'3 

Hilly Eugene to 500 0.3 
Ros eburg 

Mountains Coast Range 1200 0.2 

Mountains South of 
Ros eburg 

Mountains Cascade Range 

It Is evident that 

to some extent upon the 

of the change of level, 

2000 0.2 10 
(approximately) 

5000 0.15 

the conductivity may depend 

brokenness, or the abruptness 

of the terrain in addition to 
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the mean elevation of the ground. But since a "broken" 

ground, in Oregon, is found only in the mountains, it 

is impossible to determine the exact relation between 

this "brokenness" and the conductivity. The factor, 

therefore, can be expressed only as a function of the 

height of the mountains. 

The elevation of the transmitter has been shown to 

have a considerable bearing upon 

conductivity of the transmission 

route so that the differences in 

transmitter and the transmission 

considered. 

In view of these factors, i 

the effective 

path over a given 

elevation between the 

surface must be 

t is apparent that 

the conductivity can be determined accurately only by 

measurement. It, has been shown that the conductivity is 

independent of the frequency of transmission so that an 

accurate determination may be made at nearly any 

communication frequency. 0f course, considerable 

complications would result from the use of a frequency 

above 1500 kilocycles per second, since the dielectric 

constant would be involved. 

It has been shown also that the attenuation 

is proportional to the frequency of transmission so 

that the ground wave coverage is much less at the 

high frequencies. The numerical distance , when the 
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transmitting distance is constant, is proportional 

to f2/. Therefore, the same attenuation factor and 

attenuation curve would be obtained if the radiated 

power and the ratio f2/c were constant. Thus, the 

attenuation for a frequency of 1000 kilocycles per 

second and would be the same as that for 

-'4 a frequency of 316 kilocyc].es per second and c=l0 

It is apparent that effective transmission over 

mountainous terrain requires a low frequency. 
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A STUDY OF COVERAGE 

The field Intensity patterns of the four major 

stations of Oregon have been drawn in Figs. 16 to 19, 

inclusive. Considerable difficulty was experienced in 

determining the 500 microvolt contour of 1( because 
of bad fading at the corresponding distances According 

to the requirements for good service mentioned in the 

introduction, the Grade A service area would not 

extend far beyond the 1000 microvolt per meter contour. 

At lower frequencies, appreciable fading occurs beyond 

the 500 microvolt per meter contour2. 

These maps illustrate quite effectively the 

relative sizes of the service areas at the different 

frequencies. The effect of the mountains is shown by 

the closing in of the contours toward their respective 

stations. The pattern for KOfl shows the advantages of 

the elevated location. The 1000 microvolt per meter 

contour is practically a perfect circle regardless of 

the type of terrain in each direction. 

At the low broadcast frequencies, the Grade A 

service area is depident almost entirely upon the 

radiated power, as sky wave interference Is inappreciable 

for 120 kilometers or more. At the high frequencies, 

however, regardless of the power, the Grade A area is 

limited to roughly 60 kilometers. An increase of power 
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would have little effect upon the Grade A service area 

because of the proportional increase in the sky wave 

interference. 

With the aid of the curves of Fig. 12, which have 

been shown to be representative of transmission througi 

the Willamette Valley, the following table has been 

prepared. 

Table II 
Service Radii in Kilometers for 1.0 Kilowatt Radiated 

C = 0.6 iO-13 

Frequency 5000 1000 500 100 
Kcs./sec. uV/in uV/m uV/m uV/m 

550 36 85 120 240 

30 73 100 203 

940 22 34 63 130 

1060 19 30 55 115 

1180 18 25 50 103 

1300 l 23 45 90 

The differences in the service radii at the 

various frequcies may be observed to be very large. 

In Table III are shown the amounts of power 

required to give the same ground wave coverage at 

the various frequencies as Is obtained with 1 kilowatt 

radiated power at 550 kilocycles per second. 
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Table III 
Relative Power Required to Obtain Same Ground Wave 

Coverage as Is Afforded by 1 KIlowatt at 
550 Kilocycles per second 

C = 0.6 1013 
Frequency 5000 1000 500 100 
Kcs./sec. uV/m uV/m uV/m uV/m 

d=35 km d85 km d=120 km d=240 km 

550 1.0 1.0 1.0 1.0 

20 1.8 2.2 2.3 2.4 

940 8.7 14.8 lb.0 19.0 

1060 23.6 27.7 29.0 35.0 

1180 25.0 44.5 48.4 56.0 

1300 37.2 83.0 89.0 100.0 

These values show how unecortondcal Is the use 

of the high frequencies for a large ground wave 

coverage. From the standpoint of Grade A service, 

considering that the service area extends only to 

the 500 mlcrovolt per meter contour, the niaximum 

power which should be used at the high frequencies 

would be considerably less than the above values 

because of the sky wave interference which would 

occur at distances beyond the boundary of the area. 

In these cases, the Grade A areas would not extend 

nearly as far as the 500 microvolt per meter contours. 

On the other hand, a power of one hundred kilowatts 

or more might be used on the low broadcast frequencies 

to provide Grade A service without sky wave Inter- 

ference to distances of several hundred kilometers. 
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CONCLUSIONS 

The investigations of the field strength attenuation 

discussed in the preceeding pages have led to the 

following conclusions: 

1. The attenuation is a function of the type of 

terrain over which the radio wave passes. 

2. Level flat ground having a low resistivity 

affords good conductivity for a radio wave. 

3. Mountainous terrain increases the attenuation 

of the waves, the increase depending upon the brokenness 

and t.he height of the obstacles. 

4. The effective conductivity of a transmission 

path is not necessarily a function of the intrinsic 

resistivity of the earth. 

5. The conductivity of the transmission path 

depends upon the location of the transmitter with 

respect to the normal height of the land. An Increase 

in the elevation of the transmitter location, within 

limits, tends to result in a decrease in the attenuation 

and sn increase in the conductivity. 

,, The term "conductivity" could be better stated 

aS a "transmission coefficient", as the former Intimates 

a definite property of the soil or earth surface. 

7. The conductivity of the path is one of the 

major factors determining the coverage which may be 
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obtained by a station with a given power and frequency. 

8. The frequency of the transmitted wave is an 

important factor in determining the coverage by a given 

stat i on. 

9. The transmitted power is of relatively minor 

importance in determining the coverage, since the field 

strength is proportional to the square root of the 

radiated power. 

10. The service radius is roughly proportional 

to the wavelength and inversely proportional to the 

frequency of transmission. 

11. The service area is roughly proportional to 

the square of the wavelength and inversely proportional 

to the square of the frequency, at broadcast frequencies. 

12. The power which may be used to obtain the 

maximum possible service ares is very much greater at 

low frequencies than at high frequencies. 

13. The service radius and area at any frequency 

are limited to the distance at which the sky wave 

returns to the earth with an intensity equal to the 

ground wave field strength. 
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