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AN INVESTIGATION OF FIELD STRENGTH VARIATIONS 

AT BROADCAST FREQUENCIES 

INTRODUCTION: 

Every kind of radio conrnìunication is inherently 

connected with fading and interference phenomena. 

Any radio signai -is-worthless -for broadcast use if it 

is audible or intelligible only a part of the time. 

In general communication work it has been possible 

to repeat letters or words in order to give satisfactory 

transmission of messages, but obviously this cannot 

be done in supplying information or entertainment to 

the public. It may be said that the majority of people 

will listen to the station which will give them the 

best service. The efficiency of a modern broadcast 

installation is based upon the population which lt is 

able to serve satisfactorily and not upon the maximum 

distance over which it can be heard. For this reason 

it has becone necessary to establish a definite means 

of rating broadcast coverage. 

In order to establish a uniform method of attack 

on the problem, and in order that the results may be 

in a form for use, the engineering profession has 

found it necessary to adopt certain standards and units 

of measurement. 
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Jansky and Bailey1 have set forth some salient 

points which show how the idiosyncrasies of radio 

transmission phenomena are involved in maintaining 

broadcast service. A few of the factors which affect 

the problem are a stationts power, its geographical 

location, and the frequencies of adjacent stations. 

The geographical location is important because of 

the variable attenuation factors to be found through- 

out the country. Attenuation differs markedly for the 

so-called "ground" and UskyU waves sent out by each 

station. It is well known that the ground wave is far 

more likely to give reliable reception, i.e. reception 

that can be depended upon practically one hundred per 

cent of the time. 

The entire system involved in radio broadcasting 

consists, of course, of a transmitting installation, 

the transmission medIum, and man'r receiving sets. 

It is not the purpose of this thesis to study 

either the transmitting or the receiving installations, 

but it is necessary to define standards for each. 

The effect of the transmission medium upon variation 

in the signal strength is to be studied. In a signal 

strength survey the transmission medium is the 

controlling factor. 

The standard of transmitting installations has 



been determined by the demands of modern broadcasting. 

The power output must be constant, and a high 

percentage of "odu1ation of the carrier must be 

maintained. 

The standard of receiving installations considered 

in the following is operated either from batteries or 

from a commercial power source. It has a selectivity 

of 10 kilocycles and a sensitivity of at least 10 

microvolts per meter. From the receiving standpoint, 

a very important item is the signal-to-noise ratio, 

i.e. the ratio of the program level produced by a 

station to the noise or interference level produced 

either by other stations, by static, or by man-made 

disturbances. Noise at the receiving installation may 

be produced by static disturbances, inductive inter- 

ference from non-radio electrical machinery, or 

interference from broadcast stations on the ssme or 

adjacent freuencies to the one being received. By 

an adjacent frequency is meant one of 10 kilocycle 

separation. 

Experience has shown that it is necessary to 

have broadcast reception service divided into two 

classes: Grade A or Ugoodtt receçtion, and Grade B 

or hlfairU reception. Grade A service is supplied to 
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anzi area which is being covered by a field strength of 

500 or more microvolts per meter. This field strength 

must be maintained at all times, during both daylight 

and darkness. Grade B service may be defined as all 

service outside that of Grade A or inclusive of all areas 

where reception is possible, but where the signal field 

strength is below 500 inicrovolts per meter. 

In practice Grade A service is produced only by 

the ground wave. This service area is fairly definitely 

outlined for both daylight and darkness coverage and is 

subject to none of the fading abnormalities of the Grade 

B service. 

Grade B service is the type usually received during 

darkness and is supplied by the sky wave. Signals thus 

transmitted are susceptible to complete fading at 

intervals and partial or selective fading at other times. 

The study of fading may be conveniently started by 

enurrierating the phenomena that affect the propagation of 

radio waves. This has been done by the International 

Scientific Radio Union2 as follows: 

1. Influences at or beneath the earth's surface, 

such as physical or chemical influences attending 

geological and topographical distribution of surface 

material. 



5 

2. Meteorological influences in the lower 

atmosphere, including atmospheric electric disturbances. 

3. Influences of ionized gases in the upper 

atmosphere; these form absorbing, reflecting, or 

refracting layers, and auroras. 

4. Influences outside of the earth's atmosphere 

such as those due to solar activity. 

It may be mentioned that of the above four 

divisions, influences at the earth's surface affect 

only the ground wave. Attenuation coefficients have 

been determined by Jansky and Baïley1 for the frequen- 

cies used in commercial broadcasting service. Atten- 

uation of the wave depends upon the attenuation factor 
of the part of the earth's surface over which it is 

being propagated. The attenuation factor at points 

throughout the Middle West varies from 0.035 near the 

Great Lakes to 0.01 for an area in Kansas. This means 

that the ground wave of a transmitter is attenuated 

about 3 times as fast in the region having the high 

attenuation factor. Therefore, a Kansas station 

covers about 9 times as great an area as a Great Lakes 

station of the same output. 

Under the heading of meteorological influences in 

the lower atmosphere, the two chief items are static 

and lightning interference. A moderately light electric 

storm may paralyse all radio communication over a 



suprisingly large distaElce, perhaps 500 or 600 miles 

on each side of the storm. Static may create a con- 

tinuous background of noise which makes reception 

impractical. 

Barometric pressure and temperature are reputed 

to influence reception. A possible explanation is that 

the height of the ionized reflecting layer is a 

function of barometric pressure at the earth's surface, 

and that the texnerature influences the ion concen- 

tration in the lower strata of the Kennelly-Heaviside 

layer. rrhe latter statement is doubtful, however, 

in vie,r of the constant temperature region that exists 

in. the atmosphere above an altitude of approximately 

one hundred miles from the earth's surface. 

Influences outside the earth's atmosphere have 

been shown to have a very definite effect on the 

transmission medium. The most important of these is 

the influence of sun spots on the Kennelly-Heaviside 

layer. Definite correlation between the occurrence of 

sun spots and radio reception has been shown to exist. 

These data have been taken by the Bureau of Standards 

and have been correlated with data from the Department 

of Ter-'estial Magnetism and from the Smithsonian 

Institution. It has been shown that sun spots keep 

the Kennelly-Heaviside layer in a very turbulent and 

erratic condition. 
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These considerations indicate very clearly the 

complexity of the conditions governing radio reception, 

and that much interesting and possibly useful infor- 

mation may be obtained from a study of the field 

strength variations of a number of stations under 

different receiving' conditions. It was, therefore, 

decided to assemble apparatus for recording the strength 

of incoming signals continuously, and to examine these 

records for information regarding the coverage of 

stations and reflection phenomena in the upper atmos- 

phere. 



APPARATUS 



AP P ARATUS 

In order to obtain conclusive data on the points 

mentioned, it is evident that sirriulLaneous records 

of the field strength variations of two stations are 

necessary. Therefore, two comolete sets of recording 

equipment were assembled. General views of the setup 

are shown in Figs. i and 2. 

The receivers of the superheterodyne type were 

used in order to take advantage of their adaptability 

to measuring circuits. Received carrier amplitudes 

were measured by means of galvanometers connected in 

the second detector plate circuits. The scheme of 

measurement was the same as that employed in the Bell 

Telephone Laboratories' portable field strength meter 

used for calibration purposes which was equipped 

with a loop antenna so that it could be supplied with 

a local signal of known strength. 

CALIBRATIONS: 

A description of the theory and operation of the 

standard field strength measuring set follows: A 

signal was tuned for maximum deflection of the 

microammeter shown in the wiring diagram of the 

standard measuring set (Fig. 3). The local signal 



Figure 1 - General View of Apparatus 



FIgure 2 - Apparatus with Receivers and Galvanometers 
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oscillator was then started and adjusted to zero 

frequency beat with the sina1. The loop was next 

turned to a position which gave a minimum deflection 

on the detector microammeter. Finally, the attenuator 

and input shunt from the oscillator were adjusted to 

give the same microammeter deflection as before. 

Since the oscillator voltage from the attenuator 

was impressed across a one ohm resistor in the loop 

circuit, the voltage drop across it was equal to the 

induced voltage from the signal, which had been 

decreased when the loop was turned out of the field, 

i.e. when the loop was adjusted for the position of 

th minimum deflection of the microammeter. It should 

be noted that the one ohm resistor was connected in 

series with only half of the loop, as shown in Fig. 4. 

The effective height of a vertical single wire 

antenna is equal to the height of a single vertical 

wire having a uniform amount of current over its total 

length, and giving the same field strength at a given 

distance independent of direction. From the known 

area of the loop and the number of turns, it is 

possible to calculate the effective height of the loop. 



Figure 3 - Bell Laboratories' Portable Field Strength Measuring Set 
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If h indicate this height in cm., and. e the total 

induced voltage from the signal, then, 

E = e/h volts per cm. 

If the current through the one ohm resistor in 

series with one half the loop is known in milliamperes, 

and the frecuency in kilocycles, the field strength 

of the station can be obtained in rnicrovolts per meter 

from the expression, 

E = K 
a x_i 

I 

Vihere: Z z signal strength in microvolts per metsr. 

a setting of the attenuator. 

i = current milliamperes. 

f = frequency in kilocycles. 

The term microvolt-per-meter may be defined as 

a unit of the voltage induced in a conductor due to 

the passage of the radio arave. The voltage per meter 

is measured between two points a meter apart on the 

same line of electric force. 

RECEIVERS: 

The two receivers used for recording operated 

on individual antenna and. ground systems. Since they 

were of the double detection type, the recording 

galvanometers were connected. in the second detector 

plate circuits as already stated. Their respective 

wiring diagrams are shown in Figs. 5 and 6. 



- i_I cIw 4CIIaj E 

s. ii 

. . 

..s.. ; 

I" 

-- 
Figure 5 - Wiring Diagram of Graybar Receiver with Measuring Circuit 



20-A 2-A 
FILTER TUNING UNIT 

OSCILLATOR FIRST INTERMEDIATE-FREQUENCY SECOND AuDIO-FREQUENCY 
DETECTOR AMPLIFIER DETECTOR AMPLIFIER 

ti» f;... 

I *. 
s, P&.'.in..i 

,f, 

1002-F 
-. HEADSET 
UL L 

11,1 - Ou 

±r1 ri A 

: . 

I 

' 

it H ii 

F1 
Iii '» 

4-C 
RADIO RECEIV(R 

.t.IL r 

t j.,s 
..' 

I I- - -I I 

8-V.4-L%L-5 2*7f 
EIOE EVEREADY 

bATTERY 8ATTERIE.S 

Figure 6 - Wiring Diagram of W.E. 4C Receiver with Measuring Circuit 

blackp
Text Box
Best scan available.



The second detector, with the measuring instrument In 

its plate circuit, acts as a vacuum tube voltmeter. This 

enables the intermediate frequency amplifier output to op- 

erate the direct current plate microammeter, which, in this 

case, Is a wall galvanometer in order to enable optical 

recording. The Intermediate frequency voltage is, of 

course, proportional to the amplitude of the carrier fre- 

quency voltage being received. 

A typical detector curve is given in Fig. 7-A. This 

shows the action wbich takes place in the detector tube 

circuit when a signal voltage, eg is impressed across the 

input circuit terminals. On one half of the alternating 

current cycle, when the plate marked (A) on the condenser 

is charged positively, the opposite plate (B) is charged 

negatively, so that during the time that the grid is nega- 

tive the electron transfer from it and to It Inside the 

tube is nil. Since no electrons are given off from the 

grid on these successive chargings the result is an in- 

crease In the negative charge. This has the effect of 

lowering the plate current which remains at the lowered 

value as long as the alternating frequency is being im- 

pressed on the grid. If the wave which has generated the 

a.c. voltage across the grid circuit terminals is being 

modulated at an audio frequency rate, the grid lead will 

allow the excess negative charge to leak off the grid 
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during the time interval between successive modulation 

variations. The instantaneous values of plate current 

will follow the modulation frequency. It may be seen that 

the d. C. plate current will decrease when the carrier is 

tuned in and that the decrease is proportional to the car- 

rier amplitude. This, in outline, is a method of measuring 

the carrier amplitude or radio signal field strength by 

reading the deflection of a microarrimeter connected in the 

direct current plate circuit. To make the reading contin- 

uous instead of point by point a recording instrument 

should be used. No direct current measuring instrument 

that has appreciable damping and inertia will follow the 

modulatIons in complete detail; its deflections will in- 

dicate an average value of the carrier current being re- 

ceived. 

RECORDING EQUIPMENT: 

In the arrangement of equipment for recording, two 

wall-type galvanometers were used. These were 

critically damped and were connected to measure current, 

or to act in the circuit as microammeters. 

The galvanometers were of Leeds and Northrup manufac- 

ture and were selected from several instruments for 

similarity of characteristics. 
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Galvanometer Constants 

Galvanometer 1. Galvanometer 2 

Sensitivity 103 megohms 115 megohms 

Resistance 123 ohms 124 ohms 

Period '7.7 seconds 8.5 seconds 

External Damping Resistor 0.7 ohms 0.7 ohms 

The final test of the galvanometers was to make a 

photographic record and thus determine that they would 

satisfactorily follow the changes of current due to fading. 

By noting the shape of the fastest fading line on the 

records being obtained and comparing it to the rate at 

which the galvanometers returned to zero when the signal 

was removed, it was found that the galvanometers were able 

to change deflection much faster than any fading variations 

that were encountered in practice. 

A word of explanation should be included about the 

double potentiometer system used for setting the galvan- 

ometers to the same zero point. This is shown in the 

wiring diagrams of the Western Electric type 4C, and the 

Graybar receivers in Figs. 4 and 5, respectively, as well 

as in Fig. 9. A dry cell was used to supply the poten- 

tiometer and was found to cause no drift on account of the 

minute current drawn from it. It was possible to set the 

deflections to the ssme zero point at all times. This 

made possible the selection, calibration, and reproduction 



FIgure 9 - Potentiometers Arranged for Galvanometer 

Compensating Voltage 
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of suitable scales. The deflections for given signal 

strengths could be controlled by regulating the amount of 

energy being fed into the receivers with the volume controls 

on the input or radio frequency ends of the sets. When 

these volume controls were not changed between recordings, 

the successive measurements were made to the same scale. 

It has been shown in Fig. 7 and in the above discus- 

sion of grid detector action that, when a radio signal is 

impressed on the grid circuit, the plate current is de- 

creased instead of increased. In order to have the gal- 

vanometer show an increase in deflection rather than a 

decrease a compensating voltage of opposite polarity was 

supplied. This was done by using the dry cell and double 

potentiometer already mentioned. 

The schematic circuit is shown in Fig. 9. The voltage 

to be measured Is connected through the circuit from A to 

B in the above figure. As the current from the receiver, 

from A to B, decreased, the turning moment from the field 

produced by it was also decreased. This left a predorniri- 

ance of turning moment in the opposite direction from the 

battery so that the indicator showed a deflection in the 

positive direction. In using different models of com- 

mercially built receivers It was found that in each case 

the potentiometer settings required changing because no 

two receivers operated with identical detector cìiarac- 
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teristics. 

The driving motor and speed reduction system are 

shown in Fig. 11. It was necessary that the drum rotate 

about once every two hours, in order that sufficiently 

long records could be obtained on a single sheet of paper. 

To accomplish this, two 48:1 ratio worm gears were used. 

These were driven by the pulley system shown in the photo- 

graph. The direct current motor was allowed to run about 

1260 r.p.m. thus making an overall reduction of approx- 

imately 96,000 to one. 

In order to obtain a sufficient]j constant speed of 

the drum, it was found necessary to guard against resis- 

tance changes due to temperature changes of all control 

rheostats. Consequently, rheostats designed for very heavy 

currents were used in the field and armature circuits of 

the motor, with rather small currents flowing through them. 

The terminal voltage for the shunt wound d. c. motor was 

sup'úied by a twenty volt, 600 ampere-hour storage battery. 

This battery was operated on the flat portion of its dis- 

charge curve. 

Vibration was eliminated from the driving motor b 

placing it on an Individual base. The recording apparatus 

was mounted on a concrete pillar which was independent of 

the concrete floor. 
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Figure 11 - Driving Motor and Speed Reduction System 



The records were made on Grade R photostat paper. 

No difficulty was experienced in obtaining a sufficiently 

dark trace, as this paper is about twice as fast as 

ordinary "Azo." 

A diagram of the optical system is given in Fig. lo. 

A lens of one meter focal length was mounted directly in 

front of each galvanometer mirror. 'ach lamp filament was 

focused on the photostat paper, the height of the image 

being limited by a long, narrow, horizontal slit. As the 

only lamps available were 60 watt, 32 volt, farm lighting 

lamps having four sections to each filament, a slit was 

placed near each lamp so that the light from only one sec- 

tion reached the paper. This gave a recording beam in the 

form of a sharply focused, thin, vertical line. 

It was necessary to have some sort of a time scale 

recorded on the photostat paper, and it soon became 

evident that some method had to be devised that would 

enable the curves of a record to be identIfied after 

crossing each other. To accomplish these ends, a third 

lamp was used and focused on the photostat paper. A 

relay in its current supply was operated by the minute 

signal of an International Time Recording Company's sys- 

tem. As a result, this lamp flashed each minute for a 

period of i second. On this record, therefore, minute 

signals appeared as black spots. At the beginning of 
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each record, this larip was turned on steadily and the 

two galvanometer spots were made to coincide with it, 

the receiving sets being energized and the compensating 

voltage being applied to the galvanometers. By means of 

another relay, one of the galvanometer lamps was extin- 

guished during the second that the minute signal lamp 

was energized. The resultant breaks in one curve enabled 

this to be distinguished from the other. Galvanometer 

drift could be detected by the lack of coincidence of 

the three spots when the signals were interrupted. The 

drift was always negligible. 

METHOD OF MEASUREMENT: 

The method used in recording two stations simul- 

taneously consisted of tuning in the stations and. noting 

the deflections of the respective galvanometers. The 

driving motor was started and the speed adjusted to give 

a peripheral velocity on the drum of about 1 cm. per 

minute. Zero adjustment of the galvanometers was made 

as described. The photostat paper was then fastened 

around the drum, and after the light proof case was put 

in place, the galvanometer lamps were turned on. 

Calibrations were made on the records in microvolts 

per meter. The procedure for calibrating the ordinates 

in microvolts per meter consisted of starting the record- 

ing equipment, and while the records were being formed, 



making measurements of the stations with the standard 

field strength meter. By means of a switch and a pair 

of wires leading from the time recording lamp to the 

roof of the building where the field strength set was 

operated, an extra time signal could be formed at the 

instant that a calibration reading was taken. 



THEORY 
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THEORY: 

The frequencies used for this study were those 

allotted to broadcast service. These include the band 

from 1500 to 550 kilocycles. 

The waves radiated from a transmitter consist of 

two components: the ground wave, and the sky wave. These 

have been defined in the section of this paper devoted to 

the introduction. 

A vertical single conductor, or a vertical cage an- 

tenna made up of several conductors, is known to radiate 

a symmetrical pattern. Then an electromagnetic wave is 

radiated symmetrically, it spreads out in the forni of a 

hemisphere. This ideal condition is se'dorn or never ob- 

tained in practice, because any conductors in the radia- 

tion field distort that pattern. Any dielectric within 

this area, with a permittivity of a value othér than that 

of air, vill distort the electric field. 

The induction field is generally considered to be 

the field within one wavelength of the radiator. Most of 

the energy stored in this field, either in the electric 

cr magnetic components, is returned to the system upon 

the collapsing of the field. The energy which forms the 

radiation field is that part of the induction field which 

is not able to collapse back on the radiator, but which 

is lost to the radiator. This travels outward into space 

with a wave motion at the speed of light. An electromag- 
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netic wave has been shown, mathematically, by Clerk 

Maxwell, to be composed of magnetic and electric com- 

ponents. These exist at right angles to each other in 

space. The energy flow in an electromagnetic wave is 

proportional to the product of the electric and magnetic 

vectors and takes place in the direction in which the 

wave is traveling. 

Fading is of several types, two of which are of 

interest here. Short period fading consists of sIgnal 

intensity variations of only a few seconds duration. 

Long period fading, on the other hand, consists of sig- 

nal intensity variations of several minutes duration. 

Experimental data taken over a period of time on stations 

KFI and KNX have shown that short period fading may be 

superimposed upon long period fading. 

Radio signal fading has been shown to be produced 

by wave interference. Since a transmitting system radiates 

a ground wave and a sky wave, interference may exist be- 

tween the two. The ground wave travels along the surface 

of the earth and, since it travels the shorter distance, 

reaches a point of reception before the sky wave does, 

because this must travel to the Heavisic3e layer and there 

suffer reflection. As a result, the induced voltages in 

an antenna caused by the passage of the wave over it, are 

produced at different times. The corresponding induced 
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currents in the receiving antenna, therefore, may be in 

phase addition or in phase opposition. The vector sum 

is the current which operates a radio receiver. 

Repeated measurements of the signal strength varia- 

tions of broadcasting stations located in Portland, Oregon, 

have shown that severe interference conditions may exist. 

The distance between the points of transmission and recep- 

tion is approximately 80 miles. The interference produced 

may be of such a nature that only definite frequencies are 

affected. Then selective interference occurs, a radio 

receiver may evidence the phenomena known as flutter fad- 

±ng and "mushing." The former is a periodic cancellation 

either of the side band frequencies or of the carrier. 

The latter is the continued suppression for several seconds 

or more of one of the side bands, or of the carrier. 

Fig. 12, has been included to show diagrammatically 

how wave interference may be produced by refraction or 

multIple reflections of the wave in passing through the 

transmitting medium. It has been fairly definitely proved 

by Gilhiland, Kenrick, and Norton3 that ionized areas may 

exist in two layers or strata. Examination of this was 

made by transmitting pulses of a short duraction and 

receiving these pulses on an oscillographic film. The 

films exhibited as many as three distinct pulses. By 
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mathematical calculation it was shown that the ground 

wave recorded the first pulse, a singly refracted sky 

wave the second, and a doubly refracted and singly re- 

flected the th:trd. This is also illustrated in Fig. 12. 

It should be stated early in this discussion that, 

although this paper is concerned only with the frequency 

band in use for broadcast service, free use of references 

to articles written on experiments carried on at higher 

frequencies will be made. Numerous studies have shown 

that high frequencies are accompanied by greater skip 

distances than low frequencies. By skip distance is meant 

the distance, measured along the earth's surface, from a 

sending station to the point where the sky wave signals 

first become audible. The assumption is made that the 

high frequencies penetrate farther into the ionized layer 

than the low frequencies. Recent data have shown this to 

be true. 

Much discussion has taken place recently as to 

whether the waves undergo multiple reflection between 

the earth and the ionized layer, or whether the process 

is one of a single refraction from the Kennelly-Heaviside 

layer. 

Experimental work with frequencies higher than those 

studied in this paper has been done by E. V. Appleton. 



DIAGRAM SHOWING PROBABLE REFRACTION PATHS TAREN BY WAVE COMPONENTS 

Figure 12 
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He showed. the existence of two more or less distinctly 

formed regions in the Kennelly-Heaviside layer, which 

he denoted as the E and F layers. These have been 

diagrammed in Fig. 12. Traces have been drawn on 

this diagram to indicate the various paths taken 

by the waves. The ground wave is shown taking the 

shortest distance between the tv'o points. Vave No. i 

is seen to encounter one refraction from the E layer. 

Wave No. 2 penetrates the E layer but is refracted 

by the F layer. Vave No. 3 undergoes the same process 

as .vave No. 2, with an additional reflection from 

the earth; wave No. 3 has undergone multile reflection. 

Since the wave paths shown in Fig. 12 differ so widely, 

j_t is not to be expected that all will produce the 

same type of interference at the receiving position. 

The grounJ v;ave at the receiving position will 

by itself give a definite and steady value of sinai 

strength. Any of the waves shown may modify it so 

as to cause a decrease or an increase in the current 

flo;ing in the antenna. 

In the preceding discussion the penetration of 

electromagnetic waves into ionized layers and the 

resulting refraction of the waves was mentioned. 

Some corroboration evidence of these pilenomena has 



been secured by the study of meteor sho;ers. A. M. 

Skillet4 has shown that the strength and signals 

received after reflection from the Kennelly-Heaviside 

layer are different during such a shower than under 

normal conditions and explains the effect by indicating 

that a meteor shower probably reduces the heiTht of 

the ionized layers. This effect should be more 

noticeable after :iidnight when the earth is in a 

position so that its surface, at thè point where the 

tests are being made, will be leading into the face 

of the meteor shower. 

Radio fading measurements should prove extremely 

interesting during summer nights, especially between 

midnight and dawn when the meteors are visible. Any 

relation which might exist could be detected easily 

in this way, and would not necessitate the building 

up of special oscillographic testing equipment for 

the investigations. 

G. W. Pickard5, also working on radio reception 

in relation to meteor showers, has shown correlation 

between periods of meteor showers and an increase in 

radio signal trenths after darkness. His studies 

were made over a five year period on station W3BM, 

Chicago, which is operated on a frequency of 770 
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kilocycles. The increased night fields were accoin- 

panied by a decrease in daytime signal field strengths. 

It seems reasonable that a meteor shower should 

be accompanied by a very large amount of dust and 

finely divided partIcles. Although these may be 

unnoticeable when they strike the outermost fringe of 

the earth's atmosphere, they may be conceded to have 

some effect on the ionization present. In the dis- 

cussion of the above theory, Hantaro Nagaoka6 has 

advanced the idea that meteors which may have entered 

the ionized layer may form vortices in the ion concen- 

tration. Since the gas present is already ionized, 

small dust particles from the meteor may act as nuclei 
which may collect the ions or electrons from surrounding 

space. This theory may be doubted because the meteor 

would form a preponderance of electrons due to its 

high temperature. He has shown that since meteors 

may be coming into the atmosphere at a number of angles, 

and may travel in curved paths after they have entered 

the earth's gravitational field, the effect may be 

very complex, but that it will result in a region of 

recombination of ions. Obviously this theory will 

stand or fall depending upon the correlation which 



may be found between signal strength variation 

phenomena and. the number of meteors entering the 

region of influencing ionization. 

In the study of phenomena rel'ted to the trans-. 

mission of electromagnetic waves at radio frequencies, 

many peculiar abnormalities have been found. Inves- 

ti,ations have shown that waves are reflected in their 

transmission paths fr3m the ground surface and returned 

to it by a layer of ionization surrounding the earth. 

Much discussion has taken place as to whether radio 

waves are reflected from the ionized Kennelly-Heaviide 

layer or whether they penetrate it to a certain depth 

and are then refracted out. The latter theory seems 

to be the better founded of the two. It may be inter- 

esting to note in passing that according to the electro- 

magnetic theory all reflections are caused by refr.c- 

tions. A wave must penetrate a material to a certain 

depth before it can be sent back into the medium 

from which it came. 

Numerous studies have indicated that a wave may 

penetrate the ionized medium, and that in the medium 

the wave is caused to increase in speed. Computations 

and polarization tests made by Vermn7 of Cornell 

University, have shown that the wave field rrìay attain 
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a velocity greater than that of light. He is 

considering, in this discussion, an elliptically 

polarized VJVe. The same would be true undoubtedly 

for a plane or circularly polarized electromagnetic 

wave. 

Gilliland, Kenrick, and Norton3 have attacked 

the problem of the change of dir;ction of a wave in 

the Kennelly-Heavisid.e layer from the :tandpoint of 

both refraction and reflection. By the transmission 

of pulses and by the use of an oscillographic recording 

receiver, they were able to time the travel of various 

impulses. The virtal height of the layer is known 

from the time elapsing between the sending of a signal 

and its reception after being reflected by the Heavside 

layer. The E stratum, the one nearest the earth, is 

apparently 95 to 150 kilometers in heiht, whereas the 

F layer is at an altitude of about 200 to 330 kilometers. 

These values are for the virtual or apparent heights. 

The reasonableness of these figures is apparent from 

the consideration that a low electron concentration 

allows greater penetration of the wave before refraction 

than does a high concentration. sparsely ionized 

layer will therefore show a virtual height greater 

than its true height. 



Using these data and. 

Pederson9 they determined 

and from this the electro: 

N ax (E lr)= 1.7 
N max (F layer)= 3.8 

In the consideration 

some formulas derived by 

the index of refraction, 

ì density in each layer. 

x 108 eloctrons per cc. 

x 108 electrons per cc. 

of a reflect ion theory 
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it is evident that reflections, in the commonly 

accepted sense, from the Kennelly-Heaviside layer 

to not exist because of the turbulent and. seething 

nature of the surface of the layer. The power returned 

to the earth is always very small compared to that 

transmitted and therefore a reflection coefficient 

of a fraction of a per cent at the most would be 

present. Values of less than 0.01 per cent have been 

celcu1ated. 

From measurements made at successive time intervals 

the rate of change in height of the layers has been 

determined to vary as fast as 45 miles in two minutes. 

Such speed should give a measurable Doppler effect, 

but no conclusive work has been done on this phase 

of the subject. 

On April 2 at 4:50 to 4:55 P.M. while taking field 

strength measurements to calibrate the recorder, the 

following was noticed. to take place. KEX, located 

about 85 miles to the north of Corvallis and operating 
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on a frequency of 1180 kllocycles was tuned in on the 

Bell Laboratories field strength meter. The loop was 

adjusted ±or maximum signal strength, when the modula- 

tion was noticed to "mush" This indicated selective 

interference between waves arriving out of phase with 

each other. Upon turning the loop antenna approximately 

45 degrees out of the plane of the signal, the modula- 

tion cleared. By turning the loop it was found that 

"mushingt' could apparently be changed in character 

without a noticeable change in signal strength. The 

motion was necessary within approximately 45 degree 

limits on each side of the normal signal direction. 

This can be explained by assuming an Ionized layer 

parallel to the coast. 

Analysis of snow samples taken in the Coast Range 

have indicated a significant amount of salt which has 

been carried in from the ocean in suspension by the 

wind. At Corvallis, which is located about forty miles 

Inland, an ocean breeze sends water vapor inland. If 

this water vapor is laden with salt, it is possible 

that the salt may forni an ionization bank roughly 

parallel to the shore line and also to the path of 

radio signals transmitted at Portland. Tests on this 

point are being planned for the summer. Possibly 
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a spectrometer may show the presence of salt in cloud 

banks driven by the ocean breeze. 



A STUDY OF PORTLAND BROADCASTING STATIONS 



A tud.y of Portland Broadcasting Stations 

Four broadcast stations in Portland, 0reron, were 

selected for this study. They range in power from 500 

to 5,000 watts and in frequency assignments from 1,180 

to 620 kilocycles. This group is representative of 

the power and. frequencies assigned to stations operating 

under regional licenses. 

It should be stated that reception conditions 

are generally favoraule in Corvallis. The surrounding 

country is relatively flat, and transmission from 

Portland travels up the broad, flat, ii11arnette Valley. 

Since no manufacturing plants are located in 'orva11is, 

radio interference from industrial machinery is s1iht. 

After making an audile survey o broadcast 

service fron i-GW, KOIN, KEX, arid KVJJ, reception was 

found to be outstanding from KOEW in comparison with the 

other three stations. The signals from KGW were loud 

and clear at all times during daylight hours. During 

darkness baci. interference was experiencedfro.. a 

regional station, KTAR of Phoenix, Arizona. KTAR was 

operating on 620 kilocycles with a power o' 1,000 watts. 

The transmitters installed at KOEW and KTAR are identi- 

a1. This brings out the point that serious interfer- 

ence over a very large area may be caused by stations 
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operating on the same frequency. One of the rea:ons 

for this is indicated in the sunset curves taken on 

KGW, which clearly show that after darknes has set 

in, the si:nals are very erratic. Since the signal 

strength reaches peaks fr:-m two to three time. the 

normal strength, the chance for iiterference is 

greatly increased. 

Recepticn frm KOIN on 940 kilocycles was found 

to be fair during daylighthours, but erratic at night. 

It is estimate. that the seLvice from KOIN is about 

two thirds as ood as that from K3. An inspection 

of the cales on the included sicnal strength records 

will show that the ield intensity of KOIN is as high 

if not higher than that of KG-W. In th6 case of KOIN 

the difference in service is undoubtedly due to a 

low percentage of modulation. No attempt was made to 

measure modulation )ercentarres on any of the stations 

studied, because such measurements must be made at 

the transmitter. It is reconized, of course, that 

a field strength survey is not complete unless the 

percentage modulation is known. 

Reception fro.s KEX on 1180 kilocycles with 5,000 

watts power was much inferior to reception from KGW 

with 1,000 watts power antenna input. No explanation 

of this is offered except that the verage value of 



field strength from KEX was about 325 microvolts per 

meter as compared to 475 from KGW and that signals on 

this frequency were very erratic as shown by the curves 

in Fig. 14. The station of higher power was found to 

reach an extreme peak of 1,100 microvolts per meter. 

This was attained for only a few seconds as shown in 

Fig. 14. In practical broadcasting for covering a ser- 

vice area, such peaks are considered a liability rather 

than an asset. 

Reception from KWJJ in Corvallis is comparable 

with that of KEX and KOIN. The power output of this 

station is 500 watts and its frequency is 1,060 kilo- 

cycles. From Fig. 15 it may be seen that the signal 

strength averaged about 310 microvolts per meter and 

reached an extreme peak of about 600. 

After 6:00 P.M. on arch 20, the signals froi both 

KGW and KWJJ became very erratic. This was evidently 

due to a shifting of the Kennelly-Heaviside layer caused 

by a decrease in ultra-violet radiation from the sun. 

The sun was setting at right angles to the path of 

transmission, and as soon as it had lowered itself on 

the horizon so that a larger amount of atmosphere was 

traversed by the radiation, the ultra-violet was pretty 

thoroughly filtered out. The thinning out of the 
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ionization causes an increase of the virtual height of 

the refracting layer. Appleton, in his papers, has 

suggested a disappearance of the lower or E layer of 

ionization after sunset. The time during which this 

occurs has been marked in Fig. 15. It should be noted 

that measurements taken of the rate of change of layer 

height have given speeds as high as 200 miles per 

minute. This accounts for the extreme brevity of the 

transition period which is about two or three minutes. 

In Fig. 15, which shows an apparent rise of the 

layer, it was the 620 kilocycle wave that was affected 

most. This is in accord with the coimnon experience that 

all stations, from 550 to 1500 kilocycles fade badly at 

night when the virtual height of the Kennelly-Heaviside 

layer is great. As shown in Fig. 15 the waves on 1060 

kilocycles become more stable after the layer has risen. 

This behavior may be explained bi referring to Fig. 12 

and assuming that Corvallis is in a geographical loca- 

tian not reached by sky waves of this length. If this 

explanation is correct, it indicates the value of making 

simultaneous cont5nuous recording of field strengths in 

a study of the Kennelly-Heaviside layer. 

Fig. 15 shows a sudden rise in the energy level 

of JJ at about 5:58 P.M. This may indicate that as 

the very turbulent stratum of ionization was thinning 
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out or drifting upward it reached a position such that 

the 'wave reaching Corvallis after reflection at this 

layer interferred constantly with the ground wave. 

Meterological data obtained from the Airways 

Division of the Department of Conmierce have been examined 

for possible correlation with radio reception. One of 

their regular forms is included in order to show the 

kind of data taken, as these may be of value in future 

work along this line supplementary to the present. 

It may be pointed out that on March 20, the day 

the KGW curve was roughest, the barometric pressure 

was much higher than on the other two days on which 

records were taken. This agrees qualitatively with 

practical experience, because during the suxmner months 

when the barometer is usually high, reception is erratic. 

This may also explain why cold, clear evenings during 

the winter are very good for long distance reception. 

It may seem peculiar that wind velocity and direc- 

tien have been tabulated on the Airways data sheets. 

It is possible that 'wind may have an important bearing 

on radio reception near the Pacific coast due to the 

existance of ionized areas or electron clouds, as 

already indicated. 
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WAVE INTERFERENCE: 

A study was made of signal strength variations 

from KGW, Portland, Oregon, (620 kilocycles, 1000 watts ). 

The tranmitting equipment was manufactured by the 

We:tern Electric Company and was the standard instal- 

lation designated by them as 106 B. Modulation of 

about 80 per cent of the power input to the antenna 

is maintained. The length of the path from KGW to 

Corvallis is about 90 miles. 

In a field strength survey with apparatu similar 

to that used for 

the modulation of 

upon the resu1t. 

where KGW was, by 

5 to 7 A.M. on an 

he recordings given in this paper, 

the carrier has a neglibible effect 

This is illustrated by Fig. 18, 

special arrangement, recorded from 

unmodulated carrier. This in no 

:ïise contradicts the statement already made to the 

effect that the modulation ercentage is a controlling 

factor in the service area of a broadcasting station 

and. that in a survey of such an area field strength 

measurements isean little if the percentage modulation 

is unznown. 

The general theory of fading is based upon the 

principle of vave interference. Vaves taking paths 

through refracting media would produce interference 

with waves that riad. followed a straight line between 
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the transmitter and receiver. The refracted waves 

arrive in any phase relation to the ground wave from 

addition to opposition. This fact is Illustrated in 

Fig. 16. The ground wave was received until after 

sunset, the Kennelly-Heavïside layer until that time 

being in such a position with respect to Corvallis 

that there was no noticeable interference after 7:34. 

However, the layer rose to such a height that the 

reflected sky wave reached Corvallis and produced the 

irregularities shown. During the daytime the sky wave 

strikes the earth north of Corvallis, perhaps near 

Salem, but irregularities of the type shown would 

probably not be recorded at that point on account of 

the high intensity of the ground wave. 

On the average this is as much constructive as 

destructive interference, for if in Fig. 16, the 

original line indicating reception before sunset be 

projected through the rest of the record, planireter 

readings show that all a'eas enclosed by the curve 

above this line are equal to those below. 

The record just discussed shows that wave inter- 

ference is produced at Corvallis on 620 kilocycles 

when the Kennelly-Heaviside layer is high. The records 

discussed in the preceding section show that interference 

is present on the frequencies above 1060 kilocycles 



d.urin dayli.ght hours when the layer is low. 

Corvallis is at the correct distance to experience 

.vave interference from stations located in Portland 

when the waves are refracted from the Kennelly- 

Heaviside layer. Since fading by wave interference 

is produced on 1060 kilocycles when the layer is loi 

and on 620 :<ilocycles when the layer is high, and 

since the speed of both 7aves is the same, it is 

evident that the 1060 kilocycle wave penetrates the 

ionized layers to a greater extent than does the 

620 kilocycle wave. 
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TRANSMITTING INSTALLATION OF STATION KGW 

TRANSMITTER: 

Make Western Electric Model 106 B 

Power One K.V1, Antenna Current 5.3 amps. 

ANTENNA, SYSTE:: 

Type of radiator 

Ground 33 miles buried copper wire 

Counterpoise if used 

Fundamental wave leníth of radiator 490 M 

Effective height_____________________________________ 

Resistance at operatin frequency 35.1 ohms 

Heiht of towers ft. Towers insulated yes 

Directional line of toviers North and South 

KGT 620 K. C. iay 2, 1932 

Station Engineer Vern Haybarker 
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SIMULTANEOUS FADING MASJREMENTS 

In order to determine the effect of frequency 

on fading after the signals had. traversed. a path of 

several hundred miles, simultaneous records were made 

on ten succsssive days of signal strength variations 

from KFI at Los Angeles and KNX at Hollywood. Signals 

from both of these stations fade badly at Corvallis 

during all seasons of the year. The signals from both 

stations, of coirse, encounter the same geographical 

features a well as the same disturbances in the 

Kennelly-Heavisid.e layer. KFI operates on a frequency 

of 640 kilocycles, and KNX ori 1050 kilocycles. 

On the theory that the ionization exists in two 

layers or strata, an interpretation of these records 

shows that the 640 kilocycle wave was refracted in 

the lower layer, ..hereas the 1050 kilocycle wave 

penetrated this stratum and was refracted in the upper 

layer. This checks with the vieh known fact that a 

low frequency in enera1 cives better coverage duriric 

daylight hours when the lower or E layer is present. 

A comparison of th records of iarch 17, 20, and 

21 (Figs. 20 and 21) shows that the fading is entirely 

different on these days, in that on March 20 there 



occured short period fading that was entirely absent 

on March 17 and 21. (Unfortunately the latter record 

was terminated at 9:15 P.. by apparatus trouble.) 

An explanation of the short period fading 

experienced on March 20 has been proposed by Baker and 

Huxley11. They suggested that the short periods are 

caused by the existence of a very low ion density in 

the lower layer and by violent motions in this layer 

caused by temperature differences. Attention should 

be called to two more facts in connection with the 

record of March 20: (1) The short period fading 

occurred superimposed upon the normal long period 

fading; (2) The 640 kilocycle wave was exceptionally 

strong going off the paper at intervals after 10:00 F.M. 

The 640 kilocycle wave decreased in strength at 

9:19 P.M. and became almost constant, while the 1050 

kilocycle continued to show interference. This indicates 

that a significant component of the ground wave was 

being received on the low but not on the high frequency. 

On March 22, the phenomena recorded were of the 

same character as those of March 21. It is probable 

that the 1050 kilocycle wave, which faded badly, was 

able to penetrate the layers the proper amount to form 
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violent interference at the receiving point. March 23 

was practically the same as the preceding day, except 

that the 640 kilocycle wave was received much more 

strongly. Nothing new was recorded on March 24, 25, 

26, 29, or 30. 

On March 31, the 640 kilocycle wave was not as 

steady as usual, but showed phenomenal interference 

effects, having an extreme peak of about 5400 micro- 

volts per meter. The fading of the two stations was 

nearly equal on this day. 

A study of all of the records reveals an inter- 

esting point. At any time at which the fading curve 

of one in character, there a 

corresponding change in the other curve. This may 

be noted in any set of simultaneous records in this 

study of KFI and KNX. No explanation of this will be 

attempted, but checks made on the receivers showed that 

it was not due to interlocking between the sets. It 

was also determined that this effect was not produced 

by static. 

In an attempt to correlate weather conditions 

with fading, Mr. Edward L. Wells of the Portland office 

of the United States Weather Bureau very kindly collected 

the data of Table 2. Unfortunately, only 24 hour sum- 

maries could he obtained. No definite correlation was 
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found to exist, but it may be significant that the 

peculiar short period fading occurred when the barom- 

eter was exceptionally high over the whole path of the 

waves. This agrees qualitatively with the conclusion 

reached that the short period fading occurred when the 

virtual height of the Kennelly-ileaviside layer was above 

normal. A great altitude of the layer may perhaps be 

expected when the barometric pressure is high. 
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WEATHER DATA 

TABLE II 

Jate 

Jarch 
1932 

Baroneter 

North Head 
Washington 

Barometer 

an Diego 
California 

3arometer 

Difference 

Precipitation 

16 29.90 30.1O 0.20 Rain south to 
San Francisco 

1? 29.70 30.20 0.50 Rain south to 
Eure ka 

19 29.85 30.00 0.15 Rain south to 
San Francisco 

20 30.26 29.94 0.30 Rain south to 
San Francisco 

21 30.50 30.10 0.40 No rain 

22 3O.lO 50.lO 0.00 No rain 

23 30.10 30.10 0.00 Rain south to 
Eureka 

54 2.6O 30.20 0.60 Rain south to 
Eureka 

25 ¿O.O 3U.00 0.20 Rain south to 
Sac rame nto 

25 30.40 30.00 0.40 Rain south to 
Ros eburg 

a 29.70 29.80 0.10 Rain south to 
Eu r3 ka 

:; 30.05 29.85 0.20 Rain south to 
San Luis Obispo 

¿Q 30.10 30.05 0.40 Rain south to 
Ro e burg 

31 30.10 .15 0.05 No rain 
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TRANSMITTING INSTALLATION 0F STATION KFI 

TRANSMITTER: 

Make R. C. A . Model 50 B 

Power 50 K.W. Antenna Current 28 amps. 

ANTENNA SYSTEM: 

Type of radiator____________________________________ 

Ground 36 No. 8 bare coppers 96 ft. long 

Counterpoise if used 

Fundamental wave length of radiator 628 M 

Effective height 

Resistance at operating frequency 64.0 ohms 

Height of towers 400 ft. Towers insulated yes 

Directional line of to.;ers NE and SW 

KFI 640 K.C. April 20, 1932 

Station Engineer C. W. Mason 



BELL TELEPHONE LAøORATORICS 
Sketch No. ES 496355 

ANTNA RZSISTCE CJRVE 
RADIO STATION KNX }!3LLY'WOOD, CALIFORNIA - 

CASE 21662 LAY 8, 1931 

OiRATI: FRZUCY 1050 iILOCYCLZS 

Figuro 27 
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TRANSMITTING INSTALLATION OF KNX 

TRANSMITTER 

Make W. E. . Model 105 - C 

Power 5 

ANTENNA SYSTEM: 

79 

K.W. Antenna Current 13.50 amps. 

Type of radiator Vertical cage 220 feet 

Ground Iron pipe 100 feet deep 

Counterpoise if used.________________________________ 

Fundamental wave length of raciiator 

Effective height______________________________________ 

Resistance at operating frequency 28.6 ohms 

Height of towers 250 ft. Towers insulated yes -. 

Directional line of towers N and S 

KNX 1050 K.C. April 20, 1932 

Station Engineer K. G. Ormiston 
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AUTOLiATIC VOLUME CONTROL CIRCUITS: 

It is appropriate that this paper should include 

a section showing what the radio manufacturers and 

receiver design engineers have done to combat fading. 

From the signal variation curves included, it may be 

seen that fading is one of the chief difficulties 

encountered in commercial radio broadcasting. Only 

areas served both day and night by the ground wave 

enjoy stable reception. Automatic volume control 

receivers are, therefore, of immense benefit to by 

far the largest number of listeners. 

In consideration of the theory of operation of 

automatic volume control, it should be noted that 

the several manufacturers use different methods. The 

system used by Silver Marshall includes a vacuum tube 

which is actuated by the intermediate frequency 

amplifier output voltage. This voltage is always 

proportional to the magnitude of the received carrier 

voltage. The automatic voluroe control tube then 

rectifies part of the voltage; and this, after being 

filtered, is apolied to the control grids of the 

intermediate amplifier tubes. 



It should be borne in mind that whenever the 

gri.ì bias is increased, the amplifier becomes less 

sensitive to weak signals. Conv:rsely, when the bias 

is decreased, the amplifier becomes more sensitive. 

These reacti:ns are, of course, true only within 

certain limits. 

The Radiola R. E. 18 employed in this experiment 

uses a UY 227 tube in trie automatic voiwne control 

circuit. From the diagram included in Fig.2, it 

my be seen that, through capacitive coupling, the 

grid of the control tube is actuated by the output of 

the intermediate frequency amplifier. This gives a 

reaction proportional to the amplitude of the received 

carrier. By a connection through resistors in its plate 

circuit, this tube is arranged to vary the bias on the 

first tuned radio frequency amplifier stage, and also 

on the intermediate frequency stage. This compensating 

change of grid voltage is arranged to stabilize the 

amplification, as described in a preceding paragraph. 

Automatic volume control has three disadvantages. 

First, the receiver sensitivity rises automatically 

when no sign.1 is being received. This causes a set 

to be noisy when tuned from one station to another. 



It should. be note]. that, since the control is on the 

carrier voltage and not on the modulation, the set 

will not become noisy when a pause occurs in the 

program. 

The second disadvantage is that if the volume of 

a fading signal be held constant in the set, the back- 

grounu noise level becomes higher with increased 

sensitivity. This disadvantage, however, is dependent 

upon the value at the receiving location of the signal- 

to-noise level, i.e. upon the ratio of the loudness 

of the received tone to that of the background of 

noise that is always present. If the signal does 

not fade to a value too near the noise level, the 

noise will not be noticed. 

Another disadvantage is that increased sensitivity 

will not combat one of the most prevalent types of 

fading. This is the phenomenon in which the carrier 

itself or any combination of the side bands is canceled 

out he selective interference. 

However, in spite of all the above enumerated 

disadvantages, automatic volume control has been 

proved to be an asset to the radio art. This is shown 

by Fig. 29. Receiver No. 2 was equipped with automatic 

volume control while Receiver No. i was not. The fading 



record is self-explanatory, and the wiring diagrams 

of the receivers used have been included so that the 

circuits are available for reference. 

The records shown in Fig. 28 were taken in order 

to determine whether any reactions were taking place 

between the receivers, when they were tuned to the 

same frequency while operating on separate antenna 

systems. The records clearly show no interlocking. 

They also show that the galvanometers were adjusted 

to follow a given input with equal deflections. The 

curves, therefoe, serve aS an apparatus check. 

Fig. 2 also shows that the so called variable 

amplification constant of the UY 235 and other 

variablé-mu type: o:' tubes does not impart automatic 

volume control to a reeiver, as is sometimes mis- 

takenly inferred. The main advantages of variable-mu 

tubes are reduction of cross talk, operation over a 

wider signal input range, and reduction in receiver 

hum and set noise. 

The variable amplificati factor tube has been 

used because it is adaptale to automatic volume 

control. A change of its grid bias controls the 

aiiplification over wider limits than for any other type 

of tube, without distortion. 
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CONCLUSIONS: 

The simultaneous records taken definitely indicate 

the following cric1usions: 

1. The Kennelly-Heaviside layer must be ari area of 

very turbulent ionization and recombination if refraction 

of one component of a radio wave from it is to explain 

fading phenomena. 

2. Extremely rapid changes may take place in the 

virtual height of the Kennelly-Heaviside layer. This 

is indicated by the change in character of interference 

that frequently takes place in short times. 

3. The character of fading produced may change radically 

from day to day. 

4. Fading is less prevalent on the longer wavelengths. 

5. The high frequencies penetrate further into the 

Kennelly-Heaviside layer than do the low frequencies. 

6. Greater penetration of the waves into the Kennelly.- 

Heaviside layer makes them become erratic due to a 

long passage through the refractin medium. 

7. The virtual height of the Kennelly-Heaviside layer 

is a maximum just before davm as shown by the KGW curves. 

8. Short period fading superimposed upon lon period 

fadin indicates a low ion density in the E strata with 
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normal ion density in the F strata of the Kennelly- 

Heaviside layer. 

9. A high barometric pre sure indicates that the 

Kennelly-Heavisid.e layer i at a high altitude. 

10. Automatic volume control circuits that change the 

sensitivity of a set by automatically changing the 

grid bias voltage on UY 235 tubes improve reception 

by diminishing the effects of fading. 
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