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( i) 

ABBREVIATIONS, SYMBOLS AND UNITS 

The following are used throughout the text: 

kc/s 

c/s 

Mc/s 

psec 

KV 

mV 

mm 

mH 

w.r.t. 

R.F. 

I. F. 

A. F. 

dbs 

mu 
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A.V.C. 

D.C. 

S. W. G. 

H. T. 

K 
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kW 

L .M. T. 

km 

MUF 

= 

= 
= 
= 

= 

= 

= 

= 
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= 

= 

= 
::: 

= 

= 

= 
= 

= 
::: 

= 

= 

= 
= 

= 
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kilocycles per second 

cycles per second 

megacycles per second 

microseconds ·· · 

kilovolts 

millivolts 

millimeters 

millihenries 

with respect to 

radio frequency 

intermediate frequency 

audio frequency 

decibels 

amplification factor 

picofarads 

automatic volume control 

direct current 

standard wire gauge 

high tension 

kilohoms 

megohms 

Kilowatts 

Local Mean Time 

kilometres 

maximum usable frequency i.e. 

the highest frequency that could be 

propagated between any two places 

for a particular electron distribut­

ion on the ionosphere. 



(ii) 

S U M M A R Y 

This thesis describes the investigation carried 

out on the propagation of radio pulses of frequency 

4.73 Mc/s between Grahamstown and Durban, 

The thesis is divided into two sections - A and 

B. Section A consists .of two chapters. The introductory 

chapter gives a brief account of how the existence of 

the ionosphere came to be known. Then follows a 

description of the different layers of ionization and 

a review of the theories that have been propounded on 

the formation of these layers. 

Chapter 2 deals with the apparatus which includes 

the transmitter in Grahamstown and the receiving 

apparatus in Durban. The receiving apparatus comprises:­

(i) a superheterodyne receiver whose gain was 

high (between 130 and 140 dbs); 

(ii) a time delay calibrator which could measure 

time differences of 100 psec fairly 

accurately; 

(iii) a 310 A Tektronix oscilloscope; 

(iv) a continuously running 35 mm recording 

camera. 

Se.ction B is made up of three chapters and is 

concerned with the actual analysis of the data recorded. 

The theory of propagation of radio waves i n the 

ionosphere is discussed i n Chapter 3. The effects of 

the magnetic field are neglect ed since it is found 

that the error introduced would not make the results 

unacceptable. 



(iii) 

Chapter 4 contains the analysis of the data 

recorded. One summer day and one winter day are 

discussed in detail in order to obtain the pattern 

of the diurnal variations for both summer and winter. 

Some interesting phenomena are also dealt with. An 

attempt to do ray tracing was successful and the 

paths followed by a Pedersen and a lower ray from 

Grahamstown to Durban have been drawn. 

New topics for further research are discussed 

in Chapter 5. 

There are two appendices. Appendix I gives 

the time delays of all the pulses recorded and their 

possible identifications. An overall picture of the 

propagation via the various layers throughout the 

day (both for summer and for winte~is presented in 

Appendix II. 
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S E C T I 0 N A 

1. I N T R 0 D U C T I 0 N 

1.1. DISCOVERY OF THE IONOSPHERE 

"The existence of the ionosphere, as an electric­

ally conducting region, was first glimpsed in 1883 by 

Balfour Stewart. He inferred it from a study of the 

small daily geomagnetic variation observed at the 

earth's surface." (1). Nevertheless no direct 

evidence was obtained. When in 1901 Marconi (2) was 

able to send signals across the Atlantic, a puzzling 

situation arose , for it had previously been proved by 

mathematical physicists that it was impossible to 

receive ground wave signals at very great distances. 

It was known that radio waves travelling through the 

atmosphere - a medium then supposed to possess constant 

electrical properties - must travel in straight lines 

(except for diffraction). Hertz (3) had shown that 

they could be made to diverge from a straight line only 

by interposing a reflecting material in their path. 

How these signals reached a point which necessitated 

their curving round an obstacle 200 miles high required 

an explanation. In 1902 Kennelly (4) and Heaviside (5) 

suggested independently that the earth was surrounded 

by a conducting region which acted as a reflector of 

radio waves. Appleton and Barnett (6) in 1925 obtained 

direc t evidence for the existence of an ionized region 

by detecting the "sky wave." 
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The pulse-sounding method devised by Breit and 

Tuve (7) in 1925 was used to investigate these 

ionized regions and it was found that there were 

several well-defined layers in the upper atmosphere. 

On the suggestion by R.A. Watson-Watt (8) the name 

"Ionosphere" was given to the entire domain of 

regions of ionization. 

The ionosphere may be defined as, "the part of 

the earth's outer atmosphere where ions and electrons 

are present in quantities sufficient to affect the 

propagation of radio waves. 11 ( 9) 

1.2 DESCRIPTION OF LAYERS 

For short distance studies, the ionosphere may 

be assumed to be horizontally stratified, consisting 

of several ionized layers. For long distances, however, 

it rn::ty be rega.r·dea to a first approximation as 

spherically stratified. 

The lowest layer is the D-region at a height of 

about 70-90 km. This high collision-frequency region 

is responsible for a great deal of absorption of high 

frequency signals. Above the D-region is the E-region 

which stretches from 90 km to 140 km. The ion density 

in this region, which is believed to be due to ultra 

violet radiations and X-rays (see Section 1.32), is 

controlled very closely by the solar zenith angle and 

solar activity. At night the ionization decreases 

markedly. Sometimes the E-region may be stratified 

into many layers, namely El' E2, etc. 
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The F-region lies above 140 km. This region is 

often stratified into F1 and F2• The bifurcation is 

not very marked and is sometimes seen only as an 

inflection in the F-region electron density distribution. 

The ionization in the F-region is mainly due to solar 

ultra-violet radiation. 

The abnormal or sporadic-E layer is found quite 

often at heights between 100 and 150 km. It is a thin 

layer with a large electron density gradient, which is 

superimposed on the normal ionosphere profile. The 

thickness of the layer varies from 500 to 2,000 metres 

and the electron density gradients approach values up 

to 105 or 106 electrons/cm3/km. This has been verified 

by rockets flown over New Mexico and Manitoba (10). 

The horizontal extent is generally large enough for it 

to be regarded as a definite layer capable of producing 

reflections. 

There are three major zones in which the temporal 

variation of the occurrence of sporadic-E is markedly 

different:-

(i) The Auroral Zone 

Here the E appears mainly at night and 
s 

shows little seasonal variation. 

(ii) The Middle Latitude Zone 

Here it is predominantly a summer time 

phenomenon occurring more intensely by day. 

(iii) The Equatorial Zone 

In this zone, the sporadic-E layer is a 

day time phenomenon with little seasonal 

variation. 
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REVIEW OF THEORIES OF THE FORMATION OF 

THE IONOSPHERE 

CHAPMAN 'S THEORY AND SUBSEQUENT DEVELOPMENT 

As an ionizing radiation from outside penetrates 

deeper and deeper into the atmosphere, it encounters 

an ever-increasing density of gas. Hence the rate of 

production of electrons per unit volume rises with 

decreasing height. Since the radiation is being 

absorbed in the process its intensity decreases. 

Consequently the rate of production of electron~ 

drops as well. Accordingly a level is found at which 

the rate of production of electrons is a maximum. 

The general problem of calculating the rate of 

production for different heights, for an atmosphere 

containing many gases and for a solar spectrum spread 

over a wide range of wave1engt~ is quite complicated. 

Further, the rate of loss of electrons must also be 

calculated in order to obtain t he electron density at 

different levels. 

Many theories on the formation of the ionosphere 

were propounded. The first substantial theory, which 

still forms the basis for more refined calculations, 

was proposed in 1930 by Chapman (ll). Here he made the 

following simplifying assumptions:-

(i) a single absorption cross-section; 

(ii) an isothermal atmosphere of uniform 

composition in gravitational equilibrium in 

which the density varies exponentially with 

height; 

(iii) a flat earth. 
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He then derived a law for the variation of N (electron 

density) with height which is now known as the Chapman 

Law (12). He considered the ionizing radiation enter­

ing the atmosphere at an angle )C from the zenith and · 

showed that the rate of production, q, of electrons at 

a height Z above the ground is given by 

q = exp. [ l 
z - z 

0 

H 

•••.• (1.1) 

where q
0 

is the maximum rate of electron production 

when )(_::: o, Z
0 

is the height of maximum 

rate of production when )C = O,_and H RT =- is the 
Mg 

scale height (R is gas constant, T is absolute 

temperature, M is mean molecular weight and g~is 

acceleration due to gravity.) 

If the electrons are assumed to be lost by 

recombination with positive ions, then the rate of 

removal of electrons is given by 

where 0( is & constant called the recombination 

coefficient and N is the electron density. 

by 

Therefore the variation of N with time is given 

. dN 
dt = q •••••..• (1.2) 

If o( is large, the processes of formation and 

removal of electrons come into equilibrium in a very 

short time. Then dN may be neglected and equation (1.2) 
dt 

becomes q =- •....•..• (1.3) 
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Combining equations (1.1) and (l.J) and assuming N
0 

is 

the peak electron density, 

N = exp 
[ 

z- zo 
t 1-

H { 
_______ z - z 0 1] 

secX,..exp ~j 

••.. (1.4) 

This is called the Chapman Law and gives a character­

istically shaped layer of ionization. It assumes that 

the recombination coefficient is independent of height. 

Chapman himself soon modified his basic theory by 

extending the case of the flat earth to a spherical one 

(13). This changed the expected distribution and 

variation of ion density for large solar zenith angles 

such as occurred at sunrise and sunset. 

Bradbury (14) suggested that the E- and ~-regions 

were formed as a result of the absorption of special 

bands of solar radiation and that negative-ion 

formation was the predominant loss process in these 

regions. The F2-region is probably not due to the 

absorption of any particular band of solar radiation, 

but owes its formation to the preponderance at this 

level of electron-positive-iou re combination over the 

negative-ion formation during the day. Hence the 

variation of lo ss with height could be regarded as 

playing a major role i n modifying the F-region electron 

density di stribution. Mohler (15) used the observational 

data for the ionosphere at Washington and supported 

Bradbury's hypothesis by showing that the F2 level was 

far above the height where the rate of production is a 

maximum. 
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In 1939 Chapman (16) stated that the principal 

radiations are not monochromatic nor are all the 

absorbing constituents distributed exponentially. 

Nicolet (17) extended the theory to deal with gases 

which were not at the same temperature at all heights. 

Chapman's original idea was to account for 

discrete layers of ionization. However, direct 

measurements by rockets (18) have verified that the 

ionosphere is more nearly a continuum of ionization 

from the D-region to the peak of the F-region. The 

various regions represent banks of ionization without 

a pronounced minima between them. 

Shimazaki (19) extended Chapman's theory to 

include variable scale height, non-uniform recombi­

nation coefficient and ionospheric movements. By 

analysing the observational material from all over the 

world, he showed that the Chapman model was inadequate 

to explain experimental data. The Bradbury model was 

found to be superior in every respect. 

If the ionizing radiation were in the X-ray region 

of wavelengths,ionization would be accompanied by 

secondary electrons and photons which could themselves 

ionize. If these were easily absorbed, Chapman's 

expression for the rate of production would not change. 

If these travelled appreciable distances before 

producing ionizati on, the resulting rate of production 

would be different from the Chapman function (20). 
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1.32 THEORIES OF IONIZING P:OOCESSES 

It is generally agreed that most of the observed 

electron density of the F-region is attributable to 

the ionization of atomic oxygen by the entire broad 

spectral range from about 200 to 900R • 

A large number of hypotheses were put forward for 

the lower ionosphere. In 1923, Vegard (21) noted an 

heavily ionized laye~ a t a height of 100 km and 

attributed the charging of the particles to X-rays and 

(f-rays. Assuming solar ultra-violet radiation as a 

source, Hulburt (22) calculated ionization equilibrium 

for various gases from the Saha theory. This gave a 

region of ionization at 200 km which explained the F­

region as observed in winter. Since the E-region could 

not be explained on the basis of t his theory, he 

stated that it might be due to the omission of wave­

lengths shorter than the ultra-violet series (viz. 

X-rays). In the same year Vegard suggested independent­

ly that X-rays were a source of ionization in the E­

region (23). 

In trying to seek for an ultra-violet explanation, 

Penndorf (24) assumed photochemical equilibrium. How­

ever, his theory placed the ionization in the D-region. 

Further the theoretical work of Nicolet and Mange (25) 

on oxygen di s tribution in the high atmosphere showed 

that o2 distribution departed completely from photo­

chemical equilibrium. This was also verified by 

rocket measurements (26). 

In 1948, Hoyle and Bates (20 ) revived the X-ray 

hypothe s is. They derived the spectrum of X-rays 



9 

necessary to produce the observed E-layer, and found 

that best agreement with altitude distribution of the 

E-layer ionization was obtained with an X-ray spectrum 
0 

having a maximum in the neighbourhood of 3BA. A V-2 

rocket fired on 29th September, 1949 (27) telemetered 

data which showed the presence of solar X-rays above 

87 km and hence supported the idea that E-layer 

ionization is directly related to the absorption of 

X-rays emitted by the sun. Havens et al. (28) ascribed 

the entire E-region and an appreciable portion of the 

F-region to X-rays. 

The work of Watanabe et al. (29) on the absorption 
0 0 

of 0 2 and N2 in the range 850A to llOOA renewed 

support for the ultra-violet theory. As a result of 

newer data, Houston (30) proposed a theory of the 

lower ionosphere that incl uded contributions of X-rays 

and ultra-violet radiations. 

The photo-ionization of nitric oxide by Lyman-0( 

(i~e. a strong flux of solar radiation of wavelength 
0 

1215.7A) as a process of i onization of the D-region 

was original l y proposed by Nicolet ( 31) in 1945. 

Subsequently Nicolet and Aiken (32) made a very thorough 

study of the D-region ionization and verified that it 
0 

involves photons in the s pectral range ll00-l340A and 

below 10i. 

Hinteregger and Watanabe (33) showed that the 
0 

spectral range 800-10 27A that ionizes 0 2 contributes a 

greater (or comparable) photoionization rate than 

X-rays towards the formation of the E-region. They suggested 
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that the base of the E-layer could be controlled by 
0 0 

Lyman -ji(l025.7A) and C III (977 A). In a later 

paper (34), they re-examined the photoionization 

rates and propounded the most acceptable theory on 

the process of ionization of the upper atmosphere. 

They attributed the lowest part of the E-region to 

the ultra-violet spectrum 911-1027 X·, while 
0 

Lyman-_;9 (1025n 7A) shaped the base of theE-layer. 
0 

Above 120 km. soft X-rays (10 - 170A ) made an 

appreciable contribution. 280 - 370i dominated the 

region from 130 to 150 km. The F-region absorbed the 

broad spectral range from about 280l to 911~. Above 

200 km the range 465 - 630 ~ was of particular 

importance. 

FORMATION OF SPOR.AJ)IC- E 

The narrowness of the layer, the absence of 

diurnal and seasonal variations in its preferred 

heights of occurrence and the lack of correlation with 

solar activity seem to rule out the possibility that 

the sporadic~E layer is formed i n the same way as the 

normal ionospheric layers (i.e. ultra-violet and X-ray 

ionization). 

The two possible ways in which the sporadic-E 

layer is formed are:-

(i) redistribution of existing electrons; 

(ii) changes in the rates of production or 

loss of electrons. 
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(a) The Auroral Zone 

Auroral activity and the incidence of Es in the 

auroral zone show a strong positive correlation (35). 

This leads one to believe that in high latitudes the 

predominant types of E
8 

are due to charged particles 

penetrating into the lower ionosphere from outside the 

eart~s atmosphere. 

(b) The Equatorial Zone 

The fact that the equatorial sporadic-E layer 

coincides approximately with the zone of the equator­

ial electrojet (i.e. the daytime current stream which 

flows along the magnetic equator at 100 km level) 

suggests that the current in the electrojet might be 

directly responsible for the Es ionization. 

Matsushita (36) states that the equatorial E
8 

might 

be a kind of irregularity in the equatorial electrojet. 

(c) The Middle Latitude Zone 

It was first noted by Helliwell and later by 

Pfister (37) that there was a strong tendency for the 

sporadic ~ layer in the temperate zone to occur at 

certain specific altitudes which were separated by 

6 km. Millman, Bedinger and others (38, 39) observed 

strong wind shears with the same altitude separation . 

Hence suspicion arose that the high electron density 

gradients were associated with wind shears. 

A horizontal movement of neutral air in the 

presence of ions and el ectrons causes them to move in 

varying degrees , thus polarizing the medium and 

producing electric fields inside it. Further, ions 
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and electrons moving in a magnetic field are acted on 

by forces at right angles to both the velocity and the 

field. Thus the existence of the horizontal component 

of the earth's magnetic field gives rise to vertical 

drift motions of charged particles. 

If the wind shear is high, the velocity of the 

horizontal wind varies rapidly with height, which in 

turn results in a corre sponding variation in the verti­

cal velocity of the charged particles. At a level 

where the wind velocity approaches zero, the vertical 

drift speed of the ions and electrons also becomes 

zero. Hence there would be an accumulation of 

charged particles at this level, resulting in the 

formation of a sporadic-E layer in which the electron 

density is 3 to 10 times that in the normal E. 

1.4 DIURNAL VARIATION OF ELECTRON DENSITY 

IN THE IONOSPHERE 

It is fairly well established that the major 

part of the ionization in the upper atmosphere is 

due to the sun' s radiations ( s ee sections 1.31 and 1.32). 

~ae loss processes are mainly recombination and attach­

ment of electrons to neutral pa rticles (i.e. negative-: 

ion formation). So while electrons are being 

formed by the ionizing radiations, they are being lost 

continuously as well. 

If the loss process is not delayed considerably, 

the electron density would vary with the intensity of 

the rays emitted by the sun. For any point in the 
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upper atmosphere, the sun's radiations have diurnal 

variations, which are governed by the zenith angle of 

the sun. Except for certain departures, the electron 

density in the normal layers of the ionosphere con­

forms to this variation in a general way. A brief 

discussion of the different regions follows. 

(i) F-region 

Here, contrary to expectations, the electron 

density does not reduce to zero shortly after sunset, 

but persists throughout the night. The peak of the 

nighttime electron density in the F-region has been 

obtained by Hinteregger and Watanabe (33) as 105 

el/cm3 occurring approximately around 320 km. 

During an hour period around sunrise there is a 

comparatively high build up of electron density at 

~ this altitude due to the combined effect of the low 

recombination rate (because of the low density of 

particles) and the relatively high ionization rate 

(since the radiations do not have to pass through a 

dense atmosphere before reaching this level). 

As the sun rises, its rays reach lower altitudes 

with the result that the location of the maximum 

descends. • However, at lower altitudes the recombi-

nation rates are higher. Hence the F-region electron 

density peak (i.e. the F2-layer) does not correspond­

ingly shift downwards. Only a ledge is developed, 

which descends to about 180 km (i.e. the F1-layer). 

Thus the F-region splits into two layers, viz., 
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The F1-layer electron density increases as the 

sun rises further and reaches a maximum just after 

noon. Thereafter it falls again until the F1-layer 

merges into the F2-layer around sunset. The F2-layer 

electron density is characterised by:-

(i) A very rapid increase at sunrise; 

(ii) the maximum occurring late in the afternoon, 

particularly in summer; 

(iii) a rather gradual decline throughout the 

night. 

Some of these irregularities could be explained by the 

low rate of recombination at this altitude. 

(ii) The E-region 

The electron density in the E-region is very low 

before dawn (generally about 3000 el/cm3). It 

increases steadily from sunrise until it attains a 

maximum value just after noon and then falls in a 

regular manner to a small value shortly after sunset. 

Some vestige of the E-layer appears to continue 

throughout the night. The diurnal variation is much 

the same at all latitudes and the peak of the electron 

density during daylight hours could generally be taken 

as being in the region of 2.8 x 105 el/cm3. The mid-

day maximum of ion density occurs at a height which 

depends directly upon the zenith angle of the sun at 

noon. 

(iii) The D-region 

The regular diurnal variation in the D-region is 

substantially similar to that of the E-region. 
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1.5 PURPOSE OF CARRYING OUT THE R~SEARCH 

PROJECT 

Research on the oblique incidence propagation of 

radio waves has been carried out in many parts of the 

world. Besides Marconi in 1901 (2) and Eccles in 

1912 (40), Appleton and Barnett (6) were among the 

first to attempt this project. They worked on the 

interference between the sky wave and the ground wave, 

and determined the angles of the downcoming rays and 

the height of the reflecting layer. However, the 

first organized experiment in England was conducted 

by .Farmer and Ratcliffe (41) between Cambridge and 

Edinburgh in May, 1935. 

Oblique incidence propagation was investigated 

by Martyn et al. (42) in Australia as early as 1932, 

while such experiments were carried out in 193i in 

Germany (43). Pierce (44) of the Cruft Laboratory 

was able to obtain records over distances of 1,300 

km and 6,000 km. 

In South Africa, however, research on obli~ue 

incidence propagation of radio pulse s is very rare. 

The only work of which we are aware was between 

Salisbury and Johanne sburg in 1957- 8 by R.W. Vice and 

M. W. McElhi nny but this has never been published. 

Work on oblique i ncidence propagation s eems to 

require more attention in South Africa. For instance, 

recordings of pulse s transmitted from Sanae, Antarctica 

and picked up in Grahamstown have been obt ained since 

July, 1962 . However, these r ecordings have not been 
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utilised, basically because of lack of experience in 

the analysis of oblique incidence records. This 

immediately requires workers to get familiar with 

oblique incidence records and the techniques of 

deriving information from them. If one could inter­

pret records for short distances, then one would 

find it easier to develop a method to analyse records 

for long distance propagation. 

The author was particularly suited to carry out 

this project because he was originally stationed at 

Fort Hare, 65 kilometres from Grahamstown. It was 

agreed then that research on oblique incidence 

propagation be carried between Grahamstown and Alice, 

as a first step in obtaining experience with the 

techniques for lat er use in the Antarctic project. 

Su·bsequently the author had to move to Durban and 

oblique incidence propagation was in fact carried out 

between Grahamstown and Durban. 

The purpose was to analyse in detail some records 

and to gain experience in identifying the kinds of 

propagation which occur. 
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2. T H E A P P A R A T U S 

The research project consisted essentially of 

transmitting pulses at Grahamstown and receiving 

them in Durban. This involved the transmission of 

pulses of short duration with steep leading edges 

and accurate determination of the time delay b&tween 

different pulses at the receiving end. Thus the times 

of propagation of different pulses could be determined 

to enable the identification of different modes of 

propagation. These facts were borne in mind in the 

construction of the apparatus. 

2.1 THE TRANSMITTER 

The transmitter used for this project was 

constructed by H. Helm of the Physics Department of 

Rhodes University. It was designed to transmit pulses 

of radio-frequency waves, subject to the following 

requirements:-

(i) the output power during pulses should be of 

the order at least 1 kilowatt; 

(ii) the frequency should lie in the range 4.0 to 

5 •. 0 Mc/s, but should be adjustable to any 

value within this range; 

(iii) the pulse length should be of the order of 

100 psec; 

(iv) the pulse repetition rate should be of the 

order of 10 per second. 

The block diagram shown in Fig. 1 illustrates the 

mode of operation of the transmitter. The circuit 
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diagram of its essential parts is given in Fig. 2. 

Master Buffer 
Oscill- ~ ~ 

Driver 
' Output 

" Amplifier , 
a tor 

) ~ 

Pulsing 
Unit 

FIG. 1 - BLOCK DIAGRAM OF TRANSMITTER 

Fundamentally, the transmitter consists of a 

continuously-running master oscillator followed by 

three amplifying stages, viz. a buffer amplifier, 

/_ 

' 

a push-pull driver stage and a push-pull output stage. 

All three amplifying stages were operated under "Class 

C" conditions, the buffer stage being self-biased and 

the others having fixed bias. 

Pulsing the transmitter on and off was achieved 

by controlling the grid voltage of the buffer amplifier 

by means of the pulsing unit. The buffer amplifier 

thus functioned as both gate and amplifier; when its 

grid voltage was made strongly negative, the signal 

from the oscillator would not be passed on to the rest 

of the transmitter, whereas when this voltage was 

brought up to a quiescent value of zero, the buffer 

amplifier would function in the normal way and the 

transmitter would transmit. 
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Some details of the various units depicted in 

the block diagram are given below:-

( a) MASTER OSCILLATOR 

This was an ex - R.A.F. model electron-

coupled Colpitts oscillator, capable of covering a 

frequency range from 1 to 20 Mc/s. Its output was fed 

to the grid of the buffer amplifier via a coupling 

capaciter (c23 in Fig. 2). 

(b) PULSING UNIT (see Fig . 2) 

A stepped-down version of the mains voltage was 

applied to the input valve; this signal was then squared 

by means of the first two a~fying stages and 

differentiated with the aid of c2 and R5 • T2 amplified 

the "pips" applied to it; the double diode T
3 

ensured 

that only positive-going pips from the output of T2 were 

passed on to T4 , which formed part of a blocking . ~ 

oscillator. These positive-going pips charged up the 

capacitor combination c4 and c5 in a sequence of steps, 

this process continuing until the voltage on the grid of T4 
was sufficiently high for the blocking oscillator 

to operate. The blocking oscillator would then 

.. fire", producing an output pulse of very short 

duration; this would discharge 04 and o5, and the 

process of step-wise charging of these capacitors 

would then begin all over again. Thus it will be 

seen that this circuit provided a means of 

"dividing down" the main frequency, by producing 
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an output pulse after an integral number of 

cycles of the mains voltage had elapsed. The 

number of charging steps was adjusted by varying 

the cathode voltage of the blocking oscillator 

tube with the aid of R10 • 

The output pulse from the blocking oscillator 

was used to trigger a cathode-coupled multi­

vibrator ( ~5 ans. r6 ) which produced a gating pulse 

of the order of 10 millisec.in length; The 

positive pulse from this multivibrator was 

differentiated by c12 and R20 and used to trigger 

another cathode-coupled multivibrator (T
7 

and T8), 

which with the aid of the differentiating combi­

nation c14 and R27 provided an output "pip". 

This ';pip •: triggered yet another cathode-coupled 

multivibrator (T9 and T10) which generated the 

gating pulse responsible for controlling the 

operation of the buffer amplifier. The grid of 

the latter was connected to earth via the resistor 

R
34 

which was also the load resistor of T17, 

whose cathode was made 400 volts negative with 

respect to earthQ In the absence of the gating 

pulse, T17 was conducting, so that the grid of 

the buffer amplifier tube T12 was strongly 

negative and T1 2 was consequently cut-off. On 

the other hand, when the negative-going gating 

pulse arrived at the grid of T17, T17 was cut-off 

and the combination R
34 

and c17 functioned as an 

ordinary self-biasing circuit for a class C 
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FIG .2 - CIRCUIT OF TRANS:MITT15R 
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R20 = 250K 
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FIG. 2 ( CONTD.) 

c1 = o .1 p.F 

0 2 :oo: 0,001 ,uF 

0
3 

• 0.01 pF 

0 
4 

• 0.01 .uF 

c 5 :::: 0. 0 5 p"'l 

c6 u 8 p.F 

c7 = o. 5 p.F 

08 == 0.1 p..F 

·c = 540 pF 9 
c10 = 1,0 JJ.F 

c11 = o.o1 ,uF 

012 = 1000 pF 

o13 = 0 .001 pF 

o14 = 100 pF 

c15 = 200 pF 

c16 = 0.1 p.F 

o17 = 100 pF 
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c25 = o.o1 pF 

c26 = 0.,022 p.F 

c27 = 0.001 p.F 

c28 = maximum 350 pF 

c29 = 0.001 pF 

c30 = 0.001p.F 

c31 = 0.001 pF 

c32 = 0.001 pF 

c
33 

= maximum 20 pF 

c34 = maximum 150 pF 

c35 = maximum 20 pF 

c36 = 0.001 ,uF 

c37 = 0.001 p..F 

c38 = 0.001 pF 

c39 = 0.001 pF 

c40 = 400 pF 

c41 = 400 pF 

c42 = maximum 100 pF 

c43 = maximum 100 pF 

o18 , o19 , c20 , c21, c22, c23 , and c24 were components 

of a piece of commercial equipment used as part of the 

transmitter and as such there was no necessity to 

measure their capacitances. 
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amplifier. The value of c17 was so chosen that 

the time constant of R34 and c17 was not such as 

to produce excessive distortion of the pulse 

shape. 

(c) BUFFER AMPLIFIER, DRIVER AND OUTPUT STAGES 

These were conventionally designed Class C 

amplifying stages. Since the output tubes were 

triodes, it was necessary to use the neutralizing 

capacitors c33 and c35. 

The output stages fed a half-wave dipole 

aerial, as can be seen in Fig. 2. The R.F. out­

put voltage on the antenna of the transmitter was 

estimated to be in the region of 2 - 3 KV. How­

ever, it was not possible to calculate the actual 

power radiated since this would require a know­

ledge of the effective radiation resistance. 

Therefore a conservative figure of l KW as the 

output power was assumed. 

2. 2 THE RECEIVING APPARATUS 

The receiving apparatus comprised: 

(i) A superheterodyne receiver; 

(ii) A time delay calibrator; 

(iii) An oscilloscope; and 

(iv) A recording camera. 

Fig. 3 shows the layout of the receiving appara­

tus, excluding the camera. A block diagram of the 

apparatus is given in Fig. 4. 

The pulses received in Durban were detected and 
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Fig. 3 - RECEIVING APPARATUS. 

Time 
Delay '\ 

Calibrator / 

I \ " v Oscilltocope 

\. 
Receiver ~ Cathode / 

/ Follower 

Fig. 4 - BLOCK DIAGRfu~ OF RECEIVING APPARATUS. 
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amplified; and thereafter used to trigger the multi­

vibrator of the time delay calibrator. Subsequently 

the output of the multivibrator triggered the oscillo­

scope time base and also the ringing oscillator of 

the time delay calibrator. The time delay calibrator 

markers and the received pulses were displayed on 

the oscilloscope screen. They were photographed on 

continuously running 35 mm. film. 

2.21 THE ANTENNAE (see Fig. 5) 

As the pulses arrive in Durban at different 

angles to the horizontal in the vertical plane that 

passes through Grahamstown and Durban, a half-wave 

dipole aerial at right angles to this plane is 

expected to provide the best reception (neglecting 

ground reflections). Grahamstown lies 48° west of 

south w.r.t. Durban. Therefore the half-wave dipole 

aerial (a in Fig. 5) constructed was directed at an 

angle 42° east of south. However, the sensitivity 

of the aerial was found to be too low and the output 

of the receiver was insufficient to trigger the multi-

vi bra tor. 

As an alternative, a long wire antenna of length 

240 feet ( b in . Fig. ; .) was resorted to and set up 

along the Durban-Grahamstown line. For a wire of 

this length, the optimum orientation with the incoming 

rays, which have a wavelength of 63 metres, is in the 

region of 47° or 48° (45, 46) (again neglecting ground 

reflections). Taking into account the distance between 
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Grahamstown and Durban and the expected heights of 

reflection of the transmitted pulses, it would appear 

that the down-coming rays would be at angles varying 

between 30° and ~0° with the horizontal.· Accordingly 

a wire of this length pointing in the direction of 

Grahamstown would receive well on the upper lobe. 

This aerial was found to give better results. 
' 

It was soon realised that the ground pulse 

was not being received.· Since this might be attributed 

to the poor orientation of the antenna for the ground 

pulse,- another straigl:tt wire antenna of about 210 feet 

length (c in Fig. 5) was set up at 50° to the Durban­

Grahamstown line. Although this did not help in 

picking up the ground wave, it nevertheless improved 

the reception of the other pulses when used together 

with the oth.e·r long wire antenna. Both aerials were 

used in parallel throughout the experiment. 

2. 22 THE SUPERHETERODYNE RECEIVER (Fig. 7) 

This is an old commercial receiver on which the 

following modifications were made:-

(i) The voltages, time constants and bandwidth 

were so adjusted as to make the receiver 

suitable for the reception of narrow pulses. 

(ii) The overall gain was increased above that 

of a normal receiver in order that even 

the weakest pulses from the ionosphere 

could be detected. 

Figs. 6 and 8 show the two views of the receiver. 
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2.221 THE R.F. AMPLIFIER 

The purpose of this amplifier is to increase 

the selectivity between the antenna and the frequency 

converter (see section 2.222). This reduces the 

intermediate frequency response and cross modulation. 

It also increases the signal-to-noise ratio at the 

converter. 

The circuit of this amplifier is included in 

Fig. 7. It is a conventional single-tuned trans­

former- coupled potential amplifier (47) employing 

a 6SK7 remote-cut-off pentode. The coils of the 

' tank circuit (in the grid) were of fixed values and 

the condensers (c1 ) were of the variable type. The 

gain of the amplifier was measured and found to be 

22 dbs at 4.73 Mc/s. 

2.222 THE FREQUENCY CONVERTER 

The conversion of the signal from the radio 

frequency to the I.F. value was originally achieved 

by mixing the output of a local oscillator employing 

a 6L5 medium-mu triode with the R.F. signal in a 6L7 

pentagrid mixer. This combination proved satisfactory 

except that the noise from the mixer was very high. 

Consequently weak signals from the ionosphere could 

not be detected. 

Since no improvement could be brought about by 

alteri ng the circuit components, the frequency 

changer section was modified to i nclude an ECH 81 

triode heptode converter, which is a low noise tube. 

Additional advantages of the tube are that it has a 

very high conversion transconductance and its fre-

quency drift i s very smallo To overcome the 
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FIG. 7 ( CON~INUED) 

c2 = 0, 05 pF 020 = 0.01 .,uF 

c3 ::: 0.5 pF 022 = 0.01 ,uF 

c4 = 10.0 pF 023 = 0.47 ,uF 

c5 = 0.1 p.F 024 = 0.01 p..F 

07 = 0.0 5 pF 027 = 1000 pF 

c8 = 0.1 ,.uF 028 = 220 :pF 

Cg = 0. 0 5 pF 029 = 0.1 .,.uF 

010 = 50 :pF 030 = 0.1 }lF 

012 = 0.01 pF 031 = 0.1 ,uF 

015 = 0.01 p.F 032 = 10 p..F 

016 = 0 .01 ,uF 0
33 = 0.04 pF 

017 = 5.0 pF 0
34 

::;: 25 pF 

018 = 0.01 ,u.F 0
35 0.05 ,uF = 

036 = 8.0 pF 

0
37 = 50 pF 

ol, c6, 011' 013' 014' 019' 021' 025 and c 26 were 

variable capacitors (trimmers, tuning condensers and 

padding capacitors) of the original receiver and as 

such there was no need to measure their values. 
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undesirable reduction of internal resistance, a 

potential divider arrangement was employed to 

provide the screen voltage for the heptode. Here 

again the coils of the tank circuits were of fixed 

values and the condensers (c6 and c11 were of the 

variable type, consisting of padded mica capacitors, 

air-mica trimmers and parallel plate tuning con­

densers. The mixer provided a gain of 16 dbs. 

2.223 THE I.F. AMPLIFIERS 

The object of conversion is to allow convenient 

amplification at constant bandwidth. This was 

achieved by a two stage amplifier as shown in Fig. 7. 

In order to reduce the broadening of the pulse, double­

tuned transformer-coupled amplifiers were used by 

means of which a large bandwidth could be obtained. 

A constant amplification over the bandwidth was 

effected by stagger-tuning of the primary and second­

ary tank circuits. 

The bandwidth was adjusted to 23 kc/s and the 

overall gain obtained was 42 dbs. 

2.224 THE DETECTOR AND A.V.C. 

(see circuit diagram in Fig. 7) 

The detector is of the "envelope detection" 

type (48) employing one-half of a 6H6 double-diode 

tube. A proper choice of the values of R26 and c28 
ensure s that the intermediate carrier frequency is 

wiped out and only the signal appears in the output. 
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The other half of the 6H6 was used for the A.V.C. 

Thus the amplitude of the modulated input to the 

detector was maintained at a constant level, despite 

the varying amplitude of the pulses from the 

ionosphere. 

2.225 A.F. AMPLIFIERS 

The output of the detector must be amplified to 

atleast 40 volts in order to trigger the multi­

vibrator of the time delay calibrator. To meet this 

requirement, an R-C coupled amplifier was construct­

ed, consisting of two stages. 

Initially the two halves of a 6SL7 tube were 

used. However, it was found that this gave r ise to 

oscillations due probably to feedback between the 

electrodes. 

The following tubes were therefore incorporated 

in the circuit:-

(a) A 6SJ7 pentode in the first stage which 

gave a gain of 41 dbs and 

(b) A 6SN7 triode in the second stage - both 

halves of the tube being connected 

together. This gave a gain of 23 dbs. 

Pulses we re found to come in very strongly when 

propagation conditions were good. At these times the 

noise level was also very high. With full gain, it 

was found that while the pulses triggered the 

apparatus every tenth of the second, the noise 

triggered the apparatus in between. Therefore the 
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output of the receiver had to be reduced to an 

extent such that the noise level dropped to below 

the value required to trigger the apparatus. This 

was done with the aid of a volume control (R22). 

2. 226 POWER AMPLIFIERS 

It was necessary to obtain an audible output 

from the receiver for the following reasons:-

(i) to detect the presence of pulses, 

(ii) for rapid tuning of receiver to the 

transmitter frequency, and 

(iii) to provide an easy method of "trouble­

shooting" during times of servicing. 

Such an output was provided by the power ampli­

fier employing the 616 tube and the speaker, as 

shown in circuit diagram of Fig. 7. Since the out­

put of the voltage amplifier was too high for the in­

put of the 616 tube, a potential divider consisting 

of R30 and R31 was included to select the correct 

voltage. 

2.227 RECEIVER POWER SUPPLY 

The input of the power supply was obtained from 

a 400-0-400 mains transformer. A 5U4 ful~wave recti­

fier tube was employed. Initially the smoothing was 

done by two pi-section filters connected in series. 

However, hot-switching was regularly required. Now, 

it is recommended that a choke-input filter be used 

since it limits the hot-switching current to a value 



36 

no higher than the peak plate current (49). 

Therefore the first pi-section filter had to be 

converted to a L- section filter. This combination 

provided the necessary smoothing. An output D.C. 

voltage of 280 volts with a reasonably low ripple 

factor was obtained when the required current was 

drawn by the receiver. 

2.228 

2.2281 

ADJUSTMENT AND CALIBRATION 

Adjustment of Voltages and Circuit Components 

Voltages were checked throughout the receiver to 

ascertain whether the tubes were working within the 

ratings specified and adjustments made accordingly. 

It was also ensured that all resistors were of the 

correct wattage. 

2.2282 Determination of Optimum I.F. 

The correct I.F. of a receiver depends on the 

design of the I.F. transformers and the tracking of the 

oscillator tank circuit. For this particular receiver 

it was determined by trial and error according to the 

following method:-

A certain I.F. was chosen, say 430 kc/s. After 

disconnecting the oscillator, a modulated signal of 

the chosen frequency was injected onto the control 

grid of the mixer tube (ECH 81). The I.F. transform­

ers were aligned to this frequency and adjusted for 

maximum gain. 

The oscillator was then reconnected, the dial of 

the receiver set at a certain frequency and a modulat&d 



- 37 -

Fig. 8 - RECEIVER 

Gl.'I 2884 (jcl 
ServicE; 

' GM 2886/01 
Oscillator 

/ 
Modulator 

\ / 

Receiver 

Fig . 9 - TUNING APPARATUS 

/ 

" 
GM 5654 

Oscilloscope 

To Vert 

/ " Amplif 

ical 
i er 



38 

signal of this frequency applied to the antenna. 

Subsequently the R.F. trimmers were tuned for 

maximum output. 

The trimmers were then tuned to other R.F. 

frequencies (the dial being set at the corresponding 

values) until the frequency range from 500 kc/s to 

18 Mc/s was covered~ Next, the gain of the receiver 

for the I.F. of 430 kc/s was measured and noted. 

The entire procedure was repeated for another 

I.F. and the gain was once again noted. By repeat­

ing this process, it was found that maximum gain was 

obtained when the I.F. was between 460 and 470 kc/s. 

By restricting the gain measurements to I.F. values 

between 460 and 470 kc/s, the optimum I.F. was found 

to be 467 kc/s. Renee the I. F. amplifiers were tuned 

to this value. 

2.2283 Alignment Of I.F. Stages 

The reproduction quality of a receiver depends 

on its selectivity characteristics. A high fidelity 

and broad bandwidth was ensured by careful alignment 

of the I.F. stages. 

The method adopted here resulted in fairly 

accurate tuning and permitted a quick review of the 

selectivity characteristics. The block diagram of 

the apparatus used for the alignment is shown in 

Fig. 9. It consists of: 

(i) The Philips GM 5654 Oscilloscope 

This is a conventional linear sweep oscilloscope 

with a variable time base frequency. It also 
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incorporates a standard vertical amplifier. An 

interesting feature of the oscilloscope is that it has 

an output terminal for the saw-tooth voltage of its 

time base on the rear panel. 

(ii) The Philips GM 2884 Service Oscillator 

This is a standard oscillator providing unmodulated 

high-frequency sinusoidal signals, variable over a wide 

range of frequencies. 

(iii) The Philips GM 2886/01 Frequency Modulator 

It includes an oscillator of a fixed frequency 

(4 Mc/s), which is frequency modulated by means of a 

reactance tube controlled by the voltage supplied by 

the time base of the oscilloscope. The maximum degree 

of frequency modulation is 50 kc/s. 

The alignment was carried out according to the 

manufacturers' instructions. 

Initially it was found that the bandwidth was 

too low. It was readjusted by staggered-tuning of 

the primary and secondary of each I.F. transformer. 

Thus the bandwidth was increased to 23 kc/s. 

The Fourier analysis of a pulse shows that zeros 

1 2 3 occur at T' T' T' etc., where T is the pulse duration. 

Good reproduction of pulses requires side bands to 

pass the higher harmonics of the pulse repetition 

frequency. The recommended bandwidth is ~· For 

T = 100 psec, the bandwidth required is 30 kc/s. A 

bandwidth of 23 kc/s causes a slight distortion to the 

pulse (resulting in two peaks with a trough in between). 

This did not unduly affect the leading edge of the 
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puls~which is of importance in the experiment. 

Therefore the bandwidth was not increased further. 

2.2284 Adjustment of R.F. Circuits 

The receiver dial was se t at a frequency at the 

end of one of the wave bands. A modulated R.F. 

signal of this frequency was applied to the antenna 

of the receiver . Then the R.F. trimmers (01 , c6 , and 

c11 in Fig. 7) of this waveband were adjusted for 

maximum gain. This process was repeated for 

frequencies at the middle of the waveband and at the 

other end of the waveband. The other wavebands were 

also similarly aligned. 

2.2285 Observation on Width of Pulses received 

When the first tests were carried out, undesir­

able broadening of the pulses was observed despite 

the fact that the bandwidth of the I.F. amplifiers 

was large enough. After careful examination of all 

the circuits, the broadening was attributed to the 

low time constants of the s creen and cathode 

circuits throughout the receiver. Therefore the 

value s of the decoupling capacitors were increased 

to obtain reasonably high time constants for the 

circuits in question. This reduced the broadening 

appreciably. However, it was found that generally 

the pulsewidth obtained in the output of the 

receiver was in the region of 200 psec. No amount 

of modification of the circuit components could 

reduce the pulsewidth to a value less than this. 

It might be mentioned that pulses received in 
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Grahamstown from the Antarctica indicate that it is 

not easily possible to get narrower pulses. The 

ionosphere is also responsible for some broadening of 

pulses. Hence no further attempt was made to reduce 

the pulse-width. 

2.2286 Gain Characteristics 

Initially it was not envisaged that transmissions 

would be carried out at 4.73 Mc/s only. Therefore 

the entire frequency band of the receiver was tuned 

for optimum operation and a frequency response curve 

was determined (see Fig. 10). As can be seen the gain 

is reasonably constant - varying between 130 and 140 

dbs over a range of 18 Mc/s. 

:2.229 MECHANICAL CONSTRUCTION OF THE RECEIVER 

(refer to Figs. 6 and 8) 

The entire receiver was constructed on a galvan­

ized iron chassis. In designing the layout, maximum 

care was taken to prevent undesirable coupling between 

different sections. 

Certain desirable features in the structural 

arrangement of the original receiver were retained:-

(i) The R.F. amplifier and frequency changer 

were in a separate unit screwed onto the 

middle of the chassis. There was adequate 

shielding between them. 

(ii) The I.F. tank circuit s were covered with 

aluminium cans. 
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(iii) The power supply was located at one end of 

the chassis to permit free circulation of 

air and thus to prevent undesirable heating 

of the receiver. 

The following modifications were made to improve 

the performance of the receiver:-

(i) Aluminium strips were used to separate the 

different I.F. stages from one another. 

(ii) Aluminium cans served to shield: 

(a) the ECH 81 tube which is a glass type, 

(b) the grid terminals of the iK7 tubes. 

(iii) Short shielded cables were used for the 

leads from the I .F. transformers to the 

grids of the 6K7 tubes. This can be 

noticed on the top left-hand corner of 

Fig. 6. 

2.23 

(iv) The leads from the antenna terminal to the 

grid of the R.F. amplifier had to pass over 

the A.F. stages. These leads picked up undesirable 

effects and the use of shielded cables here 

improved the reception considerably. 

THE TIME DELAY CALIBRATOR 

The main function of the time delay calibrator is 

to generate pulses with accurately known time separation. 

When these time-markers are displayed on the screen of 

the oscilloscope, they provide a s imple ~~~hod of 

determining the time delays between the various pulses. 

The circuit diagram of the time delay calibrator is 
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given in Fig~ 11 and a view of the apparatus is shown 

in Fig. 12. 

2.231 THE CATHODE-COUPLED GATE 

This is essentially the cathode-coupled multi­

vibrator which is so arranged that only one of the 

tubes (T2) is normally conducting while the other (T1 ) 

is biased beyond cut-off. When the positive pulse 

from the receiver is fed to the grid of T1 , it triggers 

off the gate. 

When the grid of T1 is returned to a positive 

potential rather than to ground, it is found that 

the pulse-width of the gate is directly proportional 

to the D.C. voltage on the grid (50). Hence a variable 

potentiometer (R2) was included in order to vary the 

pulse-width as required. Since the anode load of T1 
was found to affect the waveform of the output pulses 

markedly, a variable potentiometer (R
4

) in series with 

the load resistor proved useful for rapid adjustment of 

the load. 

The grid of T2 was returned to the plate supply 

through a large resistor (E7) and a potentiometer (R6). 

This served to reduce the jitter in the trailing edge 

of the pulse. It also permitted greater control of 

the pulse-width with the D.C. bias potential of T1 • 

As a negative gate was required, the output was 

taken from the plate of T1 • This output was used for: 

(i) triggering the oscilloscope; 

(ii) activating the RLC ringing circuit. 



+250V 

0 o sc. c, 
" IM E B AS E ~ I---7:T---t-------7---7--fl-----r-----i 

TO C.R.T. C ATHOD E 

Fig.11 TIME DELAY CALIBRATOR. 



46 -

FIG. 11 TIME DELAY CALIBRATOR 

Rl = lOOK cl = 1.0 ,uF 

R2 = maximum 20K c2 = 0.02 J.lF 

R3 = 4.7K c3 = 0.02 ,uF 

R4 = maximum 20K c4 = 0.05 .uF 

R5 = 33K c5 = Maximum 5250pF 

R6 = maximum 200K c6 = 0.05 ,uF 

R7 = lOOK c7 = 0.1 ..uF 

R8 = lOK ca = 0.05pF 

Rg = 27K Cg = 0.1 .,uF 

~o= 3.3M c10 = 0.2 .,uF 

Rll = 27K 011 = 0.1 pF 

Rl2 = l.OM 012 = 56 pF 

~3= 220K 

Rl4 = 2.5K L = 50 mH 

Rl5 = 47K 

Rl6 = l.OM Tl = l. 
2 6SN7 

Rl7 = 220K T2 = t 6SN7 

Rl8 = l.OK T3 = t 6SN7 

l1_g = 47K T4 = 1 
2 6SN7 

R20 = l.OM T5 :; t 6SN7 

R21 = 200K T6 = t 6SN7 

R22 = 330 ohms 

R23 = 47K 

R24 = lOOK 

R25 = lOOK 
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2.232 THE RLC RINGING CIRCUIT 

Here the circuit comprises a triode (T
3

) with a 

tank circuit in the cathode. When the negative gate 

is applied to the grid of T3, the grid voltage falls 

and the tube is cut off. The output taken across the 

tank circuit is a train of damped oscillations. 

The tank circuit consists of:-

(i) padded mica capacitors and an air-mica 

trimmer, 

(ii) a coil of 800 turns of 24 s.w.G. enamelled 

wire wound on a perspex core of length 0.75 em 

and diameter 1.8 em. 

(For the coil, L: 50 mH., Cself ~ 200 pF, 

R -= 17 ohms and Q ~ 200). 

The t ank circuit was tuned accurately to 10 kc/s 

with the aid of a 100 kc/s crystal oscillator and a 

double beam oscilloscope. 

It was found that at least 25 oscillations had 

sufficient amplitude to serve as time-markers, which 

were, at this stage, sinusoidal in shape. 

2.233 THE CLIPPING AMPLIFIERS 

It was then necessary to convert the sinusoidal 

output of the ringing circuit into square wave s . 

Three stages of clipping amplifiers were designed to 

effect this. 

These are essentially triode amplifiers with 

resistive loads and large resistors in series with the 

grids. 
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The thr&e amplifiers functioned as follows:­

(i) the first merely amplified the signal; 

(ii) the second clipped off a portion of the 

peaks; 

(iii) the final amplifier gave an output 

approximating to a square wave. 

2.234 THE PEAKING CIRCUIT 

The peaking circuit differentiates the square 

wave pulses. By carefUl choice of the capacitance 

(c12) and the resistance (R24), the time constant 

was made small enough so that the output pulses 

would have short durations and steep leading edges. 

(The time constant was 5.6psec, which was small 

compared with 100 psec , the separation of the pulees.) 

2.235 THE CLIPPING DIODE 

The negative portion of the pulses were then 

clipped off by the germanium diode OA 85. 

This provided a series of positive pulses last­

ing for about 2.5 milliseconds. The separation 

between any two pulses was 100 psec, and the amplitude 

of the pulses was about 50 ~lts, which was sufficient 

to modulate the trace on the oscilloscope screen. 

2.236 POWER SUPPLY FOR THE TIME DELAY CALI­

BRATOR 

The power supply for the time delay calibrator was 

the conventional full- wave r ectifier employing a 5U4 
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vacuum tub,e followed by two pi-section filters in 

series. The input to the rectifier tube was obtained 

from a 360-0-360 mains transformer. 

SYNCHRONIZATION OF THE TIME DELAY 

CALIBRATOR WITH THE RECEIVED PULSES 

In order that the time markers be displayed on 

the oscilloscope screen simultaneously with the re­

ceived pulses, it is essential that the time delay 

calibrator be synchronized in some way with the 

receiver. The first time marker should coincide with 

the leading edge of the first pulse received. Thus 

the pulses that follow would be spread over a cali­

brated scale. 

This was effected by a rranging the cathode­

coupled gate such that it was triggered by the first 

pulse received. Accordingly, the positive output 

from the A.F. stage of the receiver was fed to the 

grid of T1 in Fig. 11 via the cathode follower. To 

prevent the ensuing pulses from r e-triggering the 

gate, the duration of the gate pulse was made sufficient­

ly large. 

2.24 THE OSCILLOSCOPE 

The pulses and time markers were displayed on a 

Tektronix 310 A oscilloscope with a P ll blue s creen. 

The following procedure was adopted for setti ng 

up the oscilloscope for the reception of pulses:­

(i) The vertical amplifier gain was reduced to 

zero. 



50 

( ii) The trigger of the time base was set at 

"external negative" for "A.C. triggering" 

so that it could be triggered by the 

negative pulses from the cathode-coupled 

gate. 

(iii) The time base frequency control was 

adjusted for a sweep duration of 2.5 

milliseconds. (see 2.235). 

(iv) The sweep was then centralized on the 

screen. 

(v) The time-markers and the pulses received 

were applied to the "C.R.T. cathode" 

terminal located on the rear panel of the 

oscilloscope. (This terminal is connected 

to the cathode of the cathode ray tube via 

a blocking condenser.) Hence the applied 

signals modulated the intensity of the beam 

on the screen. 

Note: During the latter part of the experiment 

the 3l0A oscilloscope developed a fault. 

It was then replaced by a 551, whose 

operational instructions are very similar 

to those of the 310A. 
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Fig. 11 - TII~ DELAY CALIBRATOR 
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Fig.. lB - CATHO:DE FOLL0-.7.ii.R 
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2.25 THE CATHODE FOLLOWER (Fig. 13) 

The low input impedance of the cathode-coupled 

gate caused a marked decrease in the amplitude of 

the pulses when the receiver output was applied 

directly to it. Similar effects were observed when 

the outputs from the receiver and the time delay 

calibrator were fed to the oscilloscope. 

This was remedied by including a cathode 

follower (as shown in the block diagram of Fig. 4), 

which served to match impedances in both cases. 

It might appear from Fig. 13 that, if the time 

markers are re-applied to the grid of the cathode 

follower which feeds pulses to the cathode-coupled 

gate, a feedback loop is formed between the time 

delay calibrator and the cathode follower. It must 

be remembered, however, that after the gate is 

triggered off by the first pulse it remains quiescent 

until the tube T1 (Fig. 11) stops conducting. During 

this period the cathode-coupled gate cannot be 

triggered by the time markers and the ensuing pulses. 

The gate circuit is adjusted such that all these 

pulses pass through before it r ecovers. 

2.26 THE RECORDING CAMERA 

The recording camera, shown in Fig. 14, was 

originally constructed for Gledhill and Szendrei (51). 

It was a continuously running 35 mm. camera. A four 

lens combination which could be moved forward and 

backward focusse d the CRT trace onto the film. A 
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small opening on the upper end of the box was used 

for viewing. Since the original speed of 25 feet of 

film per hour was too high, the gears of the motor 

were modified to reduce the speed to i feet per hour 

which was within the limits required. 

2.27 THE TIME SWITCH 

In order to derive diurnal variations a clear 

picture of the oblique incidence propagation throughout 

the day had to be obtained. This necess itated continuous 

recordings. 

However, it was also essential to obtain day to day 

variations for longer periods. To take continuous 

records for these periods would have involved running 

the transmitter continuously. In order to minimise 

interference with other radio communication users, a 

method was devised whereby recordings could be taken for 

only 15 minutes of every hour. This involved the use of 

a clock. The minute hand was replaced by a cam cut so 

that it acted on a microswitch fort of its revolution. 

Since the microswitch was connected in series with the 

camera motor, the latter was switched on for t of every 

hour. 

Another microswitch was set such that it was acted 

on by the cam ~or the same period of time. This switch 

was connected in series with the H.T. of the receiver. 

Therefore during those times that recordings were not 

t aken, the H.T. of the receiver and the camera motor were 

switched off.. To minimize drift due to warming up, the 

rest o'f the apparatus was left switched on continuously • 

. A view of the time switch showing the cam and the micro­

switches is shown in Fig. 14(a). 
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S S C T I 0 N B 

3. . FUNDM~ENTAL THI:(:RY OF PROPAGATION OF RADIO 

WAVES IN THE IONOSPB~R2 

J.l WAVE GROUP (PULSE) 

A wave of a single frequency is not realised in 

practice, for it would need to have been generated an 

infinite time in the past and continue to an infinite 

time in the future. Any wave of shorter duration is 

a pulse, and in generating a pulse, other frequencies 

(harmonics, sidebands) are produced. A puls e may be 

regarded as an integral over a continuous distribution 

of frequencies and may be repreaented by a Fourier 

integral thus: 

E(t) = ! 
... ~ 

F (f) • 

"OC 

2mift ( ) e df • • • • • • 3 .1 

The forl:ll of the function F(f) depends upon the 

shape of the puls e, which is usualiy a signal of 

constant frequency f 1 and practically constant 

amplitude, lastin6 for a time T, calleq the duration 

of the pulse. 

3, 2 PHASE VELO·JITY A~'IJ) GROUP VELOCITY 

When a pulse travels in free space, it does so 

with a velocity c. All the component frequencies 

have the sruue speed. However, when it travels in a 

dispers ive medium, the phase velocity, V, depends upon 
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the vmve frequency, The component frequencies now 

have different velocities. 

The true velocity of the wave packet, i.e. the 

velocity with which energy is transferred in the 

direction of propagation, is called the group 

velocity, u. The latter differs from the phase 

velocity of any component frequency. The ratio 0/U 

is generally called the ••group r efractive index" and 

is denoted byp/ • by analogy with the "wave refractive 

index11
, p = c /V, where V is the wave (phase) velocity. 

It is obviously i111portant to calculate the group 

.velocity of a puls e travelling throubh the ionosphere 

(see section 3.3). The calculation is simplified if a 

relationship is obtained ·between the group velocity 

and the phase velocity, which may be derived as follows: 

It is well known that a wave represented by 

E = [ i (wt - kx) } ••••• (3.2) 

has a group velocity 

u = dw 
dk 

••.•.••••• (3.3) 

where k is called the wave number and is given by 

k w ••••.•• (3.4) = 
v 

(V i s the wave velocity). 

1 dw 
l •.. ••• (3.5) • • - = v w dV 

u --- = v2· aw-dw v 
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Substituting V c = vve have 

+=+ + ~ · tw 

I 
or )J. 

c 
--u-

= }l 

+ 

+ 

· dp waw 

d~ 
w dw • • • • • • • • (3. 6) 

But for a medium containing free electrons (in 

the absence of a magnetic field), the wave refractive 

index is given by 

p 
f 2 

n 

)

. t 
••.•.•••• (3.7) 

where f is the wave ff frequency and f = ._L 
n 2 ;r 

called the plasma frequency corresponding to an 

electron density N. (e = electronic charge, m­

mass of electron and €
0 

= permittivity of free space) 

(52). 

Combining equations (3.6) and (3.7) 

I (~ r/ ) l w~ (~~ f 2 ) ~ n ...u = fr + f2 

~ f 2 ) ~ ~-
2 

) 
., 

f 2 f - --rt .. 
- f2 + n n 

f2 ... 2 -· 
f 

= (1 f 2 ) -t 
-~ .. .. ........ (3.8) 

f . 
Therefore }J.I)l = 1 •. . ..••.•• (3. 9 ) 
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Thus it is seen tpat the product of the group 

refractive index ~nd the wave refractive index is 

unity for a medium containing free electrons (with 

zero magnetic field). 

Writing )J. 
, 

and )J. in terms of c, V and u, we 

get 

uv = 2 c , •.... •..• ( 3 .10) 

which shows that the product of the group and phase 

velocities is equal to the square of the velocity of 

light in free space. 

3·3 VERTICAL INCIDENCE 

In the commonest method of using radio waves to 

inv0sti gate the ionosphere, pulses of radio energy 

are ~enerated by a transmitter on the ground. Each 

pulse travels upwards and is reflected from the 

ionosphere. It then retur ns to a receiver on the 

ground, and the time of travel is measured in order 

to derive information about the ionosphere. 

vfhen the pulse is travelling vertically up from 

the ground, it moves in air until it r eaches the 

ionosphere. The refractive index (group and phase) 

of air is very close to unity. Therefore the velocity 

of radio waves in air may be t aken as the same as in 

free space. Since air is an insulator , the radio 

wave only generates a displacement. current on account 

of its changing electric field . 

Once the pulse is in the ionosphere, the electric 
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field sets free electrons into motion, thus setting 

up a convection current. Part of the displacement 

current is cancelled out as the convection current 

is in antiphase with it. Hence the rate of change of 

electric and magnetic fields is altered. The phase 

of the wave is shifted - the wave behaving as if it 

had been speeded up. Consequently the phase velocity 

increases. According to equa~ion (3.10) it may be 

inferred that as the phase velocity increases, the 

group velocity decreases, or in other words the 

group refractive index increases. 

This continues until :-

(i) the pulse reaches the point where the group 

refractive index is a maximum; 

or (ii) the pul se velocity is reduced to zero. 

In the former case, the ::_Julse i s retarded up to 

the point of maximum croup refractive index. There-

after it is accelerated until it emerges out of the 

topside of the ionosphere and disappears into space. 

In the latter case , the gr oup velocity decreasing 

to zero in the ionosphere indicates that the group 

refractive index reaches infinity. This is said to 

be the point of r eflect ion of the pulse. 

The conditi on for r eflection, therefore, is 

.,.u 
I 

= oe;, . ••••••••• ( 3 .11) 

(1 4 ) 
:1. 

f ~.f 

i.e. n -y 
f 

= oO 

or f = ••••...•••.• (3.12) 
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Thus the pulse is reflected when the plasrna 

frequency equals the frequency of the radio wave . 

Bui; 

• 
• • 

f 

f. 
~ = 

3.12 may be rewritten 

1 
;:: --

2Tr 

(see section 3 . 2) 

or N ••••••••.• • (3.13) 

X electr•.ns per cc .•••• • •••• (3.14) 

where f is in Megacycles/sec. 

So far a r adio puls e travelling vertically up in 

the ionosphere, the phase veloc i ty increases . and the 

group velocity decreases depending on the ratio of 

N to t 2 • If there is suf fic i ent ionizat i on for a 

particular value off (i.e. N = 1.24 x l04f2 ), the 

group velocity reduces to zero, and the pulse is 

ref lected. The wave group t hen pr oceeds to travel 

vertical ly downwards with i ncreas i ng velocity until 

i t emerges out of t he i onosphere. Thereafter it 

t ravels wit h the velocity of l ight i n free space unt i l 

i t reaches t he ground . 

Fr om equa t i on (3 .14 ) it may be deduced t hat the 

electron density required to return a pul se i ncreases 

with the frequency, and the higher t he f requency t he 

deeper t he penetrat i on into t he ionospher e . Pulses 
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with frequencies hi3her than that corresponding to 

the maximum value of N (i,e. thG critical frequency) 

are not r eturned · to 0round. 

Q.BLIQUE INCIDENCE 

When a pulse is obliquely incident on the ionos-

phere, the presence of electrons also retards the 

wave group. However, the group is not returned to 

the point of transmission because the direction of 

the ray changes while it is in the ionosphere . The 

decrease in phase refractive index as the pulse 

penetrates deeper into the ionosphere also bends the 

ray away from the normal. This continues until the 

group travels horizontally . Thereafter it ·bends 

towards the ground and arrives at a point some 

distance away from the transmitter. 

In order to derive information about the 

ionosphere with the aid of oblique incidence propa-

gation of radio waves, it is necessary to analyse 

the propaGation from the time the pulse leaves the 

transmitter to the time it reaches the receiver. 

The path of the ray should be followed all the way 

and all information obtained from the motion of the 

pulse carefully noted. An accurate method of doing 

this would be to use the Booker quartic equation , a 

comprehensive discussion of which is given by Budden 

(53). 

However, this equation is very complicated and 

requires laborious calculations to obtai"n the solution. 
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A computer progr am on the Booker quartic for this 

pro ject would have reduced the calculations consider­

ably, thereby making it possible for all the records 

taken to be analysed. Since a computer was not 

available, this method could not be used. 

The method developed by Martyn et al. (54) was 

therefore resorted to, whereby oblique incidence 

propagation is related to vertical incidence 

propagation. 

Consider a pulse leaving the earth at a point T 

(in Fig . 15) and striking the ionosphere at the point 

A at an angle ~0 with the vertical. Since the phase 

refractive index decreases in the ionosphere, the 

ray will be bent away from the vertical and if the 

ionization is sufficient, it will be diverted back to 

earth along the path ABCR. To a receiver at R, the 

apparent point of reflection would be E. Hence ED 

appears to be the height of reflection, whereas the 

true height of reflection is BD. 

The problem now is to find the relationship 

between the frequency of this pulse which follows the 

path TABCR and the vertical i ncidence frequency that 

has an apparent reflection at E. This is easily 

achieved by consideri ng three theorems (54), namely, 

(i) The Secant Law, 

(ii) Breit and Tuve ' s Theorem, and 

(iii) Martyn's Theorem, 

which are true for flat earth and flat ionosphere 

and no magnetic field . Since the distance from 
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' Grahamstown to Durban is only 590 km (see section 4.12.), 

the error introduced by assuming flat earth and flat 

ionosphere is nt::gligibl e. By drawing a scale diagram _ 

of the curvature of the earth between Grahamstown and 

Durban, it was determined that the error involved 

would not be in excess of 10 km. 

The neglect of the magnetic field seems to 

introduce a relatively bigger error. This is mainly 

due to the lateral deviation of the pulses. Calcula-

tions from ionograms for Grahamstown have shown that 

an error of the order of 25 km is introduced if the 

earth's magnetic field is neglected for vertical 

incidence propagation. One would expect that the 

E 
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error for oblique incidence propagation between Grahams-

town and Durban to be about twice this. A figure of 

50 km,.therofore, seeills to be a fairly good approxi­

mation. Since the errors involved in the rocordinga 

were of the same order of magnitude, neglecting the 

magnetic field in the analysis would not affect the 

results to an unacceptable extent. 

THE SECANT LAW --·-------
Let the electron density at point B (Fig. 15) be 

NB. Then the group refractive index for any wave at 

B is given by equation (3.8) as 

..•..... ( 3 .15) 

where f is the wave frequency. If an obliquely 

propagated ray of frequency f
0
b follows the path 

TABCR 1 the group refractive index at its maxirnum point 

B, therefore, is 

I 
.Mob 

N 2 ) -t Be 
--:-z·-·---"'"2" ...... ( 3 .l6) 
4 1i E0 m f 0 b 

Now asoumin3 that an ionosonde is placed on the 

ground vertically below B and the pulses transmitted 

are of frequency f , the group refractive index for v 
these pulses at B is 

I 
JJ.v ........... (3.17) 
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If tne point B is the true height of reflection for 

this frequency then 

• • 
4TT 2 E. mf 

2 
0 v 

2 e 

••.••••• ( 3 • 18) 

Substituting for NB in equation (3.16) gives 

( 
fv 

2 
) - 1? = 1 - - ""2 •••••••••• (3 .19) 

fob 

Therefore the phase refractive index for the 

obliquely propagated ray at the point B is given by 

comnining equations (3.9) and 3.19) 

~Aob •.•••..••• (3.20) 

Next consider any point P(Fig . 15) on the path, 

where the ray makes an angl .e ~ with the vertical. If 

tho phase refractive index at this point is Pp' then 

according to Snell's Law. 

ain ~0 
== 

sin yj 
.•••.•..• (3.21) 

where ~0 is the angle of incidence of the r ay on 

the :ionosphere. On the other hand if the point B is 

considered it is found that ~ is 90° and 
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i.e. 

sin rJ.. ?o 

66 --

Pob = --- == sin f>
0 

•••••• •••• (3.22) 

Combining equations (3.20) and (3.22), 

2 sin 1;
0 

2 
cos 950 

eos fJ
0 

= 

= 

= 

f ? 
v 

f 2 
ob 

f v 

Hence f
0
b = fv sec {>

0 
•••••••••• (3,23) 

This is the relationship between the oblique 

incidence and vertical incidence frequencies reflected 

from the same true height , If any two quantities in 

equation (3.23) are known, the third can easily be 

determined. 

3.42 BREIT AND TUVE 1 S THEOREM 

Here the time taken by the curved path TABOR 

(Fig. 15) at the group speed is stated to be equal to 

that necessary to travel over the triangular path TER 

at the velocity of free space. 

Consider a s '· iall element of t he .path ds in the 

ionosphere at a point , say P (Fig, 15). This distance 

is covered in time ds , where U is the group velocity 
---u 

at the point. Therefore t he t ime taken to travel the 

path TABCR}is 
ds 

t = -----u 
TAJ31JR 

•• .••••.• (3.24) 
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But U = cp where p is the phase refractive index. 

• l J d s 
.••..... (3.25) 

• • t ;::: - c 
TABC: 

Now dx, the horizontal component of ds, is given 

by dx = ds sin 1J 

i.e. ds dx •••••••• (3.26) = 
sin f; 

Substituting for ds into equation (3.25) yields 

t = ~ I ~\ 1n T ......... ( 3 • 27) 

TABCR 

Snell's Law states that for any point on the 

path 

p sin 1J = sin f;
0 

• l j dx • • t -- sin ~0 c 
TABCR 

••....•• (3.28) 

1 J: dx = 
c sin J1

0 TA.BCR 

L 
= 

c sin ¢
0 

•...... (3. 29) 

where L is the distance of transmission. 

From Fig. 15 it can be seen that 

sin ¢
0 = 

Iy2 
= 

_h •.•••• (3.30) 
TE ER 

Combining equations (3.29) and (3.30) 

t 2TE TE + ER •••.•.•••. (3.31) = -- :;; 
c c 

This is the time which a wave would take to travel 

the path TER with a velocityc, which proves the theorem. 
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3 • 4 3 MARTYN' S THEORIDfr 

This theorem states that if fv and f
0
b are the 

vertical and oblique incidence frequencies, respect-

ively, refl.ected from the same true height, then the 

virtual (apparent) height of reflection for the 

frequency fv is equal to the height of the equivalent 

triangular path for the frequency fob' 

Consider the oblique incidence frequency f
0
b and 

the vertical incid~nce frequency fv which are reflect­

ed from the same true height. For some point P (Fig. 

15) on the oblique path which makes an angle y5 with 

the vertical; the phase r efractive index for the 

frequency f
0
b is given by equation (3.7) as 

= 
N e 2 

1 - -- ."'2 .. j>_ ---

4 1f f. m f b
2 

0 0 

••.••..•. (3.32) 

where Np is the electron density at the point P. At 

this level the phase refractive for the frequency fv 

is 

i.e. 2 
fv :; l -

. ~ 
f 2 

v 

••••.• (3.33) 

~ ••.••• ••• (3.34) 
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Equation (3.32) rewritten is 

2 
P.ob = 

N e 2 
p 1- __ ..__ __ •.••.•••.•• (3.35) 

Eliminating between ( 3 • 3 4 ) and (3 • 3 5 ) , 

2 
P.v = 

2 2 
or Pv cos f)

0 

1 

= 

2 
(1 - P.ob ) 

1 

i.e. 2 2 2 JJv cos ¢0 ::;; Pob 

2 sec X1
0 

2 
+ Pob 

But Snell's law states (see equation (3.2l~J 

Pob = 
sin X1 

0 

sin yj 

Hence equation (3.36) becomes 

2 2 2 2 . 2X1 Pv cos ¢o = flob - Pob Sln 

2 2 2 cos 2¢ or P.v oos ¢ 0 = Pob 

= fobcos¢ .•••••••••• (3.37) 

By Bre i t and Tuve ' s theorem, the equivalent 

path for the oblique incidence frequency is 

I 
2l 1 ds TA ] pob = + 

AB Pob 

= 2TE ••••.•......• (3.38) 
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Similarly the equivalent path at vertical 

incidence for the frequency f is v 

I 
Pv ;:: 2 [ftv- + DF ] ....•... (3.39) 

where dh is the vertical component of ds . 

• 
• • dh = ds cos 1> •••••••• (3 • 40) 

Substituting for Pv from equation (3.37) and for dh 

from equation (3.40) into equation (3.39), we obtain 

= 
2[ 1-ds_?-::-s-~0-:-0;!. 0 

+ DF] 

=2f1 ~ cos)\ 
t AB flob 

DF] 
+ 

From Fig. 15 we see that 

DF = TA cos }1
0 

2[[ ds cos,el0 

AJ3 Pob 
+ 

• • = 

2 cos,el{ L = ds 

Using equation (3.3~), we get 

2 cospj TE 
0 

= 2DE •••.••••.• (3.43) 

••.•••.• ( 3. 41) 

., ••.. (3.42) 

i.e. The virtual height of reflection is equal to 

DE in Fig. 15. 

It may be inferred from the above discussi.ons 

that Martyn's theorem may be written 
I t 

hob = hv 
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where ~is the virtual height of reflection of the 

vertical incidence frequency fv' and h;b is the 

height of the equivalent triangular path for the 

oblique incidence frequency fob which is reflected 

from the same true height. 

Applying these three theorems, records on 

oblique incidence propagation could be approximately 

analysed and the vertical incidence equivalents could 

be worked out for such quantities as height of 

reflection, propagation time, electron density, path 

length and critical frequency. 
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4· A N A L Y S I S 

4.1 INTRODUCTION 

4.11 MODES CF PROPAGATIJN 

When a radio pulse is transmitted from Grahams­

town, it is expected to travel through different 

paths to Durban. The pulses arriving in Durban would 

normally consist of the ground pulse and pulses 

reflected from various layers of the ionosphere. The 

heights of reflection will depend on the electron 

densities in the ionosphere between Grahamstown and 

Durban. 

These pulses have different modes of propagation. 

The simplest of these is a one-hop which arrives 

after being reflected once in the ionosphere . The 

two-hop pulse leaves the transmitter, is reflected 

in the ionosphere and arrives on the ground at a 

point about midway between Grru~amstown and Durban. 

Here it is reflected back to the ionosphere, and 

after a second reflection it arrives in Durban. The 

three-hop mode involves three reflections in the 

ionosphere and the four-hop pulse is reflected four 

times. Hence we may generalize to say that the n-hop 

pulse is reflected n times by the ionosphere. 

In addition there arc more complicated modes of 

propagation, for instance, the !.1-type and N-type. 

In the former type, the pulse l eaves Grahamstown and 

is reflected by an upper layer of the ionosphere, say 

the F layer. While it i s travelling down it is 
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reflected up again by a lower layer of high electron 

concentration, say the sporadic-E layer. It travels 

up again and after a second reflection by the F layer 

it arrives in Durban. 

The N-type pulse travels up and is reflected by 

the F layer. On reaching the.ground it is reflected 

back to the ionosphere but this time it is reflected 

by the E layer before arriving in Durban. Of course, 

in the N-type propagation there is a similar possibil­

ity that the E-region reflection can precede that by 

the F region. 

All these modes of propagation have different 

path lengths from Grahamstown to Durban. Hence their 

times of propagation would differ. Therefore an 

observer in Durban would receive these pulses with 

different time delays. With the aid of these time 

delays it is possible to i dentify the paths followed 

by the various pulses , and information concerning the 

ionosphere could be obtained. 

4.12 CALCULATION OF THE DISTANCE BETWEEN 

GRAHAN1STOWN AND DURBAN 

The distance between Grahamstown and Durban was 

calcula ted using the well known theory of the spherical 

triangle which gives the following equation: 

cos ~ :;: cosp cos (( + sin j3 sin '0 cos A 
where o( is the anglo between the two lines joining 

Durban and Grahamstown to the centre of the earth; 



,13 and '( are the complements of the latitudes 

of Grahamstown and Durban respectively; and )\ 

is the difference between the longitudes of 

Grahamstown and Durban. 

The latitudes of Grahamstown and Durban are 33° 

17'S and 29° 57'S, while the longitudes ar e 26° 3l'E 

and 31° l2 1E1 respectively. Hence the value of o( 

obtained is 5° 18'. The radius of curvature of the 

earth is 6371 kilometres. Using these data, the length 

of the arc of the great circle from Grahamstown to 

Durban is found to be 590 k~. 

4.13 THE GROUND PULSE 

According to the records taken it seems highly 

improbable that the ground pulse was received in 

Durban. This is evident from the fact that pulses 

were received in Durban only during those times when 

propagation conditions were good. In addition, the 

time delays between the first pulse that arrives in 

Durban and the ensuing pulses do not fit into the 

calculations if the first pul se is assumed to be the 

ground pulse. 

D.H. Menzel (55) gives the ground wave signal 

strength variation with distance of a wave produced by 

a 1 - KVv transmitter . Here the ground wave intensity 

is plotted for certain distances against frequency of 

transmission. On extrapolating the curves for 500 km 

and 700 km distances, it is found that the intensity 
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for 590 lan is about 50 dbs below 1 pvol t per meter 

for 4.73 M:c/s. The power correction for a 2-KW 

transmitter (which was used in this experiment) only 

increases the intensity by 3 dbs. This gives an 

intensity of 2 x 10-5 
jlVOl t per raeter at the 

antenna of the receiver, which i s far too small to 

trigger t he apparatus. This clearly indicates that 

the Ground wave cannot be received i n Durban. 

4.14 METHODS FOR DETEffit,INING THE TINillS 

OF PROPAGAT ION FOR DIFFERENT MODES 

Since the curvature of the earth is not very 

great between Grahamstown and Durban - the error 

Fig. 16 
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TIMES OF PROPAGATION 

Height of 
reflection 1 - Hop 2 - Hop 3 - Hop 4 - Hop 5 - Hop 

in lan _,. ____ 
50 1995 2077 2206 2376 2578 

80 2037 2236 2536 2901 3313 

100 2076 2375 2806 3315 3870 

120 2123 2535 3100 3755 4457 

150 2207 2803 3588 4456 5373 

180 2304 3103 4102 5180 

200 2376 3313 4458 5685 

250 2578 3871 5372 

300 2805 4456 6314 

350 3051 5065 

400 3313 5684 

450 3587 

500 3870 

TABLE I 



77 

introduced falls within the accuracy of the recordings 

taken (see section 3.4) - it may be assumed in the 

calculations for the times of propagation that the 

earth and the ionosphere are both flat. 

The paths followed by the 1-hop, 2-hop and 3-hop 

propagations arc shown in Fig. 1(. It can be seen 

that the distance travelled by the one-hop pulse could 

be calculated from the formula 

s = + 

Similarly for the 2-hop and 3-hop pulses the formulae 

would respectively be 

Hence a general formula for a N-hop mode is 

S = 2Nj h 2 
+ (1;>N) 

2 

Thus the times of propagation for 1-hop, 2-hop, 3-hop, 

4-hop, etc . pulses could be calculated for different 

heights of reflection. These values are given in 

Table I. The curves relating times of propagation and 

heights of reflection are shown in Fig. 17 (see back 

cover). 

4,15 SUNRISE TIME DELAYS 

Ionograms for Grahamstown were used for comparison. 

These ionograms were extremely helpful for verification 

of hypotheses derived from the oblique incidence records. 
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Phenomena connected with sunrise would not be 

shown on the oblique incidence records and on tho 

Grahamstown ionograms at the same instant. They 

would be delayed on the Grahamstown ionograms for a 

short period depending on the sunrise times at 

Grahamstown and Durban. 

The times of sunrise for Grahamstown and Durban 

for a summer day were obtained in their L.NI,T. using 

a computer program. , and were found to be 04-.91 (L.M. T.) 

and 05.04- (L.M.T.) respectively. The difference in 

longit ude between Grahamstown and Durban is 4.7°. 

Therefore t he difference in L.M.T. is 0.31 hours. 

When the sun rises i n Grahamstown, the L.M.T. in 

Grahamstown is 04.91 hours. The L.M.T. at this 

instant in Durban is 04.91 + 0.31 = 05.22 hours. The 

sun rises in Durban a t 05.04 hours L.Iv.i. ·T. Therefore 

the sun rises in Durban 0.18 hours (i.e. 11 mins.) 

earlier than in Grahamstown. Hence it is expected that 

a phenomenon seen on the oblique incidence records 

would appear on the Grahamstown ionograms within 11 

minutes, the actual time delay depending on the mode 

of propagation. For example, a time delay of 5 or 6 

minutes is expected for a 1-hop mode. 

A simil ar calculat :~.on for winter showed that the 

sun rises in Durban 27 minutes earlier than in 

Grahamstown. 



79 

4.2 INTERPRETATION OF RECORDS 

The whole experiment was conducted for a single 

pulse frequency. Pulses of 100 fs ec duration at a 

carrier frequency of 4.73 Mc/s were transmitted. The 

repetition rate was 10 pulses per second. These were 

received in Durban and recorded on continuously running 

35 mm positive film. 

On the film thor o were about 20 time calibrating 

markers as well. The time interval between any two 

of these markers was lOOJUsec. Therefore time differ­

ences between pulses up to 2000;usec could be measured. 

The first pulse coming through t riggered the 

apparatus. This and the pulses that followed were 

r ecorded on the fibn. Therefore the time delay of any 

pulse w.r.t. the first pulse could be obtained with 

the aid of the time markers . In th0 discussions to 

follow tho triggerinG pulse is often r eferred to as 

the "first pulse 11 • The pulse that has a certain time 

delay, say 300JUsec for instance, aft er the first 

pulse is referred to as the "300 p sec pulse " or "the 

pulse at 300 )1sec ." All times are given in S.A.S.T. 

Recordings wers taken for suramer as well as for 

winter. The sumraer recordings extend from 19th 

November, 1964 to 14th Januar~ 1965. Winter recordings 

were taken for the pt:riods 29th May , 1965 to 31st May, 

1965 and 29th Juno, 1965 to 12th July, 1965. 

Detailed analysis of all the recordings would 

make the discussion far too long. Therefore one 

~ummer day and one winter day wore chosen for detailed 
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discussion. The rest of the recordings are given in 

Appendix I. Interesting phenomena from these record­

ings are discussed in section 4.23. 

SUMMER DAY (29(12/1964) 

Between 00.00 and 00.30 hours (Fig. 18a) three 

steady pulses appear on the record in addition to the 

triggering pulse. These pulses have the following 

time delays after the first pulse:-

600 psec, l200)Usec and l600)Usec. 

On following the pulses from the previous day, 

the 600 psec pulse could straightaway be r ecognized 

as the F-layer reflection. It might be surprising to 

find that the F-laycr reflection still exists long 

after the extraordinary Pedersen ray had joined the 

normal ray. However, it is clear from the record that 

the F-layer reflection does continue to exi st. This 

is also verified by the Grahamstown ionograms . An F­

plot drawn for the ionosphere over Grahamstown f rom 

20.30 hours on 28/12/1964 to 01.45 hours on 29/12/1964 

(Fig. 20) shows that the critical frequency remains 

essentially constant at 4.0 Mc/s from 23.00 hours on 

28/12/1964 to OO.JO hours on 29/12/1964. Two points 

seem to be off by 0.05 Mc/s. However, this error is 

tolerable and falls within the limits of accuracy of 

the experiment. Ther efore a smooth line i s drawn 

through 4.0 Mc/s. 

From this it is clear that the vertical incidence 

equivalent of 4.73 Mc/s must be below 4.0 Mc/s, if the 
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600 psec pulse is indeed an F-layer reflection. 

However , it could not b.e very far below 4.0 Mc/s 

because the extraordinary Pedersen ray had already 

joined the normal ray. Therefore it is guessed that 

the vertical incidence equivalent is 3.9 Mc/s. 

If 3. 9 !1i.c/ s is the vertical incidence equivalent 

of the obliquely propagated 4.73 IVic/s, the angle of 

incidence, ¢ot of the latter on the ionosphere is 

calculated with the aid of the Secant Law as follows: 

4·73 = 3.9 sec 1;0 
4 

4 • 1;0 = 34.5° 

The height of reflection of the pulse could 

easily be determined if Fig. 19 is considered. From 

the figure 1 it is clear that if h is the height of 

reflection, 

tan 34.5° 

• • h = 430 km. 

However, on examining the Grahamstown ionoGram 

for 00.15 hours , it is f ound that the virtual height 

of reflection for 3.9 Mc/s is 475 lan. This disagrees 

with the value of 430 lm obtained, thus violating 

lYlartyn ' s theorem. Therefore the guess of 3.9 lYic/s as 

the vertical incidence equivalent frequency is wrong. 

It i s therefore necessary to try another value. 

This time a figure of 3.8 Mc/s is taken as the vertical 

incidenteequivalent frequency. Application of the Secant 

Law to this value gives the angle of i ncidence on the 

ionosphere as 37°. Hence the height of reflection is 

obtained as 400 lm. On examining the Grahamstown 
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ionogram for 00.15 hours it is found that the height 

of reflection for 3.8 Mc/s is exactly 400 1~. 

If this did not agree another frequency would 

have to be assumed and the calculations repeated until 

the correct frequency and the correct height of re­

flection is obtained. 

Now since it is known that the vertical incidence 

equivalent of 4.73 Mc/s is reflected from 400 km , it 

may be assumed that this is the height of reflection 

at the F layer and that the 600 jlsec pulse is reflected 

from this level. Therefore the graph in Fig. 17 gives 

the time of propagation for the 600 jlSec pulse as 

3300 ?sec. This helps · to deter r. ine the t ime of propa­

gation of the first pulse, which would be 3300-600 = 

2700 p sec. Fig. 17 gives the only possibility for this 

time of propagation as a 2-hop from a sporadic-E layer 

at a height of 140 kilometres. This is given by the 

graph as having a time of propagation of exactly 2700 

fsec. The Grahamstown ionograms give the height of the 

sporadic-E l ayer at this time as 135 kilometres which 

agrees reasonably well with the above calculations. 

According to this assumption, the time of propa­

gation of the l600;usec pulse would be 2700 + 1600 = 
4300;usec. An examination of Fig. 17 shows that this 

pulse could only be a 4-hop pulse from the sporadic-E 

layer at a height of 140 kilometres. It would 

(according to the graph) then have a propagation time 

of 4200)Usec. This agrees reasonably well with the 

time of 4300)Usec given by the record, which is, at best, 

not well-defined. 
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The 1200 psec pulse could be explained if it is 

assumed that the apparatus is triggered sometimes by 

the one-hop and sometimes by the 2-hop pulses from the 

sporadic-E layer. The l200)Usec pulse seems to appear 

only when the one-hop pulse triggers the apparatus. 

The time of propagation of the one-hop pulse is 

obtained from Fig. 17 as 2150psec. Then the 1200 

psec pulse would have a time of propagation of 2150 + 

1200 ~ 3350 psec. This would be the one-hop F-pulse 

whose time of propagation is given as 3300jlsec. 

Further evidence that the one-hop E-pulse triggers s 

the apparatus is given by the appearance of a faint 

streak at 500psec which would be the 2-hop having a 

propagation time of 2700 psec, which normally triggers 

the sweep. 

The 3-hop pulse from the E layer also seems to be s 
coming through sometimes. This pulse 9 which has a 

propagation time of 3400psec, would have time delays 

of 1250~sec when the one-hop pulse triggers the 

apparatus and 700)Usec when the 2-hop pulse does so. 

Faint impressions of this pulse are seen at the above 

t imes in the original record. 

At 00.30 hours t here is a sudden disappearance of 

the F-layer reflection pulse (see Fig. 18b). This is 

caused by the abrupt drop of the plasma frequency to 

below 3.8 Mc/s . The F-plot (Fig. 20) indicat es that 

this happens at Grahamstown between 00,30 and 00.40 

hours which agrees very well with t he oblique incidence 

records, 
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Between 00.30 and 00.36 hours no measurements 

could be taken. There appear to be rapid changes in 

triggering pulses and a drop in the heights of' 

reflection as shown in Fig. 18b~ 

The pulses settle down at 00.36 hours (Fig. 18b). 

In addition to the triggering pulse, pulses with the 

following time delays (injlsec) appear on the record:-

300, 6oo, goo, 1300, 16oo, lgoo. 

The F-layer critical frequency is low now, There-

fore only reflections from the sporadic-E layer are 

expected.. The impression given by the record is that 

the E
8 

layer has dropped to 105 kilometres, since the 

time delays fit into the calculations if this height is 

assumed to be the height of reflection. 

If it is assumed that the triggering pulse is a 

one-hop from the E layer at 105 kilometres, then it s 
would have a time of propagation of 2100psec as given 

by Fig. 17. Therefore the 300psec pulse would have a 

propagation time of 2100 + 300 = 2400)Usec. The graph 

in Fig. 17 identifies this as a 2-hop from the same 

layer with a propagation time of 2400fAsec. 

The 900 psec pulse which has a propagation time of 

2100 + goo = 3000 psec seems t o fit reasonably well as 

a 3-hop from the same layer with a theoretical 

propagation time of 2900 p sec. 

A 4-hop pulse , according to ]1ig . 17, would have 

a time of propagation of 3400 jUsec. Calculation from 

the r ecord givesthis as the time of propagation for 

the l300psec pulse (2100 + 1300 = 3400)Usec). Hence the 
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1300 psec pulse could be identified as a 4-hop from the 

E
8 

layer at 105 kilometres. 

The only possible identification for the 1900psec 

pulse is that it could be a 5-hop pulse from the E
8 

layer. Such a pulse would have a propagation time of 

4000)lsec (see Fig. 17). This agrees very well with 

tne time delay of l900)Usec obtained which gives the 

time of propagation as exactly 4000 psec. 

The pulses still unidentified are the 600 and ~600 

psec pulses. They do not fit into the present pattern. 

However~ if the recording is examined very closely, it 

could be noticed that they appear strongly but inter­

mittently. This leads one to assume that at times the 

300jlsec (2-hop E
8

) pulse triggers the apparatus. 

During these times the 900 and 1900psec pulses drop 

to 600 and l600)lsec respectively. Additional evidence 

of this is brought forward by the broad appearance of 

the 900Jlsec pulse. What actually happens is that the 

l300psec pulse drops to lOOOpsec, giving the 

impression that the 900psec pulse is broad. All pulses 

disappear after 01.30 hours. 

Ionograms for Grahamstown indicate that there is 

a strong sporadic-E layer at this time and several 

multiple reflections from this layer are evident. 

Grahamsto\~ ionogram for 01.45 hours is reproduced in 

Fig. 21. It indicates multiple sporadic-E reflections. 

However, this ionogram indicates that the sporadic-E 

layer reflects from a height of 130 km , but the 

pulses on the oblique incidence records could not be 

explained if this height is assumed. 
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The only height of reflection which could be used in 

explaining the pulses is 105 km. This discrepancy 

remains a puzzle. It is possible that the height may 

b~ different at the oblique incidence reflection areas. 

At 03.06, three steady pulses are seen for a 

short period of 5 minutes (Fig. 22). Their respective 

time delays after the first pulse are 900, 1500 and 

1800psec. In addition there are faint impressions of 

pulses at 300 and 1200 psec. 

Prouf that there are no F-layer reflections is 

offered by the Grahamstown ionograms. The critical 

frequency for the F layer at Grahamstown at 03.15 hours 

is given as 3.1 Mc/s. 'rhe frequency of the oblique 

incidence transmission is 4.73 Uc/s. From the Secant 

Law, f
0
b = fv sec ¢

0
, it is seen that the minimum 

value sec ~0 could have is 1.5, where ~0 is the angle 

of incidence of the 4.73 Mc/s pulses on the ionosphere. 

Therefore the minimum value of fJ is 49°. If the pulses 
0 

are incident at angles smaller than this, they would 

penetrate the ionosphere. This sets an upper limit to 

the v irtual height of reflection at about 250 km which 

is well below the value of h 1 F2 ( 280 km ) obtained from 

the Grahamstown ionograms for this time. Therefore it 

is impossible to get propagation via the F region. Hence 

it could be concluded that the pulse s are reflected from 

the sporadic-E layer. 

If it is assumed that the 2-hop from the E
8 

layer 

at a he ight of 100 km is the triggering pulse, then the 

900 and l500psec pulses would respectively be the 4-hop 
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and 5-hop pulses from the same layer. The times of 

propagation for the 2-hop, 4-hop and 5-hop pulses are 

respectively 2380, 3310 and 3870 psec. This gives the 

time delays of the 4-hop and 5-hop pulses relative to 

the 2-hop as 930 and l490Jlsec respectively, which 

agree very well with the time delays shown on the 

record. 

The one-hop pulse with a time of propagation of 

2080psec seems to trigger the apparatus as well. This 

results in the 4-hop pulse a~pearing at 1200 psec and 

the 5-hop at 1800 psec. In addition, the fact that the 

one-hop does come through is substantiated by a faint 

line at 300 psec. This would be the 2-hop when the one­

hop triggers the apparatus. 

The record shows from the intensities of the different 

pulses that the one-hop pulse is very weak and that the 

2-hop triggers the apparatus much more oft en than one­

hop. 

Pulses very similar to the above appear on the record 

for 04 •. 17 hours (Fig. 23). These last for 6 minutes. 

The time delays for the different pulses are 1100,. 1400 

and l700psec. The height of reflection appears to be 

110 km. If it is assumed that the 2-hop pulse reflected 

from this height triggers the apparatus most of the time, 

the 1100 and 1700 psec pulses would respectively be the 

4-hop and 5-hop pulses from the same l ayer . The time 

delays claculated from the graph in Fig. 17 agree very 

well for this hypothesis. 

When the one-hop pulse triggers the apparatus, the 
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5-hop pulse appears as a faint trace at 2000psec and 

the 4-hop appears at 1400 psec. This acain could be 

verified with the aid of Fig, 17. So in effect, two 

weak pulses, the one-hop and 2-hop, and two strong 

pulses, the 4-hop and the 5-hop, were received. 

The above explanation, if true, indicates t hat the 

sporadic-E patch must have covered most of the region 

between Grahamstown and Durban. Since multiple reflect-

ions such as 4-hop and 5-hop pulses appear and disappear 

simultaneously it is presumably in the middle part of 

the region that the sporadic-E layer forms and controls 

the propagation. 

At 04.52 hours the extraordinary ray of the F2 
layer makes its appearance (Fig. 24a). This is an 

indication that the electron density in the F2 region 

is increasing due to the ultraviolet radiation of the 

sun being incident on it. When the electron density in 

the F 2 layer reaches a value such that 4.73 Mc/s is the 

MUF between Grahamstown and Durban for the extra-

ordinary ray, pulses start arriving i n Durban. 

The Grahamstown ionogram for 05.00 hours indicates 

that the critical frequency for the extraordinary ray is 

3.75 Mc/s. Therefore sec ~0 is given by 

sec ¢
0 

= (Secant Law) 

where ~0 is the angl e of incidence of the oblique ray on 

the ionosphere. ~0 works out to be 37.5°. Assuming the 

pulse is a one-hop from the F2 layer, the height of 

reflection is given by a diagram s imilar to Fig . 19 as 

h = 295 
tan 37.5 

= 385 k:m. 
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The delay in diurnal variations between the point 

of reflection of the obliquely incident pulses (Umtata) 

and Grahamstown is 5 or 6 minutes (see section 4.15). 

This means that the height of reflection of the equi­

valent vertical frequency (3.75 Mc/s ) should be 385 lnn 

at Grahamstown at 04.58 hours. 

When the ionograms for Grahamstown are examined, 

it is found that 3·75 Mc/s is the critical frequency for 

the extraordinary ray at 05.00 hours. Thereafter the 

height of reflection of the extraordinary component drops 

rapidly to 330 km by 05.15 hours. It is therefore 

highly probable that the height of reflection was 385 km 

just after 05.00 hours. This i s in good agreement with 

the oblique record. 

negligible. 

The error of a few minutes is 

The extraordinary r ay splits up and the lower ray 

triggers the apparatus while the Pedersen ray rises. 

The Pedersen ray is soon absorbed. 

At 05,09, the ordinary ray begins to be reflected 

from the F region (Fig. 24b). The time delay of this 

ray relative to the extraordinary ray, which is now being 

reflected from 330 kilometres (as shown by Grahamstown 

ionograms), is 300psec. The time of propagation of the 

extraordinary ray, according to Fig. 17, is 2950 psec . 

Therefore the time of propagation of the ordinary ray 

would be 2950 + 300 = 3250 p sec. The height of reflect­

ion would therefore be 390 kilometrGs, which agrees very 

well with the height of reflection obtained for the extra­

or dinary ray at the MUF. The hGights of reflection of 
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the extraordinary and ordinary rays at the MUF are 

generally the same, since both occur at the peak of 

the F2 layer. Fig. 27a and Figs. 33a and 33b verify 

this. 

If 390 km is assumed to be the height of 

reflection, the angle of incidence of the ordinary 

ray on the ionosphere is also given as 37.5°. The 

vertical incidence equivalent of 4.73 Mc/s at this 

angle of incidence is 3.75 Mc/s (by Secant Law). 

If a vertical incidence ionogram were obtained 

at the point midway between Grahamstown and Durban 

(i.e. at Umtata) at 05.09 hours, the f
0
F2 would be 

expected to be 3.75 Mc/s. It is recalled that the 

time delay between Umtata and Grahamstown is 5 or 6 

minutes. Therefore 3.75 Mc/s is expected to be the 

critical frequency for Grahamstown at 05.15 hours. 

The Grahamstown ionograms indicate that the f
0
F2 

passes this value between 05.15 and 05.30 hours, 
with 

which correlates very wellAthe oblique incidence 

records. 

The ordinary ray also splits up and the lower 

ray joins the extraordinary ray while the Pedersen 

ray rises. At 05.25 hours the Pedersen ray has a time 

delay of 1250 psec w.r.t. the lower ray (see Fig. 24b) . 

At this instant the Pedersen ray jumps to 1650 psec 

and a new pulse appears at 400 psec. 

It is clear from the record that another pulse is 

triggering the apparatus. The r ecord shows that the 

time delay between the original triggering pulse (i.e. 

the lower F-ray) and the original position of the 

Pedersen ray on the record is exactly the same as the 
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time delay between the new 400~sec pulse and the new 

position of the Pedersen ray (i.e. 1250jUsec). The 

apparatus is being triggered by a pulse with a shorter 

propagation time which could only be an E-layer pulse. 

The lower and upper rays are now the 400 and 1650)Usec 

pulses respectively. In other words all pulses have 

shifted up by 400 psec and if the film is cut at 05.25 

hours and shifted down by 400 ?sec a true picture of 

the F-reflection pulses would be obtained. 

The existence of the normal E layer is not shova1 

in the Grahamstown ionograms until 05.45 hours. However, 

a sporadio-E layer comes up at 05.30 hours. If it is 

assumed t hat the triggering pulse is a 2-hop from the 

sporadic-E layer at a height of 100 km , its ti@e of 

propagation would be 2375 psec (see Fig. 17). Then the 

time of propagation of the lower F-ray would be 2375 + 

400 = 2775 psec. This gives the height of reflection 

from the graph in Fig. 17 as 290 km. The angle of 

incidence for this height of reflection is 45°. The 

vertical incidence equivalent of 4. 7 3 Nrc/ s for an angle 

of incidence of 45° is found to be 3.3 Mc/s. The Grahams­

town ionogram for 05.30 hours gives the height of 

reflection for 3.3 rlc/s as 300 kilometres which agrees 

v nry well with the height of reflection of the oblique 

rays. 

At 05.33 hours the 400)Usec pulse disappears for 

2 minutes and the trig3ering pulse is very broad (see 

Fig. 24c). This indicates that the sporadic-E layer 

pulse is weak and the apparatus is triggered for this 
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short period by the F-pulse. 

The F-layer pulse has its time delay varying 

between 300 and 400;usec up to 06.46 hours. Hence 

its time of propagation varies between 2675 and 2775 

psec. Therefore the height of reflection varies 

between 270 km and 295 km. 

At 06.34 hours, when the height of reflection of 

the F-pulse appears to be 270 km, a new pulse is seen 

at 1800JUsec. This pulse is very weak and could be 

seen clearly only for about 4 minutes . However, there 

are indications that it has been dropping from a higher 

level before this. 

There are two possibilities for this pulse. One 

is that it might be a Pedersen ray. If it was a 

Pedersen ray, then the electron density in the F2 layer 

would be decreasing; otherwise the Pedersen ray would 

not drop. However , the ionograms for Grahamstown show 

a steady increase in the critical frequency until it 

rea ches 8.7 Mc/s at 11.30 hours. Therefore it is 

impossible that this pulse is a Pedersen ray. 

The other possibility is that it could be a 2-hop 

from the F2 layer. It has a time delay of 1800 psec 

after the triggering pulse. Therefore its t ime of 

propagation would be 2375 + 1800 = 4175 p sec. This 

gives the height of reflection for a 2-hop pulse as 280 

km (see Fig. 17). The vertical incidence equivalent of 

a 2-hop pulse reflectad at this l1etght is 4 . 2 Mc/s. The 

Grahamstown ionogr am for 06.45 hours gives the height of 

reflection for 4.2 Mc/s as 285 km which agrees very well 
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with the value obtained above. Hence it is highly 

probable that the new pulse is a 2-hop from the F2 layer. 

Further evidence that such a pulse is a 2-hop is 

given in the record taken on 23/12/64 at 05.30 hours 

(see Fig. 25). Here the Pedersen ray rises from 1200 

psec at 05.30 hours to 1500 ,usee at 05.37 hours. In 

the meantime the 2 x F-pulse starts with a time delay 

of 2000 psec at about 05.35 hours and drops to 1750 psec 

by 05.45 hours. The existence of both these pulses 

simultaneously on the record simplifies the identifi­

cation of the new pulse which could otherwise be mis­

taken to be a Pedersen ray. 

After 06.46 hours the one-hop F-layer pulse appears 

intermittently until 07. 44 hours when it disappears 

completely. No pulses were received for the rest of 

the day. This is expected from the high absorption 

that takes place during the summer months, considering 

that the transmitter gave only 2 KW output. With a more 

powerful transmitter, it might have been possible to 

get pulses in Durban during the day. 

The pulses were again received late at night when 

the absorption was low. At 21.43 hours two pulses appear 

on the record with the following time delays relative to 

the first puls e: 

600 and 1700 p sec. 

On following these pulses, it is found that they 

merge at 22.20 hours (see Fig . 26a). This helps to 

identify them qui tc easily. The 600 p sec pulse would be 

the lower F-ray and the 1700 p sec pulse could be identified 
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as the ordinary Pedersen ray (the extraordinary Pedersen 

ray joins the lower ray later). These are both one-hop 

- if they are assumed to be 2-hop, the time delays do 

not fit into tho calculation at the time when the 

ordinary critical frequency is reached, 

The identification of the triggering pulse is made 

easy if the Grahamstown ionograms for this t ime are 

examined. They show clearly the existence of a steady 

sporadic-E layer at a height of 130 km. If it is 

assumed that the triggering pul se is a 2-hop from this 

layer, then its time of propagation is given by Fig. 17 

as 2600 psec. Therefore the propagation time for the 

lower F-ray would be 2600 + 600 = 3200)Usec. This gives 

the height of reflection as 380 lrn (see Fig. 17). The 

vertical incidence equivalent of 4.73 Mc/s reflected 

from this height is 3.73 Mc/s (by the Secant Law). 

Grahamstown ionogr ams give the height of reflection of 

3.73 Mc/s at 21.45 hours as 390 km which agrees very 

well with the value obtained . 

The lower F-ray continues to be reflected from 

380 km while the Pedersen r ay drops in height very 

gradually until both r ays merge at 22.20 h9urs. This 

indicates that the critical frequency for the ordinary 

ray is roached. The vertical incidence equivalent of 

4.73 Mc/s reflected from 380 km has already been found 

to be 3.73 Mc/s. ~fuen the Grahamstown ionograms are 

examined, it i s found that the F-layer critical frequency 

passes through 3 ·73 Mc/s between 22.00 and 22.30 hours. 

The time of 22 .20 is well within this range. As the 
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critical frequency drops very slowly, the ordinary F­

layer reflections . arc received from the peak of the 

layer for a longer period than expected, rather as 

during the morning of the same day. It could be 

assumed that the extraor dinary lower ray is together 

with the ordinary ray and both are having the same 

time delay. Grahamstown ionograms do verify that the 

f
0

F2 is dropping very slowly. 

At 22.26 hours there is a sudden change (eee Fig. 

26a). The 600psec pulse disappears and only one 

pulse remains, which triggers the apparatus. It might 

have b een mistaken that the F-pulse disappeared and the 

Espulse r emained had it not been for the appearance of 

the extraordinary Pedersen ray imrnediately after this. 

The Pedersen ray starts with a time delay of 800 psec 

at 22.28 hours and drops in height to join the trigger-

ing pulse at 22.49 hours (Fig. 26b). It is known that 

at the MUF the he ight of reflection of the ordinary ray 

is the same as the height of reflection of the extra­

ordinary ray. Therefore it would not be wrong to assume 

that the height of reflection now is 380 km. This gives 

the vertical incidence equivalent frequency as 3·73 Mc/s. 

From the delay in diurnal variations between Umtata and 

Grahamstown, 3·73 Mc/s would be expected to be the f
0
Fx 

for Grahamstown at 22.49 + 00.06 = 22.55 hours which 

seems a possible time a ccording to the ionograms for 

Grahamstown. (The ionograms give f
0
Fx for 22.45 hours 

as 3.8 Mc/s and for 23.00 hours as 3.7 Mc/s). 

In the meantime a sudden change had taken pl ace a t 
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22.35 hours for 4 minutes (see Fig. 26b). The original 

pulses which were identified as the lower ru~d the 

Pedersen rays disappeared and the record showed two 

pulses with time delays of 700 and llOO psec w.r.t. the 

triggering pul se. 

If the 700Jlsec pulse were shifted down to where 

the triggering pul se is, then the 1100 psoc pul se would 

fit very well in that part of the film where the Peder­

sen ray i s missing. Therefore it may be correct to say 

that the sporadic-E layer pulses have become strong 

enough to trigger the apparatus. The lower F-ray being 

reflected from a height of about 380 km has a time of 

propagation of 3200psoc. Therefore the time of propa­

gation of the triggering pulse would be 3200 - 700 = 

2500psec. Fig . 17 shows that the only possibility for 

this pul se is a 2-hop from the E
5 

layer at a height of 

115 km. 

Although Grahamstown ionograms do not show any sign 

of sporadic-E at this time, neverthel ess, it is possible 

that this short period of ionization in the E layer is 

caused by meteors and / or ionospheric wind-shear . The 

pulses disappear at 22 . 49 hours . 

From 22.50 hours to midnight three more or less 

steady pulses appear on the record with the following 

time dolays :-

300, 900 and 1700 psec. 

Though not as many , these pulses are very similar 

to those obtained the previous night at 00.36 hours. 

The conditions are almost identical t oo , i.e. the F-l ayer: 
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critical frequency has dropped and no reflection from 

this layer is possible. Therefore they could be 

explained as the sporadic-E layer reflections. If it 

is assumed that the triggering pulse is a one-hop from 

the E l ayer at a he i ght of 110 km, then the 300 and s 
900psec pulses fit r easonably well as the 2-hop and 3-

hop pulses from tho same layer. The possible identifi­

cations are given in Table II 

. 

Propagation Times 

Pulse Time Delays From Record From Fig. 17 

1-hop 0 2100 2100 
2-hop 300 2400 2450 
3-hop 900 3000 2950 
4-hop 1700 3800 3550 

TABLE II 

It is s eon from Table 2 that if the fourth pulse is 

assumed to be a 4-hop, there is an error of 250pseo 

which is far too high compared with the normal error of 

50 psec allowed in this experiment. 

Howeve:B, if it is as r:rumed that the apparatus i s 

sometimes triggered by the 2-hop pulse, the 1700psec 

pulse fits very well as a 5-hop pulse. If the 2-hop 

pulse is triggering the apparatus , then the time of 

propagation of the 1700 pscc pulse would be 2400 + 1700 

= 4100psoc. According to Fig. 17, tho 5-hop pulse 

reflected from 110 km would have a propagation time of 

4150 psoc. This agrec;s v-vell with the value of 4100 psec 

obtained above . 
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WINTER DAY (11/7/65) 

There is no indication of any pulse on the records 

from midnight (oo.oo hours) to 07,45 hours. Grahamstown 

ionograms for this period verify that it is impossible 

to get 4.73 Mc/s propagation between Grahamstown and 

Durban. The value of f
0
F2 remains below 2.7 Mc/s. (It 

is found to be between 2.4 and 2.6 Mc/s most of the 

time.) This gives the minimum value of sec ~0 as 1.75; 

hence the minimum value of ~0 is 55 
0 

' 
where f>o i s the 

angle of incidence of t he oblique rays on the ionosphere. 

This sets an upper limit to the height of reflection to 

• about 200 km, which is well below the h F2 values (t he 
J 

h F2 va lues vary between 230 and 270 km ). In other 

words, Durban lies in the skip distance from Grahamstown. 

There is also no evidence of a sporadic-E layer on the 

ionograms. 

From about 07.45 hours, a triggering pulse appears 

on tho record. Si nce it is the only pul se , none of the 

us ual measurements could be carried out. Nevertheless 

it would be correct to assume this to be an E-layer 

reflection because the record shows that the F-layer MUF 

between Grahamstown and Durban only r eaches 4.73 Mc/s at 

08.32 hours. In addition ionograms for Grahamstown 

indicate a sporadic-E layer at 07.00 hours and normal E 

layer at 07.30 hours. The pulse gets stronger and 

broader after 08.00 hours, attaining a pulse-width of 

over 200 p sec. 

The second pul se malces its appearance at 08 .32 hours 

when thu electron density in the F region has increased 
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sufficiently such that the MUF for the extraordinary 

pulse propagated between Grahamstown and Durban attains 

the value of 4.73 Mc/s (see Fig. 27al 

The time delay between the ·triggering pulse and 

the F-layer reflection at 08.32 hours is 800JUsec. 

On examininG the ionograms for Grahamstown it is seen 

that the height of reflection of the normal E and the 

sporadic-E layers is approximately 115 km. Since the 

time delay between the triggering pulse and the F-layer 

reflection is high (800 p sec), it may be assumed that 

the triggering pulse is a 1-hop reflected from a height 

of 115 km. Fig. 17 gives the time of propagation of 

this pulse as 2125 psec. Therefore the time of propa­

gation of the F-pulse would be 2125 + 800 ~ 2925 flsec. 

Hence the height of reflection is 3 25 lan (see Fig 17). 

Calculation gives the angle of incidence of the pulses 

on the ionosphere to be 42°. Using this value in the 

Secant Law, the vertical incidence equivalent of 4.73 

Mc/s is found to be 3·5 Mc/s . However, Grahamstown 

ionograms show that the fxF2 passes 3.5 Mc/s between 

07. 00 and 07 .15 hours, vvhereas it would be expected to 

occur at 08.45 hours. 

The noted difference in time of more than one 

h our (about 90 mins) appears throughout the winter 

records. This anomaly has not been explained with the 

facts so far known. 

The Pedersen ray splits off from the normal ray 

and rises until it reaches a time delay of 1400 psec 

at 08.38 hours, after which it disappears. Meanwhile 
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at 08.34 hours, the o1dinary Pedersen ray splits off 

from the normal ray (Fig. 27a). It is seen from the 

record that tho hGights of reflection for the ordinary 

and extraordinary rays at their respective ~mJFs are equal. 

Thus it may be concluded that the vertical incidence 

equivalent frequency of the ordinary 4·73 Mc/s is 3·5 

Mc/s. Again whereas f
0
F2 is expected to pass 3.5 Mc/s 

at 08.47 hours, it does so about 90 minutes earlier. 

The Pedersen ray r ises and is completely absorbed 

at 08.45 hours. The height of refl ection of the lower 

ray decreases and attains a steady value at 09.00 hours, 

when the time delay is 350 psec. This cives the height 

of reflection as 230 lan which is in good agreement 

with the Grahamstown ionograms. (These show that after 
I 

09.00 hoQTS h F2 varies between 230 km and 250 km ). 

The normal F-layer pulse continues to be reflected 

from about 230 km until 11.00 hours. Of course there 

are fluctuations in time delays up to 100 psec w.r.t. 

tho first pulse. This cou l d be attributed to the vari­

ation in tho height of reflection of the F layer. 

After 11.00 hours, the F-layer pulse is seen not as 

a continuous line but as broken lines developing into 

widely separated "spots" . This is an indication that 

the pulse is weakening , presumably as a result of 

absorption in the ionosphere. These spots disappear 

after 12.35 hours. 

In the meantime a poorly defined pulse starts at 

about 08.50 hours with a time delay of lOOO)lsec (see 

Fig. 27b). The pulse drops rapidly to 900pseo and 
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remains at tl1is value until it disappears at 09.30 hours. 

When it has a time delay of 900 psec, its time of 

propagation is 2125 + 900 ~ 3025psec. No mode of 

propagation shown in Fig. 17 seems to give a value 

anywhere near the time of 3025)lsec. 

On calculating it is found that this pulse fits in 

as a N-type propagation with one hop on the F layer at 

a height of 230 km and the other hop on the E layer at 

a height of 115 km. This mode would have a path l ength 

of about 900 km. Henc e tho time of propagation is 

3000)Usec, which is very close to the value of 3025 

~sec given by the record. The weak nature of the 

pulse could be attributed to the partial penetration 

of the E layer. 

Further examination of the r ecord reveals that from 

about 11.00 hours to about 12,00 hours a fairly steady 

pulse with a large time delay occurs on the upper edge 

of the fi l m. The pulse starts at 1700)Usoc rises to 

1800~sec, remains at t his value for a while, then drops 

to 1600JUsec before it disappears. It is seen to be a 

weak pulse. Grahamstown ionograms indicate that the E 

layer has dropped to 110 km after 10.30 hours. Hence 

the time of propagation for the E-pulse would be 2100 

flSOc. Therefore tho time of propagation of the new 

pulse varies between 3700 and 3900psec. Fig. 17 

identifies this pulse as a 2-hop from the F layer at a 

he ight varying between 235 and 250 km . Such a mode 

seems possible according to the Grahamstown ionograms, 

which give tho n'Fzvalues as varying between 230 and 240 

km during this period . 
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Between 15.40 hours and 17.20 huurs many pulses 

with rapidly varying time delays are seen (soc. Figs. 

28. a, b, c, d, e). This part of the film obviously 

requires very careful analysis. Nevertheless, if 

Grahamstown ionograms for this period are thoroughly 

investigated and a clear picture of the ionosphere 

over Grahamstovrn. is obtained tho analysis is consider­

ably simplified. 

Careful examination of the record indicates that 

in addition to the trig(,ering pulse, there is a steady 

pulse which had started faintly at about 14.20 hours 

with a time delay of 475 psec w.r.t. the first pulse. 

The height of refl ection then very gradually decreases 

until the pulse is at 400]Asec at about 16.10 hours. 

Thereafter it r emains at this value, disappearing at 

17.20 hours. 

Grahamstown ionograms indicate the existence of a 

sporadic-E l ayer which drops in height from 125 km at 

13.15 hours to 115 km at 15.15 hours and remains at 

115 km until it disappears at 16.15 hours. Taking 

into account tho normal delays obtained between the 

oblique records and Grahamstown ionograms, it is found 

that this pulse could b e identified as a sporadic-E 

l ayer r efl ection. Further corroboration is provided by 

the f act tha t this pulse does not follow the r apid 

variations that occur in the F region during this 

period. 

An attempt to identify the triggering pulse as a 

2-hop f rom the normal E l ayer meets with no success as 
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shown by the following figures:- If the height of 

reflection is assumed to be 110 km (as given by Grahams­

town ionograms) it is found that the vertical incidence 

equivalent frequency is 2.8 Mc/s which is well above the 

value of 2.5 Mc/s given by the Grahamstown ionograms for 

f
0
E around this time. 

Therefore a one-hop from the E· layer seems more 

likely to be the triggering pulse. If a one-hop from 

the E l ayer a t a height of 110 km i s assumed to be the 

triggering pulse , its vertical incidGnce equivalent 

fr equency works out to be 1.65 Mc/s which agrees with 

the f 
0
E values given by tho Grahamstovm ionograms. 

The steady pulse that starts off at 475psec then 

fits in very well as a 2-hop from the sporadic-E layer. 

According to the time delays obtained, the propagation 

time decrGases from 2575 psec at 14.20 hours to 2500 

psec at 16.10 hours. This indicates that the height 

of reflection decreases from 125 km to 115 km• which 

i s verified by the Grahamstown ionograms. 

The pulses in the upper portion of the film show 

rapid variation in the heights of reflection. This 

itself leads one to believe these to be F-layer pulses 

since Grahamstown ionograms show similar characteristics 

for the F region. The 700 p sec pulse which starts at 

15.43 hours (Fig. 28a) would have a time of propagation 

of 2800psec (2100 + 700). Fig . 17 gives its height of 

reflection as 300 km. From the Grahamstown ionograms 

tho height of reflection of tno equival ent frequency, 

3.4 Mc/s, is found to be exactly 300 km, reflection 
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occurring at the peak of the F1 layer. Hence this 

pulse could be identified as the lower F~ray. The 

1200psec pulse which appears at 15.42 hours for 2 

minutes is recognised, with the aid of Grahamstown 

ionograms, as an F2~layer pulse reflected from a height 

of about 400 km. 

The ordinary F1 Pedersen ray appears at about 

15.45 hours . It starts at 1500psec and drops rapidly 

in height to join the lower F1-ray at 15.49 hours. The 

F~layer reflection continues at its peak. This is to 

be expected since Grahamstown ionograms indicate that 

f
0
F1 decreases very gradually. At about 16.00 hours, 

the extraordinary Pedersen ray makes its appearance as 

faint dots with a time delay of 1100 ~sec. It j oins the 

lower ray at 16.10 hours (Fig. 28~). 

Thereafter the pulses become vory broad and the 

heights of reflection vary widely. Grahamstown iono­

gr ams verify this s ince they themselves indicate rapid 

variation in heights of reflection. For pulses randomly 

chosen on the record, it is found that the heights of 

reflection obtained in the record agree within reason­

able limits to heights of reflection of equivalent 

frequencies in Grahamstown ionograms (sometimes they 

agree with the ordinary components and at other times 

with the extraordinary components). 

At 16.30 hours two pulses remain steady for a short 

period (Fig. 28c). Their time delays are 800)Uscc and 

1100 p sec, giving heights of reflection of 320 km and 380km 

rospcctively. Again Grahamstown ionograms verify these 
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heights of reflection for the equivalent frequencies 

and identify them as the extraordinary and ordinary 

pulses from the F2 l ayer respectively. 

From 16.50 hours a single broad steady pulse 
' 

with a more or less constant time delay of 900)Useo 

is seen (Fig. 28d). It remains at this value until 

17.05 hours. Calculations give the hei ght of 

reflection of thi s pulse as 340 km. Grahamstown iono­

grams give the heights of reflection for the equivalent 

frequency (3.6 Mc/s) for this period as varying between 

340 and 360 km, which agrees reasonably well with the 

value obtained. Hence this pulse could be identified 

as a reflection from the peak of the F
1 

layer. The 

broadness seoms to be due to the Pedersen ray slowly 

joining it. 

After 17.05 hours, the time delay increases to 

llOO)Use c (see Fig. 28e) which shows that the propaga­

tion time is now 3200psec (2100 + 1100), the corres­

ponding height of reflection being 380 km. This is 

also verified by the Grahamstown ionograms which give 

the height of reflection of the equival ent frequency 

(3.7 Mc/s) a s varying between 365 km and 380 km. 

From ab out 17.20 hours a more normal pattern of 

behaviour of the , ulses is observed, Here a strong 

steady pulse i s seen varying between 400 and 500~sec. 

In addition there is a weak pulse on the upper part of 

the film varying between 1600JUsec and 1800~sec. 

If it is assumed that the triggering pulse is still 

a one-hop from the E l ayer which has now risen to 120 km 
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(as shown by Grahamstown ionograms), then the 400 psec 

pulse could be identified as a one-hop from tho F layer 

at a hei ght of 240 km, and the 1600 ~sec pulse as a 

2-hop from tho same layer. The times of propagation of 

the three pulses would respectively be 2125, 2540, and 

3750)Useo (according to Fig. 17). Thes e values agr ee 

well with the t imes of propagation obtai ned from the 

rec ord, viz., 2125, 2525, 3725JUsec respectively . 

Once again Grahamstown i onograms to a reasonable 

approximation validate the a s s umptions made. 

The 2-hop pulse from the F l ayer becomes weak 

after 18.30 hours and soon disappears , whereas t he one-

hop pulse l asts till 19.30 hours . 

No further pulsGs are observed on the record 

until midnight . 

It may b e interesting at this stage t o comment 

on tho r el ation of these r Gsults to selective fading. 

Thus , if therG are two paths of propagation with a 

r elative delay of 350}lsec, as in Fig. 

corresponding to a munical f r equency of 

27b, a sideband 
106 

2 X 350 = 1429 

would just arrive in antiphase by the later path. Thus 

it is eff ectively l ost, or very much weakened r e l atively 

to say 715 c.p. s ., which has no second path delayed by 

half a cycle to affect it. 

Time delays between pulses gener a lly remain below 

1000pscc 1 which corresponds to a frequency of 500 c.p.s. 

Time delays up to 2000 )Usec have very r ar ely been 

obtained. Thus most of the sel ective fading would 

affect the higher musical and speech f requencies over 

the Grahamstown-Durban path. 

c/ s 
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4.23 INTERESTING PHENOMENA 

4.231 AN ill~USUAL TRAVELLING DISTURBANCE OBSERVED 

AT SUNRISE ON 30TH DECEMBER, 1964 

The record for the morning of 30th December, 1964 

shows the normal E-and F-layer reflections. At 06.33 

hours the 2 x F-pulse makes its appearance at 1700psec 

and drops to 1200JUsec at 06.5l hours (see Fig. 29b). 

However, in the meantime, at 06.48 hours an unusual 

pulse appeared at about 1800 )Usec time delay (Fig. 29b). 

This pulse only lasted 4 minutes and could not be 

explained by the usual assumptions. 

Grahamstown ionograms for the period 06.45-08.00 

hours indicate that there could have been a very large 

travelling disturbance during this period. The i ono-
1 , 

grams show an unusual sudden rise in the h F1 and h F2 
values for a short interval around 07.30 hours. The 

i t 
h F1 and h F2 values for this period are given in Table III. 

----
TIME h~F 

1 JF 2 

06.00 245 270 
06.45 240 275 
07.15 220 345 
07.30 245 415 
07.45 245 370 
08.00 240 345 
08.30 240 345 

TABLE III 
I I 

This sudden increase in t he h F1 and h F2 values 

might be attributed to the passage over Grahamstown of 

an inverted trough of ionization of the type discussed 

by Munro (56) and McNicol, Webster and Bowman (57). 
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It is possible that this effect is r elated to the 

unusual pulse seen at 06.48 hours on the oblique 

incidenQe record. The impression obtained from the 

record is that the 2-hop pulse from the F layer splits 

up and reflection takes place from two different 

heights. Therefore points at which the disturbance was 

likely to have affected the pulse would be t of the 

way from Grahamstown to Durban or i of the way. The 

latter is unlikely because if it was so, the disturbance 

would have been noticed again at a later time on the 

record 1 when it passed the first reflection point 

(i.e. t of the way from Grahamstown). This is not 

i ndicated by the record. Therefore it could be assumed 

that the disturbance passes t!~ough the point 147 km 

from Grahamstown on the Durban-Grahamstown line at 06.48 

hours. 

It is interesting to note that the disturbance 

was observed at sunrise. A similar disturbance was 

observed in Grahamstown in August, 1960 also at sunrise 

(58). Therefore it might bG sug~ested that sunrise 

contributes in some way to the formation of disturbances 

of this kind. There i s a possibility tha t ripple 

effects caused by sunrise in the ionosphere could r esult 

in such unusual waves of ionization. The i ndications 

are tha t there is a massive motion of particles rather 

than just the increase and decrease of ionization in 

the F region. 

It would be difficult to get the actual direction 

of travel of the dis turbance or evGn its velocity. 
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Records at 3 points whtch are not in a straight line 

are necessary to determine this. Nevertheless, noting 

the disturbance at two definite points helps one to 

determine the component of its velocity along the 

Durban-Grahamstown line accurately. It is seen at a 

point 147 IDn from Grahamstown at 06.48 hours and at 

Grahamstown at 07.30 hours. Therefore it takes 42 

minutes to travel 147 kilometres. Hence the component 

of tho velocity along the Durban-Grahamstown line is 

210 km/hour. 

Th D b G h t l . k 1 43° e ur an- ra ams own lno rna es an ang e 

with the E-W line. Thus if it is assumed to be 

travelling from East to West its velocity would be, 

V = 210 Cos 43° = 154 km/hour 

which compares well with the range of speeds recorded 

by Munro (59,60). 

The disturbance takes 45 minutes to pass through 

Grahmnstown. This information could be used to 

determine its width which is found to be 157 km. 

From the Grahumstown ionograms virtual heights 

for a particular frequency for this period can be 

obtained . A knowledge of the velocity of the wave 

helps to convert the times t o distances. That is, it 

is imagined that the disturbance is stationary and 

that the Grahamstown ionosondc is moving under it a t 

210 km(hour in the Durban direction and that recordings 

ar e taken at points separated by~ = 52.5 km. It 
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is possible then to set up axes with heights as 

ordinates and distances travelled by the ionosonde as 

abscissae and plot the values of virtual heights. 

By repeating this for other frequencies a contour 

diagram of virtual heights i s obtained. Th i s is 

given in Fig . 30. These contours give t he apparent 

s hape of the disturbance as obtained from values of 

virtual he ight. Fig. 30 gives its amplitude as being 

in the order of magnitude of 200 km in the F2 region 

and 25 km in the F1 region. 

Some of the apparent increase in virtual height 

could be due to retardation in the E region which is 

f orming r apidly a t this time . Thus tho true shape of 

the disturbance might have been slight ly different and 

the amplitude could have been smaller. 

(a) Effect on 2-hop pul se 

When the disturbance approaches the reflection 

point, the l eading ed~e reflects the pulses . Soon the 

trailing edge joins in the reflection. However, tho 

heights of reflection are more or loss the same and 

this r esults in tho propagation times being the same. 

Therefore only one pulse i s seen on the record. 

As the wave gets closer to Grahamstown, the height 

of reflection on the loadinG edge increases. Therefore 

the pulse is seen to split. The two components separate 

until a time difference of 500 p sec is reached when one 

of the pulses is reflected from the trough of the wave. 

This shows t hat there is a difference in height of 

reflection of about 100 km which seems possibl e accord­

ing to Fig. 30. 
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Subsequently the pulse reflected from the trough 

disappears because the shape of the trough does not 

provide the correct inclination for the obliquely 

incident pulse to be returned to a point approximately 

midway between Grahamstown and Durban. The pulse 

reflected from the trailing edge soon disappears due to 

absorption. 

( b) Effect on the One-hop pulse 

According to calculations, the disturbance should 

pass through the midway point at 06.06 hours. Before 

06.06 hours the reflection is expected to take place 

on the leading edge. On examining the shape of the 

disturbance ·it is seen that the change over of the 

point of reflection from the leading edge to the 

trailing edge would take place without much change in 

the time of propagation. However, the record shows a 

slight weakening of the pulse around this time. 

Unlike the two-hop pulse, the reflection from the 

leading edge disappears very quickly because the angle 

of incidence on the ionosphere of the one-hop pulse is 

large and the walls of the trough are not inclined 

sufficiently to the vertical to return the pulses to 

Durban. 

The inclination seems to be just right around 06.25 

hours when the disturbance is 235 km from Grahamstown. 

The oblique incidence record shows that at this time 

the 1 x F-pulse gets very broad (300)lsec ) and attains 

a high intensity ( s ee Fig. 29a). A condition is 

possibly reached such that reflections from a number of 

points in the trough a re focussed to Durban. Since the 
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reflection point is low, i.e. at a point where the 

trough is shallow, the pulse does not split. 

A rough calculation may be made to test this 

hypothesis as follows; The distance of the actual 

point of reflection from Durban is 420 km and from 

Grahamstown is 320 km. Using the well-known formula 

for reflection from a curved surface, it is found 

that the radius of curvature of the reflecting 

surface is 90 km. On examining the disturbance it 

is found that the radius of curvature at the trough 

is 40 km and that it varies continuously until it 

reaches infinity near the edge. Since the Grahamstown 

-DUrban line is inclined at an angle to the axis of 

the disturbance, the radius of curvature of 90 km 

obtained above seems to be of the right order of 

magnitude and the reflection (focussing) seen on the 

record appears to be reflected from near the trough 

of the disturbance. 

4.232 ANOMALOUS PEAK IN THE F LAYER AT NIGHT 

An interesting phenomenon in the F layer is shown 

after 01.00 hours on 25/12/64 (see Figs . 31 a, b, c, d, 

and e) • 

At 21. 44 hours on 24/12/64 propagation through 

the F layer stopped because the MUF between Grahamstown 

and Durban had dropped to below 4.73 Mc/s . Now the 

plasma frequency should remain low or show a gradual 

decrease until the sun's ionizing radiations produce 

more electrons at sunrise. But that this is not the 

case is shown by the record for the period 01.00 hours 

to 03.00 hours. 
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From 01.22 hours a broad triggering pulse is seen 

(Fig. Jla). It continues to broaden until it splits 

at 01.34 hours. The wide variations in the time delay 

of this pulse rules out the possibility that it could 

be either a sporadic-E or a normal E reflection. 

Therefore it is apparently an F-layer pulse. This 

could be verified if one follows the pulses up to 

03.00 hours and finds a new triggering pulse which may 

only be identified as a sporadic-E layer reflection. 

Once it is established that these are the F­

layer pulses, it is quite simple to identify the 

triggering pulse and the pulse that splits away from 

it, which are respectively the lower extraordinary F­

layer pulse and the extraordinary Pedersen ray. The 

latter rises at first to reach 500 psec time delay at 

01.40 hours - denoting that the electron density in 

the F region is increasing. Thereafter the electron 

density seems to decrease as shown by the change in 

direction of the Pedersen ray which drops to 300 psec 

and remains at this value until 01.50 hours. (Figs. 31 

a and b). 

Again between 01.50 and 02.10 hours there is a 

notable increase in the electron density in the F 

layer. This is made evident by the Pedersen ray rising 

until it reaches 800psec at 02.10 hours (Figs. 31 b 

and c) • Two minutes later the ordinary Pedersen ray 

appears at a time delay of lOOJlsec signifying a 

further rise in the plasma frequency. This ray is seen 

to disappear at 02.16 hours a s the electron density 

falls again. Subsequently there is a gradual fall in 
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the extraordinary Pedersen ray until it reaches 300 

)lsec at 02.35 hours (see Fig. 3ld) indicating a 

similar drop in the electron density. There seems to 

be s till another change since the Pedersen ray again 

rises to 400)Usec. 

At 02.59 hours there is an upward shift of all 

pulses corresponding to 500Jlsec, which means that a 

n ew pulse is triggering the apparatus. The only 

possible identification for the triggering pulse is 

that it is a reflection from the Es layer. If it is 

as·sumed that this pulse is a 2-hop reflected from a 

height of 120 km, the F-pulse would have a time of 

propagation of 2550 + 500 = 3050psec. This would 

give the height of reflection as being 350 km which 

falls within the normal range of values expected for 

an F-layer reflection near the peak. Finally the 

Pedersen ray joins the lower ray at 03.05 hours, after 

which all pulses disappear. 

The behaviour of the ionosphere - as described 

a bove - is not unusual at all in summer. In fact, it 

is often found that f
0

F2 shows a peak at about 02.00 

hours in summer. The peak is presumably not brought 

about by an increase in ionization, but rather by 

temperature changes. As the layer cools during the 

night, it contract~ leading to an increase in the 

electron concentration even though the loss process is 

tending to decrease the electron density. 

If the rate at which the electron density increases 

due to the contraction of the layer is more rapid than 

the rate of lo s s (due to recombi nation, attachment, etc.), 
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the F-layer electron density increases to a maximum. 

Consequently the Pedersen ray rises. At times when the 

pulses remain at a constant level, e.g. 02.50 to 02.59 

hours in Fig. 3le (i.e. the electron density is constant~ 

the rates of the two processes are equal. On the other 

hand when there is a downward trend in the Pedersen ray, 

the rate of loss dominates. 

Finally, when the layer has cooled sufficiently 

and is in a steady state there is little or no further 

contraction. Hence the loss process plays a major role 

in determining the electron density of the ionosphere. 

Therefore the plasma frequency decreases gradually, the 

MUF for the F layer dropping to below 4.73 Mc/s. 

Similar features were noted on many other days. 

The record for 26/11/64 (see Figs. 32a and b) 

illustrates another example of such an occurrence. 

4.233 E -LAYER CRITICAL FREQUENCY 

When, at sunrise, the E layer is formed, there is 

no propagation via this layer until its MUF reaches 

4.73 Mc/s. The starting of reflections from the E 

layer could be correlated with the critical frequency 

as was done for the fxF2 and f
0

F2• 

The existence of a sporadic-E layer at the time 

when the normal-E MUF reaches 4.73 Mc/s makes these 

measurements impossible. Therefore it is necessary to 

choose a day when the sporadic-E is absent. Such 

conditions were found to prevail on 30/12/64. 

On t~is day the extraordinary and ordinary MUFs 

of the F layer reached 4.73 Mc/s at 05.03 and 05.10 

hours respectively. Subsequently the lower F-ray 
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triggers the apparatus until 05.40 hours. At 05 . 40 

hours a new pulse is seen with a time delay of 400)Usec. 

This indicates a change in triggering. The first pulse 

is now an E-layer reflection while the F-pulse is at 

400 psec. 

An examination of Grahamstown ionograms shows that 

the sporadic-E layer disappears at 05.00 hours and that 

the normal E layer makes its appearance at 05.30 hours. 

Therefore it would be correct to assume that it is the 

normal-E reflection ·that triggers the apparatus et 05.40 

hours. 

Grahamstown ionograms for 05 . 45 hours give the 

value of h(E as 140 km and f
0

E as 1.85 Mc/s. If it 

is assumed that the E-layer reflections take place at 

140 km, then the angle of incidence (¢
0

) of the 

pulses on the ionosphere works out to be 65°. If on 

the other hand, 1.85 Mc/s is taken as the vertical 

incidence equivalent of 4.73 Mc/s and the Secant Law 

is applied to it, it is found that ¢
0 

is 67°. The s e 

two values of ¢
0 

agree reasonably well and the error 

of 2° involved is negligible. 

It is shown from the above discussion that the E-

layer propagation is observed to begin as expected when 

its MUF has reached 4.73 Mc/s. Therefore these propa-

gations would ideally continue to exist throughout the 

day until the E-layer MUF drops after sunset . However, 

this is not s o because of the high absorption that t akes 

place during the day. Consequently the pulses soon 

disappear. 

The night-time falling of the E layer is not 

observed because the a bsorption is still high at the 

time that its MUF drops t o below 4.73 Mc/s. Pulses 

begin to reach Durban much later than this. 
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ELECTRON DENSITY IN THE F REGION AT 

SUNSET IN WINTER 

An example of a very slow decrease of electron 

density in the F region during sunset in winter is 

shown by the record for 1/7/65 (Figs. 33 a and b). 

Here it is seen that from about 17.25 hours the F­

layer pulse begins to rise from its time delay of 

300 psec, while the ordinary Pedersen ray appears at 

1400 pseo just after 17.29 hours. At 17.38 hours 

the Pedersen ray joins the lower ray which has now 

reached a time delay of 400jlsec (see Fig. 33a). 

Normally the next step would be the appearance 

of the extraordinary Pedersen ray which would then 

join the lower ray. However, this does not occur: the 

lower ray rises further (to 500Jlsec) indicating that 

the reflection occurs at a much higher level. This is 

not unusual since the lower parts of the ionosphere 

are gradually disappearing into the shadow of the earth 

while the ultra-violet rays from the sun are only 

incident on the upper parts. 

However, the splitting of the ordinary Pedersen 

ray again f rom the l ower ray i s an unusual occurrence. 

The former r eaches a time delay of 900psec at 17.44 

hours while the latter is at 500psec. Thi s might be 

attributed to a drop in the rate of recombination due 

to rarefaction of the constituents of the upper 

atmosphere as well as contraction of the layer due to 

lowering of temperature. 

After 17.44 hours a downward trend of the 

ordinary Pedersen ray is noted to a point where it merges 
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with the lower ray at 17.50 hours (Fig. 33b). Similarly 

the extraordinary Pedersen ray which had started at 

17.36 hours with a time delay of 1600psec joins the 

lower ray at 17.59 hours, denoting that the extra­

ordinary MUF for the F layer between Grahamstown and 

Durban passes 4.73 Mc/s. Thereafter the plasma frequen­

cy remains at a low level. 

4.235 CHANGE IN TRIGGERING DUE TO DIS-

APPEARANCE OF THE SPORADIC- E RE-

FLEC.TIONS 

From the records taken it is seen that change of 

triggering is a general occurrence. A typical example 

will now be discussed. 

On 30/11/64 (during a time when t hour recordings 

were taken every hour) at 05.30 hours two pulses are 

seen - one at 500 psec and the other at 1350 psec 

{Fig. 34). The lower pulse remains at a more or less 

constant level while the upper one rises to 1600psec 

at 05.37 hours. This behaviour immediately indicates 

that the 500)Qsec pulse is the lower F-ray while the 

upper one is a Pedersen ray. The triggering pulse would 

be an E-layer reflection since its time of propagation 

is lower. 

At 05.37 a sudden change occurs. Both these 

pulses disappear and a single pulse appears at 1100 

JUSec whi ch is exactly equal to the difference in time 

between the lower and upper F-rays. Thus it is clear 

that the E-layer pulse has disappeared and the trigger­

ing is taken over by the lower F-ray while it is the 
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Pedersen ray that appears at llOOjUsec. 

This record serves also to identify the trigger­

ing pulse as a sporadic-E and not a nor.mal-E reflect­

ion. A normal · Elayer would be in the process of 

forming at this time and would not disappear suddenly 

as has been seen to occur. 

Careful examination of Fig. 34 shows that the 

change in triggering als o takes place twice at about 

05.32 hours. 
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4.24 RAY T~lCING 

Before ray tracing can be attempted, it is 

necessary to obtain an accurate N-H profile for the 

ionosphere. N-H profiles could be determined from 

Grahamstown ionograms. The ionograms must be distinct 

such that heights of reflection could be read off 

throughout the frequency range. 

The ionogram taken at 07.45 hours on ll-7-1965 

seems to fulfil the above requirements. (Although an 

ioncgram taken at an earlier hour would, however, 

have been preferred, the earlier ionograms were found 

to be inadequate to obtain the N-H profile normally 

expected). For the ionogram chosen the equivalent 

time on the oblique incidence records would be about 

09.05 hours (including the 90 min. unexplained winter 

delay). These records indicate that at this time the 

lower F-ray has a time delay of 350psec and the 

upper ray has already been absorbed. On extrapolation 

it is found that, if the upper ray were still received, 

it would have a time delay of approximately 1850psec. 

From the ionogram for Grahamstown (for 07.45 hours) 

the virtual heights of reflection for 23 different 

frequencies were obtained, spaced 0.1 and 0.2 Mc/s 

apart. With the aid of a computer program based on 

Titheridge's method (61), the plasma frequency for 

various true heights in the ionosphere was obtained 

(see Table IV). From this a curve of plasma frequency 

versus height was plotted on a large graph paper. This 

is reproduced in Fig. 35. 
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It is assumed that the ionosphere between Grahams­

town and Durban is horizontally stratified. Hence the 

plasma frequency for a particular height would be the 

same throughout the distance from Grahamstown to 

Durban. A large scale diagram of the vertical plane 

passing through Grahamstown and Durban was then drawn 

on graph paper. One inch was used to represent 10 km. 

The ionosphere on the scale diagram was then divided 

into many strata of 2 km at the lower parts and l km 

near the peak where the angle of incidence of the rays 

on the different strata would be large. For each of 

these strata, the mean plasma frequency was determined 

and the phase refractive index for a frequency of 

4.73 Mc/s was calculated with the aid of equation 3.7. 

These values a re given in Table v. 
Next a eertain angle of incidence on the ionosphere 

was assumed. A straight line was drawn at this angle 

from Grahamstown to the base of the ionosphere. The 

angle that this ray would make in the different strata 

was calculated using Snell's Law. Then the ray was 

traced through each stratum end to end, until the ray 

became horizontal. 

The ray that reaches Durban would become horizontal 

at the midpoint between Grahamstown and Durban, Many 

angles of incidence were attempted and finally it was 

found that two rays, one incident at an angle of 28°52
1 

and one at 50°52
1

, became horizontal at the midpoint. 

These would be the Pedersen and lower rays, respectively. 

The other half of the ray diagram was completed by 

symmetry. The diagram was reduced and is shown in Fig. 36. 
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Plasma Freq. Virtual Ht. Real Ht. 
in Mc/s in km in km 

1.100 112.00 112.000 

1. 200 112.00 112.000 

1.400 112.00 112.000 

1.500 113.00 112.108 

1.600 115.00 112.400 

1.700 130 .oo 114.139 

1.800 175.00 119.880 

1.900 175 .oo 124.397 

2.000 178.00 128.455 

2.100 260.00 139.231 

2.200 245.00 146.611 

2.300 240.00 152.572 

2.400 235.00 157.403 

2.500 230.00 161.314 

2.600 230.00 164.855 

2.800 235.00 171.286 

3.000 240.00 177.232 

3.200 250.00 183.359 

3.400 255.00 189.016 

3.600 258.00 194.101 

3.800 260.00 198.640 

3.900 272.00 201.486 

4.000 290 .oo 205.121 

TABLE IV N-H pro f ile for I ono sphere over 

Grahamstown on 11/7/65 at 07.45 hours. 
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TABLE V 

HEIGHT OF PLASMA REFR. INDEX ANGLE ANGLE 
LOWER EDGE FOR 4.73 PEDERSEN LOWER RAY 
OF STRATUM FREQUENCY MC/S RAY MAKES MAKES WITH 
IN KM (PHASE) WITH VERT. VERTICAL 

28°52 
I 

50°52 1 110 o.ooo 1.0000 
30°54 

I 

55°37 ' 112 1.615 0.9400 
31°12 

t 

56°20 
.. 

114 1.715 0.9320 
31°18 

I 

56°35 ' 116 1.745 0.929 5 
31°24 

t 
56°51 

I 

118 1.780 0.9 265 
31°32 ' 57°11 

I 

120 1.820 0.9230 
31°40 ' 57°32 

t 

122 1.860 0.9194 
31°54 

I 

58° 7 
I 

124 1.925 0.9134 
126 1.980 0.9081 32° 7 ' 58° 4 

I 

32°13 
t 

58°56 ' 128 2.005 0.9057 
32°18 

I 

59°11 ' 130 2.030 0.9032 
32°23 ' 59°22 

f 

132 2.046 0.9019 
32°26 ' 59°32 

I 

134 2.060 0.9002 
32°31 

t 
59°45 

t 
136 2.080 0.8981 

32°36 
t 

59°58 
I 

138 2.100 0.8960 
32°42 

t 

60°15 
I 

140 2.125 0. 89 26 
142 2.155 0.8902 32°50 

t 
60°38

1 

32°57 
t 

60°57 
I 

144 2.180 0.8074 
33° 6 

I 
61°20 

I 

146 2.210 0.8841 
148 2.240 0.8807 33°15 

I 

61°45 ' 
33°24 ' 62°13 

I 

150 2.275 0.8768 
33°36 ' '2°45 

t 

152 2.310 0.8727 
33°47 

t 

63°21 
I 

154 2.350 0.8679 
34° 1 

I 

64° 1 
I 

156 2.392 0.8627 
158 34°18 

I 

64°51 
I 

2.440 0.85'7 
0.8508 34°37 

I 

65°55 
I 

160 2.495 
162 0. 8390 34°55 

I 
66°58 

t 
2.545 

35°20 ' 68°18 ' 164 2.605 0.8347 
35°45 

t 

69°52 
I 

166 2.665 0.8217 
168 0.8119 36°15 ' 71°48 

I 

2.730 
36° 44 

I 

73°57 
I 

170 2.792 0.8072 
172 2.860 0. 7965 37°18 

I 

76°54 ' 
174 2.925 0. 7859 37°54 ' 80°42 

J 

38°23 
I 

86°12 
I 

176 2.975 0.7775 
1.77 3.008 0.7719 38°42 

I - -
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TABLE V (continued) 

HEIGHT OF PLASMA REFR. INDEX ANGLE 
LOWER EDGE FOR 4.73 PEDERSEN 
OF STRATUM FREQUENCY MC/S RAY MAKES 
IN KM (PHASE) WITH VERT. 

39° 6 ' 178 3.060 0.7626 
180 3.126 0.7505 40° 1 ' 
182 3.190 0.7384 40°50 

! 

184 41°42 ' 3.255 0.7256 
186 3.325 0.7114 42°44 ' 
188 3.400 0. 69 53 43°58 

t 

190 3.476 0.6782 45°24 ' 
192 3.562 0.6582 47°11 ' 

49°14 
I 

194 3.645 0.6374 
51°52 

I 

196 3.735 0.6137 
198 3.816 0.5911 54°33 

I 

200 3.888 0. 5697 57°56 
I 

61° 6 
I 

202 3.946 0.5514 
204 3.986 0.5383 63°45 

I 

4.008 65°24 
I 

205 0.5309 
66°37 

I 

206 4.024 0. 5259 
67°55 

I 

207 4.038 0.5208 
208 4.052 0.5160 69°20 

I 

70°33 
! 

209 4.064 0.5120 
2l0 4.074 0.5083 71°42 

I 

211 4.083 0.5050 72°54 
t 

74° 0 
I 

212 4.091 0.5022 
213 4.097 0. 4998 75° 0 

I 

214 4 .099 0. 4991 75°18 
I 

75°54 
I 

215 4.103 0.4977 
216 4.107 0. 4963 76°33 

I 

77°27 
I 

217 4.112 0. 4946 
78° 4 

I 
218 4.115 0. 4935 
219 4.118 0. 49 24 78°36 

I 

79°30 
I 

220 4.121 0.4909 
221 4.124 0. 4899 80°12 ' 
222 4.126 0. 4892 80~40; 
223 4.128 0.4885 810121 
224 4~130 0.4873 82 6 1 
225 4. 132 0.4866 82~48 1 
226 4.134 0.4860 83024 , 
227 4.136 0. 4853 840 6, 
228 4 .• 138 0.4845 85012 , 
229 4.140 0 .4837 86030 1 
230 4.142 0.4830 88 18 



250 

200 

~150 
::£ 

~ 

..... 
:X: 
~ 
w 
:X: 

100 

50 

0 

GHT. 

100 200 300 
DISTANCE FROM GRAHAMSTOWN IN KM. 

FIG. 36 

400 500 590 
D BN· 



- 140 

The equivalent path-length could be obtained from 

the ray diagram. Using the phase refractive index, 

the group refractive index for each stratum was calcu­

lated with the aid of the equation~' = l, which assumes 

no dispersion due to magnetic fieln. The path-length 

for each stratum was read from the diagram. Hence 

the equivalent path length)l~s was determined for each 

stratum. This gave 'i:JA~s for each ray. It was found 
I 

that i: pds for the lower and Pedersen rays we re 757 km 

and 1221 km 1 respectively. Therefore the times of 

propagation are 256-) and 4010 psecs, respectively. 

If specular reflections are assumed for the se two 

angles of incidence the two rays would have path 

lengths of 760 km . and 1223 km, re spectively, which 

agree very well with the values obtained above. The 

times of propagation of 2500 and 4000 psecs, respective­

ly, obtained from the records for 09.05 hours confirms 

the validity of the interpretations made of the pulses 

recorded. 

CONCLUSION AND SUGGESTIONS FOR FURTHER 

RESEARCH 

5.1 CONCLUSION 

The research project resulted in a fair amount of 

success. Most of the pulses were identified with the 

aid of Gra hamstown ionograms. The correct modes of 

propagation were obtained. Verification for this is 

offered by the trace made of the two F-rays which 

travelled from Grahamstown to Durban on ll-7-1965 (see 

section 4. 24). 
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Detailed discussion of a summer and a winter day 

is helpful in the prediction of propagation conditions 

between Grahamstown and Durban. Further, the diagrams 

in Appendix II give an overall picture of propagation 

through various layers for each hour of the day both 

for summer and winter. Hence the probability of trans­

mission of 4.73 Mc/s between Grahamstown and Durban 

could be predicted for each hour of the day. 

Some interesting phenomena were noticed. These are 

discussed in section 4.23. The travelling disturbance 

on 30-12-1964, layer contraction and other unusual time 

delays noticed on the records merit further research. 

This project provided the experience in analysing 

oblique incidence records. It is now possible to 

attempt an analysis of the pulses received from Sanae, 

Antarctica. 

5.2 SUGGESTIONS FOR FURTHER RESEARCH 

(a) Research on oblique incidence propagation should 

be carried out on a larger scale, particularly 

with three stations, which are not in a straight 

line:, recording simultaneously. This would help 

to obtain more precise determination of such 

occurrences as travelling disturbancesand layer 

movements. 

(b) Sweep frequency oblique incidence propagation 

would most certainly derive useful data concern­

ing the ionosphere. Here a receiver frequency 

should vary slowly while the transmitter sweeps 

r apidl yo Then r ecordings arP. t aken every time 
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the transmitter frequency passes the receiver 

frequency. 

(c) A research on absorption in the ionosphere by 

recording the amplitude of the received pulses 

would undoubtedly yield valuable information on 

the ionosphere particularly the lower layers. 

(d) Two-way propagation is another interesting 

project. 

(e) It was found that at certain hours pulses were 

absorbed in the ionosphere and consequently did 

not reach Durban, due to the low power output of 

the transmitter. Therefore it is suggested that 

more powerful transmitters be used so that 

recordings could be taken throughout the day. 

(f) Selective fading could also be used to derive 

information on the ionosphere. For this a 

transmitter with a central frequency, say 4.73 Mc/s, 

could be modulated with white noise say to a 

bandwidth of 10 kc/s. 

A receiver tuned to 4.73 Mc/s and situated 

some distance away from the transmitter would pick 

up this white noise signal. Its output would 

consist of a broad range of frequencies (0-10 kc/s) 

with varying intensities. 

By heterodyning the output of the receiver 

with an oscillator whose frequency can be varied 

from 0 to 10 kc/s, it is possible to select any 

frequency from the white noise range. Hence the 

intensity of the incoming signal on the entire 

frequency range can be measured. The minimum 

intensity would indicate a path difference of an odd 

multiple of half-wavelengths, while maximum intensity, 

multiple of a wavelength. Thus the delays on all 

propagation paths could be identified. 
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APPENDIX I 

In the table below are given scaled values of all pulses 
re~orded. It is apparent from the table that pulses were not 
received in Durban at certain t~ee, nue either to~poor 
propagation conditions or to fault in the equipment. There is 
no need to differentiate between these two factors in this 
table. It is only necessary to interpret the pulses that have 
been received. 
The following abbreviations are used in the table:­
P.R.(O). -Ordinary F Pedersen Ray. 
P.R.(X). -Extraordinary F Pedersen Ray. 
P.R.(F1o).- Ordinary F1 Pedersen Ray. 
P.R.(F2o). -Ord i nary F2 Pedersen Ray. 
P.R.(F1X). -Extraordinary F1 Pedersen Ray. 
P.R.(F2X).- Extraordinary F2 Pedersen Ray. 
E (2E ) means both these pulses appear at the same time delay, s s 

either simultaneously or alternately, 

TIME IN Til\ill DELAYS HEIGHT OF 
DATE INTERPRETATIONS REFLECTION 
1964 SAST IN USEC F E 

NOV. 19 18. 3C--·~18. 45 o, 1050-1100 F, 2F 220 
19.30-19.45 o, 1100- 1200 F, 2F 240 
20.30- 20.45 o, 1550-1700 F, 2F 290 
21.30- 21.45 o, 475-0 F, P.R.(X). 

X 
21 04.30 - ·04.35 0' 300' goo, 2E , F, 4E , s s 2F 280 100 

1800 
05.30-05.45 o, 300, 1800 2E , F, s 2F 280 100 

23 18.30-18.45 o, 1200 F, 2F 240 
19.30-19.45 o. 400, 1200 E s' F, 2F, 2F, 240 130 

1600 
20.30- 20.45 o, 600, 1800 Es' F, P.R.(O) 290 130 

1450 
22.30- 22.45 o, 400, 900, Es' 2Es' Fx' 340 120 

1400-1300 PwR.(X) 
23.30- 23-45 o, 1100 Es, Fx 380 

24 05. 40 .... 05 • 4 5 o, 450-0, Fx' F o' P.R.(O) 
450 -1000 

06 -3 0 - 06 • 4 5 o, 400, 600, E s' 2Es' F, 3Es 270 110 
900 

25 05.30-05.45 o, 1300 F, 2F 250 
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TIME IN TIME DELAYS HEIGHT OF 
DATE INTJ~RPRETATIONS REFLECTION 
1964 SAST IN USEC F E 

NOV.2~ 06.30-06.45 

07 • 3 0 - 07 • 4 5 

17.30-17.45 

18.30-18.45 

19.30 -19.45 

20.30-20.45 

21.30 - 21.45 

NOV.26 01.38-01.45 

I Fig. 3 2 0 2 • 3 4 - 0 2 • 4 5 

0, 3 00' 1700, 

o, 300 

o, 400 

o, 1150 

o, 400, 1150. 

1600 

o, 400, 1600 

o, 600- 400 

o, 900 

o, 900-650 

900 -1200 

2E, F, 2F 

2E, F 

E F s' 
F, 2F 

E , F, 2F, 2F, s 

E
8

, F, 2F 

F, P.R. (0) 

E F s' 
E

8
, F, P.R. (0) 

03.36-03.45 O, 300, 750- E
8

, 2E
8

, F, 

600y 1200-150( P.R. (X) 

04.30 -04.45 o, 1200 

05.30 -05.45 

27 05.30 -05.45 

o, 500, 1100 

o, 500 

06.30-06.45 o, 150, 400 

07 • 3 0 - 07 • 4 5 0 9 14 00 

28 05.30 -·05.40 o, 1300 

05.40-05.45 o, 400, 1700 

06.)0 -06.45 o, 200, 400, 

2 9 15 • 3 0 - 15 • 4 5 0' 3 00 ' 8 00' 

16.30 -16.45 

20.30 -20.45 

22.30·-·22 .45 

30 05 dO -·05. 37 
~Fig. 34 

05.37 -05.45 

06.30 -06.45 

18. 3 0 - 18. 4 5 

19 • 3 o.- 19 • 4 5 
20.30-20.45 

DEC.1 05.30 -05.45 

06 • 3 0· -06 • 4 5 

2 05.30 -05 . 45 

06.30 -06.45 

1800 

o, 300' 1800 

o, 450, 1700 

o, 400 

o, 500~ 1350-

1600 

o, .. 1100-1200 

o, }00 

o, 1100 

o, 1300 

o, 1400 

o, 1700 

o, 300, 1900 

o, 500 

o, 400 

F, 2F 

E
8

, 2E
8

, 3E
8 

E F s' 
2E F 3E 

s' ' s 
F, 2F 

F, 2F 

E F 2F 
s ' ' 

2E
8

, F, 3E
8 

2E
8

, F, 4E8 ~ 2F 

2E
8

, F, 2F 

E
8

, F, 2F 

E
8

, F 
2E, F, P.R,(X) s 

F , P .R. (0) 

2E, F 
F , 2F 

F, 2F 

F, 2F 
F, 2F 
2E, F, 2F 

E F 
s' 

E , F 

265 100 

265 100 

230 120 

230 

230 120 

240 120 

340 100 

310 100 

295 100 

240 

130 

250 100 

240 100 

265 

250 

250 130 

250 100 

280 100 

280 100 

240 100 

225 100 

310 100 

270 100 

220 

250 

265 

305 

295 110 

250 100 

230 100 
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TIIVJE IN TIJ\JE DELAYS lilliGHT OF 
tDATE SAST IN USEO INTREPRETATIONS RL:FLECT J..ON 

lQ 6.J. -,-----y-

DEC, 3 01.30-01.45 o, 800, 1200 F, 4E
8

, 2F 240 100 

04.40-04.45 o, 600 E F s' 275 100 
05-30-05,45 o, 1.500 F, 2F 215 
06 .J 0-06.45 o, 300, 1800 2E, F, 2F 275 100 

07.42-07.45 o, 500 E, F 275 135 
16.30-16.45 o, 300 2E , F 

s 
225 140 

17 • 3 0-17 • 4 5 o, 1100 F, 2F 225 

4 16.30-16.40 o, 800-300, F , P.R,(O), 
X 

0-300 Fo 
5 18.30-18.45 0~ 300 2E F s' 275 100 

20.30-20.45 o, 1200 F, 2F 240 
21.30-21.4-5 o, 1200 F, 2F 240 
22.30-22.45 o, 1300 }i., 

' 
2F 250 

6 OC.30-00.45 o, 500 E st F 250 100 
01.30-01.45 o, 600 E s' F 275 100 

03.30-03.45 o, 600 ':t' 
.£; ' s F 275 100 

06 .J0-06. 4-5 o, 300 2E, F 275 100 
07.30-07.45 o, 200 2E• F 250 100 

7 17.30-17.45 o, 400 2E, F 300 100 
11 22.30-22.36 o, 1700 "'i' 

£ ' 
2F 305 

23.3 0-23.36 o, 200 2E , F 
8 

305 125 
12 03.30-03.36 o, 450 E 

s' 2E s 125 
04.30-04.38 o, 200-500 F, P.R. 
05.30-05.45 o, 1600-1500 F, 2F 285 
06.30-06.45 o, 300 2E, F 275 100 
18 .J0-18. 45 o, 1600 E , F s 240 130 
19.30-19.45 o, 1200, 1600 E

3
(F), 2F, 2F 240 ~30 

20.30-20.45 o, 400, 1300 E
8 

(F), F, 2F, 250 130 
1700 2F 

21.30-21.45 o, 500 E s' F 265 130 
22 .J0-22. 40 o, 400-0 F, P.R. 

13 05 .J0-05_. 45 o, 1700 F, 2F 305 
06.30-06.4-5 0, 300' 1600, 2E(F), F, 2F, 290 110 

1900 2F 
14 00.30-00.45 o, 500 2E 3E s' s 110 

05.30-:-05.45 o, 600 2E F 
s' 350 110 

06.30-06.45 o, 400 2E , F 310 110 
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DATE TTME I N TIME DELAYS INTERPRETATIONS HEIGHT OF 
SAST IN USEC REFLECT I ON 

1964 F E 

Dec.J...5 01.30-01.45 o, 1000 Es' F 355 100 
16.30-16.45 o, 300 2E , s F 280 105 
17 • 3 0-17 • 4 5 o, 400 2E

8
, F 300 105 

18.30-18 .. 45 o, 400 2E , s F 300 105 

19.30-19.45 o, 400 2E
8

, F 300 105 

20o30-20o45 o, 500 2E
8

, F 320 105 

23.30-23.45 o, 800-500 F, P.R. 
16 02. 30·-02. 40 o, 400-500 F, P.R. 

04.3 0--04 .. 4-5 
j 

0 600 E F 275 100 s' 
0_5 • 3 0-0 5 • 4 5 o, 1500 F, 2F 275 
06.30-06.45 o, 300 2E, F 280 100 

19.30-19. 45 o, 1200 F, 2F 235 
20.30-20 4-5 o, 1400 F, 2F 260 
21 30-21,45 o, 1200-800 F, P.R.(O) 

23.30-23.45 o, 1000-800 F, P.R. (X) 
17" 05.30-05.45 o, 450, 1900 2E~F), F, 2F 340 120 

06.30-06.45 o, 1000, 2000 E(F), F, 2F 350 100 

07 < 30-07 ) 1:-5 o, 700 E, F 295 100 
18.30-18.45 o, 1500 F, 2F 280 
19 .30-19 .45 o, 1300 F , 2F 250 
20.30-20.45 o, 1500 F, 2F 280 

21.30-21.45 o, 1700 F, 2F 305 
22.30-22.45 o, 1100-200 F, P.R. (0) 

18 00.30-00.38 o, 6_00-0 F, P.R. (X) 
01.30-01.45 o, 600-800 F, P.R.(X) 
02.30-02.45 o, 600 F, P.R.(X) 

05.30-05 4-5 o, 1300-2050, F, P.R.(X), 2F 350 
2200-1900 

06.30-06. 45 o, 300 2E, F 275 105 
19.30-19.45 o, goo, 1500 E , 3E , 4E s s s 115 
20.30-20.45 o, 400, goo, E

8
(2E

8
), JE

9
, 230 115 

1500 4E
8 

21.30-21.45 o, 500, 1200 E ' s 2E , s 3E
8 

135 
22.30-22.45 o, 500 Es' 2E s 135 
23.30-23.45 o, 700, 1600 Es' F, P. R.(O) 315 135 

19 00.30-00.45 o, 400-0, Fx' F
0

, P.R.(O) 
400-550-500 
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DATE TD.m IN TIME DELAYS INTERPRETATIONS HEIGHT 01!' 

SAST IN USE.C REFLECTION 
lQ€14. ]!I E 

DEC.19 01.30-01.45 o, 500-600 F, P.R. 
02.30-02.45 o, 700-800 F, P.R. 
03.30-03.45 o, 700-600 F, P.R. 
05.30-05.35 o, 1100 F, P.R.(O) 
0.5 • 3 5-0 5 • 4 5 o, 400, 1500 2E, F, P.R.(O) 320 115 
06.30-06.45 o, 300 2E, F 300 115 
07.30-07.45 o, 700 E, F 300 115 
08.30-08o45 o, 400, 150~ 2E (F), F, 2F, 280 J 0f"\ 

1900 2F 
14.30-14-35 o, 1300-0 F, P.R. 
17 • 3 0-17 • 4 5 0' 400' 1500 E

8
, F, 2F 230 115 

18.30-18. ~·5 o, 400, 1100, E
8 

(F), F, 2F, 230 115 
1500 2F 

19.30-19.45 o, 1400 F, 2F 265 
20.30-20.45 o, 500, 1500, E

8 
(F), F, 2F 280 13Cl 

. 2000 2F 
22.30-22.45 o, 1800 F, 2F 320 

20 00,.30-00.45 o, 1300 F, 2F 250 
06.30-06.32 o, 400 2E s' F 320 115 
07.30-07.40 o, 300, 650- 2E s' F, P.R., 300 115 

900, 1100 4E s 
18.30-18.45 o, 300 2E s' F 290 110 
19.30-19.45 o, 300 2E s' F 290 110 

21 18.30-18.45 o, 500 E , F 255 115 s 
19.30-19.45 o, 400 E F s' 230 115 
20.30-20.45 o, 450 E

8
, F 245 115 

21.30-21.45 o, 500 Es, F 255 115 
22.30-22.45 o, 700 Es' F 30v -'-- , 

23.30-23.40 o, 600 E ' s F 275 115 
22 05.30-05.45 o, 500-300, 2E , F, P.R. 320 115 s 

- 500-800 
06.30-06.45 o, 300-200 2E, F 300 115 
07-30-07.45 o, 700 E 

' 
F 300 115 

18. 30-18. 45 o, 1300 F, 2F 250 
19-30-19.45 o, 1300 F, 2F 250 
20.30-20.45 o, 1400 F , 2F 265 
21.30-21.45 o, 1500 F , 2F 280 
22.30-.22. 45 I o, 600 E , F s 280 115 



DATE 

19_64 

TIME IN 
SAST 

DEC.22 23.30-23. 45 
23 00.30-00.45 

01.30-01. 45 
02 .37-02. 45 

Fig.2~) 05.30-05.45 

06.30-06.45 
17 .J0-18.10 
18 .10-23.25 

24 00.50-02.20 

02 .31-02 .48 
02.48-02.58 
04 .22-04.35 
04.29-04.55 
04.50-05.10 
05 .10-06.17 
06.54-06.55 
18.20-21.04 
21.08-21.27 
21.26-21.44 

25 01.22-02.59 

Fl.g.31) 02. 25-02.31 

02.59-03.05 

05.12-05. 25 
05.18-05. 35 
05.35-0538 
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TIME DELAYS 
IN USEC 

o, 700 
o, 800 
o, 700 
o, 1200-900 
o, 1200-1500, 
2000-1800 
o, 300, 1900 
o, 300 
o, 1500-1300-
1400-2100 
o, 2000-1700-
2000 
o, 700-0 
o, 700-0 
o, 0-1200 
o, 0-1700 
o, 1900-1500 
o, 350, 1800 
o, 600 
o, 1250-1900 
o, 1400-0 
o, 1300-0 
o, 0-500-300-
800-3 00 -400 

o, 0-100 
o, 500-600, 
900-600 
o, 750-900 , 
750-600 
o, 300-1100 
o, 0-1300 
0 

05.38-0600 o, 400 
06.00-08 . 54 o, 400-300, 

I 1900-1800 
16.15-16.39 o, 600 
17.10-17.20 o, 350 

INTERPRETATIONS 

E F 
s' 

E
8

, F 
E , F s 
F, P.R. 
F, P.R.(O), 2F 

2E, F, 2F 
E , F s 
F, 2F 

F, 2F 

F, P.R. (0) 

F, P.R. (X) 
F, P.R.(X) 
F, P.R. (0) 

F, 2F 
2E, F, 2F 
E, F 

F, 2F 
F, P.R.(X) 
F, P.R. (0) 

F, P.TI.(X) 

F, P.R. (0) 
2E 

8 
, F , P • R. (X) 

E
8

, F, P.R.(X) 

F , P.R. (X) 
F, P.R. (0) 

F 

2E, F 

E, F, 2F 

E, F 

2E F s' 

HEIGHT OF 
REFLECTION 

F E 
300 115 
320 115 
300 115 

340 

290 105 
280 105 
260 

320 

300 
300 110 
280 110 
265 

350 120 

320 120 

300 105 
280 100 

280 110 
280 100 



DATE 

1964 

TIME IN 
SAST 
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TIME DELAYS 
IN USEC 

DEC.25 17.20-18.25 O, 350-300, 
1600-1200, 

INTERPRETATIONS 

2E
8 

(F) , F, 2F, 
2F 

1900-1600 
18.25-23.30 O, 1200-1400- F, 2F 

1600-2000 
26 01.05-0130 

01.41-02.08 
02.13-02.28 
02-33-02.50 
02.48-03.00 
05.01-05.12 
05.11-05.29 
05.35-05.45 
05.45-07.48 

14.24-15. 40 
27 17-36-19.00 

20 . 10-20 . 24 
21 .17-22 .03 
22.03-22.22 

22 . 22-22 .33 
22.33-22.50 

28 05.09-05.21 
05.21-05.33 
05.33-05.40 

05. 40-06 .• 08 
06.08-06.10 

06.10-06.25 

o, 1000-0 
o, 600-0 
o, 0-800 
o, 0·-·350-0 
o, 800-0 
o, 0-1150 
o, 0-1750 
o, 1900-1700 
o, 400-350-
400 
o, 1500-1300 
o, 300-400 
01 400 
o, 400- 500 
o, 500-650, 
1100-650 
o, 650-700 
o, 700, 1250-
700 
o, 0-800 
o, 450 
o, 450-500 , 
1000-500 
o, 500-350 
o, 350, 350-
goo 
o, 350 , 900-
350 

06.25-06.44 o, 350-300 , 
350-800 

06.44-07.40 o, 300, 800 

F, P.R. (0) 

F, P.R. (X) 

F, P.R.(X) 
F, P .R. (0) 

F, P.R.(X) 
F, P .R. (X) 

F, P.R.(O) 
F, 2F 
2E, F 

F, 2F 
2E, F 

2E
8

, F 

2E
8

, F 
2E

8
, F, 

P . R. (0) 

2E
8

, F 

2E
8

, F, 
P.R. (X) 

F, P.R.(X) 
2E

8
, F 

2E , F, s 
P .R. (X) 

2E
8

, F 
2E , F, s 
P.R. (X) 

2E , F, s 
P .R.(X) 
2E

8
, F , 

P .R. (X) 
2E

8
, F, P.R. 

HEIGHT OF 
REFLECTION 

F E 

270 100 

260 

320 
280 105 

260 
310 115 
320 115 
330 115 

360 115 
370 115 
380 115 

330 115 
340 115 

320 115 
310 115 

310 115 

305 115 

300 115 



DATE 

1964 

DEC. 2E 

(Fi§22 

( Fie;23 

( Fi§a24 

TIME IN 
SAST 

17 .J0-18. 20 
19.20-20.20 
20.20-22.20 

22.20-22.37 
22.37-22.40 
22.40-23.31 
23.31-23.55 

23.55-24.00 

00.00-00.30 

00.36-01.30 

03.06-03.11 

- 150 -

TIME DELAYS 
IN USEC 

o, 300 
o, 300-400 
o, 400-700, 
1700-1500-
1600 
o, 900 
o, 700, 1600 
o, 900-0 
q, 600, 1200-
600 
o, 600, 1200, 
1600 
o, 600, 1200, 
1600 
o, 300 , 600, 
900, 1300, 
1600 , 1900 
o, 900 , 1500 , 
1800, 
o, 1100, 1400, 
1700 
o, 0-1100 

05.06-05.09 o, 
05.09-05. 25 o, 300-0, 

300-1250 

~NTERPRETATIONS 

2E
8

, F 

2E
8

, F 

2E
8

, F, P.R.(O) 

F, P.R. ( 0) 

2E
8

, F, P.R.(O) 
F, P.R. (0) 

2E, F, P.R.(X) s 

2E
8

(E
8

), F, F, 

4E
8 

2E
8

(E
8

), F, F, 

4E s 
~~E8 ), 2E8 , 3E8 
3E , 4E , 5E , s s s 
5E • s 
2E

8
(E

8
), 4E

8
, 

5E
8

, 5E
8 

2E
8

(E
8

) , 4E
8

, 

4E
8

, 5E
8 

F, P.R. (X) 
F 

F , F , P .R.(O) 
X 0 

05.25-05.33 O, 400, 1650- 2E
8

, F, P.R.(O) 
2100 

05.33-05.35 o, 
05.35-06.34 o, 300-400-

300 

F 

2E, F 

06. 34-06 .38 O, 300, 1850- 2E, F, 2F 
1800 

06.38-07. 44 

(Fi§2') 21. 43-2 ~ .20 

O, 300 2E , F 

O, 600, 1700- 2E
8

, F , P.R. (O) 
600 

22 . 20-22. 26 0 , 600 2E
8

, F 

HEIGHT OF 
REFLECTION 

1!' E 

305 120 
335 130 
365 125 

365 
365 125 

400 140 

400 140 

105 

100 

110 

290 100 

290 
285 100 

280 100 

280 100 
380 130 

380 130 
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fiME IN TIME DELAYS HEIGHT OF 
DATE INTERPRETATIONS 

SAST IN USEC REFLECTION 
1964 F E 

DEC. 29 22.26-22.35 o, 800 F, P.R. (X) 
(Fig. 26) 

22.35-22.39 o, 700, 1100 2E
8

, F, P.R. (X) 380 115 

22.39-22.49 o, 400-0 F, P.R.(X) 

22.50-24.00 o, 300, 900, E (2E ), s s 2E s' 110 

1700 3E
6

, 5E
8 

30 00.00-02o00 o, 300, 500, E
8

(2E
8
), 2E

8
, 105 

900, 1300 3E
8

, 3E
8

, 4E
8 

0 2.15-04.40 o, 700 Es' 3E
8 

100 

05.03-05.18 o, 0-1450 F, P.R. (X) 

05.10-05.25 o, 0-1500 F, P.R. ( 0) 

0 5 • 25-0 5. 40 o, F 

Fig. 29) 
05.40-06.22 o, 400-350 2E, F 300 110 

06.22-06. "27 o, 250, 400 2E, F, F 300 110 

0 6 • 27--0 6 • 3 3 o, 350 2E, F 300 110 

06.33-06.51 o, 350, 1700- 2E,F, 2F 300 110 

1200 

06.51-07.30 o, 350 2E, F 300 110 

31 15.30-19.00 o, 950-600 E, F 250 100 
1965 
JAN . 1 0 3 • 27-0 3 • 29 o, 1000 Es' 3E

6 
120 

03a41-03.44 o, 600 2E
8

, 3E
8 120 

16.40-18 . 20 o, 1100-1000 E, F 360 100 

2 15.00-17.00 o, 1250-600 E, F 340 100 

7 00.30-00.45 o, 1200 F, 2F 240 

05.30-05.40 o, 500-1000 F, P.R. 

06.30-06.45 o, 400 2E, F 320 115 

9 06.30-06.45 o, 700, 2000- E, F, P.R. 

1300 

07.30-07.45 o, 1500 F, 2F 280 



- 152 -

TIME IN TIME DELAYS HEIGHT OF 
DATE INTERPRETATIONS 

SAST IN USEC REFLECTION 
1965 ~ E 

JAN. 10 02.30-02.45 o, 600, 1300 2E
8

, 3E
8

, 4E
8 

125 

03.30-03.45 o, 600 2E
8

, 3E
8 

125 

04.30-04.45 o, 600 2E
8

, 3E
8 

125 

0 5 • 30-0 5 • 4 5 o, 600 2E s' 3E
8 

125 

06.30-06.45 o, 350 2E
8

, F 320 125 

20.30-20.45 o, 600 2E
8

, 3E s 125 

21.30-21.45 o, 600 2E
8

, 3E
8 

125 

22.30-22.45 o, 600 2E
8

, 3E
8 

125 

23.30-23.45 o, 600 2E
8

, 3E
8 

125 

11 00.30-00.45 o, 600 2E
8

, 3E
8 

125 

0 3 • 30-0 3. 4 5 o, 800, 1400 Es' JEs' 4E
6 

110 

05.30-05.45 o, 1400-1250 F, P.R. 

06.30-06.45 o, 300, 500, E, 2E, F, 2F 260 110 

1900 

18.30-18.45 o, 1500 F, 2F 280 

19.30-19.45 o, 1600 F, 2F 290 

21.30-21.45 o, 600 E
8

, F 290 125 

12 04.30-04.45 o, 0-700 F, P.R. 

0 5. 30-0 5. 45 o, 1300 F, 2F 250 

06.30-06.45 o, 300' 1800 2E, F, 2F 280 105 

17.30-17. 45 o, 300, 1100, E
8

( F) , F, 2F, 2F 225 140 

1400 

18.30-18.45 o, 300 Es' F 225 140 

19.30-19.45 o, 300 Es' F 225 140 

21.30-21.45 o, 650 E F 290 110 St 

22.30-22.45 o, 750 Es' F 310 110 

13 0 5. 30-0 5. 45 o, 400 2E
8

, F 310 110 

06.30- 06 .45 o, 350, 1100, 2E
8

, F(3E
8
), 4E

8
, 300 110 

1700 2F 
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DATE TIME IN 

SAST 

TIME DELAYS 

IN USEC 

1965 
JAN.l3 07.30-07.45 O, 300 

16.30-16.45 o, 300 

17.30-17.45 o, 300-350 

20.30-20.45 o, 350 

21.30-21.45 o, 300 

14 02.30-02.45 o, 700 

05.30-05.45 o, 300 

06.30-06.45 o, 300 

07.30-07.45 o, 300 
1965 
MAY 29 15.00-16.30 O, 350 , 850, 

30 

31 

1500 

08.24-10.00 o, 200, 1400 

11.15-15.15 o, 1300-1200-

1400-1800-

1600-1700-1400-

1300 

15.15-17.30 o, 250, 1650-

1600-1400-1500 

00.30-03.30 o, 1800 

08.00-08.06 o, 0-650 

08.04-08.13 o, 0-800 

INTERPRETATIONS 

2E
8

, F 
2E, F 

2E, F 

2E
8

, F 
2E

8
, F 

E
8

, 3E
8 

2E
8

, F 

2E
8

, F 

2E, F 

E
8

, 2E
8

, JE
8

, 4E
8 

2E, F, 2F 

F, 2F 

2E, F, 2F 

F, 2F 

F, P.R. (X) 

F, P.R. ( 0) 

08.15-08.40 O, 1500-1100 F, 2F 

08.40-09.15 O, 1100 F, 2F 

09.15-10.15 O, 300-200, E, F, 2F 

1400-1500-1700 
1965 
JUN. 29 13.00-13.07 0, 500 

13.24-13 . 25 o, 500 

13.35-16.20 o, 400 

JULY 1 12.50-13.15 O, 350, 800 

15.o0-16.32 o, 350, Boo, 
1300 

(Fig.33 . 16.40-17.27 O, 400-300-

350, 1600-

1450-1600 

17.29-17.38 o, 350-400, 

1400-400 

E, F 

E, F 
E, F 

E
8

, 2E
8

, 3E
8 

E
8

, 2E
8

, 3E
8

, 

4E
8 

E
8

, F, 2F 

E
8

, F, P.R.(O) 

HEIGHT OF 

REFLECTION 
F E 

290 110 

290 110 

29 5 110 

300 110 

290 110 
100 

290 110 

290 110 

290 110 

110 

240 110 

285 

280 

320 

250 

220 

110 

240 130 

260 110 

260 110 

235 110 

105 

105 

230 120 

255 1 20 



mATE 

1965 

TIME IN 
SAST 

- 154 -

TIME DELAYS 
IN USEC 

INTERPRETATIONS 

JULY 1 17.38-17.50 O, 400-550- E
8

, F, P.R.(O), 
Fig.33) 500, 400-900- P.R.(X) 

500, 1500-1300 
17.50-17.59 o, 500-600, 

1300-600 
17.59-18.40 o, 

2 07.41-07.45 0, 0-700 
07.44-07.49 o, 0-600 
07.49-08.12 0 
08.12-08.40 o, 1300 
08.40-10.00 o, 200 
14.30-17.45 o, 400 
18.55-1900 o, 500-0 
19.03-19.08 o, 550-0 

3 08. ~3-08. 31 0' 0-600 
08.29-08.37 o, 0-500 
0 8 • 3 7-0 9 • 20 0 ' 
09.20-11.00 o, 250 
16.50-17.35 o, 300 

E
8

, F, P,R. (X) 

Es 
F, P.R. (X) 

F, P.R.(O) 

F 

F, 2F 
2E, F 

E, F 

F, P.R. ( 0) 

F, P.R. (X) 

F, P.R. (X) 

F, P.R. (X) 

F, 
2E; F 

2E, F 
17.35-17.49 O, 300-500-40Q 2E, F, P.R.(O), 

1100-400 1 1400 P.R.(X) 

- 400 
17.49-17.53 o, 
20.58-21.13 0, 

4 07.35-07.39 o, 0-700 
07.39-07.48 o, 0-900 

F, 
F, 
F, P . R. (X) 

F, P.R.(O) 

07.48-08.15 0, 1800-1150 F, 2F 
08.15-10.15 O, 200-300- E, F, 2F 

350, 1350-1550 
11.25-16.00 O, 600-500-400 E, F 
16.00-17. 36 o, 400, 1800- E, F, 2F 

1400 
17.36-17.46 o, 1000 
17.46-17. 54 o, 
17.54-18.08 o, 900-0 
18.08-18.12 o, 600-0 

5 08. 25-08.35 o, 0-750 

F, 2F 
F, 
F, P.R.(O) 

F, P . R. (X) 

F, P.R. (X) 

HEIGHT OF 
REFLECTION 

F E 

275 120 

275 120 

120 

250 
250 105 
230 105 

260 100 
270 100 
290 100 

230 
230 130 

250 110 
240 110 

210 
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. . 

TIME IN TIME DELAYS HEIGHT OF 
DATE SAST IN USEC INTERPRETATIONS REFLECTION 

1965 F E 

JULY 5 08.35-08.52 o, 0-1000 F, P.R.(O) 
08.52-09 .oo o, F, 
09 .00-10.30 o, 250 2E, F 280 110 
16.36-17.45 o, 300 2E, F 280 100 
17.45-18.50 o, 300, 900 2E, F, F&E(N-type) 280 100 
18.50-19.08 o, 300 2E, F 280 100 
19.08-19.11 o, 300, 700- 2E, F, P.R.(O) 280 100 

300 
19.10-19.13 0' 300, 1000- 2E, F, P.R.(X) 280 100 

300 
19.13-19.18 o, 300 2E, F 280 100 

8 15.30-17.00 o, 350-300 2E, F 250 100 
9 12.00-12.16 o, 600 E, F 280 110 

12.40-14 .oo o, 400, 850 E, 2E, F 330 115 
14.00-14.20 o, 850-600 E, F 310 115 
14.20-14.30 o, 600, 

600 
1300- E, F, P.R. ( 0) 310 115 

14.30-15.00 o, 600, 1400- E, F, P.R. (X) 310 115 
600 

15.14-18 .·16 o, 300, 800, E ' 2E
8

, 3E
8

, 4E
6 

.110 s 
1500 

10 11.40-12.01 o, 400, 1800- E, F, 2F 240 110 
1500 

12.05-12.09 o, 600 E, F 280 110 
12.35-12.36 o, 600 E, F . 280 110 
12. 26-13.02 o, 400, 1700 E, F, 2F 240 110 
13.13-13.15 o, 500 E, F, 260 110 
13. 26-13.28 o, 500 E, F 260 110 
14 .o 5-14.30 0' 600, 1400- E, F, P.R. ( 0) 280 110 

600 
14.30-15 .40 o, 600-400, E, F, p .R. 260 110 

700-800-900-
800-1200-900-
1200-1100-400 

15.54-16.06 o, 350, 700- E, F, P.R.(O), 230 110 
350' 1200-9 50' P.R. ( X) , 2F 
1700-1600 
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TIME IN TIME DELAYS HEIGHT OF 
DATE .SAST IN USEC INTERPRETATIONS REFLECTION 

1965 F E 

JULY 10 16.20-16.32 o, 250' 1600 2E, F, 2F 250 100 

18.18-18.42 o, 1200-1300 F, 2F 240 
18.50-18.56 o, 600-0 F, P.R. ( 0) 
18.54-18.59 o, 500-0 F, P.R. (X) 

11 07.45-08.32 o, Es' 
(Fig. 27 08.32-08.34 o, 800-500, Es' F, P.R. (X) 290 115 

800-1150 
08. 34--08. 38 o, 500-400, Es' F, P.R.(O), 240 115 

500-850, P.R. (X) 
1150-1400 

08.38-08. 45 o, 400-350, Es' F, P.R. ( 0) 235 115 
850-1300 

08.45-08.50 o, 350 E, F 235 115 
08.50-09.30 o, 350, 1000- E, F, F&E(N-type) 235 115 

900 
09.30-11.00 o, 350 E, F 235 115 
11 '· 00-12 0 00 0' 350' 1700- E, F, 2F 235 110 

1800-1600 
12.00-12 0 35 o, 350 E, F 235 110 

Fig.28 14.20-17.20 o, 475-400 E, 2E
8 {1~g 

15.43-15. 45 o, 700 E, F1 300 110 
15.42-15.44 o, 1200 E, F2 400 110 
15.45-15.49 o, 700-800, E, F1' P.R.(F1 ) 300 110 

1500-800 
15.49-16.00 o, 800-700 E, Fl 300 110 
16.,00-16.10 o, 700, 1100- E, F1' P.R.(F1X) 300 110 

700 
16.10-16.21 o, 700 E, F 300 110 
16.21-16.30 o, 1600 E, F2 450 11(' 

16.30-16.34 o, 800, 1100 E, Fo' Fx l20 110 
380 

16.50-17.05 o, 900 E, F2 340 110 
17.05-17. 20 o, 900-1100 E, F2 380 110 
17. 20-18. 30 o, 400-500-400, E, F, 2F 240 120 

1700-1800-1600 
18. 30-19 • 30 o, 400 E, F 240 1 20 

12 09,. 20-09. 25 o, F, 
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TIME IN TIME DELAYS HEIGHT OF 
DATE SAST IN USEC INTERPRETATIONS REFLECTION 
1965 F E/E 

0 

JULY 1, 09 . 25-09.32 o, 0-700 F, P.R. (X) 
09 • 29-09.40 o, 0-800 F, P.R. ( 0) 
09.40-09.46 o, F, 

09.46-10.10 o, 1600-1100- F, 2F 240 
1300 

10.10-10.20 o, 200, 1500 2E, F, 2F 250 100 

10.20-11.55 o, 200-250 2E, F 240 110 
11.16-11.20 o, 200, 600 2E, F, 3E

8 
240 110 115 

11.24-11.28 o, 200, 500 2E, F, 3E
8 

240 110 115 
11.38-11.48 o, 200, 700 2E, F, 3E

8 
240 110 115 

12.02-12.04 o, 600 2E, 3E
8 

110 115 
12.11-12.12 o, 300 E, 2E 110 
12.32-12.35 o, 900 2E, 3E

8 
110 135 

12.45-14.07 o, 500 E, F 250 115 
14.07-14.16 o, 500, 700 E, F, 3E' s 250 115 
14.16-14.35 o, 500, 700- E, F, 3E8 

250 115 135 
1200 

14.35-15.02 o, 500, 1200- E, F, 3E
8

, 2F 250 120 
700, 1900-1500 

15 .02-17.50 o, 300, 1500- 2E, F, 2F 250 100 
1800-1500-1700 
1500-1600-1400 

17.30-17.40 o, 1100 F, 2F 230 
17.40-17.48 o, F 
17.48-17.56 o, 600-0 F, P. R, ( 0) 
17.52-18.02 o, 800-0 F, P.R. (X) 
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A P P E N D I X II 

In the tables below are given types of propagation 
observed between Grahamstown and Durban for each hour of the 

- day, Table A for summer and Table B for winter. The first 
column gives the total time for which recordings were scaled. 
Here only those records that were clearly discernible were 
taken into account. Thus positive identification could be 
made, as to whether pulses came through or not. The other 
three columns, give the percentage of the time when 
propagation was obtained through the different layers. The 
propagation through the various layers occurred at 
different times as well as concurrently. Therefore it would 
be wrong to add up the propagations through the various 
layers to obtain the percentage of the overall propagation. 
Figs. 37 and 38 give an i llustration of the percentage of 
each pulse received for each hour of the day for summer and 

for winter. 
TABLE A : SUMMER RECORDINGS 

Total time Percentage Percentage Percentage 
P E R I 0 D Recordings of Time F- of Time E - of Time E-

were seal- Layer Prop. Layer Pro~. Layer Prop 
ed in mins. obtained obtained obtained 

00.00-01.00 624 19 28 0 
01.00-02.00 690 36 24 0 
0 2. 00-0 3. 00 750 29 12 0 
03.00-04.00 735 6 18 0 
04.00-05.00 705 16 13 0 
0 5. 00-06 .oo 840 80 26 17 
06.00-07.00 780 89 21 70 
07.00-08.00 735 50 9 37 
08.00-09.00 690 10 0 0 
09.00-10.00 660 0 0 0 
10 .00-11.00 705 0 0 0 
11.00-12.00 585 0 0 0 
12.00-13.00 600 0 0 0 
13.00-14.00 540 0 0 0 
14.00-15.00 640 6 0 0 
15.00-16.00 690 24 2 1 6 
16.00-17,00 690 42 9 32 
17.00-18.00 840 43 20 21 
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TABLE A SUMMER RECORDINGS (continued) 

Total Time Percentage Percentage Percentage 
PERIOD Recordings of Time F- of Time E- of Time E-

were seal- Layer Prop. Layer Pro~. Layer Prop. 
ed in mins. obtained obtained obtained 

18.00-19.00 895 59 16 18 

19.00-20.00 850 51 15 0 

20.00-21.00 840 55 26 0 

21.00-22.00 660 70 34 0 

22.00-23 .oo 615 67 35 0 

23.00-24.00 525 40 32 0 
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TABLE B WINTER RECORDINGS 
Total Time Percentage Percentage Percentage 

PERIOD Recordings of Time F- of Time E_- of Time E-
were seal- Layer Prop. Layer Pro~ Layer Prop. 
ed in mins. obtained obtained obtained. 

00.00-01.00 480 6 0 0 

01.00-02.00 480 13 0 0 

02.00-03.00 480 13 0 0 

03.00-04.00 480 6 0 0 

04.00-05.00 420 0 0 0 

05.00-06.00 420 0 0 0 

06.00-07.00 420 0 0 0 

07.00-08.00 420 10 4 0 

08.00-09.00 493 70 9 24 

09.00-10.00 540 85 0 71 

10.00-11.00 480 50 0 48 

11.00-12.00 405 53 6 42 

12.00-13.00 470 50 3 39 

13.00-14.00 540 52 3 41 

14.00-15.00 600 64 16 61 

15.00-16.00 676 58 34 62 

16.00-17.00 603 70 34 69 

17.00-18.00 570 67 25 50 

18.00-19.00 520 33 11 23 
19.00-20 .oo 488 12 0 10 

20.00-2~.00 420 0 0 0 

21.00-22.00 420 3 0 0 

22.00-23.00 420 0 0 0 

23.00-24.00 420 0 0 0 
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