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ABSTRACT

This research was undertaken to investigate
diurnal and seasonal variation of MediumWve in Zaria.
The effect of the seasons on signal strength and

consequently of harnattan was exam ned.

The nore common anal ysis of eval uating severa
nmedi ans was used. Medians were eval uated for periods
of one hour, one day, one nonth, one season and for
t he whol e period of neasurenent. The hourly nedi ans

were evaluated on a daily and nonthly basi s.

Sone probl ens common to Medi um WAave broadcasti ng
in Ngeria in particular were enunerated and suggestions

made on how to overcone them

A conparison was nade between theoretica
distributions and t he probability distribution of the
received signal. Al the results were obtained from
the Conputer and put in graph form fromwhich sone

conclusions were arrived at.



ABSTRACT

TABLE OF CONTENTS

LIST CF TABLES “ o .o v
LIST CF FIGURES vae veo .o
LIST OF GRAPHS ‘o . ‘e
CHAPTER ONE : INTRODUCTION ..; e
CHAPTER TWO - : PROPAGATION OF MEDIUM WAVE SIGNALS
2.1 GHOUND WAVE PROPAGATION -

2.2 MEDIUM WAVE PROPAGATION IN NIGERIA
2.3 SKY WAVE PROPAGATION con
2,3.17 THE JONOSPHERE “ve cea

2.3.2 REFRACTION AND REFLECTION IN THE
IONOSPHERE san -

2.l MEDIUM WAVE PROPAGATICN 1IN THE
IONOSPHERE “as ‘e

CHAPTER THREE: FIELD STRENGTH MEASUREMENTS ..;
3.1 MEASURING SITE .o .o

3.2  MEASURING EQUIPMENT... ‘e
3.2.17 FIELD STRENGTH METER .o
3.2.,2 STRIP CHART RECORDERS .
3.3 DATA COMPILATION ... .
3.4 RIMA RADIO AND FRCN CALABAR RADIO
TRANSMITTERS cen cee
3.5 DATA CONVERSION FROM ANALOG TO

3.6

DIGITAL FORM .o
DATA COMPILATION .

18

19
22

23

25

27
30



CHAPTER FOUR
4o

h.2
L.3

CHAPTER FIVE
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

REFERENCES

APPENDIX I
APPENDIX II
A2.1
A2.2
A2.3

A2.L

M-S

-

-

ANALYSIS OF FIELD STRENGTH DATA
MONTHLY HOURLY MEDIANS soe
DAILY MEDIANS coe coe
MONTHLY, SEASONAL AND ANNUAL MEDIANS

DISCUSSION OF RESULTS AND CONCLUSIONS

DAILY MEDIANS s vee
MONTHLY HOURLY MEDIANS oo
DAILY HOURLY MEDIANS cee
DAY / NIGHT MEDIANS ces
MONTHLY MEDIANS .se coe
CUMULATIVE DISTRIBUTIONS voe
SUMMARY OF CONCLUSIONS coe

RECOMMENDATION FOR FURTHER WORK..

SOME TABLES AND GRAPHS cee
COMPUTER FROGRAMS ... con
PROGRAM FOR DATA CONVERSICN voe
PROGRAM FOR FINDING DAILY MEDIAN

PROGRAM TRANSFORMING DATA INTO A
COLUMN MATRIX cee cee

PROGRAM FOR FINDING MONTHLY, SEASCHAL
AND ﬁNP‘IUAL mDI;‘NS .. . s a

PROGRAM FOR FINDING DAY/NIGHT MEDIANS

P age

93

12,
124
124

127

129
129



Table
Lot

_ 1;.2'
.3

5.1

5;2

5.3

5.4
hoy -4.12

5.5

- vii -

LIST OF TABLIES

Title

MONTHLY HOURLY MEDIANS OF SIGNAL LEVEL
FOR JUNE 1982, NOVEMBER 1982 - JUNE 1983 ...

DAILY MEDIANS OF SIGNsL LEVEL

MONTHLY, SEASONAL AND aNNUAL MEDI/NS ;..

MEAN AND STANDARD DEVIATION OF DLILY

VARIATION QF SIGNAL LEVEL ses voe

PROBABILITY DISTRIBUTION OF FIELD STRENGTH
DATA - & 4. % b LI LA

CUMULATIVE DISTRIBUTIONS OF SIGNLAL LEVEL ...

CUMULATIVE DISTRIBUTION RELATIVE TC ANNTUAL
MEDIAN AND MEASURE OF SCATTER oo

DATILY HOURLY MEDI4N FOR JUNE 1982,
NOVEMBER 1982 - JUNE 1983 oo

DAY / NIGHT MEDIANS cee

35
37
38

66

73

7h - 76
77

96 -104

guin



FIGURE
el
2:0

2.2
3:1
3.2
3.3

3-h

h2.1
h2.2
ﬁ2.3

A2.L

A2,5

-viii-

LIST OF FIGURES

MAP OF NIGER& L - . - e
THE IONOSPHERIC LAYERS OF EARTHS
AI“OSPHERE o ... - e

RETURN OF A RADIC WAVE TO E.ARTIL “ee

BLOCK DIAGRAM OF MEASURING EQUIFMENT

SET UP L LI L
SAMPLE RECORDINGS OF RECEIVED SIGNAL

VAF{II{TIONS L L L
THE dB SCALE FOR THE TRANSCRIPTICN OF

ANALOG DATA TO DIGITAL FORM cee
SAMPLE OF TRANSCRIPTION FROM /NiLCG DATA
TO DIGITAL FORM cee e
PROGRAM FOR DATA CONVERSION ‘o
PROGRAM FOR FINDING DATILY MEDIAN ces

PROGR/AM TRANSFORMING DAT/ INTO i COLUMN
MATRIX . s - .. ...

PROGRAM FOR FINDING MONTHLY, SEASONAL AND
ANNUAL MEDIANS ... ceos oo

PROGRAM FOR FINDING DAY AND NICHT MEDIANS

PACE

gt
16

28

29

31

125
126

128

130
132



R

R -

Ao e e e o o .

12 - 18

37
38 - L6

47

19 - 27
28 - 36

rx

LISTS OF GRAPHS

Title

DAILY MEDIAN FOR JUNE 1982
DAILY MEDIAN FOR NOVEMBER 1982
DATLY MEDIAN FOR DECEMBER 1982 - JUNE 1983
MONTHLY HOURLY MEDIAN FOR JUNE 1982 ...
MONTHLY HOURLY MEDIAN FOR NOVEMBER 1982

MONTHLY HOURLY MEDIAN FOR DECEMBER 1982
TO JI-}NE 1983 *wa + 4 LI Y

VARIATION OF MONTHLY MEDIANS ‘oo

CUMULATIVE DISTRIBUTION FCR JUNE 1582,
NOVEMBER 1982 - JUNE 1983

PROBABILITY DISTRIBUTION OF THE
2.0 MINUTELY MEDIANS oo P

DATLY VARIATION OF SIGNAL LEVSL .o
DAY / NIGHT MEDIANS - -

Page

57 -63
71
78 - 86

S0
105 - 113
115 = 123



DEDICATION

Dedicated to my Father and Mother



CHAPTER ONE

INTRODUCTION

There has been a lot of work done on Medium Wave
propagation, however, most of this work was carried out
in the temperate regions of Europe, Australia and U,.S.A.
The need to study the propagation conditions of Medium
Wave signals in the Tropical zone has long been recognised.
Broadcasting transmitters, receivers and standards of
broadcasting in the tropics have been based on data
analysis in the temperate regions, it being assumed
that the temperate region results can be applied to the
tropics. There is therefore, a need for extensive data
analysis to investigate propagation conditions in the

tropics.

The medium frequency broadcast band is the most
extensively used and is increasingly used in Nigeria.
As will be further discussed in chapter 3, there are
over 19 Medium Wave broadcast stations in Nigeria,
most of them having their primary coverage area overlapping
that of another station., It is therefore of primary
interest to Nigeria to investigate Medium Wave reception
by extensive data analysis. This need has motivated

this work.

The main objective of this work was to analyze

field strength measurements to find out:




1. The effect, if any, of harmattan dust particles

on Medium Wave propagation.,

2e Diurnal and seasonal varistion of Medium Wave

signals in Zaria,

3. = To compare the signal level of ground wave field

strength with measurements done in the past.

For effective plaﬁning of Medium Wave broadcast stations,
certain factors affecting propagation of signals need o
be Known. They include the ground constants - ground
conductivity and dielectric constant-, absorption of
radio signal caused by vegetation and the physical
factors in the atmosphere. The latter factors can be
determined only by extensive data analysis of measured

signals.

Here at Ahmadu Bello University, some work has been
done on ground conductivity measurements. IEzeadubu (1982)
conducted ground conductivity measurements of several
parts of the Northern States of Nigeria using the
ground wave attenuation method. He found out that most
of the Northern States have an average ground conductivity
cf 3 mmho /m. He measured the ground wave signal strength
of Rima Radio station among others and found that the
ground wave signal did not vary appreciably during the

S months {(March - July) period of measurement.
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Pindar (1980) conducted some ground wave measurements
for five stations including Rima Radioc Sokoto station. He

investigated the wvariation of the ground wave signal with

time and distance. His measurements were made in =a

shorter period than that of Ezeadubu and his conclusion
that the ground wave signal does not vary with time of
day agreed with that of Ezeadubu. Badmos (1879} alsoc
conducted some field strength measurements of Boeth ground
wave signals (MW), skywave signals (S.W.) and microwaves;
He investigated, among others, ground wave varistion of
field strength with distance and time. He measured field
strength signals of another set of stations both near and
far from Zaria;l He found out that nearer stations had a
steady ground wave signal during the day and ni.  ht and

stations further away had a larger range of variation

“at night.

In his paper "“Some Results of Radioc wWave Measurements®
Bajoga (1681) highlighted results of ground wave and sky
wave measurements in Zaria. He stressed the need for

further investigation into the results cobtained so far

especially the variation of received signals in the

Medium Wave band at night from distant stations. The
results obtained were for short periods of measurement
and statistical analysis of extensive data are necessary

for results to be conclusive, . P
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In other parts of the country, some work has also

.~ been done on propagation of radio waves, In the first
. National Symposium on Brcadcasting in Nigeria held at
~ University of Ife, Ile-Ife, in September 1978,

Oyinloye (1978) reviewed radie propagation studies within
the last twenty-five years, He showed that most of the
work done on ionospheric propagation was done at University
@f Ibadan with the use of the MK II Union ioncsondg,--
Received echoes of pulses sent into the ionosphere were'
measured; Information was thus provided on the E and F
regions of the atmosphere. He also indicated that a lot
of research had been done on the maximum usable-frequency
and radio ebsorption characteristics. Owolabi (1978)
discussed some engineering design aspects essential for
planning of Medium Wave broadcasting systéms. The design
¢f the transmitting aerials for good area coverage and
maximum use of transmitter powers were treated, Furthermore,
design of microwave links for Broadcast relay systems were -
discussed, .I | .
Magka (1982) proposed a new broedcast system'for
Kaduna State radio at 639 KHz for better coverage of
Kaduna State, 1In his design he tried teo maximize
transmitter power and produced propagation curves for the
proposed freguencies wf transmitters.
To provide further information useful for designing

better broadcast systems, this project was undertaken, ..

[ R
o
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Intérmittent:measurements were started wifh the Radio
Kaduna broadcasting station on 639 KHz. The transmitter
is at Jaji, a distance of 38 km from Samaru, Zaria, The
signal level was practically constant during the day and
at night, In late May 1982, Rima Radio Sckoto began to be
recorded along with Radio Nigeria Kaduna. It was decided
to stick to only one station, Rima Radio Sokoto, because
initial measurements showed variations of the received
signal at night. The measurements weré.taken between
June 1982 and June 1983. From November 1982 onwards, the
field strength measurements were restricted to the Rima
Radio station with intermittent meaéﬁ}eméﬁts of Radio

Nigeria Kaduna.

Rima Radio broadcasts on 558 KHz Medium Wave with a
transmitter power of 25 KW located at Shuni, Sokoto State,
Shuni 1is a distance of 322 km from Zaria. The main
scope of the work became very complicéted when on
December 10, 1982, Radio Nigeria Calabar began test
transmission on the same frequency of 558 KHz with a
transmitter power of 50 KW, Although Calabar is over
600 km (straight line distance) from Zaria, the signal
strength of the Calabar station completely drowned the
Rima Radic signal at night. During the day, the Rima

Radic signal was the only signal received,



The angle of seperation between Calabar - Zaria and
Sokoto - Zaria line of sight is LS°* This very close
angle of seperation made it impossible for available
equipment to separate the two signals. A loop antenna
supplied with the field strength meter proved inadequate.
With a more sophisticated directional antenna that can
receive in only one direction, such seperation can be
possible. Figure 1.1. illustrates the relative positions
of Calabar, Zaria and Sokoto. The line of sight angle of

seperation is also shown.,

It was necessary to take measurements of iLhe two
signals at night without seperating them, However, during
the day with the sky wave signal of Radio Nigeria Calabar
absent, the Rima Radio station was recorded without

interference.

The field strength measurements recorded thus
comprised Rima Radio signal during the day and both
Rima Radio and Radio Nigeria Calabar signals at night.
The signals were analyzed seperately as far as possible
and a comparison of single signal measurements was made
with that of two signals. This will be further discussed

in chapter 3.

* Oxford Atlas of Nigeria (C) 1968, Oxford University
Press.






Kuhn and Taumer* (1974) proposed a theoretical
distribution that approaches a Raylieigh or log-normal
distribution as twWo values in the formula approach O
respectively., It was found that in the GDR, measurements
taken approach a Rayleigh or log-normal distribution only
in marginal cases. It was also the objective of this
research to investigate the statistical distribution of
the Medium Wave signal measured by comparing it with the

Rayleigh and Gauss distributions.

The results of Medium Wave propagation measurements
undertaken in the Northern part of Nigeria have only been
for a short period of time (for ground wave signals) and
diurnal and seasonal variations of received signals have
not been undertaken. Also the sky wave signal in the
Medium wave has not been studied here in Zaria, Extensive
data based on a period of thirteen months was analyzed.
This made it possible for diurnal and seasonal variation
of the Medium Wave signal to be investigated. The
received ground wave signal was compared with past
measurements for any long term variation. The effect of
power of transmitter and transmitter - receiver distances
on thé.féceived signal and finally seasonal variations of

received signal were analyzed.

* See "Some New Results.of Propagation Meagurements and
Their Application for Planning Transmitter Networks"
IEEE Transactions on Communications Vol. Comm - 22,
No.9, September 197L, pgs. 1396 & 1397,



CHAPTER TWO

PROPAGATION OF MEDIUM WAVE SIGNALS

- Medium Waves occupy the frequency.épectrum of
300 KHz - 3 MHz. Part of this band in the range 525 KHz -
1.6 MHz, is used for broadcasting, It is important to
note that Medium Waves propagate as both ground and sky
waves. 1In Nigeria, Medium Wave propagation is very
popular and is becoming more widespread in area of
coveragé. These twe modes of propagetion will be

discussed in this chapter.

2.1 GROUND WAVE PROPAGATION

Ground wave propagation is the dominant mode of

" Medium Wave propagation, As the freguency of transmission
increases, the ionospheric wave becomes more significant
during the day. For the frequency of 558 KHz, ionospheric
waves are not significant during the day. Ground waves can
be divided inte two types: surface waves and space waves.
Surface waves propagate close to the earth's surface.

Space waves propagate higher and farther than surface

waves and can be direct ray or reflected ray.

For an isotropic transmitter in free space, the
eélectric field strength can be expressed in terms of its
effective radiated power as

E = _220___ S F mV/m (2.1)
r
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An atténﬁafion factor A to take care'of all losses in

(2)

the actual medium is usually introduced. A 1is given by

A S _2%0.3p  _ sin b (Pfg)% exp (%E) ceoe (2.2)
2+p+0.6p . _ :

’

where p o is a distance figure depending on the permittivity
(£) conductivity (07) and frequency. Introducing A

into equation (2,1)

E = 300 A WP InH/m ' PP (2.3)

I"kn:l

Equation {2.3) is the standard eguation for calculating the
electric field strength of a transmitter of effective
radiated power P at a distance of T yem® This equation
assumed a flat earth? The assumption is true for any

distance

& < _i% @

where f is the frequency of transmission in MHz and

d is in km.

At larger distances the presence of the direct and
reflected rays make the received signal to be wore complex
than as depicted in eguation (2.3). The interference
caused by the existence of the direct and reflected rays
can either be constructive or destructive. This
interference 1is negligible when compared with interference
between ground and sky waves, which will be discussed

later in the chapter,



The effect of the earths curvature is that it
greatly limits the area of coverage of the ground wave
signal which is only slightly difracted on the earths

surface.

The area where the signal strength of a station is
higher than noise for all the time can be defined as
primary coverage area. A minimum signal of 3 mV/m should

8)

be presents The design engineer does not want
interference and so relies mainly on the ground wave
signal., In the primary coverage area, the ground wave
should be the dominant mode of propagation most of the
time. This is to ensure that the signal strength received

is above noise.

2.2 MEDIUM WAVE PROPAGATION IN NIGERIA

Medium Waves are commonly used in Nigeria aﬁd therefore
needs some attention. ©State Radic stations are not
allowed to broadcast outside their state boundaries, At
present most states have their own Medium Wave broadcast
systems. The F.R.C.N. (Federal Radioc Corporation of
Nigeria) also has broadcast stations in many of the State
capitals., The need to keep within primary area of
coverage by the use of appropriate transmitter powers,
location of transmitters and design of antenna is very
great. This is in order to avoid needless interference

between adjacent stations. The proper allocation of
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frequency is also“;;rydigzorfénf; It cannot be assumed
that stations that are far away cannot interfere with
each other, This has been demonstrated in the case of
the Radio Nigeria Calabar station and the Rima Radio
station. Both stations operate on the same frequency

of 558 KHz and at night, the interference here in Zaria
is very bad. It is therefore important for a lot of
measurements to be conducted in different parts of the
country in order to correct the many problems existing

in our Medium Wave broadcast systems. New stations being
set up should also be monitored as to their powver
transmission and frequencylof broadcast and also conforming

to the coverage areas assigned..

Lk

2.3 SKY WAVE PROFAGATION . -~ ‘=

Medium Wavéslgroﬁagate at night as both ground and
sky waves. This fact justifies the discussion here of
sky wave propagation. SKky waves are propagated over large
ranges due to single or multiple reflection in the
ionosphere. A brief description of the ionecsphere
especially with respect to Medium Wave propagation will

be discussed. o
i

2.3.1 The Ionosphere

The ionosphere is the region of the atmosphere where

free ions that affect radio propagation exist, It can be

S

[
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divided into layers or regions depending on the ion
concentration., These layers are named D, £ cnd F,. The
E and F layers can be further divided into E,, Ez and

F F2 respectively. Figure 2.1 ia a schematic diagram of

1
the ionospheric layers and their respective heights. The
seperation between the layers are gradual and not abrupt

as suggested in the figure,

These layers vary diurnally and seasonally. The
D layer is most significant here because it exists during
the day and disappears at night. The main ionising agent
is the sun. 1t emits electromagnetic waves, X - rays and
streams of electrons all of which contribute to the
ionisation of the atmosphere, The density of ionisation
and consequently the ionospheric layers vary with the sun
spot and time of day, The ionisation of the @2tmosphere
takes place from the top downwards to the earth but
because of the low air density at higher altitudes, the
maximum ionisation density is somewhere within the
atmospheric layer. During the day with the presence of
the sun the D layer exists but at night it disappears,
This layer absorbs Medium Wave signals very strongly
when it is present and in most cases the signal is

completely absorbed and does not propagate.
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2.3.2 Refraction and Reflection in the Ionosphere

The lack of definition of the ionospheric layers is
responsible for a lack of defined point of reflection in
the atmosphere. As shown in Figure2,2 a radio wave entering
the ionosphere is reflected back to the earth, The
reflection follows a curved path., A wave will be reflected
back to the earth only if the conditions of increase of
electron density at point of reflection and angle of incidence
are satisfied. This shows that not all waves incident in
the ionosphere will propagate. However, the above conditions
can be satisfied by Medium Wave signals and this will be

examined next.

2,4 MEDIUM WAVE PROPAGATION IN THE IONOSPHERE

As was mentioned earlier, the D layer disappears during
the night making ionospheric propagation possible. During
the day the D layer absorbs the Medium Wave signal such
that only the ground wave is present. Even when this is
not the case, the sky wave signal is usually negligible.
At night both ground and ionospheric waves are present.

At close distances to the transmitter the ground wave
dominates. This has been verified by measurements taken
here in Zaria, At very large distances (over LOO km)
usually the only wave present is the ionospheric wave,
In between is a region where both ground and sky waves

are present and this can be a nuisance because ¢of rapid
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Figure 2.2: Return of a Radio Wave to Earth
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fadiné céused by interference of the two sigmis. Medium
Wave transmitter stations are designed such that this
region is outside the primary coverage area, In Zaria,
the Rima Radio station {322 km away) is received as both
ground and sky waves and the Radio Nigeria Calabar station

only as sky waves (over 600 km away)}. 'ﬁ
|

With the absence of the D layer at night, the Medium
Wave signal is reflected in the E layer and received at
distances far larger than during the day. The¢ existence
of the ground and sky wave signal causes fading which
can be reduced by anti fading azerials. All these problems
ol interference ernumerated and those of freguency
allocation as well as interference between nearby

stations were encountered during the research

investigation.

In summary Medium Wave signals are used extensively
in Nigeria. There are problems of interference and
especially frequency allocation due to the existence of
several stations, With proper monitoring of 0ld and new
stations, these problems can be reduced. Also by careful
design of antennas, the sky wave component of the wave
can be reduced and this will reduce Iinterference between
ground and sky waves. It is hoped that the results of
the investigation in the later chapters will contribute

to better broadcast systems,
b
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CHAPTER THREE

FIELD STRENGTH MEASUREMENTS

3.1 MEASURING SITE

The field strength measurements were carried out

in a hut(h)

at the outskirts of Ahmadu Bello University
Main Campus away from residential buildings. The flat
roof building is at the centre of a circular area of

35 meters radius. This area has a special earthing
system(h) of copper wires soldered to copper plates on
the top edge of the building and this plate is connected
to earthing poles 2.5 meters high at the periphery of
the circular area. The roof was alsc solidly earthed at
the four corners of the building. With this set up, the
rod antenna on the top of the roof can be considered as

real earth,

The hut was supplied with a 240 volt underground
line with provision for standby generator supply. This
hut housed the field strength meter, strip chart
recorders and other equipment discussed in the next

section.

3.2 MEASURING EQUIPMENT

The following ic 2 list of the equipment housed in

the measuring hut:

1. Rohde and Schwarz field strength meter type HFH,

2. Hewlett Packard strip chart recorders,



3.
L.
5.
6.
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Servomex electromechanical a.c., stabilizer,
Phillips a.c. stabilizer,

Standby Honda generator.

LS AH Varta Batterys

3.2.1., Field Strength Meter

The Rohde and Schwarz Electric field strength meter

used has the following main specifications:

Te

5.

6.

7

Indicating meter range: linear 0=~ 20 dB

Frequency range

Measurement range

logarithmic 0-40 dB
C-60 dB

0.1 to 30MHz in 10 subranges

.

0 to 120 dB referred to 1 pY
switchable in 10 dB steps

IF Bandwidth (3 dB down): + 100 Hz

Image rejection

+ 500 Hz switch selected

+ 4 KHz

50 to 70 dB depending on
frequency

Dutput_ for recorder H -3V + 10% for full scale

Error of indication

deflection on meter 500 kohms

+ 2 dB

The field strength meter was connected to the strip

chart recorder and antenna matching unit as shown in
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i

figure 3.1. The logarithmic indication ranges were used
because they are better suited for largely varying signals
characteristic of Medium Wave signals at night. The meter
was set to 558 KHz permanently, This corresponds to the
Rima Radic station with the Radio Nigeria Calabar station
interfering at night. Intermittent readings from Radio
Kaduna at 639 KHz were also taken at the start of the
measurements in June and July 1982. Even before the
uncontreolled interference from Radio Nigeria Calabar, a
nearby station at 545 KHz, Radio Nigeria XKano with an
average signal strength of 80 dB interferred with the

Rima Radio readings. The bandwidth was then changed

from I KHz to 500 Hz to reduce this undesirable

interference.

The main problem encountered with continuous
measurements was the public power supply. Initially the
equipment was set up relying only on the public
electiicity supply which was greatly inadeguate, The
supply was cut often and for extended periods of time
making continuous measurements practically impossible,

A Honda generator was later (in November 1982) attached

to the measuring hut and this was used as much as possible
when the public supply was off, Also, because of the
distance of the hut from the main campus, a L5 AH battery
was purchased and used to run the equipment for a short

time after the electricity supply was off before the
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FIG. 3.1 Block Diagram of Measuring Equipment Set Up
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generator is switched on, This arrangement reduced the

rumber of breaks in the measurement.

3.,2.2., Strip Chart Recorders

Two strip chart recorders were used during the course
of the research, The Iirst one, Hewlett Packard medel
3055A ehart recorder was purchased in 1974 and prieor to
the measurements had run over 3.78 km of recorded papergh)
Very early in the research, this chart reeorder had to be
changed for a better model 7155B alsc manufactured by
Hewlett Packard. This was necessary because the gears of

the first chart recorder had worn out and the speed of

paper was no longer accurate.

The HP 3055A chart recorder is an ink/pen recorder
using millimetric recorder paper of width 28 centimeters
and length 36 meters. The recorder could be set at
speeds from 2.5 cm/ar to 5 cm/sec. When the recorder

was used, it was set to 15 cm/hr or 30 cm/hr,

The HP 7155 chart recorder is a disposable pen
recorder using a paper of 12 centimeters width and
22 meters length. The speed of recorder paper is a
range from 2 cm/hr to 0,1 cm/sec or 6 cm/min. The
speed of paper was set at C.l cm/minute, This speed was
found most convenient both for unattended recordings

and economical use of chart recorder paper, It also



! On the LO dB range, full scale deflection represents

3V that is
hO dB - 3V

and 80 ab -- 6V

:In
The maximum level of 30 dB corresponds to 6 volts output.
A scale of 0.5 volts/cm means the & volts output would
cover 12 c¢m, This is the width of paper. Any other scale
would either lead to the signal shooting past the paper

or to inadequate use ©of paper. Figure 3.2 shows the

graph recorder paper and the staircase discussed above.

| The Rima Radio signal was recorded in the months of
June 1982, November 1982 and the first 10 days of December
1982 without interference. Thereafter, the Radioc Nigeria
Calabar station began fTect transmission and this station
started interfering with the Rima Radio Station. Since
the two stations were transmitting at the same frequency
of 558 KHz, the cnly way of seperating the signals was
before it goes into the receiver. A directional loop
antenna provided with the field strength meter pfoved
1ﬁadequate te do this because the line of sight
propagation of both stations with respect to Zaria were
almost parallel, Lack of a sophisticated antenna made
1t impossible to seperate the two sipnals. The field

strength recordings from December 10, 1982 till the end
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of June 1983 were made up of Rima Radio station during

the day (ground wave signal) and both Rima Radio and

Radio Nigeria Calabar stations at night. Since the phases
of the signal on arrival could not be predicted, there was
no way of knowing when the interference was constructive
or destructive. Sound monitoring however showed that the
Radio Nigeria Calabar station completely suppressed the
Rima Radio signal most of the time. The Rima Radic signal
was heard only briefly (not more than ten seconds) about
every 3 minutes, Despite this, it was decided to
normzlise the received data only on the basis of the 25KW
transmitter of the Rima Radio station., The consequence

of this is seen in a comparison of the Monthly hourly
medians for November 1982 and December 1982 on

pages 55 and 57, The extended period of missing data
in the month of April 1983 (see table 4.2 on page3T )

was due to temporary incapacitation caused by a bicycle
accident while coming from the measuring hut at night,

All other causes of missing data were power failure and

equipment malfunctions,

3.4 RIMA RADIO AND F.R.C.N., CALABAR RADIC TRANSMITTERS

Rima Radio Sokoto has two transmitters each of
25 KW located at Shuni, near Sokoto. Only one of these
two transmitters is in use. The other one is kept as

standby in case of any breakdown . The primary area of



coverage is limited to Sokoto State. The closest town

to the Kaduna - Sokoto border is Cusau, a distance of

160 km (straight line) from Shuni. The relative positions
of Sokoto, Shuni, Zaria and Calabar can be seen in

Figure 1.1 on page 7.

Radio Nigeria Calabar has a 50 KW transmitter and
full broadcast started in March 1982, Calabar is a straight
line distance of 690 km from Zaria.

The following assumption were made in the analysis:

(1) The transmitter power of Rima Radio station is constant

and effective radiated power is 25 KW.
(2) Omnidirection antenna with a gain of unity is used.

(3) Receiver station (Zaria) is in the far field thereby

neglecting aerial height effects.

The consequence of 1) above is that there will be an
increased signal due to the FRCN Calabar station at night.
Assuming a constant effective radiated power of 50 KW, the
power increase can be taken into consideration. This will

~pe further discussed in Chapter 5,

The expected signal of the Rima Radio station was
estimated using the CCIR curves in Recommendation 368 - 2
of the XIII'M Flenary Scssion, Geneva 197L Vol.5. 4
ground conductivity of 3 mmho/m and permittivity of 4



were assumed, Assuming a flat earth, the signal for
effective radiated power of 1 KW at the Sokoto -~ Kaduna
border is 38 dB and for effective radiated power of 25 KW
is 52 dB., This is 8 dB less than the 1 mV/m signal
strength stipulated at the border of the primary coverage

area of a transmitter, The signal strength of the Rima Radi
station in Zaria is 23 dB.

3.5 DATA CCNVERSION FROM ANALOG TO DIGITAL FORM

The analog data sample is shown in Figure 3.2. It
shows the chart recorder output at different periods of
the day. This analog data needed to be digitized for
computer analysis. To do this, a scale was constructed
from the chart recorder staircase. A sample of this
scale is shown in Figure 3.3, Each staircase was
divided inte 5 divisioms which eorrespontds to 2 dB steps.
This scale cqnstructe& on tracing paper was then placed
on the chart recorder paper and signal levels read every
2 minutes., This corresponds to every 0.8 cm. This
2 minutes interval was considered sufficient for a close
digital form of the analog data without loss of
information and redundancy in the digitization. A close

look at the sample readings verifies this.

The middle value of the analog data was recorded.
During the night the variation of the signal was such

that the record of two values of signal levels were
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more accurate. The mean of these two values was then

the median value of the signal within the two minutcs
interval. An example of this is illustrated in

Figure 3.4. The evening period shows two levels of
signal within the 0.8 cm (2 minute ) interval. The mecan
of these two values is taken as the median level of
signal within the interval. The data conversion from
analog to digital form produced a maximum of 300 readinys

per day of measurement.

3.6 DATA COMFILATION

The data was fed into the computer in such a way
that it could be read correctly in SPSS*, The computer
programs and format can be found in Appendix 2. The
data for any particular month was entered at the same
time with days cf the month as column and time of the
day as rows, The two pairs of digits read from the
analog output were entered side by side in L spaces
and a space used to seperate data of different days.
The matrix for any particular month contained 300 rows
but the columns varied as the days of the month varied
(31 days, 30 days or less). All data unavailable was

recorded as O,

* SPSS - Statistical Package for the Social Seciences.
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A Fortran program was then written called
(program One). This program was used to standardize all
the data., The mean of the pairs of numbers entered was
found and converted to equivalent decibel levels assuming
a 1 Kilowatt transmitter, The power of transmitter used
is that of Rima Radio Sokoto which is 25 KW. The¢ results
were then written on a file called 'month input'. This
file was used as input data for the SPSS programs written.
After this procedure the data of any particular month was

then in a standard form suitable for analysis.
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CHAPTI.R FCUR

ANALYSIS OF FIELD STRENGTH DATA

The more common analysis of computing the median
values of the data was employed. This corresponds to the
middle number of an orderly set of data. The median value
is an actual value of cone of the ordered set of numbers
which makes it preferable to a mean value. Moreover, the
median value is the number or level of signal exceeded
50% of the time or the 50th percentile., Whereas a
sharp burst of the signal would considerably affect the
mean value for any specified length of time, it is only
if the duration is comparable with the time interval
chosen that a median value will be affected. It is
also known that desi n of Medium Wave Stations is based
on annual medians. or the above enumerated advantages,
the median values foir various time intervals were

evaluated.

The median valucs evaluated are as follows:

1. Monthly hourly medians from 2.00 p.m. to 12.00 m.n.
for all the months,

. Daily medians of signal level for all the days
data was collected.

3. Monthly median for each month.
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L. Seasonal and annual medians,

Se Daily hourly medians,

SPSS and Fortran programs (see appendix 2) were

written in order to evaluate each of these medians.

4.1 Monthly hourly medians

This is the median of all the data for a particular
hour of a certain month, For example, the data for a
time period of one hour irom 5.00 - 6,00 p.m. for a
particular day of the month was added to those of other
days of the same month for the same period of time. The
median of such data is the median value of field
strength signal from 5.CC p.m. - 6.00 p.m. for that

month.

This was done for all the hours of measurement and
for 2ll the months. The result is tabulated in
Table 4.1.

L.2 Daily medians

The daily median is the median value of all the
data collected }pr a particular day of a given month.
It must be noted that it is difficult to interprete the
median of a particular day except by comparison with
other days of the month. This is because of the

interference of the chosen Rima Radio Station by the
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MONTHLY HOURLY MCDILAL

1S OF SIGN

-

1 1982 - JUNE 1983

Month

=% 2% | 88 | 2% [gR | 38 £R | 53R | ER
(pem.)
2,00 = 3,00 33.5 | 28.6 | 32,5 | 34.2 | 25.4 | 2.4 | 24.9 | 22,9 | 22.0
3.00 = 4,00 34.5 | 29.6 | 32.6 | 33.7 | 30.4 | 23.¢ | 21.8 | 22, 22,0
4,00 = 5,00 35,0 .mm.,.,:m 52,7 | 33.5 | 30,5 | 213 | 21,6 | 2301 | 224
5.00 = 6.00 35,7 | 30.7 | 33.1 34,1 30,6 | 21.7 | 21.6 | 23.7 | 22.2
6.00 = 7.00 36,5 | 31,2 | 43,2 | 43,7 | 4041 30.7 | 28.2 | 0.3 | 25.6
7.00 = 8,00 37.6 | 31.8 | 45.5 | 447 | 41.0 | 3.8 | 332 | 3709 | 343
8.00 = 9,00 59.6 | 32. 47.4 | 46.6 | 40.2 | 35.6 | 33.0 393 | 3641
9,00 = 10,00 41,3 | 33.4 | 48.4 | 494 | 45.0 | 363 | 35.1 39,3 | 36.6
10,00 = 11,00 43.6 | 6.8 | 42,3 | 4.0 | 43.0 | 36.5 | 25.3 | 39.0 | 36.0
11,00 = 12.00 (m.n.) 43.4 | 4241 41.8 42.7 41,2 36,8 | 35.1 3649 35.6
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Radio Nigeria Calabar Station at night. Furthermore, the
day signal was fairly constant for any particular day.

It can therefore be scen that an increase or decrease in
the number of hours the signal was recorded during the
day would affect the daily median because the additional
data would be single valued. However, a graph of the
daily medians is still informative and will be discussed

in greater detail in the next chapter.

Table 4.2 contains the daily medians for the whole

period of measurement,

L.3 Monthly, Seasonal and Annual Medians

All the data of a particular month was arranged as
a single set of data using a Fortran program called
program Two. A single median value of this set of data
was computed and called the median for that month or
monthly median. This is the 50th percentile. Also
the frequency distribution table of the set of data for
a given month was plotted to give the cumulative
frequency distribution from which any percentile can
be found. This frequency distribution table is part
of the output of the 3PSS program run. This median
value is very useful in he design of Medium Wave
transmitter stations and will be discussed in greater

detail in the next chapter,
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All the data from the months of November 1982 to
April 1983 were appended and a single median value
evaluated, called the dry season median. This is a
season median. The same was done for the wet season
months of June 1982 and May and June 1983 to get the wet

season median.

In addition to the seasonal medians the data for
the whole period of measurement was analysed to get a
single median, the annual median., This result was also
used to investigate the type of statistical distribution
obeyed by the data collected. The results of these

medians are contained in table L.3.

L. Daily hourly medians

The daily hourly medians or daily signal variations
can be said to be the most detailed result but not
necessarily the most informative. Median values of a
particular hour of a single day was evaluated. This was
done for each of the hours of recording and for the
whole days of measurement. In order to derive maximum
information from these median values, a set of graphs
were drawn showing the daily variation of signal level
for a particular hour during a certain month, This was
also compared with other hours of the month, This daily

hourly median is very important to this analysis because
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b
it seperates the data both on a daily basis and on an
hoﬁrly basis. This is very desirable as it gives a lot
of insight into the composition of the received signal.
More Importantly, the variation of the day signal can be
studied seperately (This is the Rima Radio Station
ground wave signal) from the night signal which is a
mixture of both stations. The results of these graphs
are discussed in chapter 5. Tables 4.4 to l,12 contain
the daily medians for each of the months recorded., These

tables are contained in appendix 1.

Some further statistié¢al analysis {mean, standard
deviation) was performed on some of the evaluated medians
to facilitate interpretation of results and to expose any

trends in the data.

The results of the analysis carried out are contained
in the tables in this chapter. The discussion of these
results is contained in chapter 5. To facilitate ease of
discussions and conclusions, the relevant graphs of the
tables are included in chapter 5. Some of the graphs of
the daily hourly medians are included with the tables in

appendix 1.
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CHAPTER FIVE

DISCUSSION OF RFSULTS AND CCNCLUSIONS

All graphs plotted from results of the data analysis
are discussed in this chapter. As was stated in
chapter four, various median values were evaluated and
tabulated. The graphs of these tabulated data are shown
in graphs 1 to 45, Some further statistical analysis was
also compiled to expose any trends in the results. The
result of the measurements was also analysed to see the

type of distribution it obeys,

5.1 DAILY MEDIAN

Graphs 1 - @ <chow the daily medians for all the
months. The median of a narticular day of the month was
plotted as ordinate with the days of the month as
abscissae. Graph 1 shows the daily medians of the month
of June 1982. The minimum median level is 32.5 dB while
the maximum is 40,5 dB., This is a range of 8 dB. A
close lock at the ~raph also shows that there is no
sharp change in the median level of consecutive days.
This is not the case with Graph 2 which shows the daily
median variation for the month of November 1982, From
Day 14 to Day 15, the level of the signal jumps from
34 dB to 43 dB, a difference of § dB, There is also a
Jump of the signal level from Day 26 to Day 27, from
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GRAPH 2. ~ DAILY  MEDIAN OF SIGNAL LEVEL for NOVEMBER 19872
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GRAPH 3. DAILY MEDIAN OF SIGNAL LEVEL FOR DECEMBER 1982
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______ GRAPH 4.  DAILY MEDIAN  OF SIGNAL LEVEL FOR JANUARY 1883 o
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GRAPH 6. DAILY MEDIAN OF SIGNAL LEVEL FOR MARCH 19B3
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GRAPH 7. DAILY MEDIAN OF SIGNAL LEVEL FOR APRIL 1983
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GRAPH 8. DAILY MEDIAN OF SIGNAL LEVEL FOR MAY 1983
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GRAPH 9. DAILY MEDIAN OF SIGNAL LEVEL FOR JUNE 1963
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months as can be seen from Graphs L -9,

A comparison of the daily median variations for the
months of June 1982 and June 1983 proves to be interesting.
For the month of June 1983 (Graph 9) the signal varies
from a minimum of 22 dB to a maximum of 38 dB giving a
range of 16 dB., This is double or 100% greater than
that of June 1982 when only one signal was present.
Furthermore, both zraphs show a gradual rise of 0.4 dB
per day. The average signal level for June 1982 where
only one signal existed is about § dB higher than that of
June 1983. This mav not be significant but the difference

is congistent for the two months,

 The above discussion leads to the following conclusions.

i. There is less correlation during the mbn%ﬁs Sf
December 1982 to June 1983 than from June 1982 to
December 1982. This may be due to the existence of
two signals from different stations from December

1982 to June 1983. : _i?;-f

ii, There is a gradual rise of the daily median éigﬁél in
the month of June (0.4 dB/day). There is also a
drop of about 0.6 dB/day consistently on the average
in the month of February. .

iiif. There is no sipgnificant difference in the nature of
the daily median signal levels for the period of
measurement. wﬁ,

_":f!"v.'l_'.:‘;_:_-. .
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5.2 Monthly Hourly Median

Graphs 10 - 18 show the monthly hourly medians for
the data collected., The graphs show the median of a
particular hour (say 3.00 - L4.0C) for a period of one
month. The graphs show the median values as ordinate and

time (hour) as abscissa.

Graphs 10 and 11 show the hourly medians for the
months of June 1982 and November 1982. During the day,
there is a fairly steady signal level but towards sunset
there is a gradual rise in the signal level. This rise
continues towards midnight. For the month of June 1982
the rise rate is uniform at about 0.6 dB/hour and drops
somewhat at about midnight. For the month of November
1982, the rise rate is not uniform and increases towards
midnight. The total increase in the signal level from
daytime to midnight was the same for both months. This

value of 10 dB is significant.

Although the daily medians revealed the presence
of an interferinz signal and when it started (day of year)
the hourly medians give a better insight into this,
Graphs 12 - 18 show the hourly medians for the months
of December 1982 to June 1983, The graphs have the same
general shape. However, it is interesting to note a

few points:



.
o

MEDIAN OF SIGNAL LEVEL IN dB REL. to 1 pV/m

o
Q

4O

20

10

GRAPH 10; MCNTHLY HOURLY MEDIAN OF SIGNAL LEVEL RECEIVED IN
JUNE 19682

@ J

e

12 m.n.

TIME (p.m.)



- 55 =

dB

MEDIAN OF SIGNAL LEVEL IN dB REL. TO 1 nv/m

o
o
i

p%1 1
o
[l

=
o
|

GRAPH 11:; MONTHLY HOURLY MEDIAN COF SIGNAL LEVEL RECEIVED
T zo<mzmmm 1982

\at
=
.

"D
Q

Q4
2 3. 4 5 s 7 6 9 10 1 12
TIME {pm}




- 56 =

y During the day when only the ground wave Rima Radio
signal is present, the signal level is fairly constant
at about 30 dB for the months of December to February
and 23 dB from March to June. This is a difference

of 7 dB on the average.

2, Towards sun set the level of the signal drops slightly
(between L .30 p.m. and 5.30 p.m.) and rises sharply
thereafter till about 7.00 p.m. when the rise rate

drops gradually.,.

This sudden increase of averagely 1C dB is due to the
presence of the Radio Nigeria sky wave signal. Audio
monitoring revealed that before 5,00 p.m, only the Rima
Radio ground wave signal was present. However, from
$.00 p.m. to 7.00 p.m, the signal from Radio Nigeria
Calabar station gracually increases until 7.00 p.m. when
this is the only station audible. Thereafter, the Rima
Radio station is heard intermittently. It seems, therefore,
that for most of the time, there is only the sky wave
signal of the Radio Nigeria Calabar station present at
night.

In the months of December 1982 to June 1983, the
signal level is constant between 8.00C p.m. and midnight,
except for January 1983 and May 1983 when there is a
drop in signal level towards midnight (11.00 p.m. to 12,00 p.:.)
The shape of the menthly hourly medians for June 1982 and
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November 1982 is seen to be different from those above.
The signal level actually rises appreciably within the
same period (8.00 p.m. - midnight) by 5 dB in June 1982

and 7 dB in November. : L

A study of the monthly hourly medians as discussed

above leads to the following conclusions: B O A

o
o . . e
0 T

1. During the day, only the ground wave signal 1is present.
It is constant at a certain level during a particular
month. This agrees with the theoretical predictions

of Medium Wave signals.

2. At nigh£, the sky wave becomes the domiﬁanﬁlmode of
propagation. This results in a rise of 10 dB on the
average in the signal level from 7.00 p.m. to 12.00m.n.
This also agrees with theory; the depletion of the
E layer which absorbs medium wave signals during the
day 1s gradual towards sunset., Hence an increase in
the signal level is expected towards midnight. If the
extra power of 50 KW from the Radioc Nigeria Calabar
station is taken into account, there will still be an
increase in signal level of at least 4 dB, assuming
the signals add. This shows that the rise in signal
level at night cannot be attributed only to the
existence of a second signal.



3. The propagation conditions of a purely sky wave
(transmitter over 600 km from receiver) is fairly
stable during the night whereas a nearer station

experiences greater signal level changes,

5.3 Daily Hourly Medians

The analysis of field strength data did not stop with
monthly hourly medians. The hourly medians were also
evaluated on a daily basis. These proved to be the most
detailed of the medians evaluated., 1In order tec utilise
these results fully, the daily variation of signal levels
was plotted for particular hours of the day, Three hour
slots were plotted - 15 =16 hours, 18 - 19 hours and
21-22 hours., These three slots are representative of
the different propagating conditions as discussed in the
last section. These were plotted as ordinate with the
days of the month as abscissa. The results are contained
in graphs 19 - 27. Some statistics of the computed
results, namely, the mean and standard deviations of
these hourly slot medians were also evaluated. The
results of this computation are shown together in
table 5.1. For ease of reference, it was decided to
include these results together with the tables in
appendix I. (See pages 96 - 123).

HOUR 15 - 16

This hour is typical of the propagation during the

day. The power of transmitter of the Rima Radio station
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TABLE 5.1

MEAN AND STANDARD DEVIATION OF DAILY VARIATION OF
SIGNAL LEVEL FOR JUNE 1982 - JUNE 1983

15 - 16 16 - 19 21 = 22

MO s.D. | = S.D. % 5.D.

»I

JUNE '82 | 2.1 |3L.2 3.8 7.3 5.8 | L0.8

Nov '82 | 2.48 |29, 3.0 31,0 6.73 34.9

DEC '82 1.09 | 32.3 7.32 | L2.6 6.4 L7.3

JAN '83 | 2.28 | 32.8 4L.98 | L2.8 52 48.5

FEB '83 | 5.5 |27.5 5.6 39.5 7.2  US.1

|
MAR '83 | 3.0 |22.65| 3.97 | 30.6 | L. { 36.2
1

APR '83 1.35 | 21.5 2.89 | 27.6 3.15 35.1

MAY '83 2e2 23.2 .3 30.7 L.0 39.3

JUNE '83 | 2.19 |22.5 L.u8 | 25.8 2.54 ! 36.8
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was constant at 25 KW, The mean of the signal level
during this time slot for the period of measurement
varied greatly. The dry season months of November to
February show a higher mean of about 30 dB than that of
March to June which has an average of 22 dB. There is
a fairly high degree of correlation for all the months
as shown from the table of standard deviations. The
cenly month which is an exception is the month of
February 1983 which has a standard deviation of 5.5
(table 5.1). The month of December 1982 has the least
standard deviation of 1,09. This shows a very stable
ground wave signal during the day in a typical dry

season month,

HOUR 18 - 19

There is an obvious increase in scatter of the
medians in this time slot when compared with that of
15 - 16. The highest occurs in December with a standard
deviation of 7.32. This was the month when the
interference from Radio Nigeria Calabar started, At
the start of the interference on Decembe;q}o, the signal
level was measured and was found to be high as 75 dB at
night whereas it was typically 50 dB prior to that.

This accounts for the large disparity in the standard

deviation between the two time slots. The other months

show a slight increase in the standard deviation.



HOUR 21 - 22

This time slot is dominated by sky waves and in
particular the Radio Nigeria Calabar station, over 600 km
away. There was an increase in the standard deviation
when compared with the 18 - 19 time slot except for the
months of December and May where there was a slight drop.
The results also reveal that the mean level of signal
increases towards midnight as was indicated earlier. The
month of February had the highest scatter with a standard
deviation of 7.2 while the month of April 1983 had the
least of 3.15,

From the above discussions, it is seen that the day
time ground wave signal was fairly constant during the

period of measurement.

A comparison of Graphs 19 and 20 with Graph 21 shows
a sharp difference in shapes. Although there is on the
average a rise from 300 p.m. to 10,00 p.m. during the
month of December the rise is conspicuous. It is
observed that the day time signal has a very high degree
of correlation. During the night taking the later part
of the month the signal varied between O dB and 55 dB
a8 range of 15 dB, This range is typical for the dry
season months, The month of May for example, (typical
wet season month) has a range of 26 dB. There is seen
to be an appreciable difference in range of variation of

signal level at night.



The analysis leads to the following conclusions:

- ¥ The day time ground wave signal has a high degree
of correlation for all the months, especially the

dry season months .

2. The instability of the ionosphere is greater during
the wet season than during the dry season hence
greater variation im the hourly median values
especially at night. It is to be noted however, that
the high range of 26 dB in May 1983 can @lso be due in
part to interference caused by the existence of two

signals,

5.4 DAY / NIGHT MEDIANS

In order to verify the conclusions arrived at from z
study of the monthly hourly mediarr and daily hourly medians,
another set of medians was computed. The period of measurement
for a particular day was divided into two parts. One period
from 2.00 p.m. to 6.00 p.m. to represent DAY median and from
6.00 p.m. to 12,0C midnight the NIGHT median.

The results are contained in graphs 28 - 36. The graphs
reveal a high degree of corrclation for the day time ground
wave signal and a higher variation for the night time,.

The existence of two signals during the night makes it

difficult to interpret , However, in the month of “ovember
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P 5.6 CUMULATIVE DISTRIBUTIONS

:!-.faf -

.Tﬁe anélysis and discussions done so far are on the
.?Hf 50th percentile. This is the most informative of the

{ percentiles but other percentiles are also useful. The

1 cumilative distribution of the two minute medians was

J%; therefore computed for each of the months and alse for - %=
k the seasons, Graph 36~46 (prs. 78~86) show the cumulative
b distribution with signal level relative to 1 uV/m in dB as
ordinate and percentiles as abscissa, Table 5.2 and Graph L7

contain the distribution for the whole period of

T

1
i ‘measurement with signal level relative to annuasl median as

ordinate and the percentile on a Gauss scale as abscissa.

B I s e S

Table 5.3 shows the cumulative distributions for all
the months and alsoc for the wet season, dry season and the

\  whoele period of measurement. Table 5.4 is a comparisen

! of the results obtained during the nine months measurements

B
F

were taken. The computed range, interquartile range and

measure of scatter are inciuded. A few things can be

noted from Table 5.).

ﬁ. The dry season months of December to February
recorded the highest signal levels with the levels

P

E; . exceeding 60 dB 0.7, 0.6 and 0.8% of the time

|

respectively, .

o
2, The months of March to April recorded.the lowest
signal, the sipgnal falling below 15 dB for 0.6, 0.2

-{ - and 0.7% of the time respectively.

*{ v o E



TABLE 5.2

PROBABILITY DISTRIBUTION OF FIELD STRENGTH DATA

% level was 5 10 20 30 40 50 60 70 80 50 95 97 99

Exceeded
- Level in dB 45 | 42 39 | 36.5] 34 31 27 | 24 22 | 21 20 19.5118.5

wmﬁ&wﬁmw. 12 | 13 8 5.5 % o <4 1 -7 | -5 |-12 l-11 l=t1,5 k12,5

Level in dB

¢ 51 a8 |42 {38 |35 33 | 32 { 30 { 25| 27 } 20 | 19 Vis.c
IRY —

Level in 4B

rel. to Med. 15115 g > 2 Cyp =1 3 =3 =5 1-10 1-13 {44 |-15
- ,mlrli..l..t

Level in dB 50 {46 142 |38 |35.503a.5) 32 | 30 1oc | 22 lz0.5 {19.5 {180
ANNVAL

Tavel i

eye in m.m “mnm .v.__om .M._m u.m A O l.N.m .lh..m lm.m |.,wmom |._W.O |4moo I.A.Nom

rel. to Med,
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TAELE 5.3

CUMULATIVE DISTRIBUTION Of THE TVO MINUTE MEDIANS 07 3IGNAL LEVEL
i
wﬂﬁbuﬂﬂ. JWE | vov.| pec. | Ja¥ | FEB | MaR | aR | Hay | owe | wer | oy | oo
e 1982 | 1982 | 1982 | 1983 | 1983| 19 1983 | 1983 | 1983 | sEason| sEascy
— & 5.0 i —
a1 0.0 | 0.1 f ...... 1 o
T | 0.1 | 0.2 i I -
& 0.1 | 0.2 - o
- N 7
63 0,0 0,0 | 0.2 | 0.5 : | |
62 0.0 0.0 | 0.3 | 0.6 T m
61 0.0 0.0 {04 07| |
6C 0.0 0.1 | 0.6 | 0.8 -
59 0.1 0.1 | 0.9 | 1.1 0.0 i
8 0.1 |0.0 0.5 | 1.2 | 1.5 1.0
57 0.2 0.1 0.8 1.8 1.8 1.0 1
56 0.4 |o0.2 1.5 | 2.4 | 2.2 0.0 1.0 1
55 0.7 |[0.4 23 | 3.6 | 2.8 0.2 2.0 1
54 1.0 ]0.4 33 | 4.8 | 3.8 [0.0 Jo.o [o.2 2 2
53 1.4 0.6 | 4.9 6.6 | 8.2 lo.1 lo.1 0.4 | 0.0 3 2
52 2.1 |1.0 7.9 | 8.4 | 5.0 |o.1 lo.1 0.5 | 0.0 0.0 4 %
5




TABLE 5.3 (CONTD.)

SIGNAL LEVIL

g ) JuNe | wov. | pEc. | Jan. | FEB.| Maa. | =R | may JURE | WET IRY ANNUAL
 wr/e 1982 | 1982 | 1982 | 1985 | 1983 | 1985 | 1933 | 1983 | 1983 | sEason | sEason
51 3.0 1.5 ] 9.2 | 11.1 | 6.2 o. 0.1 ] 0.8[ 0.1 1.0 5 4
50 | 4.7 2.2 | 11.9 | 13.4 | 7.3] 0.4 | 0u1 | 1.0 0.2 1.0 7 5
49 5.8 3.0 14.7 | 15.9 | 8.5 0.6 0.2 | 1.5] 0.3 1.0 8 6
) 7.4 3.5 | 17.9 | 18,6 | 10.3 | 0.8 0.4 | 2.3 | 0.5 2.0 10 8
47 8.8 .4 F 219:% | 297 11261 1.2 0.4 - 18 0.7 2.0 12 9
46 ;HL 10.9 | 4.9) 24.0 | 24,5 | 14.6] 1.3 | 0.6 | 4.6 | 1.1 3.0 14 T
45 [ 13, 5«7 | 27.5 | 27.2 | 17.3 | 2.6 1.0 | 6.6 | 2.0 5.0 16 13
44 16.6 6.4 | 29.2 |29.7 | 19.9] 4.0 1.5 | 8.5 | 3.0 6.0 17 15
43 20.3 | 7.6 | 31.5 | 32.6 | 22.7| 5.2 | 2.2 | 11.0 | 4.5 | 8.0 | =
42 23.7 8.7 | 33.8 | 35.2 | 25.6 | 6.9 3.3 | 14.0 | 5.9 11 21 19
41 27.5 | 10.0 | 35.9 | 37.8 | 29,0 | 9.4 4.6 | 17.5 | 8.9 14 24 22
40 31.3 | 11.3 | 39.2 | 40.4 | 32.5 [12.3 6.8 | 20.6 | 11.2 17 26 24
39 35.1 | 12.9 | 40.3 | 43.5 | 35.7 [ 15.1 9.7 | 24.6 | 14.9 | 21 29 27
38 39.3 | 15.0 | 42.3 | 46.0 |39.1 18,2 |12.2 |28.2 | 18.1 24 3 30
37 44,6 | 17.1 | 44.4 |49.8 |42.1 [22.0 |14.e |32.0 | 22.6 28 34 4
36 49,8 19,3 | 46.4 | 54.2 | 45.6 |25.9 17.7 | 36.1 | 25.6 32 37 37
35 60.3 | 21.6 | 48.8 | 61.9 | 49.2 |30.1 | 22.1 | 40.8 | 30.6 37 41 42
34 71,7 | 25.6 | 51.8 | 69.7 | 53.0 |33.9 ] 25.5 ]| 44.4 | 34.7 41 46 47
3% 792 | 30,2 | 57.3 | 78.5 | 60.4 |38.2 | 30.1 | 48.0 | 39.2 45 51 52
32 84,3 | 37.7 | 78.0 | 84.1 | 64.2 |41.5 |33.3 | 51.1 | 42.0 | 47 60 59
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Ti;:i:!I:;:- -
Ty oL LVEL | swme | wov. | pec. | Jan, | FEB. | Mar.| aeR. | may | owve IRY ANNUAL
joete 1962 | 1982 | 1982 | 1983 | 1983 | 1983 | 1963 | 1983 | 1983 | sEasow | sEasow

|
=]

[

N
o
(o)

J

€5

31 %.2 | 47.8 | 7.5 | 88.2 | 69.7 | 45.0 | 37.0 | 53.3 | 45.1
. 4

30 IT.7 | 545 | 93.6 | 90.6 | 73.9 | 48.7 | 41.6 | 55.4 | 47, 52 71 69

29 | 985 | 64.9 | 97.4 | 5.9 | 75.8 | 53.0 | 45.6 | 57.3 [50. 9 55 76 5

5 99.0 | 74.9 | 99.0 | 97.5 | 7646 | 55.5 | 42.1 | 59.1 |53.2 57 79 75

T 99.3% 85.5 99.4 99,4 TTe3 60.6 505 611 55.4 59 83

26 99.6 | 9.3 | 99.6 | 99.5 | 78.0 | 62.2 | 52.1 | 65.9 | 60.2 | & | &

2 B %.8 | 9.7 [100,0 | 79.3 | 66.2 | 55.4 | 9.0 | 67.2 | 68 |

Y 9.5 | 99.8 85.3 | 68.0 | 57.4 | 71.7 | 68.7 7| e
23 99.8 | 98.0 | 99.9 B7.6 | 74.6 | 61.6 | 79.1 | 70.6 76 %

0
22 99.8 § 99.0 | 95.9 88.1 T7.S | T0.1 37.0 75.2 82 91

no
b

99.9 | 99.3 | 99.9 93.5 | 82.1 { 82.2 { N1 92.8 92 X%

20 99.9 | 99.4 | 99.9 5.4 | 84,7 | 05.0 | 97.0 | 95.0 % 2
19 99.9 | 99.8 |100.0 97.9 | %4.2 | €7.3 | 98.0 99,4 99 7

BB |R|R|8|3|R|&] 8|3

18 99.9 | 99.9 99.3 | 96.0 | ¢7.9 | 98.7 | 99.8

O
O
\D
L\

17 99.9 99,9 | 98,6 | 99.6 | 98,9 100 100 100

16 100, 0 100.0 | 99.4 | 9°.C | 99.3

15 99.9 99.5
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RANGE SEHI- MEASURE
HONTH 60 ar |50 éz §40 4B | 30 dE | 20 4B 15 dB {aB) INTER QU TILE OF
RUJIGE SCATTER
JUNE {080 C 4.7 | 317 97.7 99. 9 100 46 3.9 .085
ROV, 1982 O mwm 11.3 54.5 39.4 100 40 3.2 .08
lruwo. 1982 Ou1 11.5 {392 93.6 99.9 | 100 42 7.7 .18
J&N. 1983 0.6 13.4 | 4044 N6 | 100.0 | 100 41 5.9 .14
FEB. 1983 0.8 Te3 § 3245 T2.9 95.4 100 51 £.4 13
MiR. 1983 0 Gu4 1 12,3 | 48.7 84,7 99.4 38 7.8 .21
APR. 1983 0 0.1 6.8 | 41.6 85,0 99.8 38 T+5 .20
MaY 1983 G 1.0120.6 55.4 97.0 99.3 44 Tab 17
JUNE 1983 0 0.2{11.2 | 47.6 %.0 100 34 7ol .21

MEASURE OF SCATTER

SEMI-INTER QU.RTILE RANGE

R/NGE
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3. The month of February, a typical dry season month
has an unusually large range and also the highest
range of 51 dB whereas other months in the dry
season have a range of about 4C dB. No explanation

wag found for this exception.

L,  The measure of scatter is higher (0,18 to 0.21) for
the months two signals existed than for months when

only one signal (NOV., JUNE) was recorded.

| 5. The dry season months have a lower measure of scatter

than the wet season months.

5.7 SUMMARY OF CCONCLUSTONS

The need for stations working in same or adjacent
fregquency channels to determine the minimum geographical
seperaticon and maximum transmitter powers to avoeid
interference resulting from long distance ionospheric
propagation has been stressed for some years now. In
Nigeria in particular and developing countries in general,
more attention needs to be focussed on this. The scupe
of this research work was complicated early in the
research period because of long distance ionospheric
interference. When two stations transmit on the same
frequency the interference of the signal from the two
stations is a big nuisance and is very difficult to
remove, This is particularly true of medium wave

signals at night, _ | .
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The handicap cf the interfering ionospheric signals

| notwithstanding some useful results and consequently

conclusions were arrived at. They are as follows:

1.

The graph of daily medians reveals that there is no
significant variation in the shape of the graphs during

the period of measurement, (June 1982 to June 1983).

There is an averege spread of 10 dB in the signal
level, However, the signal level shows a downward
trend in the month of February of - 0.6 dB/day and
an upward trend of Q.l dB/day in the month of June
1683,

Due to the presence of an interfering slgnal &t might
there is less correlation during this period when

compared with the period cof single signal measurements.

The monthly hourly median graphs reveal a”fiée of
0.6 dB/hour on the average from sunset to midnight.
For any particular day, the level of received signal
does not vary with time.

The daily hourly median graphs confirm the conclusions
reached in 3 and 4. It alsc revealed that the level
of signal during the harmattan was higher than during
the wet season with a high correlatien during the

day. There is a greater spread during the night and
the signal level is significantly lower during the:

wet season,
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As a result of 5) above, there does not seem to be
a reduction in signal level due to harmattan dust.
Rather the stability of the atmosphere, giving rise
to specular reflection rather increases the level

of the received signal during harmattan.

The sky wavc night time signal is 10 dB higher than
the ground wave day time signal. The reduced
correlation and fluctuation of the signal during
the night however, causes the sound quality to
deteriorate. This shows that an increased signal
strength due to sky wave signals is undesirable for

medium wave transmission.

The difference between the wet season and dry season
medians of 33.6 dB and 31.4 dB are not statisticallw
significant. The annual median represents readings
taken for a period of 204 days and has a value of

33.8 dB.

The probability distribution approaches a log-normal
distribution. This is characteristic of slowly

varying signals,

The CCIR recommendation 216 of the XITI'P Plenary

Session, Geneva 1974 states that for good reception,

the median value of the wanted signal should be 4O dB

greater than the median value of the unwanted signal



Q) -
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for 90% of the hours and days. The research work has
revealed that a lot of the protective laws regarding
medium wave transmission with respect to frequency
allocation, maximum power of transmitters for good area
coverage and no interference are seriously inadequately

adhered to,

The monthly medisns are very useful in the design
of medium wave transmitters. It was discovered that
during the period of measurement, the largest difference
in decibel between any two medians was 10 dB. The
average rise rate is 5 dB/month, This shows that
propagation conditions are fairly stable and good
reception should be possible throughout the year with a

fixed power of trrasmitter. This is the usual practice.

5.8 RECOMMENDATION FOR FURTH"R WORK

The period of measurement of this work was 204 days
within a thirteen month period. It is therefore
recommended that readings be continucd to be taken over
a period of years in order to compare results of different

years.

Also, there was not much work done on fading of the
signal. The graph paper recordings show a slowly varying
signal for most of the period of measurement. It would

be seen that this was due to the high signal level and
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consequently high signal to noise ratio. With a lower
signal typical of rural area broadcast, the fading is

likely to be much more sipgnificant especially at night,

It is known that the ionospheric signal becomes more
dominant as the frequency increases (in the Medium Wave
band). It would be interesting to see the effect of a
higher frequency of transmission on the nature of
propagation., It is therefore recommended that more

work be done in the upper range of the medium wave band.

Although it was found out that harmattan does not
seem to have an appreciable effect on the level of signal
received, it would seem more work is advisable in that
area. Firstly the presence of two signals made
interpretation of results difficult. It also made it
difficult to compare results critically. OSecondly it
is known that the harmattan is not uniform over the
years, hence some data analysis taken over a period of

years would be informative.
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TABLE 4.4

D4ILY HOURLY MEDIAN FOR JUNE 19682

T ~__  Day

Time ;;;;f;;;;, 1 2 13 L4 ¥s |6 |7 (11|12 13| 15
5,00 - 3,00 | 31.9|3c.9[31.9}32.037.7]32.8 {31.9 {35.8 |35.7 |34.5 |34.9 {33.9
5,00 = 4.00 | 31.9]31.0 |31.9[33.3 |39.0 |34.0 |32.9 {35.9{35.9 |34.9 |34.5 }34.9
4,00 = 5,00 | 31.9]31.4 |32.6 1 36.5 [41.5 35,1 |33.2 {37.1 | 37.6 |35.5 |34.9 [ 34.9
5,00 - 6,00 | 31.9134.0[32.1 §39.1 143.9136.0 {33.8 |37.7{39.9 |34.6 |35.¢ |36.0
6.00 = 7.00 | 31,4 |34.4 |33.1 ]40.6 [43.7]35.8 }33.7 |37.5§43.4 |37.1 [36.3 ] 40.4
7,00 = 8,00 | 34.1[33.735.4 | 38.4 [37.0 | 38,1 {35.2 [38.4 [ 42.2 |46.4 [37.4 | 50,2
8,00 ~ 9.00 | 37.0[36.9[41.7} * [33.9]38.938.9 {43.4]46.0 [36.8 [42.4 ]50.4
9.00 - 10,00 | 42.7 34,2 |42.4 | 34.4 |33.3 | 32.9143.5 18,4 | 48,7 |38.9]4e.9 | 41.2
10,00 = 11.00 | 44,1 ]41.9146.9141.71368.4 [ 33.4 147.4 | * |44.1[40.8[52.9 ] 45.9
11.00 - 12.00 | 46.4 142,7145.0143.0{43.1[35.7147.9 ¢ « 42.2136.9{50.1 |45.4

¥

* Nissing Data

-
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TiELE 4.7
DATLY ROTRLY MEPIAK FCE JANUART 1503
Ty of
Tima ¥eath
(z.x)} 1 3 4 5 ] T8 1M [ [ 15 [ 16 {19 [ 20 2t | 22 (23 | 24 |2 527 [2€ |29 | 3NN
2.00 - 2400 i bt . & 1359 * %0 * 17354 | 3.1 173.9 * ¢ 1.6 | 283 [29.7 s 1285 120,0 137.713%.5 | 35.6 »
00 = 4,00 I ] - . » 1359 * [aL.E}F % 1,01 %.0) ¢ * 2, 8133,7] 29.2 {28,981 * |25.917%0,8[35.3 ) 35.0 | 34.0 ] 32.4
4,00 ~ 5.0 32,6 » b * & s 3.9 72 Ma o 4,02 | 20T (25T { 0B 250 ] M0.9 35,7 M4 | 36,2 | 5.4
5,00 ~  £.00 .k * . s - L BT * 132.8]M.7 . ® 134,01 * | 30,6 {280 [ 33,3 52.4 3.9 | 34,50 36.1 | TAud | 364
£,00 = 7,00 4.7 b e b AR bt bt - * [aE.Y L 454 * & 4.5 . * {383 L X 7T R s ] * {46.2}55.00 41,9
T3 = 800 .2 * 48,75 499 . b . * |53,9] 51.6 » 46,5384 * §36.9 140.0 - * {1417.2 - | 4T.4 i
8.0 - 9,00 b 1,61 52.9) 46.9149,91 47,5 }47.0 * Z.T14%.4 d hd . ® 403 1361 " * | 47.5 - * 48,2 *
5,00 = 10,00 # 123,98 ¢ |S51.2 * 50,3 feBeT | 5148 | 50,9 5242 j4T.4 146,59 1 487 ® | 40,3 [25.4 * * 151.9 3 * | 50.6]480(53.T
10.00 = 1.6 . £7.9] = {424 | 4542 [4RG $37.9 |54, " 484 41,1 | 46.2 » 14G.0 ;32,9 * | 40,6 | 43.4 (40,4 § 43.9¢ 4E4 1 4Te4
11,00 = 12,00 - 41.4 * {d0,8 ¢ [ 36,7 150,9141,0 50,9 34,4 | 57.4 ] 36.9 ] 50.4 * | 78,8 u.-mp * 44,0 44,2 D419 44,6 1 47,0 ] 39,6
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ARLE 4.8

_RUILE FOURLY MIDTAN FOR FIRRUARY 1993

- e - —

b et B
BN |
ﬂwmwumpwmmmmawm_ﬁE.G_;M | 2 |
i R m i | { ' i “ ; 1
* | 30.2{33.9 WEL 320213346 3007 133.9 130.7 | 2.2 22,7 , ,_ ”
 * 1312 132.7|35.5 | 32.0 | 3144 | 34.5 | 34.0 |31.0 1902 | 240 | i
4.00 = 5.00 | 370 | 3143 , 31.8 T_ﬂ: 133,91 32,7 [ 32.3 | 5440 | 3429 F, S.L 24.7 ) ” "
| 900 = 6.00 | 354 |32.0 [ 33.4 791 | 32,0 [ 33,0 { 34aT | 3647 | 3504 | 21a2 | 256 | _
6.00 = 7.00 | 46|+ [41.4|@0a6 ) 4404 4141 (398 4801 | ¢ (33,6 40,4 | |
7.00 = 8,00 | 47.9 ! 42,7 * 52sd , 42,5 ﬁ 47.9! o TR M . | . Tw.ﬁ _ {
| 800 = 9,00 | 53014001 (46,9 | 370a 481} ¢ | o | e { 509 | 37.2 | 3748 | _
9,00 = 10,00 _ 5349 i.m_a.imo.hz.mm s p e . _"&.L ._.,.L...o.i
10,00 = 11,00 | 541 _a.a_a; 130.8 48,00 ¢ | o | % [55.7 551 ru“
00 = 12, 5 - 3 )3 __ - I AR n _”
_Hoo 12,00 L .a.o_ :J.:L__K....mﬁ.m.r | | Lb.ahm?ﬁuo.qm 3 buup

—

* FNicoing data
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TASLE 4.9
24TLY _SCURLY MEDTANS BCR FARCE 1963

2887498

Day of
Tize Month
(r.0) 3 4 S 6 T 9 10 1" 12 ” 4 15 16 17 18 19 20 21 2 23 | 24 25 26 27 28 | 29 | |
2,00 = 3,00 20,3 20,0 | 22,6 |22.3 | 1949 | 21.9 | 18.0 [23.9 | 1749 |20.2 | 137 | 20.9 | 29.8 | 30.4 { 26,9 28.6 1 29.4 [27.4 [27.8 {26.2 | 24.4 § 28,9 | 28,1 }27.7 |21.8 | 20.9 | 20.0
3.00 = 4,00 20,2 19,7 | 212 | 19.9 | 18,3 | 22,4 | 21,3 * 19,6 | 2002 [ 19,9 | 21,1 | 2745 | 29.6 | 24,0 | 2727 | 2544 | 2642 | 2448 | 25.6 | 19.4 | 22,3 [20.2 | 25,7 | 22.5 | 21.3 | » 2248
4,00 = 5.00 21,7] 20.% | 20.2 | 20.1 [ 16.4 | 23,5 | 20.3 * 179 [ 199 | 194 | 21,7 | 22.5 125.8 | 25.6 | 24.1 § 234 12427 {21.9119.9 117.T§ 20,9} 193 | 245 } 20,7 | 20,01 * 16.4
5,00 = 6,00 2.6) 19,5 | 27.8 | 23,1 * 124.0 121,9 |18.2 | 18,0 [ 20,1 | 23.0 [22.4 | 22.7 | 27.8 [ 24.5 | 19,4 | 21.7 | 204 | 23,6 | 19.8 | 1644 | 20,9 | 182 | 273.4 } 2=.1 | 20.1 | 15.8] 18.5
6.00 = 7,00 .4 31,4 | 30,9 |20 [ 0 |31.4 129,84 50,4 | 0.4 |3T.2 | 30,9 [3%.1 | 29.4 {3702 | 26,9 ) 28,7 29.4 |26.9 | 28.4 [24.1 [21.4 {28.4 | 29.4 | 25,74 2,9) 25,9 ) 20,4 | 254
7.00 = 8,00 32.2] 33,7 | T6.4 56,8 |31.8 | 39.4 | 36.9 297 | 30,4 | 38:2 36,4 | 77.8 ] 36,6 [ 406 § 44T 37.3 ] 339 | 37,1 |40.6 §34.3 | 26.6 | 56,4 | %5.6 * 136,9|38.4 | 28,9 29.7
8,00 = 9,00 4,50 .4 | 29.2 36,1 | 4.9 [40.2 [35.7 1294 | 31.0 §36.9 | 37.0 [ 22,1 | 39.9 [ 41,2 [ 45,1 | 38,4 § 27,7 | 716 |41.2 (35,2 | = {41.4139.4 o {3521 %6.4) = 2.1
9.00 - 10,00 35,00 3.4 | 30,0 |IEY | TTe1 | 40,7 | 38,4 |31.4 | 25,9 | 5404 | 34,9 | 35.4 | 40,9 | A1 6 1 46,7 | 38,9 ] 5.7 |37%.9 | 5%4 | 53.2 | 31.3 fac,3 1360 ® 176.7T]34.9) = 32.9
10,00 - 11,00 39.1 ) 39.1 W9 [T * d1o4 | 36,9 | 2644 | 32,5 | 38.2 §37.2 [ D64 | 28,1 | 42,1 | 45,6 | 26,7 §32.9 | 35.8 [40.8 |33.1 | 50.2 { 41,0 | 33,1 = e 1%52,6] » 3.4
11,00 - 12,00 B448) 33.1 30.9 | 36.7)] * 372 15443 | 2629 20,3 | 2649 [ 35.9 | 364 | 39,7 | 4201 [ 464 | 3004 | 7Ted | 3644 [ 404 |37.4 | 54 | 35.8] 52,2 » bt . * 3.5

®* Missing datas
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TAELE 4.10

DATLY HOURLY MEDIAN FOR APRIL 1983

Day
Time S~ | |
2,00 - 3.00 | 21.9
3.0 - 4,00 | 22.6
4.00 - 5.00 | 25.5
5.00 - 6,00 | 23.0
6.00 - 7.00 | 29.7
7.00 - 8.00 | 35.1
8.00 - 9,00 | 32.1
9.00 ~ 10,00 | 33,7
10.00 - 11.00 | 31.7
11,00 ~ 12,00 y 30,0

-k

28,8
22.5S
21.2
21.%
3G.9
39.7
41.7
40,2
40.2
39.2

3 21 22 23 25 26 27 28 29 30
22,91 * [19.9f21.9| * | 19,9 22.9} 1%.81 21.9 ] 19.6
2.8119.9119,9121.2| * | 19.9] 23.1 | 19,91 a2.1 | 21.9
22.7120.4119.4 | 21.9[22.4 | 19.9! 25.6§ 23.4 | 19,8 [ 20,9
22,9121.8119.9]|20.4121.9¢ 19.9| 22,1} 20,5 16.9 | 19.%
28.4 [ 27,4 1 23,7 | 25.1 [ 33.4 | 25.4 | 24.9( 27.1 * | 27.1
34,4 132,6128.8132,2133.9| 34.9 | 33.4 | 31.4 * *
36,8 137.6130.8133,4130.4 [ 32.1 | 31.4 | 30.7 * *
34.1 135.9134.1135.4 {40.4 ] 33,7 33,01 30,2 * *
137.4 137.4 | 36,4 1 34.2 1 41.4 1 33.2 { 36,1 | 31.4 * *
35.4 1 * |34.8|] + {40,9 m 39.1 | 32.4 * * *
|

#* Missing Data




TAELZ 4,114

PSallY ZOVRLT REDTAb PCR MAT 1943 w
o
Iay of
¥osath
b 4 £ i 7 L4 ) 0 i1 1z 14 t5 1€ 17 13 12 e +) 2| 22 2310 2% 2% 26 27 3t
Tk} D1.91 75.9 | 225 1235 | 3.9 . . - » hg, 9l o v | 20,9 |zz9 |22, «2 22,5
4,00 Kk 23,6 [ 53,09 {2 | 26,1 . - t | 20.5 ] 2.7 * | X0.5 $23.8 22,9 §27.7 §21.9
500 21,0 | 273 [23.9 (2 4,7 17,4 1831 {14.9 - * del.1 {27, 8255 * P20,9 (204 [19.4 [22.9 f22.9
5,00 ~LE | 336 P304 E2RLD | r4L6 3.1 | 255 ] 104 * . [ 24.4 20.4 * 2.4 23,7 122.3 = 1.7
- TW00 * 30,2 3.9 p20LE PIE,2 3004 | 2000 [ 34,4 | 2.7 | 32,7 130.5 [ J1.3 | 2644 * 128,7 13,4 | 29,7 [22.9 [0
8,00 = 13287 i33.4 1377 136,2 1.9 4351 42,4 [57.4 (42,4 42,0 |41.0 | 288 v [35.0 §37.4 | 34.€ 1313 [34.4
7,00 + | 33.4 F47.5 38,9 (8, 0,4 [ 4409 1 4704 [40ad (414 129.9 12330 134uT v 13644 38,7 [¥5.4 | 52. -
(1A &} * | 3T.6 pAT.4 JA2.4 vian T {23.0 13644 | 4104 |35.6 {366 [33.2 | 250 [40.4

3
41.49 k5 GU.A KRBT | 5,2 (376 3901 | 364 | 43,3 [ 37T | 35.2 | 34.4 | 29.4 | 40,8

19,00 | 74,9 133.9 [+7,7 [46,a ] « &
6.7 |33, . P I36az {7507 {7549 [ 3944 | 32,4 46,7 5004 [ 35.4 | 3107 {529

12,00 TI.F |21 345,8 144,19 .

A
i
c.4 143,5 [ 57.4 §42.2 | 3B.E
T4
T

* Misaing data

0




TABLE 4.12
F(

DAILY EO'RLY MZDIAN FOR JUNZ2 1943

Day of
Month
awﬂwxu . 2 3 4 51 6 7 8 11 |12 |13 16 {15 16 | 17 | 18 |25
2,00 = 3,00 20,9 | 20.2 | 21.9] 21.6 | 21.9 | 22.4 | 21.9 | 22.8 2649
3,00 = 4,00 20,2 {203 | 25.7] 2129 21.9 | 22.4 | 21.9 | 21.4 2649
4.00 = 5,00 19,9 | 22.7 | 34| 21.9{ 21.9 | 21.9 . * . » 21,9 22,9 {219 | 2£.T | 25.9 | 25.9]26.9
5.00 = 6,00 19,91 22.3 | 22.2] 21,9 219|223 +* | * * *  121,2] 21,6 | 21.7 | 25.9 | 25.8 | 2641 |27.1
6,00 = 7,00 4| * | 26.4] 2607 {221 22,3 * | ¢ * (34,7 | 2123 | 19.6 | 22,0 [ 26,7 | 27e4 | 29.6{33.4
7,00 = 8,00 32.4] * 135.4] 3404 34,4 135.4| * | 3662|324 |35.8 | 30T | 27.4 | 29.2 | 37.4 | 38.1 | 36.2]43.7
8,00 = 9,00 33,81 * |37.7] 36.9]138.4 | 34,71 35.2 | 37,0 | 34.0 | 3441 | 35.4 | 32.2 | 29.4 | 38.4 | 39.2 | 40.4{45.4
9,00 = 10,00 33.70 * | 36.2] 39.9|37.9|35.5] 35.7] 36.1|33.9| 40.2| 36,2 * [|33.4]35.4] * | 40.4]41.2
10,00 = 11,00 34,4 * Te7| 40e7 | 37.4 | 35.9{ 31.7| 27.2]| 27.5| 36,0 | 35.4] * |32.1] * | 40.0] 40.2|36.2
1$,00 = 12,00 37.9( * # | 40.6|36.7]|35.6! 26.5] 5.7| 3.4 |36.7]| 347 * |32.1] * | 35.8] 41.8}37.9

# Missing data
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GRAPH1S. DAILY VARIATION OF SIGNAL LEVEL IN JUNE 1982
FOR THE PERICD 3PM _4PM.s SFM_7PM, 9 PM _10PM
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GRAPH 20 DAILY VARIATION OF SIGNAL LEVEL IN NOVIMBER 1982
FOR THE PERIOD 3IPM._ 4 PMs EPM_7FM.3PM._10EM. _
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GRAPH 2. DAILY VAR'ATION OF SIGNAL LEVEL IN Ui CEMBER 1982

FOR THE PERIOD 3PML_4PAN.y EPM _7PM s 9FM. 10 PM.
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GRAPH 22
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VAR!IATION OF SIGNAL LEVEL IN JANUARY 1983
FOR THE PERIOD 3PM_4PM, 6PM_7PM, 9PM_10PM
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GRAPH 23. DAILY

S
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YARIATION OF SIGNAL LEVEL

A IN FEBRUARY 1983
FOR THE PEROID 3PM_4 FM, 6PM_7PM,, 9PM.__ 1QPM.
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GRAPH 24 DAILY VARIATION OF SIGNAL LEVEL IN MARCH 1983
FOR THE PEFIOD 3PM _4PM,y 5 EM_7PM49FM _10PM.
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DAILY VARIATION OF SIGNAL LEVEL IN APRIL 1983
FOR THE PERIOD 3PM._ 4PM, 6PM_7PM .9PM_I10PM,
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GRAPH 27. DAILY VARIATINN QF SIGMAL LEVEL IN  JUNE 1983
FOR THE PERIOD 3IPM_4PM (5PM _7PM,9FEM._0PM.
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Apvendix 2

Computer Programs

A2.1 Frogram for Data Conversion

This program, named program One standardizes

the raw data,

1. If finds the aiean of the two values of Median

values read from the analog data.

2, It normalises the signal level to effective

radiated power of 1 KW.

The example given here is for the month of
January 1983. The input file (Jan '63) contains
the raw data. The cutput file is named J.NIN
(JANuary INPut). After running the program, J..NINP
will be created contazining the normalised data and

this serves as the input for the SPSS program,

In the program L1 and L2 are the two median
values read, N 1is the number of days data was

recorded. N chanzes for each month.

A2.2 Program for Finding Daily Median

This program finds the median of a set of data
for 1 day. It is called deily median., It is run in
a statistical package called SPSS - Statistical Package

for the Social Sciences, Each line has two parts.
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LW .
The first part is the control field and it starts
on column 1, The second part is the aspecification
field znd starts from column 16, A complete description

of SPSS is found in the¢ SPSS manual reference 11,

Program Transforming Date into a Column Matrix

This program is used to transform data into a
column matrix for analysis. It is a Fortran program } 
named program Two, The input data of an SPSS program is
such that all the data of a particular variable is in the
same column, The input into this program is the output
of program One. For example, in the month of February,
the output is named FEBCINP (FEBruary Column INPut).

The program reads all the data at the input and writes

it out in a column matrix by means of a write format.

HOUR is the number of rows in the data, N is
the number of days reading was teken., The example
shown is for the month of February 13983. This program
transforms all the data of this month into a column

matrix to find the median of the month.

'hThe progfam is also used to trénsform all thé &afa
in a particular hour into a celumn matrix to find the
median of that hour. For this run, the input file has
to be edited in such a way that only the data in a
particular hour remains. All the other hours are
appropriately deleted. For example, to find the

hourly median for the period 4.00 p.m. - 65.00 p.m.
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data for the hours 2.00 p.m. - 4.00 p.m. and

5.00 p.m. = 12 midnight have to be deleted leaving
only the hour of interest. This procedure has to be
done for each hourly median evaluated for a particular

month,

Program for Finding Monthly, Seasonal and Annual

Medians

This program is similar to that of A2.2. The
differences are as follows: The variable list is
changed to MONTH since only one median is to be
evaluated. The Format is changed to read only one
value for each line. This program is run each time
the monthly median of any particular month is to be

evaluated.

The same program is used to find the seasonal and
annual medians except that the input differs. The
output of program One for each of the months making up
a season (Dry or Wet) or for the period of measurement
have to be appended and converted into a column matrix
with A2.3. The output after this run is now the input

of A2.l; to evaluate a seasonal or annual median.

Program for Finding Day and Night Medians

This program is similar to A2.2 for finding the

daily median except that two additional statements are
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included,

A SUBFILE LIST statement to divide cach day into

1 hour slots,

A RUN SUBFILES statement to run the subfiles singly or
in groups. Further information on this process is
available in the SPSS manual pages 67 - 69511) The

run subfiles card is written such that it evaluates two
medians for a particular day. One for the DAY and the
other for the NIGHT. |

[T
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