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INTRODUCTION

In accordance with the scientific spirit which calls
for continuous research in all fields aimed at improving
the existing services to mankind, studies of rsdio
propagation over different parts of the world, at different
frequencies, are usually carried cut from time to time to
improve radio communication services. For results of such
a study to be meaningful and reliable, observations have
toe be made for fairly long periods of time in a given
climatic zone; and when accumulated, predictions on
propagation conditions can then be made when planning

radio links within that zone.

Based on results of such studies carried out in more
advanced countries - most of which are in the temperate
climatic 2ones - the International Radio Consultative
Committee (CCIR) has compiled propagation charts and
curves for planning purposes. However, these are naturally
only useful in the temperate zones where the measurements
were made., Because propagation records are lacking in

the tropical zones where most of the developing countries

lie, the CCIR has only extrapolated the resulis of temperate

zones into the tropical zones, and recommended that studies

be carried out in the tropics to check-out these extrapolations.

The research conducted in this project therefore aims

at:
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1. Making available radio propagation data in the V.H.F. _
range for the purpose of checking out the CCIR ‘ }'

recommended charts and curves for radlo propagation : 0]

planning in Africa, z b

2. Making recommendations for improved transmission of P

FM and Television channels (in the V.H.F, range) in

Nigeria - especially with a view to detecting potential

interference between existing and planned co-channels

before hand, and

3. Degigning and constructing a narrow band V.H.F.

pre-amplifier (with low noise) capable of amplifying ;

carrier signals at 192 MHz (and bandwidth at least /| MHz)

with sufficient gain, using S - parameters data for the

transistors.

i

i

!

|

Underlying these aims and objectives 1s also the more '1T

subjective ilnert desire ¢f the student to be exposed to

data processing by computer methods on the one hand, and to
gain some practical experience in the design and construction

of high frequency amplifiers on the other.

With these goals as the background, the television 5

signal from NTV Jos transmitter was monitored and recorded

P -

continuously in Zaria for a period of 13 months - July 1979

to July 1680 inclusive. The field strength data collected

were analyzed using a CDC Cyber 72 Computer at the !
Ahmadu Bello University Computer Centre, and some interesting

results have been obtained. : ;i
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The need to actually boost this signal to the delight

of Zaris viewers has been pointed out and as a step towards

this end a2 narrow band booster amplifier with specifications

as in 3 above has also been designed and constructed,

In the first chapter of this thesis some of the factors

underlying propagation of radio frequencies in the V,H.F.

PRTSRE

and higher ranges have been discussed; and in chapter two i

those factors relating to propagation beyond the horizon

have been expounded, since the Jos - Zaria radio path under

study is a transhorizon cne, Chapter three has been devoted

to the methods and instruments used in cocllecting
the pre-analysis data handling; while the fourth
contains results of the statistical analysis with
discussion aimed at interpreting them as well as
some of their possible implications. The theory,
construction of the pre-amplifier is contained in
and the concluding remarks are madde in the sixth

chapter. It has been found convenient to furnish

following as an appendix:. (1) the computer programs used {
in the analyses (appendix A); the data for rainfall figures
(appendix B); the data for the NTV Jos daily transmitter

power output (appendix C); and the list of components used

for constructing the amplifier {appendix D}.

data, plus
chapter

a brief

St - -

highlighting

design and

chapter five,.

and last i
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CHAPTER ONE

PROPAGATION OF TELEVISION AND FM SIGNALS

Radio waves gre generally subject to a variety of
factors affecting their propagation. These factors depend
on the frequency range and the type of propagation medium

involved. Televisicon and FM signals are normally broadcast

in the Very High Frequency (V.H.F.) and Ultra High Fregquency

(U,H.F.) bands which cover, respectively, 30 - 300 MHz and
300 - 3000 MHz. The TV and FM bands are allocated the
frequency channels between 50 and 1000 MHz. These
frequencies normally propagate as direct, ground or
tropospheric waves. Consequently, both the ground and the
troposphere considerably affect and actually dictate the

propagation modes of the waves.

Although the ionosphere may affect some signals in
the V,H.F, band, its effect on TV and FM channels (if any)

is too small to justify its discussion here.

1.1 The Earth's Surface

The earth is an imperfectly conducting medium with
varying electrical constants which may be determined by
the nature of the seil (the soil's ability to absorb and
retain moisture appears more important than its chemical

composition), the moisture content and temperature, the

surface irregularities and the general geological structure

of the ground,
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Signals propagating as surface waves close to ground
may suffer varying amounts of 12R losses due to induced ground:
displacement and conduction currents on the one hand, and ;
diffuse reflection on rough ground surfaces on the other. Also
a direct wave and a ground-reflected wave reaching a receiver
may differ both in amplitude and phasé -~ the former because
of losseg in reflection and differential abeoorption in the wave
resulting from the path length difference A r between the two
waves, while the phase difference MA@ results from the phase
shift @ in reflection and the retardation in phase due to
path length difference. The antenna directive gain in the
direction of the reflected ray can also affect the amplitude
of received signal. The complex reflection coefficient may
be expressed as ?

R = |R[e”3° eve 1.1

" and the total phase shift A @ is

&g = g"'g';_,.’{}lr : L] ' 1.2

both of which may result in the fading of the received signal.
But for reflection from the earth's surface te be significant
the reflecting surface must be sufficiently large to
accommodate the region bounded by the first Fresnel zone

(see p.8), and since hill tops hardly satisfy this condition
reflections in the forward direction from a hilly terrain is
generally negligible. However, at frequencies greater than

10 MHz the electrical characteristics are relatively less

important compared with the effect of the physical

configuration of the earth's surface. . !
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Surface irregularities on land range from vegetation to
built-up areas and topography. The effect of these
irregularities vary with wavelength (Saxton et al, 1953) (23)
as well as height and depth of obstacles and the angle of
incidence (Kinase, 1959)(23). Terrain roughness may first
increase the expected or median field strength by breaking
up the destructive phasing between direct line-of-sight
propagation and waves reflected or diffracted by the ground,
or by enhancing reception at an angle away from the optical
line-of-sight path. CObstacle gain is common in TV and FM
broadcasts and generally obtains when the direct path
between the transmitter and receiver is non-optical but can
be seen from the top of the cbstacle (e.g. mountain).
Obstacle gain referring to gain relative to calculated field
strength over a homogeneous spherical earth involves only
diffraction* and standard atmospheric refraction, but if
scattering* and super-refraction* are considered as well,
the gain may include knife-edge diffraction (see section 2,1)
and possible scattering over a mounting ridge as against an
equivalent path clear of obstacles (Dickson et al, 1953;
Norton et al, 1955; 1Iwai, 1959; and others)(23).

However, increasing terrain clutter will reduce
signals due to shadowing, absorption (including attenuation
caused by vegetation) and the scattering and /for defocussing
of diffracted waves, Attenuation caused by terrain

irregularities increases with the parameter inh (defined in

* See sections 2.1, 2.2.2, and 1.2 respectively.
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Figure 1) which is a measure of terrain roughness. The
effect of QA h increases with fregquency, and the mean
slope of the terrain could equally be an important factor

in ground attenuation,

In order to avoid shadow loss the aerial heights must
be chosen so as to obtain the first Fresnel zone clearance

defined as

Ady (a - apf ?
H - CRCIE ] 103
L d

where A = wavelength
d1 = distance from transmitter

d = distance between antennas.

Polarization is alsc a factor influencing ground
attenuation. Comparative measurements in the Federal Republic
of Germany and elsewhere show that at 190 MHz the field
strength over line-of-sight paths is 3 dB lower with vertical
polarization as compared with horizontal polarization
(this difference increases in shadow regions) and that at
higher frequencies both individual values and the difference

between them decrease.(23)

1.2 The Troposphere

The troposphere is the main medium of transmission
for TV and FM signals. Extending from sea level up to an
altitude of about 1S km, it is an inhomogeneous medium

characterized by time-varying properties, most of which result
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from changes in the water vapour content. Ordinarily
the troposphere has a negative temperature gradient
with a lapse rate of about 0,55°C per 100m, a pressure
lapse rate of about 12 millibars per 100m, and a

decreasing index of refraction with altitude,

The dynamic nature of the troposphere and the
consequent localized irregularities give rise to various
types of refraction of radioc waves ranging from inverse
refraction at one extreme to super-refraction at the
other. Under critical refraction condition, radio waves
propagate parallel to the earth's surface without bending.
The vertical gradient of refractive index %% at any
height h and the lapse rate of this gradient is mainly
determined by the gradients of pressure, temperature and

humidity, than the numerical values of these variables, as

shown in eguation (1.4):

E RICANCE R B 220 o) &L L MO dey -

AL A e i n b A L A

S

!

T T
Ceee. HL(B)
where e = humidity ;
P = vpressure
T = temperature
h = height above earth's surface
N = (n-'i)x*m6

s
]

refractive index,

and it can be shown that super refraction occurs when the
vertical gradient of refractive index %% is less than
- 0.15?n1-1 (6)., Tropospheric inhomogeneities also give

rise to multipathing (and the associated fading) which may

e S R A i s




be enhanced by possible scattering by these inhomogeneities
as well as by reflection from rain streaks or well defined
cloud boundaries. Measurements in the U.S.A. (Crawford and
Jakes, 1952) (23) have shown that as many as six ray
components may exist at a given time. Multipathing in the
troposphere also cause limitation of the transmissible
bandwidth which becomes narrower (to a degree that depends
on the climate) as the distance from the transmitter
increases. Duct formation (elevated or ground-based) is
also possible in the troposphere under conditions of
temperature inversion. Such ducts may propagate waves of
frequency greater than 100 MHz to abnormally long distances

beyond the horizon.

Generally tropospheric loss increases with frequency.
Also TV and FM channels relatively suffer less tropospheric
loss than their higher frequency counterparts because the
effects of absorption and scattering by precipitation
particles, or absorption by atmospheric molecules are either

negligible or non-existent in this frequency range.

1.3 Some Characteristics And Potential Use of The V.H.F./
U.H.F. Bands For Television And FM Transmission

The V.H.F. and U.H.F. bands of frequency have
outstanding characteristics favourable to television and

FM broadcast. Some of these include:

1. Atmospheric noise decreases with increasing operating

frequency, and falls below thermal noise level, essentially
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putting radio circuits above 100 MHz at par with their
wire and cable counterparts., The V,H,F, band is a unique

one for which all propagation modes are possible.

2. Propagation is not significantly affected by the

ionosphere but takes place largely in the troposphere which

is more stable and affected only by meteorological influences

such as pressure, temperature, turhulence and stratification

of the atmosphere - as previously noted in Section 1.2.

3. Prepagaticon approaches, with increasing freguency, an
optical straight line path, making simultaneous transmission
of the same frequency between different sites possible,

provided none is 1n the optical line-of-sight of the other.

b, Both the available spectrum and the modulation bandwidth

are much wider (about 1000 times) than those of the H.F.

However, relay stations {usually with about 10 kW of
power output per link) are necessary because the line-of-sight
operation with its limited diffraction around the turved
earth limits the propagation range more or less within the
horizon - usually about S50 km from the transmitter; altheugh
under abnormal atmospheric conditions or specially designed

circuits useful signals may be received beyond the horizon,

s i - A T e
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CHAPTER TWO

PROPAGATION OF TELEVISION SIGNALS BEYOND THE HORIZON

The optical horizon is the visual distance between
an observer and the point where his line of vision grazes
the earth's dgurface. However, the radio horizon seen by
radio waves is longer because of the effects of atmospheric
refraction. For an antenna of height h 1in metres, the
optical horizon r, and the radio horizon rp may be

expressed respectively as

& = 3.57 ‘/Tkm 'R 201

o

I‘R = Ll»l13 ,} ﬁ km .- 2-2
as shown in Figure 2.

The need to expound the propagation mechanism
featuring on transhorizon propagation arises from the fact
that the Jos to Zaria transmission under study is essentially
a transhorizon link, as can be seen from Figure 3. Hewever,
because the, Jes transmitter transmits equally in all
horizontal directions, propagation terms and techniques
relating to directional antennas will, as much as possible,

not be discussed.

Propagation of TV/FM signals beyond the horizon may
be characterized under two dominant influences - notably

the effect of the ground and that of the troposphere.
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The effects of these media apart, radio waves propagating
in free space are subject to some loss due to divergence
or defocussing. The expected free-space field intensity Eo

and the free-space system loss L (dB) may be expressed

respectively as

(30 P, g
E = VO]tS pEr' mEtI‘E I A 2.3
© a
and
2 .2
L = 10 log &2 gp e 2.4
A, A
t'r
where
Pt = transmitted power in watts
gy = transmitted aerial gain

At s A = transmitter, receiver effective aperture

(For an isotropic transmitting antenna A, = 1)

t
= Propagating wavelength

d = distance (in metres) from the transmitter.

2.1 Effect of Terrain On Transhorizon Propagation

The ground affects the propagation of radio waves in
such a way that the received field intensity is ordinarily
less than would be expected in free-space. This effect
falls into two categories: The effect of a plane earth

and the effect of a curved earth.

It can be shown that the effect of a plane earth is
to make the received signal to oscillate around the free-
space value in a lobe form, as shown in Figure i (10),{11).
In the Jos - Zaria link under study this effect might reach

a maximum around fourty kilometres from Jes (see Figure 3)

[P
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and thereafter has no effect on the remaining transhorizon
distance to Zaria, which now features the effects of a

curved earth,

Propagation of radio waves to moderate distances
beyond the horizon can occur due to diffraction from the
earth's curvature. Diffraction is an edge effect that
occurs because the phase surface of a propagating wave is
not infinite. Propagation in diffraction mode falls
between two extremes: Diffraction over a perfectly SMOOTH
SPHERICAL earth with uniform atmosphere, and diffraction
over a perfectly ABSCRBING KNIFE-EDGE. Whereas the former
is caused by propagation over a fairly smooth surface with
uniform atm sphere, the latter is represented in practice
by propagation over hill tops, trees and buildings. The
transmission loss resulting from the earth's curving
obstruction generally increases both with distance and
frequency, and depends to some extent on the antenna height.
This loss adds to the free-space and effective plane earth
model losses, and approximates te 230 dB at a distance of
182 km from the transmitter horizon and a frequency of

170 MHz.(23)

Knife-edge diffraction (Figure 5(a)) loss depends on
the height H of the top of the obstacle above the straight
line joining the two ends of the path (H is negative if the
height is below this line (Figure 5(b)), the distance dq, d2
of the two ends of the path from the obstacle, the angle of
diffraction © 1in radians, the angles o(.,, o(2 between the
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top of the obstacle and the straight line Jjoining the ends

e - i i o e = e

( =k

The diffraction loss approaches 6dB at grazing incidence f_

(i.e. H—» 0), and increases with increasing H,, For negative
values of H the diffraction lo=ss tends to zero with increasing
negative values of H in an oscillatory manner. It is thus (
necessary for a substantial clearance ¢of the line~of-sight ray
over a valley, if an obstacle-free path is desired. HKnife-edge
diffraction is independent of polarization provided the
distances d,, d, (figure 5(a) and (b))} are more than a few

wavelengths,

Smooth-sphere diffraction loss {(figure 6(b)) depends on

the effective radius of curvature R for the terrain feature

between the horizons, the distances d,, d, from each terminal |

"to their horizons, the angle of diffraction €, and the

wavelength A,

Figure I, compares losses from these two diffraction modes
with the line-of-sight path loss over a plane earth. The losses
{(ordinate) are in dB from free~space while the ahsissa is the
clearance H measured in terms of first Fresnel zone
clearance Ho' The smooth-sphere diffraction is represented

by a family of curves with a parameter M which is given by

H
1 + g :
(Hﬁ)h :

i, | (
M = ]L L Y 2'5 10) (’]’])'
kK8 | 2 Luooo '
i
Hy» H, = antenna heights
F = frequency in MHz %
K =

earth's radius factor (%)

4 » olp are negative if H is negative), and the wavelength A

Il

[ P,
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(B)

F1G. 5 KNIFE EDGE DIFFRACTION FOR POSITIVE OBSTACLE

HEIGHT (A) AND NEGATIVE OBSTACLE HEIGHT (B
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FIG & SMOQTH — SPHERE DIFFRACTION



From the figure it can be seen that for positive values of H,
attenuation is in lobular form for smooth-sphere diffraction
and a bit oscillatory for the knife-~edge; and at grazing ?

incidence (H=0) attenuation tends to infinity. However, with

increasing clearance from the obstacle H becomes increasingly i,

negative and attenuation decreases for both types of diffraction

(and with increasing values of M in the case of smooth-sphere

diffractiqn). Attenuation due to knife-edge diffraction is g

:' |i:_

much less than that due to smooth-sphere diffraction, and I

because attenuation due to all other forms of propagation

H
i
H
+
H
f
i
H
i

mechanisms featuring in transhorizon paths (oxcept ducting)

fall between values for knife-edge and smcocoth-sphere diffractiovns,
'_i
i

knife-edge diffraction is alsco associated with the term

bk
. i
1

!
1
L

'obstacle gain'. Tigure i also shows how critically an estimate

of diffraction loss can depend on the assumed terrain prefile,
The infinite attenuation at grazing incidence again shows how
heavily the loss suffered in the Jo& - Zaria path can depend on
the earth constants around 40 km from the transmitter (see

figure B)f

However, as further illustrated in Figure 7? the effect
of diffraction can only be significant at moderate distances
beyond the horizon; at distances very far away from the
horizon, as Zaria is from Jos transmitter horizon - about
153 km - the tropospheric influence, for which attenuation

increases less rapidly with disgtance, becomes more Important.

2.2 Effects Of The Troposphere On Transhorizon Propagation

The tropesphere vitally influences transhorizon i P
: L

propagation. Transhorizon waves are usually subject to

tropospheric refraction, scattering, reflection, multi-path

[

4



S~ I.I\l.‘l\ll‘
lllllll.l\!l.\ -|-li.|||
A
g dH dy
9
i — 1 — — . __ _ | rree space

——
_——
——

N
g
1 - | \
o o A
o m zf
1 W Y c
=z
£ S s
A —
©
T
! |
0 dH dy QN
DISTANCE ——
FIG 7 COMPARING THE EFFECTS OF THE GRCUND AND THE TROPOSPHERE ON TRANSHORIZON PATH LOSS

A—LINE OF SIGHT
B—IMMEDIATE VICINITY BEYOND THE HORIZON, EARTHS INFLUENCE PREPONDERANT
C--FAR AWAY FROM THE MORIZON, INFLUENCE OF THE TROPOSPHERE PREPONDERANT.
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REF (7)
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fading and, occasionally ducting.

2.2.1 Tropospheric Refraction

Tropospheric refraction enhances transhorizon propagation

ER

through the apparent increase of the earth's radius (see figure 2)

and sometimes ducting. Refraction can extend radio waves to
censiderably far distances heyond the horizon, and might well

be a significant factor in the Jos = Zaria l1link.,

However, propagation by ducting is random and unreliable

for commercial TV purposes.

2.2.2 Tropospheric Scattering

Tropospheric scattering featuring on transhorizon paths
may take the form of tropospheric-scatter or precipitation-

scatter propagation.

Tropospheric-scatter propagation involves scattering
from tropospheric inhomogeneities and discontinuities in the
refractive index of the air scatter volume seen by both
transmitting and receiving antennas (Figure 8). It is
characterized by attenuation which increases rapidly with
distance in all directions other than the incident direction,
being concentrated in the forward direction for wavelengths
smaller than the elementary induced eddies. Hence it is

cften referred to as forward scatter.,

Precipitation-scatter is scattering from precipitation
particles. Unlike forward scattering, precipitation-scatter
re-radlates energy isotropically {to a first approximation),

and is the only mechanism giving rise to significant

S S —

U U —
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propagation offa great circle path, The strength of
precipitation-scatter power may also be augmented by the
rainfall rate.. The scattering cross-section |) for rain

scatter may be expressed as

5 2 -18
A2/ K / zux 10 s cees 2.6 (23)

where K o= (g =-1)/(g +2)

dielectric constant of water

Laat
]

= wavelength (m)
Z = reflectivity factor

Generally, scattered radiation varies with scattering
angle ©,. and scattering volume V (Figure 8), and theoretical
analysis show that thHe scattering cross-section is inversely
proportional to QE;. The attenuation of scattered radiation
is highly correlated with the surface index of refraction
and is a function of the sun's position, being less in summer
than in winter. (6),(7). Although scattered power decreases
less rapidly with frequency (proportional to A ) than
reflected power, it is normally associated with a combination
of fast and slow fading - the former having a Rayleigh

distribution while the latter has a normal distribution.

Whereas forward scattering could play a significant
role in the Jos - Zaria transhorizon link during wet and dry
seasong, the impact of precipitation-scatter can only be

felt during the wet season.
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2.2,3 Tropospheric Reflection

Tropospheric reflection is another principal propagation
mechanism responsible for the reception of NTV Jos signals
in Zaria, It can take the form of diffuse or specular
reflection of the waves by atmospheric irregularities,

(figure 9).

Specular and partial reflections may occur at the
surface of a stable discontinuity (like rain streaks and
well defined cloud boundaries) while irregular surfaces of
these discontinuities cause diffuse reflection, some of
which may satisfy the Rayleigh criterion (Figure 10),
specular power decreases more rapidly with frequency
(proportional to /\3) than diffuse power (proportional to ,ﬂz),
and only waves with wavelength less than 10m may be
propagated significantly beyond the horizon by specular
reflection, Again, the fact that discontinuities in the
atmosphere tend to increase in spatial coverage with altitude
makes diffuse reflection preponderant at greater distances
than specular reflection. So, because the effect of the earth
is comparatively negligible in the V.H.F. range and above,
at great distances from the horizon, diffuse reflection and
scattering constitute the essential elements of transhorizon
propagation; while specular reflection which occurs for a
smaller percentage of the time is responsible for the high
field strengths (with small variations) observed on
transhorizon circuits, As with scattering, the fast

multipath fluctuations arising from diffuse reflection



D Ffic 9 TROPOSPHERIC SCATTERING (1) PARTIAL REFLECTION ( 2),
SPECULAR REFLECTION (3 ), AND DIFFUSE REFLECTION(4) FROM ATMOSPHERIC

INHOMOGE NEITIES.
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approximate to a Rayleigh distribution, but the transmissible

bandwidth is greater with reflection than with scattering.

Figure 11 compares theoretically variations in decibel
signal level with (a) frequency and (b) distance, for
specular and diffuse reflections, and scattering. The figure
further reveals that at a given frequency of 200 MHz, the
differences between these propagation mechanisms are more
pronounced than at a given distance of 200 km - figures which
compare with those of the Jos - Zaria link, climatic effects

notwithstanding.

Specular reflection has been identified with thunderstorm
activities occurring within the radio path by Kuhn and
Taumer (12) who have observed and studied this mechanism
in a temperate zone. Their study which involved probing
the tropospheric vertical temperature structure of the zone
confirms the existence of strong inversion above the ground,
caused by production of cold air masses in the thunderstorm

cells; it also reveals inter-alia:

1. that the degree of thunderstorm signal enhancement
depends ep the intensity of thunderstorm activities within

the radio path;

2. that field strength in daytime 1s mostly low with
scattering components, but sudden field strength thunder-
storm enhancement (up to 20 or 30 dB above the normal level)
may sometimes occur, lasting from about ten minutes to one

or two hours;
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. 3. that thunderstorm enhancement of radio signals

naturally increases with path length, 1is frequency dependent—zw_

[

with about 17 -dB increase over the normal field strength at

200 MHz on a2 125 - 210 km path (in the temperate zone).

The impact of signal enhancement by thunderstorm is
expected to be more on the Jes -~ Zaria radio link (at 192 MHz)
than in the temperate zone in view of the relatively less
signal attenusation and increased thunderstorm activities in
the tropics., Hence this mechanism can be a dominant factor

on the Jos - Zaria transhorizon 1ink.

2.2.4 Some Other Factors Relating To Transhorizon Propagation

An appraisal of the factors enhancing or militating
against reception of NTV Jos signal at Zaria canmet be completed

without assessing possible effects of buildings and trees.

Apart from coffering rmuch meore back scatter than solid
earth, buildings tend to be more transparent to radio waves
and this tends to reduce shadow losses caused by buildings;
however, the angles of diffraction (see figure 5) over or
around buildings are naturally greater than for natural
terrain - a factor which tends to increase the loss due to
the presence of buildings. The effect of buildings does
not vary significantly with frequency in the range 40 - L450MHz
for which losses caused by buildings has been estimated at
25dB below the corresponding plane earth value, but beyond
,50 MHz the loss increases with fregquency (11)  This
effect :23uld be troublesome for the highest U,H.F. TV

channels between 470 and 890 MHz, but can only have a
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minimal effect on the reception of the 192 MHz NTV Jes
signal in Zaria, moreso, when the only two built-up areas
in the path (Jos and Zaria) form a negligible percentage
of the 193 km path length.

Locallzed large rapid variations in received field
intensity may arise from the standing wave pattern set up
by reflections from trees located up to five to ten wavelengths
away from the transmitter, Signal attenuation caused by the
presence of trees 1s more with vertical polarization, and
could be as much as 70 dB/km at 200 MHz for horizontal
polarization (23), In the frequency range of 300 MHz and
above trees thick enough to block vision approximate to a
solid obstruction of the same overall size, thus affecting
more adversely the higher U,H.F. TV channels. Vegetation
can constitute a significant attenuation factor on the
Jos - Zaria transhorizon link, especially around the Jes
transmitter horizon {(about L0 km from Jos), and during the

wet season when trees are in full leaves.

Lastly, it is worth mentioning that echo effects also
complement the limitation of the transmissible bandwidth by
multipath effects characterizing transhorizon links; deep
fast fades due to reflection from a frontal object like an
alrcraft have been observed during field strength
measurements for this research, Zaria being an aviation
training centre. Such variations have been identified with

Doppler effect.(7)
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CHAPTER THREE

DATA COLLECTION AND COMPILATION

3.1 Dgﬁg Collection

The field strength of the Nigerian Television (NTV) Jos
transmission was monitored continuously in Zaria (at a distance
of about 200 km) over a period of thirteen months - July 1979
to July 1980%, Except for the few ocgasions of either
transmitter failure at Jos or receiver instrument failure at
Zaria during the period, this exercise was otherwise steady

and uninterrupted.

3¢7.17 Instruments Used For Field Strength Mcasurements

The receiving antenna used was a broadband log periodic
type, covering the frequency range of 80 ~ 1300 MHz; it was
placed at a height of 5m above the ground and located in a
pesition away from Buildings and other obstacles. The antenna
was coupled through a down lead of 50 ohm characteristic
impedance to a Rhodes and Schwarz V.H.F. - U.H.F. Field
Strength Meter of the ESU type with RF plug-in unit 1 which

covers 25 - 230 MHz frequency range (see figure 12).

This instrument is reliable for accurate field strength
measurements and functicns in effect as a highly selective

voltmeter of A0 KHz bandwidth, and with a logarithmic response

* All field strength recordings were made by Dr. E.B. Ojeba,
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covering a dynamic range from 20 to 60 dB., The instrument
also has built-in precision oscillators {for amplitude and
frequency self-calibrations} as well as a provision fer
monitoring the field strengths of videc - modulated RF signals
to give outputs whose amplitude depends only on that of the
carrier, and the d.c. output of the dicde detector in the

receiver was fed into the recorder to drive the pen.

3.7.2 Recording of Field Strength

The instrument reading was the r.m.s., value of the
carrier signal which is independent of the picture and
sound signals; an. analogue representation of this field -
strength in dB above 1 microvelt per metre was plotted as ;I§H}
the ordinate against time as abscissa on a Hewlett Packard
strip chart recorder of type 7155B.. The chart speed used
corresponds to 2.5 minutes per centimetre; +this gave

sufficient details of the field strength variations with

time without consuming too much chart paper.

Measurements were carried out on the video carrier of
192.25 MHz which was the frequency of transmission of NTV Jos

during the period of measurements.

Observations showed that the field strength hardly ever
exceeded 50 dB above 1 uV/m. Accordingly the instrument
was calibrated so that the upper limit of the voltage axis
of the chart paper corresponds to this maximum vertical
deflection of the pen, while the instrument noise level was

made to correspond to the minimum level line, This calibration

11
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was checked routinely so as to ensure that the instrument
reading always corresponded to the true value of the input

voltage (i,e. received signal).

Throughcut the period of measurement field strength
readings were recorded continuously from 5.00 pm to 11.30 pm
which covers the normal transmission time of NTV Jos. The
time and date of commencement of recording was always noted
on the chart paper as well as the few occasions of transmission
breakdown (which was usually short-lived) or instrument
failure in Zaria, usually caused by sticking of the pen on
the chart paper or power problems. This ensured post -

recording identification of the charts,

Typical recordings for the wet and dry seasons are shown

in Figures 13(a), (b) and (c).

3.17.3 Data Transcription From Analogue to Digital Form

For the purpose of computer analysis it was necessary to
transcribe the analogue representation of field strengths into
discrete quantities. To do this a decibel scale was constructed
on a transparent plastic sheet such that when this is placed
over the analogue plot the decibel levels of field strengths at
different times can be read off, (see figure 1).

Signal levels in decibel were painfully read every
75 seconds at intervals of «5 cm along the abscissa - i.e., the
median level for each interval*, The 1.25 minutely medians
were considered sufficiently close to allow a fairly accurate

digitization of the analogue plots without excessive

* The contribution of some Part III students in this
direction is gratefully acknowledged.
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waste of time and energy on redundant digits., The
digitized readings thus obtained were then tabulated in
a matrix form that reflects the time, day, and month of

the year the analogue equivalent was plotted.

Each matrix of readings contains data for a particular
month of a given year, with the columns corresponding to
days while the rows correspond. to the time the analogue
equivalent was recorded, Hence the matrix elements may

be defined as

aj 5 i = 312, 3= 31.

Readings which fell below -9 dB were transcribed as
- 10dB to ensure that all readings below the instrument
noise level were clamped down still after the addition of
the antenna factor {see section 3.2.2.). Also the cause
of unavailability of reading {(if known) was always stated

in the appropriate space of the table.

3.1.4 Rainfall And Transmitter FPower Data

The rainfall data used in this study were recorded
during the period of measurement (by the Department of
Meteorological Service, Lagos) from 6.00 p.m. of a given
day to 6,00 a.m, of the next day in both Zaris and Jos,
On days when only a trace of rainfall was observed, the

reading is taken as Omm.

The record of daily power transmission from NIV Jos
shows that a minimum of 6 kW and a maximum of 10 kW were
transmitted during the period of measurement, and that

7.5 kW was trangsmitted most often.
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The rainfall and transmitter power records are contained

in appendix B and C respectively. T

3.2 Data Compilation Into The Computer

_ 1
Each matrix of digitized data was then stored in a b
separate file in the computer; a fourteenth file was created 1

for the data of the daily transmitted power from Jos.

However, in order that the computer can handle the data, it

was necesgary to compile them in a suitable uniform format.

It was alsec vitally necessary to standardize all data so j

that each reading was matched against a uniform and specifice .

power level from Jos transmitter. Lo

3.2.17 The Computer Input Format

For convenience, three spaces were allotted to each
matrix element in the computer, with a blank between
adjacent readings. Each matrix element of Section 3.7.3
was therefore multiplied by ten before it was stored in
the system; thus a one-digit reading X was stored as bXO
where b stands for a blank space, while a two-digit reading
XY was entered as XY0O. To conform with this three spaces
per reading format, =10 was stored as - 90 instead of - 100,
The effect of multiplying each element by ten was annulled
by later dividing each reading of the result by ten. Codes
970, 980 and 990 were used to identify absence of reading
caused by receiver instrument failure, power failure and

absence caused by unknown factors, respectively. It
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was also found convenient to bring up some data files
to 31 columns by filling the appropriate columns with
the 990 code.

The same input format was also used for entering the
data for daily transmitted power from NTV Jos, except
that out of the three spaces allotted to each element the
decimal point now takes one. The highest reading of 10 kW
was stored as 10, All readings were entered to the first
place of decimal and the multiplication by ten does not
apply here. Before running each program this file was
edited and its contents replaced with the data for the

appropriate month.

3.2.2 Data Standardization

The field strength data as now stored in the computer
are not yet in a form suitable for analysis. This is partly
because the transmitter power output from Jos varied from
day to day as mentioned in section 3.1.4. It was therefore
necessary to standardize all recorded field strength readings
against a nominal value of transmitted power so that as
much as possible the results of analyses will be based only
cn propagation conditions., The nominal value chosen for
this purpose was 7.5 kW since this value was most frequently

transmitted.

To do this a computer program was developed (see
appendix A.1) which compares the power transmitted each day
with 7.5 kW and adds or subtracts the appropriate correction

factor (in decibel) from all the readings of the day - depending
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ori whether a lower or higher power (respectively) was
transmitted on that day. On days when the transmitted
power was same as the 7.5 kW nominal value all readings

remain unchanged.

Another factor necessitating pre-analysis data
standardization was the need to add a total of 12,9 dB
due to the antenna correction factor K, and the small
signal attenuation caused by the extra coupling coaxial
cable mentioned in Section 3.1.1. The latter was determined
from measurements while the former was supplied along with
the instrument. This 12.9 dB loss must therefore be added
to all readings so as to bring them as much as possible to
what the field strength at Zaria actually was at the time

of measurement.

Since each element of matrix was muitiplied by ten,
then 12.9 was added as 129 by the same program. Each

element ay 3 wasg therefore first modified to
. y

d.
X_ . = 1. .-10 10810(_,?}"%‘&): ij:_ 3‘T L I I Y 3“1

1,J 1,
and then to
Ai’j = Xi,j + 129, 3 & 3.2

Data standardization could be a cumberscme exercise,
but serves as an effective check on the strict adherence to
the input format (for well over 9000 data readings of each
month), since the program would not run if there existed
any slight shift from this format, until the error is

removed., However, once the program runs successfully with
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any file, the data therein becomes standardized and thus

suitable for analysis.



- L -
CHAPTER FOUR

THE ANALYSIS OF FIFLD STRENGTH DATA COLLECTLED
JULY 1979 - JULY 1980

The statistical analysis chosen in this study is
based on median values of signal level, The median of
a given set of data is that value of the variates which
occupies the middle position when all the variates are
arranged in the order of their magnitudes. A median value
is more informative than the mean in analysis of time -
varying variates, such as signal levels - where it
represents the level exceeded during a half of the reception
time. It is thus more representative of the value expected
most of the time than the mean, Besides, it is a factual
value existing as one of the variates, wherwas it is
possible to have none of the variates having the actual

value of the mean.
The median values evaluated in this study include s
1;. Hourly median from § p.m. to 11,30 p.m. for all the
months,
2. Daily median for all the days of each month,
3. Monthly median for each of the thirteen months, and

L. Seasonal and annual medians.

Based on these medion values a number of other
statistical analyseg have been applied to further clucidate

the signal behaviour, Attempts have alsoc been made to

St
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correlate this behaviocur with the available rainfall data
recorded in Jos (T,) and Zaria (R,} during the period of
measurement, besides explalning it on the basis of

established propagation theories.

‘The data to be analysed have already been stored in
the computer system as described in Chapter 3, Computer
programs were then written and also stored in the computer
either to re-arrange the data in the computer memory cells

in a form suitable for the application of a given statistical

operation or to actually apply this operation,

.1 Hourly Median of Signal Level

Evaluation of the hourly median of signal levels for
each of the thirteen months was made using the computer

‘programs given in appendix A.3 and A.l.

The resulting numerical values obtained (in decibel
relative to 1 pV/m) are shown in Table L.1(A), and the
graphical plots of these values as ordinate with time (Hours)
as abscissa are shown in Figures 15{(a) - {m). From these

¢observations a rmumber of observations can be made:

1. There is a general tendency for the hourly medians to
rise from 5 p.m. (when programme transmission begins)
to about 10 p.m.; between 10 p.m. and about mid-night
(when transmission shuts down) the rise rate either
decreases sharply or there is altogether a fall in the
median level, Thus the lowest median values occur

around 5 p.m., while signal level is usually high
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HOURLY MEDIAN OF SIGNAL LEVEL IN dB Above 1 u¥/m

Time (p.m.) ol jaaifo o o
S(EIEIB|8|5|al8|a |8 |8 |8 8
- . 1 & . . . . . I ;: @ | b
B B+ b e [ m =
(BB |ElE|E|a B |5 (8|2 (R "
.00 =« 5,00 23.5 124,21 # 24.4115,9(1742]14.8{ 1 6.4{14.3]15.6]24.2]23.3]22.7

7.00 2641 1 28.4{29.5(27.1]19,8{18,5{ 17,2} 16.7] 15.9] 15,1 24.5] 25.2/ 24,7

6,00
i
7.00 -~ 8.00 29.1 {29.3130.1] 30,7} 23,7 22.4[ 19.2] 18,8/ 17.8:15.7)27.8{27.3;28.8

8.00 — 9,00 |31.51%3.0133.0{33.5]27.3{25.4] 22,9 20.7119.7117.8 32.6129.7)30.9

9,00 ~ 10,00 133.1132.1{37.8{34.8}28.8[27.6 24.2| 23,5 20.8]20.9{ 34.3| 51.2|33.8

35,0129.8| 24.7) 25.5] 23.9 23.8 35.3| 37.0[ 36.1

26.2 24-9 23.1 23.1 37.6 33.8 34-9

11,00 = 11,30 {35,3{29,7|35.2}52.7

% Missing Data
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between 8 p.m. and 11 p.m. Peak values occur between
10 and 11 p.m. The "towards-midnight - fall" trend
was violated only once (in October 1979), while the
steepest fall around this time was recorded between

August and September 1979.

The rise rate tended to be higher between July and
December (greater or equal to 2 dB/hr) and lower in

the months of January to June (less than 2 dB/hr) except
in May 1980 when there was a slight increase above this
figure. The rise rate is more or less linear between

S and 7 p.m., but may increase or decrease between

7 and 8 p.m, As can be seen from figure 16 the highest
initial rise rate was 3.9 dB/hr, recorded in November
1979 (although this quickly fell to 2,7 dB/hr after

7 pem.), while the least value of 0.9 dB/hr was recorded
in April 1980. The mean rise rate was 2.1 dB/hr in

the dry season and 3,0 dB/hr in the wet season. The
apparent radical rise from September to November 1979
would be less if the unreliable September reading is

ignored.

In order to gain some insight into the relationship
(if any) between the median value in a given hour of
a given month, to the median values in the same hour
of the other months, the computed hourly median

values have been plotted as ordinate with the months
as abscissa (figure 17). To correlate the observed
trend with rainfall, 2 plot of mean monthly rainfall

in Jos and Zaria has also been superimposed on the
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same figure. In this and subsequent combination of
graphs, field strength medians are shown in solid lines
while rainfall figures are plotted inhatched lines, A
combination cfhatched line and circles is used where
readings are unavailable., Both figures are plotted as
ordinate on the same scale. The rainfall figure used
(ordinate) was derived by taking the arithmetic mean of
the monthly means of rainfall (in millimetre) for Jos

and Zaria, as shown in Table L.2.

In addition to the cobservations in 1 above, these graphs

further reveal that:

(a)

hourly median levels are generally high from the month

of May to October, with highest levels in Scptember®* ; a

sharp fall in median signal level occurs from October to

November,

and thereafter a more gradual fall prevails, up to

the month of April after which signal level begins to rise

again;

(b) this trend agrees considerably with that of the mean

monthly rainfall in Jos and Zaria..

L.

To expose any trend(s) in the variation of the hourly
medians, the figures of Table 4.1(A) were subjected
to further statistical analysis for which the arithmetic
mean of all the median values in cach hour (X) , the
mean deviation ((X—)-()/N, N< 13), and the standard

deviation

* Data for this month are scanty, and thus may not be
completely reliable.



v Bl =

( (x - i)z/N)ﬁ » N &€ 13) were cvaluated
(see table 4,1(B)).

The result of this analysis shows that:

(a) the standard deviation from the mean of the median
values in each hour increascs from S p.m. towards midnight,
and

(b) the mean deviation in the 10 - 11 p.m. time interval
is positive, indicating that most of the median values in

this hour usually are above the mean.

The increasing value of thc mcan (X) towards midnight
agrees with the observation 1 above, and as indicated then,
this trend is violated if thc figure of the last hour in
October 1979 is considered. It is also of interest to note
that without this abnormal seventh hour rise in October 1979,
the standard deviation in this hour would be less than that
of the sixth hour and the mean deviation positive, although
much less than that of the sixth hour.

Some possible implications of these observations are

discussed in Section L .5 below,

4.2 Daily Median Of Signal Level

The median of all the signal levels in each of the
397 days of field strength measurement was computed, using
the computer program of appendix A.2. The numcrical results
obtained arc shown in Table 4.3 1in decibel relative to

1 uV/m. Graphs of these values are plotted with the rainfall
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TAELE 4.1(B)
X V/olx OF Ei
ME 0 D
5 = 6 pem, 6 = 7 penm, 7 = 3 pem, 8 - 9 p.n,
| worm : — :
- =x (zf | x =X (x-x) x X=x {x-X) z 2% (z3)?
July 1979 23.5 | 3.79 [14.36 |26.1 {3.9 |15.15 }29.10] 4.40 | 19.36 |31.50 } 4.00 {16.00 )33
August 1979 | 24,2 4,49 |20,16 |28.4 | 6.2 38.34 | 29.30 | 4.60 { 21,16 |33.00 | 5.50 | 30,25 {32
* Sept.1979 - - - 29,5 | Te3 | 5317 | 30.10] 5.40 | 29,16 }33.00 | 5.50 }30.25 §37.
O_Q.ﬂn .—Sm N&oh. .ﬂ-mm NN'8 M.ﬂ.a L.t@ Mu-mu Wo.-ﬂo m08 um-g &08 m_-#o \ﬂO-mm g_
Nov. 1979 15.9 ] 3.081 |14.52 |19.8 | 2.4 5.80 123,701 1.00 { 1.00 §27.30{ 0,20 § 0.04 {28
Dec. 1979 172 | 2,51 | 6.30 |18.5 | 3.7 | 1375 }22,40] 2,30 | 5.29 }25.40 | 2.10 § 4.41 |27
Jan. 1980 14.8 | 4.91 24,11 |17.2 | 5.0 Ce25 119,20} 5.50 | 34.75 22,00} 5.50 P30.75 §24
Feb, 1980 16.4 | 3.31 |10,96 }16.7 { 5.5 |30.3 |18.80] 5.90 {34.81 20,70 | 6.80 [46,24 §23,
Mar, 1980 14,3 | 5.41 |29.27 |15.9] 6.3 |39%8 |17.80] 6.90 | 47.61 J19.70 | 7.80 }60.84 |20,
} Apr, 1980 15.6 | 4.11 |16.89 {15.1 ] 7.1 50.5 ]15.70} 9.00 | 81,00 |19.80{ 9.70 §H.09 |20,
llay, 1980 24,2 | 4.49 |20,16 |24.5 | 2.3 5425 {27.80 | 3,10 § 6.76 |32,60 } 5.10 }26.01 |34,
Jun. 1980 23.3 | 3.59 ]12.89 125.2 |3 8.95 1 2T.30 ] 2.60 | 6,76 [29.7012.20 | 4.84 }31.
July ,.omn 22,71 2,99 8. M §24.712.49) 6.21 ]28.80] 4,10 } 16,81 |30.90 | 3.40 | 11.56 | 33.
MEAN (x) 19.71 22421 24,70 27,5
E ﬁd.. - .gq . .ﬁgmw - lousmw -
VARIANCE 16.T1 24.33 26.06 30,44
STD. DEV. 4.09 4.5 5.10 5.52
Without the atnormal October 1979 figure, thesec values would be 350.%4, .00



s < NE—
- -
1 | 0.0} 2.0{11.9] 5.8] 0,0} c.0| 0.0] 0.0] 0.0] 0.0|33.7}10.8] 24.2
2 | o.0f 7.7 s.8] 0.0] 0.0} 0.0] 0.0} 0.0| 0.0} 0.0| 0.5} 0.0] 2.9
3 |17.8] 2.8]20.4] 1.9] 0.0} 0,0] 0.0] 0.0} 0.0} 0.0} 6.2] 2.2 | 0.5
4 l19.1l18.0] 1.0} 0.0l14.6] 0.0l 0.0} .0l 0.0} 0.0] 0.0] 0.0| 3.8
5 | 4.0] 3.8] 0.0} 6.6] 0.0] 0.0} 0.0] 0.0} 0.0] 0.0}10.7} 4.2| 5.9
6 | 9.3] 0.6} 2.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0}.0.0}18.0} 0.0} 0.8
7 137.7] 9.7] 0.1] 6.1{ 0.0] 0.0} 0.0} 0.0] 0.0} 0.0] 0.0} 0.0] 2.0
8 | 6.6] 0.0 9.7} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0}12.2} 5.7} 23.1
9 | 5.2| 0.2} 5.2| 0.0} 0.0] 0.0} 0.0] 0.0] 0.0} 0.0] 0.0] 0.0| 0.0
10 | 4.0} 6.0} 0.0} 0.0} 0.0} 0.0} 0.0} c.0} 0.0} 1.0} 0.0] 0.0] 0.0
11 }25.7]14.8] 1.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0 0.0} 0.0]|32.81 31.3
12. 11,4} 4.0] 1.2 3.4] 0.0} 0.0 0.0} 0.0] 0.0{ 0.0! 0.0} 0.0} 6.9
13 | 0.0}16.2} 0.0} 0.0} 0.0} 0.0f 0,0{ 0.0} 0.0] 0.0} 0.0}14.6| 0.0
14 | 9.1| 7.8] 0.0} 0.0} 0.0} 0.0] 0.0} 0.0} 0.0] 0.0] 0.0} 0.0] 0.0
15 | 0.a] 0.0} 9.7} 0.0} 0.0} 0.0} 0.0} 0.0] 0.0} 0.0| 9.4} 0.0| 0.5
16 |23.4]27.2] 3.6 0.0] 0.0} 0.0] 0.0} 0.0] 0.0] 0.0]12.3] 1.0] 24.8
17 |25.4}17.9] 0.8} 0.0} 0.0} 0.0} 0.0} 0.0] 0.0] 0.0] 0.0| 2.5| 2.2
18 | 5.1}16.4] 0.0} 0.0] 0.0} 0.0} 0.0} 0.0} 0.0} 0.0] 5.0{32.6] 5.1
19 | 5.0} 0.0] 0.0} 0.0] 0.0} 0.0} 0.0} 0.0} 0.0| 0.0{12.2{ 1.8] 23.2
20 | 0.0]33.2| 1.3] 0.0] 0.0} 0.0} 0.0] 0.0 0.0} 0.8] 1.3] 5.0 9.7
21 | 8.9{ s5.0}11.6} 0.0} 0.0} 0.0} 0.0¢ 0.0} 0.0] 0.0{11.3} 1.7] 0.0
22 | 8.5 7.8| €.4] 0.0} 0.0} 0.0} 0.0} 0.0} 0.4} 0.0] 0.0} 5.7| 21.4
23.1 0.0t c.0} 5.6} 0.0} 0.0} 0.0} 0.0} 0.0} 1.8} 0.0} 6.2} 0.0} 4.7
2¢ |15.1}19.1} 7.6 0.0] 0.0} 0.0} 0.0} 0.0} 0.0} 1.4| 0.0}18.1] 0.0
25 | 1.3}16.3] 1.0} 0.0} 0.0} 0.0} 0.0} 0.0} 5.0} 0.0] 6.2} 0.0| 9.7
26 | 7.5} 0.0f16.3 | 0.0} 0.0] 0.0} 0.0} 0.0{ 0.0} 0.0] 1.5 0.0] 4.0
27 | 8.6{30.9 0.1} 0.0} 0.0} 0.0} 0.0} 9.1} 0.0} 0.0} 6.7} 0.0 1.9
28 | 5.1{ 3.8] 0.0} 0.0] 0.0} 0.0} 0.0} 0.0} 0.0]12.6| 3.8} 0.0 2.7
29 | 0.7} 6.9] 6.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0} 0.0] 5.2
30 |25.1] 5.0 1.8} 0.0] 0.0} 0.0} 0.0} 0.0 0.0} 0.0] 9.8] 0.6} 10.8
31 |24.6] 3.1] - lo.0] - | 0.0} 0.0 - |0.0] -] 2.6 - | 2.5

* Derived from the Arithmetic Mean of the Daily Mean Rainfall in

Jos and Daily Mean Rainfall in Zaria,
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figures (in millimetre) as ordinate and the days of the
month as abscissa (figures 18(A) - (M)). Deductions from

these graphs include:

1. The daily median of signal levels are higher in the
rainy season months (May - October) than in the dry

season (November - April).

2. There is a degree of correlation between the daily
median and the mean daily rainfall figures, as
typified in the months of March, April and June 1980
(figures 18 (1), (J), and (L): Correlation is,
however, not a hundred per cent as there exist cases
of either one day shift between peak values, (or
troughs) or altogether complete absence of correlation:
Typical examples of these features can be seen between
April 27th - 29th 198C, July 17th - 18th 1979,
August 6th - 10th 1979 and November 20th - 22nd 1979
(figures 18 (J), (A), (B), (E) respectively.
Correlation also becomes less obvious in the months
of heavy rains like July and August 1979 (figures 18 (A)

and (B) respectively).

3. There is a greater degree of variation of daily median
in the wet season than in the dry season. (Compare
graphs for February 1980, typical dry season month,
and May 1980, typical rainy season month in figures 18( H)
and (K) respectively).
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4.3 Monthly Median Of Signal Level

The median of all the signal levels in each month was
computed using the computer programs of appendix A.S and A.6.
The numerical results obtained are shown in Table L.4 in
decibel relative to 1 uV/m. These are compared graphically
with the mean monthly rainfzll (in millimetre) in Zaria and
Jos together which was derived as explained in Section 4.1
(table L4.5), and then with the mean monthly rainfall in
Zaria and Jos separately (figure 19(a), (b) and (c)

respectively).

Two trends are discernible from these plots:

1s The monthly median and the mean monthly rainfall show

a high correlation tendency.

25 Correlation is improved if the median signal levels are
compared with rainfall in both Zaria and Jos taken
together, than when they are compared with rainfall in
either of these towns separately - as can be seen from
the lack of correlation from July to September 1979
(figure 19(B)) and from May to June 1980 (figure 19(C))
for the isolated cases. Correlation is lacking, however,

in all three cases between August and September 1979,

L., Cumulative Distribution of Signal Levels

Computation was also made of the cumulative distribution
of the 1.25 minutely median of signal levels taken on a
monthly basis, then seasonal basis and also for the whole
period of measurement. The numerical results obtained are

shown in table L.6, and the graphical plots are shown in



MEAN MONTHLY R:INFALL (INmm) IN JOS AND ZARIA

AND MONTHLY MEDIAN OF SIGF/L LEVEL (IN dB Above 1 aVm)

[
Mean Rainfall | Mean Rainfall Mean Rainfall Median of
In Joz (mm) in Zaria (mm) | in Jos And Signal
Zaria (mm) Level (df«‘)

MONTH

Jul. 1979 8.2 st 10.0 %162
Aug. 1979 9,9 8.4 9.2 28,2
Sep. 1979 5e2 549 4.6 34.5
Octe 1979 0.5 Yal 0.8 32.8
Nov. 1979 0.2 .8 0.5 26,9
Dec. 1979 0.0 0.0 0.0 25.6
Jan. 1980 0.0 0.0 0.0 22.0
Febe. 1980 0.6 0.0 , 0.3 20,8
Mar. 1980 0.4 0.0 0.2 19.8
Apr. 190 0.4 0.7 0.5 18.5
May. 1980 TaT 33 5+5 31.0
June 1980 59 L 4,6 29.7

July 1980

-3
~

8,7 8.2 30.9
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TABLE 4.5,

MEAN JOS - ZARTA MONTHLY RATNFALL

Mean Monthly Rainfall (mm)
Month

Zaria Jos Joo = Zaria
Jul, 1979 1.7 8.2 10
Aug. 1979 B.4 10.0 Ged
Sep. 1979 3.9 5.2 4.6
Oct. 1979 1 5 8
Fov, 1979 .8 2 5
Dec, 1979 0 0 0
Jan. 1980 0 0 0
Feb, 1980 0 6 o3
Har, 1980 v} 5 o2
Apr, 1980 o7 4 o3
May. 1980 3.3 Ta7 5.5
Jun, 1980 3.7 545 4,6
Jul. 1980 8.7 TeT B2




£3uedg v38q »

-

oy
shdi 4
3) 8

WSS BN A SOy Oy Gy !-:'!;1._', ’
SN OWVO—=NWVAEAVON-JOWVWO=>NUBETIOOWO —= W ,_-_._.»F_‘ i
=, =T
~L} ]
’ B'ré
PR PR = - s -
mmmo*mbm*mmqqmmhhuumma—uﬂ JULY
- L - Ll - . - - - - - - - - - - - - -
Nm4~ommmmmqmoomqmmum#muaomx 1976
OOV 0owaaumH B 4 —a s - .
= % & § % % 8 & 5 " 8 =8 ® ® * 5 = 8 * = = = 4 = 19’?(’
DO —+HUOWmVl 4o~ = O NRWOWIP VN - -
P VI AN M) = = o o e e SET.
??Pmpp?\fl\amqmtﬁmumM-;-togo\;)\omm\n-‘\- 1979
hoummmuowamm\ommmorxmmmooooﬁw J
WIVI MO N NN — = s - =
VIOV O@MASN—= 0@~ &I UWWN NN - - OCT.
- - - - - - - - . - L] - - . . - - - - - - - - -
NWUOUVMNOOWORPOWWY VIO NO M-I MNgH 1979
B et T S N S S W— H
SVFVWNNN~0O0WYEIPIAVIEVWNLNNN DN N
- - - - - L] - - - - - - - - -
DPE POV OO = JoumBdNPOMLN MR 1979
- - . - - . - - - - - - - - - -
. = & JMT E?I
I =200 ie _:j
1980 L
I;_
. FEB. %
MOoOCcoo 1980 =
\)ll'\)i‘er\J—- e A ey g d
- - - - Ml.jt. M
%%DWMC'CDO\UTW—“;QZJ—-J - R 1980 H
b=t
i =)
mqmmhmm :.' - - - - ;‘.PR. ﬁ
-QkDCDGJ-J\D-JJ*O\N—‘mG\ L€ L 1980
<
(@]
MNMOVIN MO N N = -, 2
BILOAVOAIP 2 0IMIH NN - MAY g
- - - - - - - L] L] . - - - - - - 1%
WL O 20N ODOO—=S-MN—=0WDoon o
*xj
PR DN = = s b -
thOm?hmﬁmm L6 NS LS S JUNE
- - - - L] - - I‘\. - - - - . - - 1 ')
MINMWNN—-=-o-+=0W -0 MmO -3 980
N = —a —a
— P = DN = - » JULY
L R N I . 1&3{}
O MN=-D10O0O0ON oS py -
O 0 =1=3 CYUTWUI 5 D UL O R R R = = s y DRY
@ & &+ & 8 e & 2 = 2 = » ® & 4 ® ® ® s = g = = s‘Eﬁ‘SON
OOV "=V OAS-=20ONUWO Oy '\
mmMOmm%momqmmhwmmmdﬂA
- - L - - . - - - - - - - - - - - SE!&SOI:
-'M-luomor\.mmmuuumﬁmmmﬁ—-mqqqmm
JULY
DUV =0 @M=\ WO NN =
® % & & 8 & & & = = 8 8 = ® & 4 & = & 4 * & a4 = = 'PO
VN O-10n =10 N OO =10 = nnuiuang &
JULY

1980

Y
L=

s
IC5 o« NIRRT

LATIIONTH Se° )



- 86 =
Table l;.6 Contd.,

SIGNAL .

el | B3R | S |ER &8 | 2R S : o :

el B8 148 |BE 165 (25 1§58 |38 | @8 | 58

- lﬂllll..l

36 33.0 24.5 47.0 | 39.5 18.9 Tl [ .5 4.0

Wm WJ«-O N.n.woh._ .mp.wu._ u..w.oa Mgto moﬂ ﬂom AQQ &01\

34 413 30.0 574 4€.9 23.2 11.7 3.0 2.0 Be6

uu Pm.q UW.W mmlm m.\u-lw lem Am-d ﬁ-N ulm ml.ﬂ

32 49.5 37.0 60.5 54 .5 30.1 19.2 5.8 5.0 7.8

fed 53.0 40.6 63.8 5847 34.0 23.2 7.8 6.8 9.0

30 57.4 | 44.2 | 68.5 | 67.0 | 38.5 | 28.0 | 11.0 8.9 | 10.5

29 61.6 48.9 T72.2 67.2 43.5 3343 14.3 11.9 11.6

28 66.3 5.0 76.0 1.9 48,8 39.7 18.6 15.9 13.3

27 7.2 58.9 T79.3 5.6 54.5 45.7 2445 20.4 16.0

26 74.7 | 63.4 | 8.7 | 76.9 | 59.7 | 50.6 | 29.8 | 24.5 | 18.8

25 T7.8 67.2 84.1 81.8 64.3 55.4 35.9 29,9 23.0

24 81.4 TS 9 8.7 69.7 60.1 41.6 35.1 26.9

23 85.6 TTe1 91.7 88,7 75.7 65.0 48.0C 40.4 31. 83
22 8842 80.6 9.0 N7 79.7 67.1 54.6 46,2 372 87
21 89.2 81.4 93.8 92.6 80.8 T0.7 61.5 52.8 4446 90
20 90, 1 8.7 M3 BT 8443 3.7 67.4 59.3 50.9 B
J@ w._ca QWQN &-N- .pﬁlm mmlm 4@.@ qmom.. mm.m W.Nno QT
18 .6 89.4 96.9 96.4 87.8 79.6 TT.2 1.1 63.1 %
17 96.1 91.1 97«4 91T 91.0 82,3 82.4 78.7 Tt 9%
Am g-m th @moo D_..a @mlo mm-&, Eou g.u .Nmnm S
15 97.2 R.4 98.6 99.3 BT 89.6 90.3 88,8 B84.2 N
14 7.5 et 98, 6 99.4 96.9 91.3 B4 2.5 89.6 97
13 99.3 %4.6 |10C 100 98.5 9T.4 98.9 96.8 97.0 9¢
i2 100 100 100 100 100 100 100 1C




dB REL TO 1 pv/m

IN

- 87 -
MEDIAN OF SIGNAL LEVEL

MO NTHLY
o

MONTHLY MEDIAN OF SIGNAL LEVEL |60
(7 L]
—_— e e — — MEAN MONTHLY RAINFALL o
_..._m
z
3
=
156 =
=
B <
<
Pd

a0
|
=
<L
45 ]
o
-

[30
z
-
-
g
120 P
o
part
o
g
0 o

]
—— + 3
™
s \\\
~ - - =z
// \\I - f.-r...\\ A
ufa e W
%
. d z
.!If.lliljilur..ll o wm A i e e .l..qll.l.l\.\ N
JULY PCW m_m_.w._ ol m | Z.Dﬂ DEC ub.z FEB MAR APRIL HAY JUMN LY
1979 197% 1878 1978 1379 1679 158G 1980 1500 1980 1586 1980 1580

FIG.13.A COMPARING MEDIAN OQF NTV JOS SIGNAL LEVEL N ZARIA WITH THE MEAN MONTHLY
RAINFALL  iN JOS AND  ZAR'A TAKEN  TOGETHER



~ 88 -

60
£
& 994
24
-
[*1]
@
«04
m
b=
x
—d
il 3
>
w
—d
d
<
z
=
= 20
['™
o
r
<
8
3 10
23
X
—
¢

FIG.15(8) COMPARING MONTHLY MEDIAN OF NTV JOS SICGNAL LEVEL IN ZARIA WITH THE MEAN MONTHLY

ho S

Wy AU SERocr

1973 1973 1979

RAINFALL

IN ZARIA~

-
- —— o —

- %%
M 'S MAY JUN JULY
1580 158 1980 4980 1980

60
b
MONTHLY MEDIAN OF SIGNAL LEVEL
—_— e = a— - - MEAN MONTHLY RAINFALL
150
{40
30
120
110
o
’
i
s
e
P
\\
-
o rel————— ———————

MILLIMETRE

ZARIA IN

IN

MEAN  MONTHLY RAINFALL



-89 =

IN

LEVEL

20 |

MONTHLY MEDWN OF SIGNAL

MONTHLY MEDIAN OF SIGNAL LEVEL

MEAN MONTHLY  RAINFALL

60

50
140
7\\\ l.wo
20
10
- I\\'f.— 1
- “a -
b ‘.\f e -
// / b .:r\\
.If \
/
/z !
. e - e .
JULY  AUG SEFT  OC1 HOY DEC AN FEB MAR  APRIL  MAY  JUN  JuY
1379 1579 1378 1979 1979 197% 1980 198G 1980 198G 1980 1580 1980

FIG. 13(C ) COMPARING MONTHLY MEDIAN OF NTV JOS SIGNAL LEVEL IN 2ARIA WITH THE MEAN MONTHLY

RAINFALL

I

105

MILLIMETRE

I'N

JOS

IN

MONTHLY RAINFALL

MEAN



= 90 =

figures 20 (A) - (P). These distributions are compared
in Table 4.7. The numerical values are then subjected
to further statistical analyses with a view to exposing
any trends concerning the mean variation of the signal

levels about the monthly medians,

Table L.7 shows that the August 1979 distribution
has the highest range (59.0 dB) while February 1980 has
the least (32.0 dB); it also reveals that the weakest
signals were received in February 1980 while the strongest
signals were received in Scptember 1979 - although the
September figures could be erroneous in view of the

inadequacy of data in this month.

To estimate the degree of variation of the signal
levels about the monthly medians the ratio of the semi-
interquartile range to the whole range has also been
evaluated for each month, as a measure of scatter., This
analysis shows that the 1125 minutely median values are
closer to the monthly median in the dry season months,
than in the wet season; and that the worst month from
scattering point of vicw was May 1980 while March 1980
was the best. Thus the relatively high median signal
levels obtained in the wet season are fraught with
greater variations about the monthly medians, than in
the dry season when median signal levels are lower but
more steady., A similar observation has been made in

Section 4.2 above,.
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TABLE 4,7

CUMULATIVE DISTRIBUTION OF MEDIAN SIGNAL LEVELS

In dB Rel, To

1 uV/m

- % OF MEDIAN SIGNAL LEVEL ABOVE R Ig;i: IC?imm
léo ap | 50a8| 40a8] 30 a8l 20a8| 10 as | (42 gluﬁg}:uﬂ .';Cﬁ;"i"nm*
" JULe 1979 | 1.1 60| 20,0 | 5744 | 92.3 | 99.6 5640 6.7 .12
AUG. 1979 _:1-‘__3-.-6 16,5 | 42.0 | 84.0 | 97.2 59.0 8.3 q “1-:‘—
SEP. 1979 :!‘..5“1“?.8 35,0 | 68,0 §95.0 | 100 5045 8.4_"" AT
0CT. 1979 2.2‘ 7.8 25.0 | 64,5 | 4.0 | 100 51.0 6.5“ 13
NOV. 1979 | 2.2 l.0]113.8] 38,6 | 84.6 | 100 ) % 5.5 N .‘11
s Smppeie e ———
DEC. 1979 2] 3.0}3%0.0|74.0| 98.0] 44.8] 4.6 .10
JAN. 1980 | © 2]10.0]67.0] 98.3 | 33.2| 4.3 / 7‘5_—
FEB. 1980 | « 0 o | 9.0]59.0| 97.8] 32.0| 4.5 .14
MAR. 1980 | ¢ 6] 2.6}10.4 |57.0] 97.6 | 48.0] 4.4 .09
APR, 1980 ‘H.S 6.8 19,8 [43.5 | N3 50,0 8.6“-‘;“?—1
MAY, 1980 0 3.4 1 26,5 | 56.4 | 2.0 | 99.6 46,0 8,7 ““.79—."-'
JUN., 1980 | © 4.7 ] 20.3 | 52.0 | 88.4 | 100 45.5] 1.5 .16
JUL. 1980 o |10.0|s0,0 |88.0] 100 39,0 6.0 .15

* MEASURE OF SCATTER

** DA}-‘:L SGLI.H tyc

SEMI-INTER QUARTILE RAIGE

RANGE
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To characterize the fading associated with the

reception of the transhorizon signals, the percentage of

time for which a specified decibel level (relative to a
seasonal or annual median) was exceeded was also computed
(see table L.8). The rcsulting graphical plots given in
figure 21 show that the variation of the 1,25 minutely
medians about the wet scason median (30.5 dB  pV/m), dry
season median (23.8 dB pv/m) and annual median (26.5dB pv/m)
approaches a log - normal probability law, ¢specially in the

wet scason.

L.5 Some Implications Of The Computed Results

The rise of sipnal level from 5 p.m. towards 10- 11 p,.m,
may be attributed to the fact that during the day the
predominant propagation mechanisms on the link are scattering
and diffuse reflection both of which arc favoured by instability
and turbulence in the atmosphere. However, with reduced solar
activity towards night, these give way (in preponderance) to
spccular reflection, known to be favoured by stability of
the atmosphere with stratification and cloud formation, and
to be responsiblc for higher signal levels obtained on
transhorizon links, as already indicated in chapter two.

The "towards-midnight - dip" in signal level might be connected
with increased turbulcence duc to other meteorolopical factors
like changes in the gradients of pressure and temperature
caused by the increasing impact of thcermal radiation from the
earth's surface and hence change in the refractive index

gradient as mentioncd in Section 1.1. above.
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Terrestrial radiation is characterized by long
wave length. The atmosphere is about 95% opaque to this
leng wave radiation, carbon dioxide and water vapour being
good absorbers. The high concentration of these gases
above cloud tops cause greater loss of heat at a cloud
top than at the base. This relative radiative base
warming and top cooling of clouds of appreciable thickness
has a net warming effect on the cloud and can radically
change the temperature lapse rate in cloud parcels within
a short time. This phenomenon is also responsible for
the evening thunderstorms due to destabilization¥*, The
tendency for signal level to decreasc towards midnight
can, however, be violated as was the casc in October 1979
(sece figures 13(A), 17(D) ). This is further discussed

in a later paragraph.

The increase in signal level in the wet scason
(summer) relative to the dry season values is in accordance
with already established radio propagation trend, which is
discussed in chapter two. Mean monthly signal attenuation
is known to follow closely the changes in the refractive
index gradient and tests conducted in the temperate climate
have shown that an improvement in this corrclation may be
realized when attenuation is compared with a combination
of refractive index gradient and atmospheric stability
as the radiometeorological paramcter (7). Similar effects
might be expected on the Jos - Zaria radic path, its

location in a tropical climate notwithstanding.

* (27), (29)
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The increase field strength in the wet scason, may
however, be largely attributcd to thunderstorm activities
(see chapter two) during this period. And as suggested
earlier, this effect is oxpected to be more proncunced in
the tropics than in the temperatce climatce. A study of
thunderstorm in the U.S.A. (see (27) pp. 71 -72) has shown L
that within a thunderstorm cell temperatures are everywhere
slightly cooler than the environment: that considerable
amounts of water arc encounterced in the storm; and that the
maximam updrafts and turbulence were found in the upper
levels of the cloud (with the cells capable of reaching a
height of 60,000 ft.) such that starting from the lower part P
~of the cell, turbulence progressively bhecomes less severe
and finally disappears. These featurcs can readily be
associated with temperaturc inversion, change in dielectric
constant and relative stability of the part of the troposphere
“involved - all of which are favourable to strong specular
reflection, (sec (28) pp. 2, -L6). Hence the increased
apecular reflection observed during thunderstorms. Thus
with the effect of the thunderstorm cells at the background
correlation between median signal levels and mean rainfall
figures can be better appreciated if the following points

arc noteds

1. Formation of thunderstorm cells dous not necessarily
occur under rain conditions, bhut rather when the
atmosphere holds sufficvient moisture , as exemplified
by cases of trace rainfall which (as indicated in

Section 3.7.4} were regarded as Omm.

2. Rainfall figures considered were only from Zaria and

Jos, whercas rainfall in any other part of the 200 km
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stretch radio link path could equally have affccted

transmission, and

3. Rainfall figure for a particular day was measurcd from 6 p.m.
of that day to 6 a.m. of the following day. Hencc rains which
fell in the afternoon and did not extend beyond 6 p.m. would
not be recorded but may have substantial effect on the evening
signal transmission; on the other hand, roins which fell
after twelve midnight would be rcecorded but have no effect on
transmission which occurred between 5 and 11.30 p.m,
Correlation may, thus, not be ruled out when there is a one
day shift between peak values (or troughs) of median signal

level and rainfall figures.

During the dry season months when signal levels are
relatively lower, other transhorizon propagation mcchaniems
predominate. These are mainly tropospheric scattering and
diffuse reflection (see figurcs 9, 11 and 13). The diffraction
mode makes the least contribution, but its effect on this path
can nevertheless not be ignored - the theoretical boundary
betwecn diffraction and tropospheric efiects being between 100 and
200 km, depending on frequency (7), Thus diffraction is a major
attenuation factor on the transhorizon path (sce figures L, 5, 6

and 7).

Some possible implications of the relatively high level of
NTV Jos signal in Zaria, especially during the wet season, can
be appraised from two view points: Useful transhorizon signals

and interfercnce problems,
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L.5.1 Useful Transhorizon Signal

One aspect of television broadcasting which viewers
in Nigeria are yet to enjoy is multichannel service. As
a result viewers in Zaria are usually delighted when they
pick NTV Jos signal on their receiver sets, be it of poor
quality (usually without sound) or for brief time durations.
There is thus a strong desire that this signal reaching
Zaria is actually bcosted by conventional mecans such as
increasing the transmitted power or the antenna dircctive

gain of the receiver,

The efforts reguired in this direction will no doubt
be considerably reduced by the natural transhorizon radio
propagation mechanisms featuring on the Jos - Zaria radio
path which ensures that the field strength in Zaria exceed
26.5 @B (relative to 1 uV/m) during 50% of the reception
time, especially in the wet season when the thunderstorm
signal enhancement phenomenon can increasc the field
strength up to 4O - 63 dB uV/m for over 25% of the
reception time (see table 4.7). However, such strong
signals reaching Zaria and its surroundings from the Jos
transmitter will be useful only if no other co-channel
signals reach the arca from another transmitter located
elsewhere, otherwise there would be serious interference

problem.

i.5.2 Interference Problems

Figure 22 1is part of map of Nigeria showing coverage
areas (nominally 50 km from the transmitter) of the television

stations planned and already established in the North Central
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areas of Nigeria. The relative positions of Funtua and

Zaria indicate that part of the coverage arca of the Funtua_{fi
transmitter (channel 7) would be exposed to adverse -
interference from the co-channel NTV Jos transmitter

(channel 7), especially in thc wet season.

For protection against interference, the International
Radio Consultative Committee (CCIR) recommended a ratio
of 45 dB between wanted and unwanted signals where there
is no special control on the nominal frequency difference
between the carriers for 1% to 10% of the time (22), This
condition is rather severe and used only for plamming
purposes. In practice, interference becomes perceptible
only after the ratic is 10 - 20 dB above the planning level,
In band III to which both Jos and the proposed Funtua
channels belong, the minimum level to which protection is
-sought is 55 dB wv/m. Taking an expected field strength
in Zaria from Funtua to be, say, 56 dB uV/m, this would
then mean keeping the NTV Jos signal level below 31 dB  pV/m
in Zaria, But as can be seen from the cumulative
distribution graphs of figurcs 20 (A) - (P), this was
violated for 7% of the total reception time in a typical
dry season month of February 1980, and for 65% of the
time in September 1979, On the average this violation
was for 22% of the time in dry scason, a little over L8.5%
in wet scason, and for 33% of the whole period of
measurement., These figurvs are sufficiently high to
mar a smooth cntertainment of viewers of the proposed

channel 7 from Funtua. Moreso, 1if the more



- 117 -

severe 45 dB protection ratio recommended by the CCIR
were used, the NTV Jos signal level would then have to
be kept below 11 dB pV/m in Zaria, and this would be
violated for 99 = 100% of the reception time in both
seasons and for the whole period of measurement (see

figures 20 (N), (0) and (P) ).

Lastly, the fact that the distribution of median
values taken in as small interval of time as 1.25 minutes
approaches a log=normal distribution law is a confirmation
of the preponderance of specular reflection on the Jos -
Zaria radio path; othcrwise a preponderance of diffuse
reflection and/or scattering should have been manifested
through a distribution which tends to Rayleigh distribution
law (as discussed in chapter two). In the wet season
specular reflcction is very much augmented by the formation
of thunderstorm cells, which effects signal enhancement
to such extent that signal level can remain high and almost
steady for over two hours (see figure 13 (A) ), thus
completely overshadowing effects of scattering and diffuse
reflection which is characterizcd by fast rapid fading, as
shown in figures 13 (B) and (C). These figures further
reveal that the lowest signal levels were received in the
dry season, and largely due to scattering. This again
explains the greater deviation of the dry season probability
distribution curve from the normal distribution, than the
curves for the wet scason or for the whole pecriod of

measurcment (figure 21). The relatively diminished role of
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tropospheric scattering on the Jos - Zaria transhorizon
radio path agrees with information contained in figure 11 (A)
at 200 MHz and 11(B) at 200 km. Also the high level of
harmattan dust which fill the lower troposphere during a
greater part of the dry season in this part of Nigeria

can possibly affect the signals through a change in the

dielectric constant of the troposphere.
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CHAPTER FIVE.

THE DESIGN AND CONSTRUCTION OF A V,H,F. PRE-AMPLIFIER
USING S ~ PARAMETERS

5.1 Introduction

The normal useful range for television varies from
50 - 83 kilometres, and for F.M. sound broadcasting from
83 - 133 kilometres, depending on the nature of the
terrain, absorption by nearby structures, local
interference, and the antenna heights. Outside these
ranges the signals would be weak and may be unreliable,
Some improvement in reception in the fringe zones and
beyond can be obtained by the use of high-gain directionel

receiving aerials andfor a pre-amplifier,

Such a pre-amplifier can considerably beoost the weak
signals prior to their reaching the rcceiving TV sets; and
in the case of very weak signals as in this project, it
i8 necessary that the pre-amplifier be as clese as possible
to the receiving antenna to check further degradation of
the signal to neise ratio in the antenna-recelver coupling

cable pricr to amplification.

Thils part of the project therefore, aims at designing
and constructing a pre-amplifier which can boost the
reception of NTV Jos signals at a frequency of 192 MHz in
Zaria which is at a distance of about 200 km from the Jos
transmitter. Obviously a prime requirement ¢f such an
amplifier should be the realization of a reasonably high
gain, especially as the bandwidth can be very narrow
(provided it is not less than 6 MHz), and more importantly

to keep the noise figure as low as possible.

[ P
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5.2 Transistor S- Parameters

The performance of a transistor may be characterized
by h, y or z parameters, However, transistor
characterization at high frequencies ( =~ 100 MHz) is
usually difficult using these parameters, and often the
data is either incomplete or in an inconvenient form;
moresc, these data cannot be measurcd accurately at high
frequencies. However, the development of scattering or
S - parameters has made it possible to accurately characterize
the high frequency performance of transistors. Also the
S - parameters can be readily converted to the y (hence h or z)

equivalent,

Under the S - parameter method a transistor is
represented as a two-port network whose terminal behaviour

is defined by four S - parameters - 311, 812, 821 and 822.

To appreciate the meaning of S - parameters, consider
a two~-port network (figure 23). The normalized incident and

reflected waves at port i may be defined respectively as

i a BT & i
: 2“' O
and
V. - 1I; Z
bi = i i - - e 5-2
2 JZ_
o
wherc Vi is the voltage at port i, 20 is the

characteristic impedance of the two-port mcasuring system,

and Ii is current at port 1i.
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The effect of waves (ai) cntering the system from
other ports on the waves (bi) leaving a given port may
be expressed in a matrix form viz:-
r _ s
I_13.] 5 (AJ sone  Bed
where (S] is a square matrix whose elements are the

coefficients of the independent variables @43

[A] and [B] are column matrices whose elements
are respectively the independent and dependent

variables,

For a two-port system equation 5.3 becomes, on expansion

| 854 522J a2J ST 5.4
From equation 5,4 it can be seen that

b, * St ™ * Byp R e & o
bz = 821 a1 + 522 a2 CRE R 5 6

The solution to these equations in terms of the S - parameters

are
by
511 = 3‘; - e 5-7
L
821 a,
and
S = El
12 s
3 _ 2 - & 8w 5.8
22 2,
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Equation 5.7 implies that no wave is reflected from
the load Z; 3 hence to satisfy this solution Zy = 2, 1is ;
a necessary and sufficient condition. Also equation 5.8
implies that there must be no wave from the source; and g
to satisfy this VS = 0 and ZS = ZO are sufficient }

conditions.

The S~ paramcters may therefore be definced as follows:?

g I | 6. =0 voltage wave reflected from Fort 1
11 a, 2 voltage wave incident on Port 1 ?

Input reflection coefficient (with
the output port torminated in Zo)

voltage wave reflected from Port 2
voltage wave incident on Port 2

N X 4

output reflection coefficient (with
the input port terminated in Z )

voltage wave leaving Port 2
voltage wave incident on Port 1

_Jm‘mc‘

a2=:0

21
Forward transmissiocn coefficient
(with the output port terminated
in ZO)

5 aq=0 voltage wave leaving Port 1
1 a -

A e — b o

2 voltage wave incident on Port 2

Reoverse transmission coefficient
(with input port terminatcd in Zo)

i

From the definitions of Sqq and 822, and the expressions'

of equations 5.1 and 5.2, it can be shown that,



in Q LR 5.9

and

522 "é_'*""' LR 5.0 10

where
zin is the input impedance of the network when the
output port is terminated in Zo' and Zout is the

output impedance when the input is terminated in Zo.

Being reflection coefficients, S11 and 822 can be
represented on Smith Chart (sce figure 30). Also from their
definitions, it is seen that

S . = Power leaving Port 2 3 eese 5.11
21 Power entering Port 1 '
and
L 3
g - Power leaving Fort 1 5,12
12 Power entering Port 2 o
so that
2
13211 = Forward gain when the network
|
' is terminated in
and

Zo at either ports.

Reverse gain

| 2
5312|
The above definitions of the various S - parameters
have been based on the condition that the lead and source
impedances (ZL and 25) are each cqual to the characteristic

impedance Zo of the system, When any of these impedances
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is not equal to Z  the expressions for the input and

output reflection coefficients become modified thus:

Sas S .
S%,I = 811 + 21 12 I._,L CROR 5.13
1 =585 I,
and
Bas Bawm [,
21 ™2 's
Séz i 822 + 1 _ S f.__‘ L 5.1h
11 "s
where TL _ 2y, = 2, ,
+
o
r. 7%
s
Zs + ZO

It can be geen from these expressions that if ZL = ZO
from equations 5.9 and 5.10 the input and output

impedance may therefore be expressed respectively as:

1+ 541 5.15
Zi = Z (_——n——-) CRCECY
n 8] 1 « S
1
1T + Sé2
Zout = Zo ( P ) ad 0w 5.16
22

The magnitude of the product 554 S4p is a measure of
stability and the input/output isolation of the network,
For an active device the S - parameters depend on the

d.c. bias conditions and the frequency of operation; for

a passive two-port network 812 = 321 .
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Other transistor parameters may also be expressed

in terms of S - parameters. The transducer power gain (GT)

which is the ratio of power absorbed by the load over that

available from the generator is

Gf.; i521t2L1 “(rglé][ﬁ“{fﬁ ’2]

-t ](1.7'.511 [6) (1 =555 1) =859 89 1[5

Z - s am 5.’1?

Usually the smaller the maghitude of the reverse transfer
coefficicnt the better the transistor performance. When
812 is sufficiently small it can be regarded as zero, and

the resultant unilateral transducer power gain is

S S CIE P IR C I P

C -8 B3 H =810 %

LI 5-18

The assunption that 812 = 0 is valid if

G
1 T 1

(1+U)°  Gqy < (1-u)2

where U 1s the unilateral figure of merit defined as

Pyt rio

]511 Sq2 So1 Szzl
U = : : creos (5.19
(= Js40 1500 = sl -
Rewriting equation 5.18 as
2
SRS N C1- {1
Gpy = tszﬂl . . l L‘

]1 _ 511!2|2 . ‘1'.822 r?iz coes 5.20
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It can be seen that the first term depends on the
transistor only while the second and third terms depend

in addition on the input and output matching respcctively.
Hence with appropriate matching networks the S - parameters
can be manipulated to effect optimum gain, and the maximum

transducer power gain may be obtained if r; = Sﬁ1 and
e

'L = 5%y SO that

] . ] — S
1= IS»uld % = |522,£

2
CTU max, = '521l ’

Another important device consideration which can be
elucidated by S - parameters is stability., A device may
oscillate if either 511 or 522, or both are greater than
unity — a negative resistance condition, since the
reflected wave becomes greater than the incident wave, A
device is unconditionally stable if 5,4 and S,, are each
smaller than unity on the one hand, and the inherent
stability factor K is greater than unity and positive on

the other, K may be expressed as

K= *‘CSQ? - | 511|2 - l522|2
2l521 S12!
where A\ = 311 522 - 812 82.I

5.3 The Design Theory

5.3.7. Stability Factor And Stability Circles

The stability factor K takes a unique position in the
theory of this design. If the stability factor is not
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greater than unity and positive, the circuit is potentially
unstable and may oscillate. It is possible to plot
stability circles on the input and output planes, such
that on each plane the stability circle separates the
stable region from the potentially unstable region, For
cases where the stability circle does not enclose the
origin of the Smith Chart the area c¢f the circle defines
the unstable region while the stable region lies outside
the circle; however, if the stability circle encloses
the origin of the Smith Chart the area of the circle
defines the stable region while the region outside

defines the potentially unstable region (sec figure 2;).

The stability circle may be defined by the centre
and radius given by the expressions 5.23 - 5.26 below:

On the input plane: the centre of the stability circle is

c¥
- R .2
S1 151112 -’&12 5.23

where C.l = S‘H - AS&Q (4\ as earlier defined)

4

and
the radius of the stability circle is
) |512 854
81 2 2
5141° = 18]
Similarly, on the output plane:
-
reo 5 -12
ls22 ] <[

where C, = 822 - 8*11 ¥
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and
|S12 521|

s2 = 1822 IZ_I&F T

With the stability circles plotted, stable operation is

5.26

assured as long as no load is picked within the unstable

region.

The maximum power gain obtainable from a transistor
may be expressed as

L 5241

2 -
max l‘s":""é'l' K + K< = 1 seaw  Dell

(+sign is used if B, of equation 7,71 is negative,

clse the - sign is used).

However, the gain of a potentially unstable device tends
to infinity and the above expression cannot apply to such

cases.

To obtain any desired gain a constant gain circle can
be plotted such that any load picked on the circle would
give the desired gain, The centre and radius of a constant

gain circle are respectively given by

B G
Too = cg — .5.28

1 + D2 G

and

(1 - 2K |81, 559] 6 + 545 55 Gz)é

1 + D2 G

Rop =
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where
2 2
SN
G
G = ——
Go
Gp = numeric value of the desired total
amplifier gain,
2
G = ISQ‘II

The value of the generator impedance that simultaneously

matches the input load may be computed from
i
S99 = Ry D

1= Ry, 80

ms

where

Rms = the reflection coefficient of the required

source impedance.

RML the reflection coefficient of the load picked,
If the Rms obtained from equation 5.30 lies within the
stable region of the input stability circle a stable
operation is assured, otherwise another load (still on the
appropriate gain circle and within the stable region as
determined by the output stability cirele) must be chosen

and equation 5.30 re-evaluated,

Ryq and RML are plotted on the Smith Chart and
the actual values of the optimum scurce and load impedances
can be read from the Smith Chart co-ordinates as Z  and ZL

respectively. A lossless matching network can be inserted
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between the transistor and the source so as to match the
source impedance to Zs' Similarly another matching network
must be inserted at the output port to match the output

impedance to the actual load,

When the value of the stability factor K is greater
than unity and positive the device is unconditionally stable,
and will not oscillate under any load conditions. Under
this condition it is possible to realize the maximum gain
of the device and expression 5.27 becomes valid; what is
needed is only to compute the values of RMS and RML that
will conjugately match the input and output ports respectively.

These values may bc thus computcds:

By & J[é§_' L lc1l2
2

s 2 C1

-

RN[S = C: PR 5-31 -

where
22

(other parameters are as previously defined)

5.’

and 5 Py
Z
B, + B - I |cC
Ryp = C% g2 4 ‘2 cees  B5.32
2 2
| 2 G
where
2 2
B, = 1+ Iszzl - ‘511 'IA

(other parameters as previously defined).
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In expressions5.31 and 5,32 the positive sign (+) 1is used
infront of the radical if the value of the corresponding B
is negative, and the negative sign (- ) is used if B is
positive. In each case the computed reflection coefficient

should be less than unity in magnitude,

When K > 1 but the device is conditionally stable
(figure 2 (B) ) or when the device is unconditionally stable
(figure 25) but a power gain other than Gpax 1s desired,
constant gain circles must be constructed and the design
process follows that previously described for K £ 13 in
all cases lossless transformation networks must be used to
match the input port to thc generator impedance and the
output port to the load impedance ~ as illustrated in

figure 25 below,

5.3.2 Graphical Method of Impcdance Matching

The need often arises in circuit design to transform
one impedancce value into another for the purpose of obtaining
either maximum power transfer or zero reflection coefficient,
or both., For obtaining maximum power transfer the load
impedance must be transformed to the complex conjugate of
the source impedance (i.e. Z; = Zg ), while for minimum
reflection coefficient ZL must be transformed te the
characteristic impedance of the line (i.e. Z; = Z ). In an
ideal system it is aimed at obtaining both maximum power
transfer and eliminating reflections, else the power in the
load would be reduced from the maximum available power by

2
the ratio 1 = ?
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UNSTABLE REGION

Pl 7
4 \\. / s \“\%\.._\\. /
LA /Lt ‘ S5 7 \\.\...\_
v i/ /17
‘\\q /7 \\\\ /
JAL7 | s
\\ “_ 4 \.\.\

. : /&
s / Y 7/
. \_l \ Q—O.ﬂ \&

1} ' -
v s
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where '? = Ea is the reflection coefficient.
L~ %o

To realize this ideal, two conditions must be met:

1. The source is loaded by the complex conjugate of its

internal impedance, and

2. The line is terminated in its characteristic impedance,

as shown in figure 27.

Impedance transformation can be effected by various
methods ranging from use of Smith's Chart to pattern
combinations of resistances. However, the graphical method
described here has been found very handy in the present
amplifier design, and thus worthy of expounding. It
involves designing lossless matching networks with lumped
elements whose reactance values are determined from an
impedance -~ admittance chart. It can be used to match
Real to Real, Real to Complex or Complex to Complex
impedances. Any rectangular impedance co-ordinate system
with positive real parts can be transfermed into an
orthogonal admittance co-ordinate system with positive
real conductance values such that any impedance
Z =R 4+ JX in the former is transformed to a corresponding
admittance value Y = G + JB in the latter. Consequently
any impedance Z = R + JX may be obtained from the

reciprocal of its transformed admittance value thus:

Z = % 5  e——————— | OF ViCe VErsa.
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FIG. 27 IMPEDANCE MATCHING FOR MAXIMUM POWER TRANSFER AND ZERO

REFLECTION COEFFICIENT.
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This may be more easily appreclated from a superimposition il
of the two co-ordinate systems (figure 28).

In making a transformation the dual chart of figure 28

is used; the first step in such a transformation is to

choose a convenient scale that would contain the conductance:
circle(s)* which must be drawn as large as possible for

more accurate results,. Having drawn the required conductance
circles, matching is completed by moving from one impedance
point A4 (see figure 29) on the sppropriate conductance

circle vertically up or down to the other conductance

circle (at B ),.and then moving along this circle until the
appropriate load point C 1is reached, Busceptance arcs are
then drawn to pass through points A, B and C and tangent

at point O*, An upward vertical movement from point A i‘h
implies addition of a se¢ries inductance to the load represented
by point A, while a downward vertical movement implies _ﬁ
addition of a series capacitance; also a clockwise movemenﬁ -
on a conductance circle implics addition of a shunt capacitance

while anti-clockwise movement implies addition of shunt | [ﬁ

inductance to the load represented by point B. .i

The amount of series reactance roquired is equal to

the value of the rectangular co-ordinate value at B minus

the value at A , i.e,
XC - XB - XA :  and the amount shunt reactance required
is similarly given as
X, = - where Bp = B, -« B
L BT r ' T c B

* This does not apply to any point on the conductance axis.

'
4
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These are illustrated in figure 29,

The series equivalent impedance (Z=R + jX ) of any
point on the chart is casily determined by reading the
rectangular co-ordinate values of R and X; the value of

the susceptance of the point may, however, be given by
X -1

B = (f} s 5'33
where
Xp = reactance of the parallel equivalent impedance
Zp = Rp + ij y
S = the scale factor used in preparing the chart,
Also,
)
x = R R -
p D (g; 5.34
and
Rg + Kz
Rp = sdes 5.35
Rs
Rs, Xs = real, imaginary parts of the series equivalent

impedance Z = R + jX.

xp is also given by the rectangular co-ordinate value of

the peoint where the B arc cuts the reactance axis.

With the required series and shunt reactances
determined, it is necessary to verify that a combination
of these reactunces and the series equivalent of the

impedance being transformed ylelds the desired transformation,
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(a} COMPLEX IMPEDANCE TO REAL IMPEDANCE
{b) COMPLEX IMPEDANCE TO REAL IMPEDANCE
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d) COMPLEX [IMPEDANCE TO COMPLEX !MPEDANCE
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The corresponding values of capacitance and inductance

are then given respectively as:

C = 1 s an 5036
2 xyw xfxX
0
and
X
L = E
2x wx £ ab 537
where f = frequency in hertz.

5.4, The Design

The tronsistor used in the design was MA L2001 - 509,
It was chosen because of its low noise figure, large

dynamic range and availability.

The S - parameter characteristics used were given at
a frequency of 200 MHz and a d.c. bias of I = 20 mA,

vcc = 10V, and under the common-emitter configuration.

These are as shown below* :
Sqq = 381 [= 12.6°
Sip = 041 /60.3°
S,y = 8.057 f92.8°
S,, = 481 /- 2.5°

Now, following the desipgn procedure earlier described, the

a.c. circuit of the second stage may be designed as follows:

L = 549 555 = S4p Sy

= 18326 /- 167.1° - .33034 £153.1°

*# (Other relevant transistor parameters are given in table 5.1.
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"

11596 = 3.19037
.22291 /- 58.7°,
_ A ok
Ci= S4q- 855
381 /= 42,6° - (.22291 /- 58.7°)(.481 f24.5°)

= -~ 391 - § 1712

= 4272 /- 156.4°,

*
C, = S5, - & 84,

= U481 /- 24.5°- (.2229 /- 58.7°)(.381 f142.6°

= 4287 - j .2839

= .5142 /- 33.5° ,

n

By = 1+ [311‘2 - |522[2 -!Zk !2
= 14+.381°% -  481° - .2229°
= By

Ha= @ |522|2 - fs11|2 -!ZS |
= 1+ 4812 - 3812 < 20097
= 1.0365,

and

T 1322,2 Al

=  JL81F - .2229°

]
-
—
o
-
-3



- Wl -

Also the stability factor is given from expression 22
as _ 5
A2 | 2
1+ fal® - !511‘__ - lszzl
2 8

12 Sz1

1+ 0497 - L82 - 231
2 x ,3303

)

= 1.0189

il.e. K ™S> 1, which implies that the transistor is
unconditionally stable under the bias conditions and
frequency since S11 and 822 are also less than 1, (see

figure 28).. The maximum gain is

15,
420 |

[9]
|

MAX K— K -1

= L9097 . l4.0189 - [f1.0189% - 1
L0l 1

= 161,84

= 22 dBo

The reflection coefficient of the generator impedance

required to conjugately match the input of the transistor

is . '2
_ c* By - V/éﬁ ~ 4 lL1!

Rus 1 ,
2 1cqld

86k - F L8617 - I x o7l
2 x La7ed

]

.

L4272+ f156.4,°
.8603 /186.L°

i

R e e -
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The reflection coefficient of the load impedance required

to conjugately match the output of the transistor is

R, = CF 52 - I3, - b e, [°
L 2 2t02[2

1.0365 - J1.03652 - I x 51422

= 512 /33.5°

2 x .51&22

= .8821 /33.5°

On the Smith Chart used unit radius = 8.5 cm, so
the source and load reflection coefficients are represented

as
RMS = 7.3 ¢cn {156.Q0 and

(see figure 30).

S.l4.1 The Output Matching Network Of The Second Stage¥

Since a 75 ohm load was expected, the Ry, must be
transformed to 75 + j2 ohms or 13.3 + jb mS8. To do this,
the RML is first converted to its parallel equivalent by

adding -~ 180° to its argument *¥*

ine. Ry, = 0.80821 /(33.5° - 180%)

= 0.8821 /- 146.5° .

The regquired parallel admittance is then given by

¢ [ﬂ1 * Py |y
. ° DU ©
1 Ryrg
where YO = 13.3 mS.

*  Sections GS.4.71 - 5.4y.4. refer to figure 27
**  See ref, (8).
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o
1 + .8821 /- 146.5 13.3 mS
1 - .8821 /= 146.5°

099 /- 77.2° mS

9106 - 5 3.9970 mS

Converting this parallel admittance to impedance yields

Z

L

(1098,2 + j 250.2) ohms.

The values of the lumped elements to effect this

transformation are given by

L1

V=R R, R, = R, (%)

4 - : =
HS = 75 ohms

J(1098.2 - 78) 75 X, capacitive reactance

’
277 .02 ohms

1
2TfX
e

& x 277.02

277 x 200 x 10
2.87 pF,
R§+x"
—_— XI = inductive reactance
x 4
c

76% + 277.02°
277.0°

297.3 ohms,
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S0 that the total inductive reactance is

X X

X = L1 - L , X, = Imaginary part of Z
L1+ Xg
- 297!3 X 250.2
297.3 + 250.,2
= 135.87 ohms
. Xip
- L2 =
20 f
_ 1135.87

277 % 200 x 106

= 108

5.4.2 The Input Matching Network Of The Second Stage

The RMS must be converted to its parallel egquivalent
so as to match it to the output impedance of the first

stage. First, we add - 180° +o its argument to get

.8603 /(156.L° - 180° ,

R,

-8603 /- 23.6° ,

i

50 that the parallel admittance is

1 + R
I-TS1

5 Y
1 - R
I‘~‘IS,1 -

or Yo = 13.3mS

17 + 8603 /- 23,6"
1 4+ 8603 /- 23.6°

13.3 mS
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= 59.99 /- 69.4° mS

= 21.156 - j 56.136 mS
and the parzllel impedance is
Z, = L47.267 + j 17.81 ohms

S

This completes the a.c. circuit design of the second

stage which is shown in figure 31,

The first stage is designed for a gain of 20 dB using

the same S - parameters. The design is as follows:
-

100 (i.e. numeric value of 20 dB)

9]
L}

G

o = !521|2

8.057°

6l4.9153

l.l G = -""'E

100
6l .9153

1. 5405

The centre of the 20 dB gain circle is

_ " C*
r - = e L
02 1 + D2 G &

B 1.5405 (e}
~ 1 + .1817 x 1.5L05 x o512 33,08
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FIG 31(A). A.C. CIRCUIT OF SECOND STAGE SHOWING THE OUTPUT
MATCHING  NETWOKRK
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12 87 pF
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FIG 31(C) FINAL OUTPUT CIRCUIT FOR SECUND STAGE.
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12402y .52 /33.52°

1.2799

. 1,2036 x L5142 f33.52°
.6189 /33,52°

(i.e. 5.3 cm /33.5° on the Smith Chart used)

"

The radius of the gain circle is
’2 a?)

(1 - 2K |8y, 5,9] G + | 545 554

1 + D2 G

R

p2 *

2
(1-2 x 1,0189x .33034 x 1.5L05 + .3303u2 X 1.5h052)
1 + ,1817 x 1,585,405

(1 - 1.0370 + ..25'8.9)é
1.2799

i.e. 3.13 cm on the Smith Chart used (see figure 30)

The RML chosen on the gain circle is

Ryp = »2506 [33.5° i.e. 2.13 cm £33.5° on the

Smith Chart (figure 30), because this gives a suitable value

of the source reflection coefficient.

The source reflection coefficient required with the

chosen load is

*
. I_S‘I‘I = R D
: l:1 = Ry, S22

Ry
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o . ™ »
.381 /- W2.6° - ,2506 x .2229 /(33.5° - 58.65°)
12,2506 x 481 /(33.5° - 2l;.5°)

—

(< .3027 - 3.231) - (. 0506 - 3.0237{]*
i 1=(.1191 + 3.0188)

_ | .L098 /- w9.55° 1
.8812 /= 1,23°

—

C 465 f- 18, 32°

Sio3 The Input Matching Of The First Stage:

The optimum input impedance of the stage is calculated

as in the previous case, thus¥* :

R

MS, = 465 /£(148.3 - 180°)
= * JL68 /- 31.7°
"1 + R
o'. YS = '——El- YU’ Y = 13-33
T = Rys, ' )

[1 + 465 /- 31.7

]

13.3 mS

| 1 2 .465 /= 31.7°

—

-

1+ (-3956 = j.ZhQB) 13.3 mS
1 -~ (.3956 - j.2L4443)
14,169 /- 9.93°

= ' - 13.3 mS
.6519 ‘22

.

28.97 /= 31°

* See p.148
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= 24.83 - § 14,92 mS , and
the parallel equivalent of this input impedance is

L40.27 + j 67,02 ohms.

This impedance will be in parallel with the equivalent
parallel resistance of 300.n , at the base%*, for d,c. bias;
so that the effective input impedance is modified to
30.2 + j67 ohms, and this must be transformed to the
source inpedance of 75+ jX (where X is negligibly small)
for maximum power transfer between the source and the first

stage,

From the transformation chart of figure 32 the required
series and shunt reactances to effect the transformation
are
X, = 50 ohms (for the capacitive reactance)
1
and

X; = 57.0 ohms (for the inductive reactance)
1

The corresponding values for the lumped components are thus

given as
1
C = 5 .
2T x 200 x 10 x 50.6
= 15.7 pF,
and
i 57.0

2 T x 200 x 10°

045 pH, as shown in figure 32 (a) .

* See Section 5.5, p.162
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St The Inter-stage Coupling Network

The optimum output impedance nmust be transformed to

its parallel equivalent, thus*

.2506 £33.5°
2506 /(33.5 - 180)°

= .2506 /- 146.5°

Ry,
Ry,

1#

The parallel admittance is therefore

1+ L2506 J- 46,5 T

YL 13.3 mS

1 - L2506 /- _46,5°

1+ (.2089 = 3.1383
1 « (~. 2089~ 3.1383)

13.3 mS

[ 7911 - 4.1383 13,3 mS
h.zoag + .1383 '

H

8,778 /- 106.4°

Bi19 = 3 2.484 mS

it

2L

118.8 + 3 L03.2) ohms

Coupling the first stage to the second demands
that this output impedance {of the first stage) be matched
with the input impedance of the second stage¥*, Again the
input impedance of the second stage is modified by the

300 ohm effective shunt resistance at the base for d.c.

*  See section 5.&.1
*#*  See section G5.,.2
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bias (see section 5.5); so that the effective input
resistance of second stage is (40.8 + j17.8 ) ohms. This
impedance must then be transformed to (118.8 + j 403.3) ohms.
From the transformation chart of figure 32 it is seen that

the required reactances are

Xo = L1.6 ohms and X, = 26.5 ohms.
2 2

The values of the lumped components are therefore

1

C = o x 200 x 10° x 41.6

195.0 pF, and

26.5
2 W x 200 x 10°

= L,021 pH, as shown in figure 3.

5.4.5 Tuning The Output And Input Networks

The output network of the second stage is tuned to
resonate at 200 MHz centre frequency (see section 5.4.1).
If a fractional bandwidth of 0,1 is chosen - i,e. 20 MHz,
the output loaded Q should be

Q. = 200
L 20
= 10
= '
But Qp Rp wc 5.33
where Ww = 2Wf,
C = required parallel capacitance

R' = total effective parallel equivalent resistance
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FIG 34 THEORETICAL DESIGN OF INTER-STAGE COUPLING NETWORK
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of loaded tank circuit, as opposed to Rp which is
the parallel equivalent resistance of the unloaded

tank on its own.

Therefore,

10 = 1098.2 x 2N x200x1(?>6xC

C = 10

1098.2 x 40O x YT x 10°

= 7.25 pF

The inductance required to resonate with this capacitance

is given by

i = ;

woe

. 1
2 R

(Loo ™ x 108 x 7.25 x 10™12
) 4

1612 x 10'® x 7.25 x 10~12
= .0873

The output network of the second stage is then as shown

in figure 31(B).
The two parallel inductances in figure 31 (B) may be
combined into an equivalent Lg, thus

.0873 x .108
.0873 + .108

L

T ) wit

= 0483 PH
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Accordingly, the output circuit is modified as shown

in figure 31(C), with the 7.25 pF capacitor replaced
with a variable type for fine tuning and to take care

of any effects of the .108 pH inductor on the tuning

of the tank circuit. The 2.87 pF capacitor is also
replaced with a variable capacitor to allow for impedance

matching fine adjustments.

S.4.86 Input Filter For First Stage

A filter circuit may also be inserted at the input
circuit of the first stage so that frequencies other than
the required 200 MHz are, as much as possible, rejected;
and choosing a convenient inductance as ,01 uH, the
capacitor required for resonance at 200 MHz is 63 pF, A
variable capacitor with range 5.5 - 65 pF makes it
possible to shift the centre frequency to other close
values like 192 MHz which is the actual frequency of
NTV Jos signals for which the amplifier is designed., For
the purpose of construction convenience the two parallel
inductors have not been combined in one, as in the output
circuit of second stage in figure 31(C) . The modified
input network for first stage is shown in figure 33 (B).

5.5 The DiC. Bias

For stability of the operating pecint, the transistors
must be properly biased, Each transistor has been biased to
ensure the conditions under which the S - parameters were

determined, 1i.e. Ic = 20 mA, and VCE = 10V,
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Let potential drop across the emitter be 3V, The

value of the emitter resistor would therefore be

-——2—-—- since I

]
20 x 1073 = B

I

RE

150 ohms

To ensure stability the condition
RB<( B+ 1) RE/1O must be satisfied.

Where RB is the equivalent resistance between the base
and to a.c. ground (as secen by signal towards the base)

due to the presence of RB1 - RB2 in figure 35.

Since the minimum current gain ( E ) under the bias

conditions is 20 (see table 5.1) the above inequality

becomes
Ry (20 + 1) x 120 onms
10
21 x 129 ohms
10
315 ohms
Choose RB = 300 ohms

The voltage across Rg may be given by
I
Vp = Vg +Rg + (B +1) Ry ..

20 x 1073
20

.7 + 300 + 21 x 150

L.15 volts.
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TAELE 5,1
SOME OF THE TRANSISTOR DAT. ¥

PARMETER CORTITION OF MEASUREMINT ViLUz
e ——————————— ==+ e e e e e e — ———— IIHJ
Hoise Pigure ddm = 10V, Hn = ma, 200 Miz £ 24dB
> —_—
Gain, Amﬁm_ {c) Vog = 10V, I =20mt, 100g T¢ 450 ¥hz 12.5€ G¢ 25 3
Power Output (P .) V. = 10V, I=20mt, Ry=R =50 ohms + 542(P, WL+ 5eb QB
at 1 4B coupression point = H
Power Discipation Awﬁu Case Temp. emﬂ.mmoo Pp =45 mi
y 25€ T€200 € Pl = 250 & per 100°¢

Maximum ddmo ——— 20V
Moy igom dmmo —_— 3V
Maximaz Hn -_— 125 md
Marimurm Juncilon Temp. ———— 200°¢
Maximum Lead Temp. Soldering time¥ 10 seconds 25¢°C
Homo ﬁnw = 10 ¥ 10 na
¥ ¥, = 10V, I_ = 5 mh Minimum = 20
°r CE Toe Yaximum = 300
Qutput Capacitence Vop = 15 V. 1ed PF
»*

See also rention 5.4
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The value of RB can be determined from
1

R - vcc RB
B4 v
T
- )
ly. 15
= 1.08 K ohms,
Also,
RB x Rp
R - 2 1
va Ry, - Ry
1
_ 300 x 1084L.3L
1084.,3 - 300
= }14.75 ohms
If the supply voltage is VCC = 15V, the voltage drop
across Rc would be
Ve = Vee = Vee - Vre

= 15 - 10 = 3

= 2 volts.

- 2
20 x 10=3

= 100 ohms
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Using standard values, the resistors would then be

RE = 150 ohms
Ro = 100 ohms
RB1 = 1100 ohms
RB2 = U430 ohms

(see appendix D.1)

The emitter by-pass capacitance may be determined from

10

C -
B 6

21T x 200 x 107 x 150

= 53 pF.

Thus the a,c, circuit of the amplifier is as shown in
figure 363 the additional 1000 pF capacitors serve as
d.c. block, emitter by-pass or to prevent signal entering
the power supply. The complete amplifier circuit will

therefore be as shown in figure 37.

5.6 The Construction

The physical realization of figure 36 as a working circuit
was compounded by the challenges due to the high frequency
of operation (200 MHz). These include radiative losses
and radiative coupling between close circuit parts which
become increasingly important at high freguencies - hence
the need for shielding some parts from others. Capacitances
are usually of small values in the pico farad range, and
inductances are in fractions of a micro henry. This makes

self-capacitance and self-inductance of components important,
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and a circuit board can introduce as much as 3 pF on
its own into the circuit. Because of these and other
effects, special attention is given to both the choice
of components and the manner in which these are connected

up, so as to obtain improved amplifier performance.

5,6,1 Designing V.H.F. Inductors

Irductors are components often used in a.c. e¢ircuits
to provide a required inductive reactance or a high a.c.

impedance d,c. path in a circuit,

Designing inductors for use as a reactance source
(as is the case with the present circuit) beconmes
increasingly difficult at higher frequencies since the
reactance is proportional to frequency ()(L = 27T 7L,
L = inductance). The designer is therefore faced with the
problems of dealing with smaller physical sizes of inductors
at higher frequencies - and at V.H.F. and above, a strip
of conductor can constitute an inductor, having inductance
per unit length as in transmission lines,

The inductance of an inductor may be given by

r2 n2

| IO S | micro henries 5.3L (1)
9r 4+ 10h

where
r = radius of coil
n = number of turns of coil

h = 1length of coil.
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However, in the present exercise, designs based on

equation 5:34 proved unsatisfactory, so that direct

measurements of L and Q,  were made after winding a large

set of inductors of different shapes and sizes. Table 5.2
shows a list of inductors wound as 34 trial examples !
under this arrangement. The instruments used for measuring
the inductances were a Marconi Oscillator type TF 1247
covering a range of 20 - 300 MHz, and a Marconi Circuit
Magnification Meter type TF 1247 A, These were coupled
through a IM 5725 connector provided by the manufacturers

of the instruments for this purpose. From the table (5,2},

two points, apart from those obvious from equation 5.34L are

discernibles

Te 1. decreases with increase in standard wire gauge

(3.V.G.),

2. Qu increases with the ameount of coil material -

i.e, increase in number of turns, diameter or length.

Both of these properties were exploited to design coils
used in this circuit with minimum number of turns (n £ 2)

50 as to reduce I2

R losses, winding capacitance {and
associated power losses) as well as radiaticn losses and
interference due to inductive coupling,

Also hysterises losses and eddy current losses due to
ireon were checked by leaving the inductors completely

air-cored.

At the operating frequency range choice of coil

configuration is alsc dictated by the requirement that
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LE 5.2

SO0ME SRIAL INDUCTORS AND THEIR SPECIFICATICONS

s.w.c. | TDUCTANCE | Q| EXTERNAL No. of EXTEN SION
s () DIAMBETER (mm) | "TURNS (mm)
o
23 .015 75 445 % -
" .021 120 9.2 % -
. .029 155 3.0 1% 10.9
. 036 130 2.8 1% 1.8
20 012 100 10.0 3/5 440
" 013 76 3.7 $
" 014 100 549 3/5
" 019 140 10.0 T
" 023 160 4.0 1%+ 10,0
" .030 120 3.5 2% 9.5
" 032 150 3.5 b33 T
" 032 160 9.2 3/5 11.5
" 039 135 304 4% 7T
" 051 75 9,0 1.0 48
" 051 100 o4 2.0 545
" .063 170 9.4 1% 10,0
» 067 190 10.0 1% 10,0
16 012 80 8.8 3/5 -
" .012 110 5.9 % 13
" 012 140 10.7 1 2.3
" .015 140 10.6 + -
. 015 125 10,9 % -
. 015 150 6.7 1 5.7
. 017 120 1.4 1 -
" 018 140 6.5 | 7.0
. «022 160 12D 1 5.0
" .024 160 9,2 1 7.5
" 025 170 9.0 1 1442
" .028 160 94 1 6o4
" 029 220 6.5 1 1245
" 033 210 9.0 1% e
" 036 245 22,1 P -~
" 056 200 17,0 1 1145
" 058 230 1.1 2 1343




=172 -

the coil fits into the circuit board with no (or negligible
lengths of) additional connecting leads, as these constitute
inductors themselves in the V.H.F. range (and above) as
already indicated in Section 5.6. This poses some challenge
because the smaller the inductor size the more the effect

of any additional leads on its inductance, and yet the
greater the need for such extra leads to physically connect
the inductor to the circuit. The alternative of trimming
the ends of the inductor to meke it fit into the openings
on the circuit board has been used here since the effect

of this is more on the Qu than on the inductance of the

coil (see 1 and 2 above).

5.6.2 Choice of Componcents and Assemblage

The other components used were chosen with preference
to small-sized ones with satisfactory power and voltage
ratings. It was found that the amplifier performed best
with ceramic capacitors, so all capacitors, except the
variable ones, were ceramic., A list of the compcnents and

their specifications is given in Appendix D,

Components were connected on a perforated stripless
board. The use of veroboard with parallel copper strips
was avoided because such arrangement would amount to
parallel transmission lines (at the high frequency of
operation) with the attendant power losses and unwanted
resonances due to inductance and capacitance per unit
length of the copper strips. The amplifier was housed in
an alluminium box of dimension 10.8 ecm x 6.3 em x 2.8 cn.

(see Plate I).
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In the box, each transistor was mounted on a socket, and
the input/output sections were shielded with alluminium

plates to minimize radiation losses and any interference
from inductive coupling, Also each transistor casing was

earthed through the appropriate transistor lead.

5.7 Testing The Amplifier

The amplifier was tested with the following equipment:

1. A Hewlett Packard D.C, Power Supply, type hp 6101 A
(Serial Number: 1137 A 01211); with a voltage range
of 0-24 V.,

2. A Hewlett Packard Oscilloscope, type hp 1740A ;
(Serial Number: 1616A, 01980) with a sweep range of

0-100 MHz, and an input impedance of 50.

3. A Marconi AM/FM Signal Generator, type TF 2015,
(Serial Number: 116908/021) with a frequency range
of 10 - 520 MHz; it also has provision for internal
modulation, attenuation and varying the modulation

depth.

L. Hewlett Packard Crystal Detector, Model 423A (NEG).
(Serial Number: 17455B).

5 A Multitester.

5.7.1 The D.C. Measurcments

The multitester was used to monitor current drains

and voltage drops across the individual circuit elements.
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Results of these measurements show that the amplifier
turns on around 4V and reaches maximum output around 12V,
Hence, although the design supply voltage is 15V, voltages
over and above 12V may be redundant as well as encourage
junction breakdown in the transistors, However, at a
supply of 15V, all measured current drain and voltage
drops are either exactly the same or very close to their
design values. The test-instrument set-up is illustrated

in figure 38,

The amplifier can therefore be supplied by a 12 volts

d.c., source rather than 15volts,

5«7.2 Frequency Response

The frequency response of the amplifier was initially
measured in three stages, The first set of measurements were
made without the input tank in the circuit; and then after
the input filter has been duely inserted in the circuit,
Still with the filter in the circuit a third set of

measurements were made to test the transient response,

Since the frequency range of the oscilloscope used
does not go beyond 100 MHz, the method of measurement
adapted was to modulate the signal generated at the desired
frequency by the signal generator (with the generator's
internal modulator) and feed the modulated signal into the
amplifier. The amplified modulated signal is then fed into

the crystal detector; from which only the modulating signal
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comes out as the output. This amplified output is then fed
into the oscilloscope for mcasurcment (sce fig. 38). The
initial unamplified input to the amplifier is then measured
by coupling the signal generator output direcctly to the
oscilloscope through the crystal detector, All the
measurements were made with a constant powcr output level
(£ 1mW) and modulation depth ( < 80%) from the generator
at intervals of 5 MHz of frequency, The effect of transient
response was tested by repeating the measurements starting
with the 192 MHz and aftcr the amplificer has been left for
long to cool down. In all three cases attempt was made

to tune the amplifier to 192 MHz instcad of the 200 MHz

on which the design was originally based, bcfore the

measurements werc made.

The numcrical results of the measuremcents are contained
in table 5.3 , while the graphical plots arc shown in
figure 39. The graph of the first sc¢t of measurements
(without the input tank circuit) can be seen to have two
peaks - a low frequency peak at 155 MHz and a higher
frequency peak at 198 MHz - sugpesting phase shifts at
these frequencics, Between these peaks the minimum
gain is 18,7 dB and occurs at 170 MHz, Thc maximum
gain of 25 dB occurs at the high frequency peak which
extends between 196 MHz and 200 MHz. The sccond response
curve (with the input filter inserted) shows that the
insertion of the input filter circuit climinates the low
frequency peak and has an increase in gain of 2.4 - 8.4 dB

between 160 and 195 MHz respectively, with a corresponding
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TABLE 5.3

AMPLT “TER FREQUENCY RESPONSE

Voltage Gain {dB)

Frequency Without i/p With i/p Filter Circuit

(MHz) Pilter Circuit
Normal Regsponce ]| Trangient Response

140 Saf - -
145 16.2 Be3 5.0
150 19.5 12.5 9.5
155 20,1 18.5 14,6
160 19.5 21.8 18.0
165 18,6 22.9 21.0
170 18,8 2%.8 22.0
175 19.5 24,5 2345
180 20, 1 26.0 26.0
185 21,5 27.8 28,6
190 23,0 30.7 3242
19% 24.7 3343 35,0
196 24049 33.0 37.0
197 24,9 33.0 37.0
198 24,5 %2.2 34.5
200 24,9 28,2 31.0
205 22,7 18.5 27.0
210 21.0 9.5 7.5
215 195 0 -
220 17.2 - -
225 15.0 - -
230 13,2 - -
255 11,0 - | -

J————— S A it syt =
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reduction of bandwith. The resonant frequency is 195 MHz,
with a gain of 33,3 dB. The third graph shows that the
effect of transient overshoot can cause as much as 3.7 dB
overshoot above the 33,3 dB peak gain. Also the fact that
the amplifier turns on at about LV d.c. bias (with a gain
of up to 25 dB) and rcaches a maximum gain at 12V is

evidence of good dynamic range.

5.7.3 Stability And Other Performance Consideration

The amplifier is highly stablc and this agrees with
the design prediction that the amplifier would be

unconditicnally stable, given that the stability factor K

is greater than 1, and 511, 822 are both less than 1.

The peaking around the rescnant frequency of 195 MHz
has a bandwidth of 9.3 MHz which is more than 7.75 MHz
required for the video sideband sipnals. However, on a
carrier frequency of 192 MHz the expected gain will go down
to 29.5 dB to accommodate this bandwidth, Also the
corresponding peak on the curve without input filter
circuit has a bandwidth of 20.8 MHz which compares well
with the design value of 20 MHz. The overall amplifier
noise level is sufficiently low (as guaranteed by the
transistor specifications).. This was roughly c¢stimatcd
by amplifying the lowest signal level npossible from the
source (with an extra 10 dB attenuation) for which there
was no noticeable distertions of the amplifier cutput

displayed on the oscilloscope,

Although a total gain of 42 dB was theoretically

designed for the maximum realizeable gain sco far is 33.3 dB.

: A e i A e R R = b e = UL i AL . L

A

bl SRR T L AT sl
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The apparent loss of 7.7 dB was initially attributed to

the 50/75 ohm impedance mismatch which featured in the test
equipment connections due to the 50 ohm input/output
terminals of these equipments. Also the frequency response
suggests existence of some negative feedback paths and

such negative feedback also reduces the gain, The fact
that screening could not have becn so perfectly done that
radiative losses are completely eliminated is also
appreciated. However, poor choice of the emitter by-pass
capacitors proved to be largely responsible, This was
discovered when one of the fragile 1000pF miniature ceramic
capacitors used got damaged and was inevitably replaced
with another 100 pF ceramic type. Because of the large
improvement observed the other emitter capacitor was
similarly replaced. The fregquency response was re-tested,
and with carcful adjustment ¢f the variahle capacitors a
gain of over 40 dB was realized at 192 MHz. The numerical
values of this improved frequency response and the graphical

plot are respectively shown in table 5.4 and figure 4O,

s
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TABLE 5.4

Numerical Results Of Frequency Response

Measurements With Improved Gain

Frequency Voltage Gain

(MHz)

Numeric Decibel
240 1.6 .0
235 2.5 7.9
230 3.6 11.7
225 4.6 13.3
220 5.6 h.6
215 8.0 18.1
210 12.0 21.6
205 20.0 26.0
200 43,0 32.7
198 68.0 36.7
196 92.0 39.3
194 106.0 LO,5
192 104 .0 ho.3
190 76.0 37.6
165 38.0 31,6
180 28.0 28.9
175 26.0 28,3
170 26.0 28.3
165 3.0 3041
160 by .0 32.9
155 Lly.0 32,9
150 36.0 31.1
U5 38.0 31.6
140 40.0 32.0
135 W .h 23.2
130 12.4 21.9
125 2 6.0
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CHAPTER SIX

CONCLUSION

This research project primarily aims at two
objectives: (1) To study the signal reaching Zaria from
NTV Jos transmitter with a view to determining the major
propagation mechanisms as well as highlighting the general
signal behaviour., Thus contributing towards the collection
of radio propagation data needed in Africa for checking out
CCIR recommended curves on one hand, and possibly towards
improvement of local Television services on the otherj; and
(2) To actually design and construct a pre-amplifier
which could be attached on a receiver antenna in Zaria so
as to boost reception of NTV Jos signals with reasonable

gain,

In line with these set goals NTV Jos signal was
monitored in Zaria for a period of 13 months, and the
statistical analysis of the field strength data has brought
out some interesting results which will form a base for
further investigations on the issue. A V., H.F. pre-amplifier
capable of amplifying the 192 MHz NTV Jos carrier signal
with a gain of over JO dB has also been designed and
constructed. Some of the more salient aspects of these

results are discussed below,

Despite the fact that Zaria is far beyond the Jos
transmitter horizon (about 200 km from Jos), strong field
strength levels comparable with those of signals from

Jaji (which is only 26 kilometres from Zaria) have been
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received, and for reasonably long periods of time,
especially during the rains. The main propagation
mechanism has been identified as specular reflection.

The increased impact of this mechanism due to the presence
of thunderstorm cells in the troposphere explains the
high correlation tendency observed between median signal
levels and mean rainfall figures. It also explains the
high median signal level of 30.5 dB (above 1 uV/m) obtained
in more than 50% the reception time during the rainy
season, Analysis based on the hourly median has also
revealed that the intensity of thunderstorm activities -
hence thunderstorm signal enhancement - falls sharply

from COctober to November, and rises again from

April to May,

The level of signal reaching Zaria from NTV Jos in
the dry seascn is relatively much lower - being above
23.8 dB relative to 1 pV/m for 50% of the time - but
still reasonably high. With little or no thunderstorm
activities during this period, the propagation mechanism
is predominantly scattering and/or diffuse reflection.
The actual role of the high concentration of harmattan
dust in the lower troposphere during the greater part
of the dry season is yet to be exposed. The long distance
from Jos to Zaria makes any positive contributions from
the diffraction mode negligible, However, diffraction
could account for a substantial amount of the attenuation

of the transhorizon signals, especially in thc region of
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the Jos transmitter horizon (spherical diffraction) and
inside Zaria (Xnife-edge type of diffraction over

buildings =nd trees).

In both wet and dry seasons signal level usually
rise Irom the early evening hours into the night, with a
rise rate of about 1 dB/hr higher in the rainy season
than in the dry season; it then falls towards midnight,
except for cases of abnormally high level of thunderstorm
signal enhancement, The variation of daily median of
signal level is higher in the wet season, and the statistical
distribution of the 1.25 minutely medians approaches a

" log-normal distribution law.

One desirable effect of this signal behaviour is the
fact that Zaria viewers can occasionally recelve
sufficiently strong signal from Jos, and thus for a while
meet their desire for a multi-channel service. This
situation can be made more permanent by coupling the
receiving aerial to the receiver set via the low-noise

boogter amplifier attached to the former.

With the median signal level all through the period
of measurement at 26,5 dB above 1 uV/m, such an amplifier
can saturate a receiver se¢t in Zaria with NTV Jos signal
as high as 59.5 dB over 1 uV/m for more than 50% of the
time. And even a better reception is possible if the

receiving aerial itscelf is of reasonably high gain.

The other aspect of this signal behaviour is that it

constitutes a potential interference source at Zaria, with
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the proposed channel 7 from Funtua. Such a situation
can be averted by re-allocating another channel to
either of these stations, or by resorting to different

polarization for the two.

As earlier pointed out, studies of this nature are
usually carried out over extended periods of time for the
results to be more reliable. 1t is therefore recommended
that in such future work attempts be made towards exposing
the actual role of the harmattan dust, It is also
pertinent to monitor the humidity figures as well as
cloud intensities so as to confirm that thunderstorm
enhancement is more of a factor of atmospheric moisturc
content than of actual rainfall - a fact which will explain
the observed high median signal levels even when the
rainfall figures were low, Special attention should be
given to the months of September and October to correct
or confirm the result from the rather scanty data in
September (that highest median signal levels are obtained
in this month) and to establish whether the observed
occurrence of very high level of thunderstorm activities
around midnight in Cctober was by chance of a normal
trend. Variation in the surface value or the mean
refractive index gradient can also be monitored to compare
the monthly median of this gradient with the monthly median

of signal level,

The effect of changing the height of the recieving
antenna from 3 to 10 metres above the ground can be

verified -~ CCIR* puts the expected values of

* (23), p.168
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height gain in band III at 7 dB in flat terrain, and

4L = 6 dB in urban or hilly areas. This might shed some
light on the role of the lower tropesphere; Kuhn et al*
have suggested that it is c¢rroneous to neglect this in
radio propagation planning. Measurement of the ground
constants around the Jos Transmitter horizon (about LO km
from Jos) will be complementary to this aspect of the
study, as well as throw more light on the diffraction and
ground-reflection losses in the radio path. And the need
to extend field strength measurements to 24 hours of the

day (where possible) cannot be aoveremphasized.

Further work is also anticipated towards improving
the amplifier performance by including a third stage and
hence further improving reception conditions for NTV Jos
signals in Zaria., And until results have been accummulated
and compiled from similar studies carried out at different
times and different frequencies, reliable data for checking
out CCIR recommended propagation curves for Africa would

not be assumed to have been obtained.
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APPENDIX A

THE COMPUTER PROGRAMS

A.1 Program For Data Conversion

This program converts each month's data into a form

suitable for analysis by:

(1) adding to or subtracting the appropriate dB figure
from each day's signal level, depending on whether
the transmitted power for the day is less or greater

than the nominal 7.5 kW velue, and

(2) adding to each data a constant of 12,9 dB due to the

antenna factor and extra cable loss.

The program is run with two other data files - one
containing the data for a particular month (as extracted
from the chart) and the other containing the daily power

transmission (in dB) for the samc month,

The example given here uses data file for the month
of June 1980; for months ending in 31 days, all the 30's
in the program must be changed to 31 accordingly, and the
10 in statement No,20 changed to 11:

Program N(Num, June 80, Output, tape 1 = Num,
tape 5 = June 80, tape 6 = Output)

Dimension Umber (30), Number (30), Line (30),
TROW (30)
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DO 10 I = 1,30
IROW(I) = O
Number(I) = 0O
10 Continue
Read (1,20) (Umber(1), I = 1, 30)
20 Format (20 (F 3.1)/10 (F3.1) )
DO 30 I =1, 30
Umber(I) = 10.0 * Alog 10(Umber(I)/7.5)
Number(I) = Ifix (Umber(I) + Sign (0.5, Umber(I)))
30 Continue
LO Read (End=99, 5, 50) (Lire(I), I = 1,30)
50 Format (30(I 3, IX))
DO 60 K = 1, 30
If (Line (K). GT, 800) then
IROW (K) = Line (K)
Else
IROW(K) = (Line(K) - Number(K) * 10) + 129
End if
60 Continue
write (6, 70) (IROW(I), T = 1,30)
70 Format (IX, 30(I3, IX))
Go to 4O
99  Stop
End

After this conversion the output is re-named
June 80, and the eriginal June BO file is replaced by

this new one.
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A.2 Program For Daily Median

This program is part of the Statistical Package for
the Social Sciences (SPSS). Each line comprises two
segements, the first of which must start from the first
column and the second from column 16; also the 30's change

to 31 for 31 -day months:

Run name Oyedum's Froject

Pagesize No eject

Variable List Day 1 to day 30

Input Med ium Disk

Input Format Fixed (30(IX, F3.0))

N of Cases Unknown

Missing Values Day 1 to day 30 ( 970, 980, 990)%
Frequencies General = ALL

Statistics 3

Read Input Data
Finish

This program is stored in a permanent file (called
Median in this analysis) and is run with a copy of the
converted monthly data file renamed and saved as Janc80,
Use is made of the SPSS command after increasing the RFL

and setting the Time Limit:
RFL , 65000

Settl, 7777
Get, Median, Janc 80

* SPSS may not accept more than 3 missing values.
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Attach, Spss/un = Library

Spss, I = Median, D = Janc80, L = 11,
Rewind, LL.

Dispose, LL = PR

Clear

Exit.

##* [Insuccessful Run **

This command may be stored in a permanent file also
(called DO) in this analysis because it is made usec of
many number of times. In that case, once Janc 80 has been
replaced by a copy of the monthly data whose median is

sought, all that is needed is a short command:
Cﬂll ’ DO. «*

A successful run is indicated by EXIT while an
unsuccessful run is so indicated. Two common causes of
unsuccessful runs are output limit and failure to change
the 30's to 31's in the program (median) when handling

a 31 -day month or vice=-versa.

A.3 Program Transforming Hourly Data Into a Column Matrix

The need to arrange all the data corresponding to an
hour in a column arises due to the fact that Spss handles

data in column wise.

Since each of the first six hours contains 48 rows,
this program transforms a 48, 31 (or 30) matrix into
a column matrix, The 7th hour usually contains a less

number of rows.
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The program is run with a local file containing

only the data for a particular hour of a particular month,

The procedure was to get a copy of the month's data into

a local file (called A A) and edit this local file so

that it contains only the required hourly data by deleting

the unwanted parts. The output is also Janc 80 and must

replace the already saved Janc 80 :

10

66
4O

45

99
50

Program Name (AA, Janc 80, Tape 5=AA, Tape 7 = Janc 80
Dimension IROW (1488), Line (31)

DO 10 I=1, 1488

IROW(T) =0

Continue

I =1

Read (End = 99, 5, 40) (Line(N), N = 1, 31)
Format (IX, 31 (I3, IX))

DO 45 J = 1, 31

IROW (I) = Line (J)

I =1I34+1

Continue

Go to 66

write (7, 50) (IROW (I), I = 1, 1488)

Format (IX, I15)
Stop
End.,

Although the 7th hour contains less than 1488 data,

statement No.99 causes zeros to be written in the last rows

of the output to bring up the number of lines to 1488;
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~ this new Janc 80 must therefore be edited to remove these
zeros before replacing the previous contents of the file
with it.

For execution it is necessary to increase the line
" printer limit thus;
Mnf, i =HH, P = 10,000, L = LL
where HH 1is the namc¢ of the procedure file

containing the program (4.3)

Ay Program For Finding Hourly Median

This program is similar to A.2; the only difference
is that the "Day 1 to day 31" now becomes "Hour 1", but the
program runs successfully without making this change. It
is in a permanent file (called Median 1) and may be run
Iwith the contents of the DO file 1f the term 'median’' 1is
changed to ™Median 1", This modified DO is stored in
another file called "Doforme™ in this analysis, s¢ that
once the contents of Janc 80 1is correct, all that is

necessary is a "Call, Doforme" command.

A.5 Program For Transforming Monthly Data Into A Column
Matrix

This program 1s a modified form of A.3. Since the
program handles all the contents of a given month's data
file at a time, all the 1488 in A.3 must now be replaced
by a figure which corresponds to the total number of lines
in the file multiplied by 31 (for a 31-day month) i.e, the

number of data {T) in the file; this may be gquickly verified
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by finding the total number of lines (L) so that
T=Lx 31.

The program is also run with a data file (called AA)
which must now contain a local copy of all the data for
the month in question. This replaces whatever the contents

of AA were,

The line printer limit must also be further increased

during the execution command:

mnf, i =HH2, P = 30,000, 1=LL

and the output which is also Janc 80 must now replace the

previous contents of this file.

A.6 Program For Finding Monthly Median

The program is exactly the same with A.l, except thet
'hour 1' may now be changed to 'Month 1', still the program
runs without this change. It also uses the "Call, Doforme"
command, provided that the Janc 80 file has the right
contents - i,e, the whole data of the right month arranged

in a single column.,
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APPENDIX  B(1)

TABLE OF DAILY RAINFALL

Iy ZARIA (mm), JULY 1979 —~ JULY 1980

1 . e SN . N - N MR- Iy . . ‘“:_* ' G . B
el S £8laB 8 128 95| 48| 48| 48| 48] 38|88 E
1 0 06| C §11.6] © 0 0 0 O 0 26,10 * | 42,1
2 G 0 15,1 © 0 ) 0 0 » 1.0 * 0.8
% 122,9 0 [18.1] © 0 0 0 0 o r 01 44 0.9
4 127.6]| 30,3 2,01 0 j22.4] © 0 O 0 9] 0] 0 *
51 0.1 ¢ C}| 5.1 @ 0 0 0 O ’ 0] 24 9.2
6 115.3 0 0 0 ¢ 0 0 0 0 o 22,11 © 0
T 155.21 1941 . 2j12.1] © 0 0 0 0 O 0 0 0
8 113.1 0 [11.9] =+ 0 0 0 0 0 0 {114 0.7
91 6.9 0.4) 2.6 ¢ 0 0 0 ) o 0 0 0
101 7.9] © * 0 0 0 0 0 0 0 »
11 {11 5.7] 2.0] © 0 0 0 0 4! 0 0 142.6] 60.6
12 1 1.4f 0.8] 2.3} 3.6} O o o ¢ 0 ¢ ¢ o 7.4
13 0 {12.8 0 0 of 0 ¢ 0 0 0 0l 9.1 0
14 0 * 0 0 0 0 0 0 Q 0 0 o | 27.1
15 ] 0.4 * £97,2] © 0 ) 0 0 0 O 0 0 1.0
16 |40.3 0 4.7 © 0 ) 0 Q 0 0 0 0] 23,6
17 437 27.3 ot o 4! 0 0 * 0 ol O A
181 * 19.3 0 0 0 0 0 0 0 0 0 |32.7 O
19 | * 0 0 ) o] 0 0 0 0 9 21.5 18.5
201 o 29,7 0 0 0 0 0 0 0 0 2.5 2,5
21 113.6] 6.5 [ © ) 0 O 0 0 0 0.8\ 0 0
22 1 * 565 *1 0 0 Q G Q Q O 0t 5.9 29,5
23 ¢ ¥ 0 |13.2] © 0 0 0 o) 0 0 2.4 0 8.4
241 © # |15.2] © 0 0 0 ¢ 0 0 O] 2.9 0
25§ © 21.3 *| = 0 0 0 o] o 0 0 0 3.9
26 }15:0 0 8.0] © 0 0 0 0 8] O 2.9] o© 8,0
27 112155 0,2] © 0 O Q 0 ( 153,31 O Z.8
20| * 4,2 «| o ol o 0 0 0 20,2 0.5l © 0
29| © 6,8] 5.6 © O O 0 0 0 (i 0 o 0
30 142,51 9,9] 0.2} O 0 0 0 0 0 0 7.3 0] 10,6
31 1457 6.2 - a 0 0 0 0 ) " * o 5.0
Fm 11.7| 8.4} 3.9] 1.1] O] © of o 0 7 3.3 3.7 8:7
#* Trace Rainfall
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APFENDIX B(2)

TABLE OF DAILY RATNFALL IN Jos (IN wm) JULY 1979 — JULY 1960

1 0 3.4 |23.7 ¢ 0 0 0 0 0 0 | 40.7] 29.5] 6.3
2 ~ | 154 | 2.1 0 * 0 0 0 0 ( 0 0 5.3
3 2.6 5.6 |22.6 | 3.8 0 0 0 0 12.3 * 0
4 10.6] 5.6 0 0 6,7 0 0 0 0 0 T.5
5 7.9] 7.6 0 8.1 * 0 0 0 0 0 ]21.,3] 6.0 2.6
6 3.3] 1.2 ] 749 0 0 0 0 0 0 }15.0] o© 1.6
7 | 20.1 * 0 0 0 0 0 0 0 0 4,0
8 * # 175 ) + 0 0 0 0 2444 45.4
9 24 * T.T 0 0 0 0 0 0 0 .
10 0 | 11.9 0 0 0 0 0 0 1.9 0 0 »
11 | 40.4 | 23.8 0 0 0 0 0 0 0 'y 122.9 1.9
12 | 21,4 741 * 3e2 0 0 0 o 0 ( 0 6.5
13 0 19.6 * 0 0 0 0 0 0 0 120.1 0
14 |} 18,1 | 15,6 © 0 0 0 0 c 0 o} o 0
15 * * 122 0 0 ( 0 0 18,8 0 *
16 6.4 54.1 | 2.5 0 0 0 0 0 0 b 24,50 1.9 | 25.9
17 | 13.7] €.4 ] 1.6 0 0 0 0 0 0 | 0} 5.0 *
18 | 10.1} 13.4 0 0 0 0 0 Q 0 10,0{3%2.4 | 10,2
19 9.6 * 0 0 0 0 0 0 0 2.8] 3.5 27.8
20 0 | 36.6] 2.6 0 0 0 0 0 1,6 0 }10.0 | 16.8
21 4e1 | 3.5]23.1 0] 0 0 0 0 0 * 1 21.7] 3.3 o
22 | 16.9] 10.1 | 16.7 0 0 0 0 0 0.8 0 0] 5.4 | 35.2
23 0 ~ * 0 0 0 0 0 3.5 0 | 10,0 * 0.9
24 | 30.1 ] 3841 0 0 0 0 e 0 * 2.3 0 §33.2 *
25 | 25 11,2 2.0 0 0 0 0 0 99 0] 123} O 154
26 0 0 24,6 0 0 0 0 0 0 ( * *
27 0 6.7 * * 0 0 0 |18.1 0 € 0 * 0
28 | 10.1] 3.4 0 0 0 0 0 * 0 5.0 7.1} © 5.4
29 | 1.4] 6.9] 6,31 © 0 0 0 0 ) ol o 10.4
30 | 7.7 0§ 3.3 0 0 0 0 - 0 0] 12,3 1.1] 10.9
31 345 * - 0 0 00 0 - 0 - 5. - *
MEAN 8,21 10, 5.2 ] .5 o2 0 0 o6 o5 Af T.T 5.5 7.7
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TABLE OF DAILY TRANSMIPTED POWER (IN kW) FROM HPV JOS

JULY 1979 -~ JULY 1980

P2 Aiontn/| Tuly 179 | Aug. 179 | Sept. 79| 0ct. 179| Nov. 179
Year__:___
1 ! 9.0 | as 7.5 7.5 8.0
2 8.5 845 7.5 75 8.2
3 8,3 8.5 | 65 9.5 8.5
4 B,5 746 6.5 5.5 8.5
5 7.8 8.0 7.5 8.9 8.3
6 7.5 7.5 8.5 9.0 8.4
7 7.5 6.9 7.5 7.4 7.0
0 9.0 745 7.8 8.5 7.0
9 8.0 8,8 7.8 9.5 8,5
10 8.0 9,0 8,0 7.5 8.5
11 7.8 8.0 762 8.3 8.0
12 7.5 8.5 8.2 94 8.5
1% 745 9.0 7.5 8.5 8.0
14 7.5 9.3 9.5 245 8.5
15 7.5 9,0 9.5 8.5 8.5
16 748 9,0 8.5 8.5 8.5
17 8.5 9.4 9.0 7.7 8.4
18 8.0 9.5 9.0 £.5 8.0
19 845 9.0 7.6 8.0 8.5
20 8.5 9,0 7.5 7.5 9,0
21 745 Te5 8.0 9,0 8.0
22 840 745 To? 8,5 8,9
23 8.5 8.5 7.0 2,5 9.0
24 7.5 72 8e5 8.0 8,0
25 7.5 7.5 9.0 LB 9.0
26 6e5 6.2 8.8 £.0 8.5
27 9.5 6.5 845 75 7.6
28 7.8 6.9 8.0 7.5 10.0
29 8.2 7.0 9.0 Ga' 7ol
30 8.0 7.5 9.0 8.5 8.5
51 8.0 7.5 - 745 -
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NTV JOS DAILY TRANSMITTED POYER CONTD.

Dey onth/ | Dec.'79 | Jan.'80| Feb,'30| Mar,'80 | Apr.'80 May'80 | Jun,'80 { Jul. =0
Year
1 8.0 7.6 8,2 T4 8.0 75 7.0 7.5
2 8.0 7.5 7.7 7.0 7.5 3.0 7.0 T.5
2 8.0 65 7.0 Te2 7.5 T.5 7.5 7.5
4 8,5 8.0 8.0 Ted 75 Te5 T.4 T.5
5 T.5 6.4 8.0 TeH 7.8 Teb Te5 Tek
6 9.0 Tab 8,0 6,0 T5 Te5 790 Te
i | TS5 8.6 9.0 6,2 Ts5 7.0 8.9 TG
8 8.5 Te5 6.9 5.0 8.0 7.0 8.0 T.5
9 7.0 7.0 8.0 6.8 8.0 T.5 8.0 Ja0
10 9.5 7.0 £.2 7.0 8.0 8.4 8.0 T8
11 8.5 7.0 8,0 7.0 8.0 8.0 £ 7.5
12 7.0 7.5 Te5 7.0 8.0 8.0 8.5 7.5
13 Te5 8,0 T<5 Bedt 6.5 8.0 T4 Te%
14 8.5 8.0 T.2 6.0 T.5 8.0 8.4 8.5
15 7.5 9.0 7.2 8:5 8.0 8.0 TS5 9.5
16 7.0 6.5 T2 5.5 8,0 T.0 8.0 2.0
17 7.5 8.0 T.6 2.4 T.5 7.0 T.7 Be5
18 T3 7.0 8.0 7.4 75 7.0 8.0 Te5
19 75 7.5 T4 2.0 7.0 7.0 8.0 8,0
20 T.8 8.0 T4 T.5 Te2 6.5 7.0 Te5
21 Te5 8.0 T.0 7.0 T.5 Te5 T.0 Te5
22 8.5 8.0 8.0 7.0 Te5 8.0 T.0 8.0
23 9.0 8,0 7.5 6.5 8.0 8.4 Te5 8.0
24 6.0 8.0 8.0 Te2 8.0 8,0 7.0 Te5
25 8.0 8.0 8.0 7.0 7.0 8.2 7.5 7.5
26 9.5 8.0 6.5 Te? 8.5 8.5 7.5 T<5
27 Te5 8.0 Te3 70 7.6 8.5 Te5 7.5
28 8.0 70 o2 £,0 8.0 8.0 7.0 75
29 8.5 7.0 T.2 Te5 8.4 8.0 TeC oD
30 8,5 T.0 Te6 8.5 8.0 TeH Te5
31 8.0 8.0 T.5 TS




APFENDIX D

LISTS OF COMFONENTS USED AND THEIR SFECIFICATIONS

ta RESISTORS :
Resistance Tolerance Power Rating Type
100 ohms + 10% ! Carbon
150 ohms + 5% & Carbon
1430 ohms + 5% * Metal Film
1.1 kilo ‘ehms + 5% 4 Metal Film
2e CAPACITORS:
Capacitance Voltage Rating Type
15 pF 100V d.c. Ceramic
1000 pF " »
2~ 10 pF - Variable
5.5 =65 pF - "
100 pF - Ceramic
ety
3, INDUCTORS
No. of Extension Diameter} Q S.W.G.,
L (uH) Turns (mm) (mm) 0
.04 83 1% L .6 12.3 250 16
L0LS, 1% 3.5 12.3 235 "
,0210 1 3,2 9.3 120 "
.010 2 - 6.8 75 .
* Sce Table 5.2
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