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ABSTRACT

In this investigation, the effect of season, tine
of the day and topography has been exam ned. Two Ii nes,
one on water of length 1098.650 neters and the other
1287.05 nmeters on land were selected for the study.
Coefficient of refractions on these two lines for
different tinme of the day - 0800 hours to 1600 hours
and for different seasons - dry and wet seasons were
computed. Analysis of data revealled that variations
of refraction on the two lines was |less in wet seasons
than in dry season. Also refraction was found to be
m ni mum and nore steady between the hours of 1200 -
1600. This confirmed the statenment found in nost
text books and survey literatures. The val ues of
coefficient of refraction obtained from this study
are higher than the traditional values. This may be

due to the fact that the lines are relatively short.

The inportance of neteorology in high order

work is nmuch enphasised.
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CHAPTER ONE

INTRODUCTION

1.0 OBJECTIVE OF THE STUDY

6 §

(i) To determind the effects of topo;} phy,
seasons of the year and time of the day on the
vertical refraction of light rays using the vertical
angles measured on two lines of different coﬁfigura-
tions in two different seasons. The crucial factors
in this study is the value of coefficient of vertical
refraction. This value will be computed for each

observation.

(ii) To compare the values obtained in (i) above
with those obtained on similar lines and to test
statistically if the mean value computed for each
configuration for different months show any.signifi-

cant difference. _ g

(iii) To analyse the results obtained in (i)
above graphically with a view to recommending the
best time to observe vertical angles for height

determination in Zaria.

1.1 The need for the research into vertical refraction,.

Surveyors rightly distrust refraction. They are
careful to elliminate it from high order work by

equalising level sights and observing simulteneously
I\/'S[[l
’ S2Hiy
)/].H‘MHF;.T ’aR‘ fisa



reciprocal vertical angles. But is its power to
distrust the humbler task of photo control sometimes

overlooked P{Rogers 1977)

A common problem in medium scale mﬁpping is to
fix height of points far away from con:}él. The
accuracy of heighting is determined by t%e contour
interval and thus by the scale of mappiﬁg. Modern

photogrammetry demands much better heights.

A knowledge of the accurate heights of points on
the surface of the earth is required among other
reasons:

(i) To enable survey measurements to be reduced
to the horizontal sea level.
(ii) To enable drainage works to be surveyed
so that water, petroleun and other liquid
may flow in the desired directiona

(iii) To enable relief to be depicted on topo-
graphical and air maps.

(iv) To provide information for scientists ,

concerning the shapes and structures of
the earth.

(v) To enable the surveyors to calculate
whether two points are intervisible on the
ground.

(vi) To enable roads and railways to be cons-



tructed in such a manner that steep hills

are avoided.

1.2 TRIGONOMETRICAL HEIGHTING

Trigonometrical heighting is one of the methods
extensively used to determine the relative heights
of survey points. A common method of determining
(AH) is to observe the vertical angle to a survey
beacon and compute the difference in height between
the theodolite and the top of the beacon by the
relationship.

AH = Stan ¢ FES SR RS SR L |

where S is the horizontal distance between the stations

or from the relationship.

HDH = S sin @ .........-.:. 1.2
Where S is the slantiﬁg distance as measured by
a tellurometer. In figure I below H, and HB‘are
the heights of the stations A and B above the
horizontal datum line DE which is considered straight
for the time being. HA is the height of the trunion
axis of a theodolites at A referred to some reference

mark on station A. hB is the height of signal at E.
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L DATUM (8) METERS !

|
Fig. 1.1 Trigonometrical Heighting

The vertical angle observed at A is @, and the
horizontal distance DE is smaller. From the  figure

it can be seen that

H + hA + Stal"l BA = h + H AR RN

A B B
Putting Hy - H, = (AH)
AH = Stan QA + hA"‘hB LR BB NI B ‘1.3

Accurate determination of this relative difference

in height between two stations is not an easy matter

as the measurement of the vertical angle @, is very
much prone to vertical atmospheric refraction error.

To minimise this error simultaneous reciprocal vertical
angle observations can be made at both end of the' line.
This is not always possible and it can only at best
minimise the errors. 1t cannot remove the errors
completely. It is therefore necessary to study the
behaviour of refraction in different localities in
order to know the favourable time the observed

vertical angle will be least affected by refraction



and to be able to apply the correct refraction

corrections. Hence the need for this study.

1

1.3 CURVATURE \AND REFRACTION
|

» |

Lines of sights such as A' B' in figure 1 above

are not strictly straight lines but curved lines.
This is as a result of two phenonena, one geometrical
and the other physical -

The geometrical one is the curvature of the earth
and the physical one is the refraction which is the

main concern of this study.
1.3.1 Curvature

The reference datum line DE in figure 1 is

not straight as we supposed but is curved as in

= |
figure 2 Dbelow o =
T ~ X
-
— o ,_:*15
‘rhE,OC\D‘:+ ) — O = - : - —1H
cCircle, . N "’#'_,;. e I)(
l a o -?)(
Ve

Fig 1.2 Effect of Curvature on line of sight

The linear amount of the earth's curvature FE = X

is given by



S2

x = - DR R R I 1.4

2R

1 Allan et al (1968),
‘J Where R is the radius of the earth and S is
T

he length of the line. If the datum line DE is

considered as equivalent straight datum line DF, the
p;oblem is reduced to that of figure 1.1. If we
consider E raised to F, the angle @ has to be
considered as increased by the curvature angle which
is given by

A1 2062658

R - & 8 & 88" 8 1.5
or a11 = PS egn 1.6 soassnss 1leb
where P = 22%%92 = Constant

Hence the observed angle @ referred to a curved
datum DE, can be considered with respect to_the
straight datum DE if increased by Q:“. The angle
will always be considered positive though @ may

be of either sign. If ¢ is negative and less than
a numerically, the sign of the effective observed

angle @ + a will be changed.



1.3.2 Refraction

Treodoh ¥ C
‘hag_’\r‘c\t' r

= .
D T I c

Effect of refraction on rays of light

Fig 1.3

In the figure 3 above, the light path from D
to G is shown a curved line instead of a straight
line. This is in practite due to the refraction
effect of atmosphere. If the density of the
atmosphere is uniform, then there would be no
refractive effect on rays of light laying entirely
withirn it, but since the density decreases with
height, rays of light pass through continuously
changing density and therefore curved upwards into
layers of lower censity. 1In figure 3 above, D and
G are two points on the earth's surfacre at different
elevation. 1n the absenc: of the atmospheric
refracticn, the ray cof light will be straight line
The concentric arcs from AA‘outwazds represent

layers of decres:zirg atmocpheric gensity, which

beca.ce the cercli- aries continucusly sgshould be



regarded as infinitesimally close together.

Because of this inifinitesimally close layers

with continuously changing refractive index line of
sight follows the curve path DG. Aﬁ D object G

would actually appear at 1. where ﬁGj is the tengent
to curve parth at D. The vertical angle to B measured
by theodolite is therefore too greatxby the angular
amount DGG! called the angle of refraction. This angle
of refraction is the difference between the observed
angle and the plare angle which we could have observed
in the absence of the effect of curvature and
refraction.

Refraction could be either positive or negative.
Positive refraction is downward curvature of a ray.
i.e. the same direction as earth curvature. It is
caused because, except in air very near the.ground

the density of the atmoshere decreases with height.
Negative refraction occurs when the density increases
with height. This happens under the conditions of
insolation when the ground becomes very hot (Geiger
1959). The atmosphere is then heated from the ground
and a turbulent system developes in which the lower
layer.of air are less dense then the zir above.

Coulman and Hell (1967). This condition may prevail
for attitudes up to 100 ft (about 34.0 meters) above

the surface. The effect decreases with height until



it is no longer evident and at higher altitudes,
the density starts decreasing with height in the
normal manner. This is the case where the measured

angle is less than tQE plane angle.
=

It is therefore necessary to subtract the
refraction angle r from the observed angle in order
to obtain the equivaleﬁt angle free from refraction.

Allan et al (1968) gave the refractive angle by the

formula.
r = %g L S 1.?
r seconds EEZ%EEQQ

r Seconds = 2 KPS - === 1.8

where P has the same constant as earlier mentioned
and K is the coefficient of refraction which is

defined in details in the next section. .

1.3.3 Combined Curvature and Refraction

To reduce observed angle @ to its eguivalent
plane angle @ which we could have observed in the
absence of the refractive effect, we have the

following relationship:

corrected plane angle = observed
angle + curvature - refraction
i.e & = @ + PS5 - 2KPS

'B- = ¢+ pS (1-?KJ - = s s e e 1-.9



10

1.4 COEFFICIENT OF VERTICAL REFRACTION

|

Ramsay (1971) defines coefficient of vertical
ir'

-
refraction as that factor K which when multiplised by

1.4.1 Definition

the angle subtended at the centre of the earth by
the line of sight provides the same amount of circular

variation due to the effect of refraction.

Abdulrauf (1982) defines the coefficient of
vertical refraction as the ratio between the refraction
angle to the angle which the two stationSof observation

subtend at the centre of the ezrth,

1.4.2 Variations in the Values of K

The values of K varies with seasons, time of
the day and topography of the ray. For a ray crossing
a deep valley or lying well above the surrodnding
ground levea the value of refration is likely to
be larger than the normal whereas if the ray is
grazing or lies close to the ground level the
coefficient will be lower than normal (Pamphlet
No. 1, 1956). The value of K also varies inversely

as the square of the abslute temperature (Pamphlet

No. 1, 1986).

... Kdl:—)— - 8 & & " 8 " s v e 1.10
T



The value of K 1is greater for night observation and
for rays over water. In Great Britian it varies
from about 0.065 to 0.081 on 1ines over water.
Ramsay (1971).

1.4.3 Formulae for computing the K - values

The values of K can be computed in various
ways from different formulae. One of such

formulae was given in Bomford (1977) as:

N

b

K =

where J+is the refraction angle and E is the angle
subtended at the centre of the earth by the line of
sight. It can be shown that B is approximately
equal to Ss/R radians where R is the radius of the

earth.

g.. JL-"-' 'g—s. e TN 1.12

The problem with this formula 1is that the
refraction must be known in order to compute for K

(ii) From equation 1.9 K can be expressed as

K = %(1-%—2) sepas e e sl 1.13

where & = Corrected plane angle using the fomule



@ = Sin-‘l(h/S)

Here h is the height difference betyeen

h
the two stations and § is the lengtq of

Y 1
the line. .

@ = observed angle '
R = Radius of the earth
P = The same constant given in equation 6.

The formula is very practicable.since @ and
S are the quantities measured directly from the field
and O and P can be easily computed. This formula is
used in this work.
(iii) The part of light through a medium in which
the refractive index n varied is éetermined by the

lav*"

5.165 along the path is minimum.- Bomford (1973)

N

Ta

& _Tanjenk g

25 &
gk rays
S \ B ,:f. HORI 2oy T A

Fig 4 Zurfacture of light rays.
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In figure 1.4 above are AB of length L1 is a
short element of the path of a ray of 1light Pq.
If the radius of curvature is6 whish is for the
moment taken constant and is large compared with Li’
so that the angle B between the tangents at both end
of (AB) is L,/ - Let the inclination of PQ and of
(AB) to the surface of equal n be & . So the gradient
of n across (AB) is dn/dh cosO{, X is small angle.

The solutions of equation 1.14 is given by

1 P dT
—_ = 16.3 - (0.0342 + EF) Co?Bsec/m e 13D

o T
where P is in millibars in ®°k and h in metres.

CosB can be ordinarily taken aa 1 and SO

1 P + dT
""'-O':" = 16.3 :I""E (.0.0342 + EF) SEC/ITI - = e e 8- 1- '16

I1f we consider the whole length PQ aloﬁg which 0~

varies, the angle of refraction at P is given by

L
4V " 1 S L-1
= (p } COSEC 1. = ‘i ?‘dlsecs sescssncssns 1.17

is expressed in sec/m. It has been shown

Qi

where
that = KB = K S/R.

If PQ is sufficiently horizontal for P and T to be

treated as constant as when h,1 and h2 are the same

within 100 or 200 metres, and if dT/dh is regarded as
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constant equation 1.17 becomes

<L _ RB ¥, i
—{L__ 26- = 20_ - ww l..-(.'.l 1-15
R 21
... K = "2"6':&55-“ 111 = 256 E’? (p-0342 + %%).- 1.19
T

Treating T, P and 4dT/dh aé COnsiant, equation
1.19 agrees with equation 1.10 which is the statement
earlier made that the coefficient of refraction
varies inversely with the squafe of the absolute

temperature.

For inclined lines, i.e. hi and h2 are so
different that P and T cannot be treated as constant,
P/T2 and consequently 1/§" (since %% is still being
treated as constant) méy be considered to vary
linearly with height and a good value of K will be °
obtainedlby substituting in equation 1.19 the
estimated values of P and T at one third of the distance
along the line i.e. at a height 3(2h, + h,) for -

observation at P and % (h1 + 2h2) for observation at

Q. Bomford (1977).

In practice a table is made Graaff-Hunter (1941)
P.8 giving K for the normal values of P and T at
cdifferent deights, with the differences resulting

from departure the normal of 1" (30mb) in pressure



and 10° in temperature to enatkle the tabular values
to be corrected by actual observation. Then K is
computed for the appropriate height as above. This
will give satisfacteory results provided lines are
from one steep-sided hill to another, not grazine
the ground in between, and provided the observations
are made at both P and Q at the time of minimum

refraction, 1200 hours to 1600 hours.

Equations (1.17) and (1.1%8) are the fundaméntal
formulae if P and T and dT/dh are known at every
pocint along the line, or is determinate. Actually
P is generally known to 1 per cent or better. T
can be measured at P and the average value of T along
the path in °K can probably be estimated within 1
per cent too. The doubtful item is dT/dh. The
adiabatic gradient for dry air which might e
expected t> be the actual gradient in afternocon is
-0.010 or °c per 100m. but apart from abnormal values
near the ground -0,C055 is more usually observed

Bomford (19277).



16

CHAPTER TWO

LITERATURE REVIEW

2.0 PREAMBLE

A lot of studies have been made by mdny researchers
into the nature and behaviours of the vertical
refractions. It is therefore necessary to look into

some details some of these researches.

2.1 VARIATIONS IN TEMPERATURE GRADIENT

Measurements in the atmosphere leads us to
expect T and P (Temperature and Pressure) and to be
generally sufficiently constant over long distance
and over the range of heigh traversed by survey
lines. But the same cannct be said of the gradient
dT/dh. Infact the diurnal change in refraction is
mostly due to change in dT/dh, the usual source of
which is the varying temperature of the ground and

the consequent periodic upward transfer of heat.

dT/dh varries over a wide range primarily with
height above the ground surface and time of the day.
Some figures for Durbar given by P. V. Angus Leppan
(1961) should illustrate the variation. In the layers
1525-4570 above M.S.L. the gradient is - 0.0032°F/ft
(-0.0096°F/m), and the diurnal and seasonal divergence

from this mean value is small. With decreasing height
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the diurnal variation about this value increases and
the rate of change increases so that very close to
1

the ground the gradient can be hundred of times as |

large. At 1.5m above the ground surface mean value

4 4

= |
for the month of February 1957 gave a minimum gradiant

(mid-day) of -0.35°F/ft (-1.06°F/m) and a maximum

(before dawn) of +O.0.350F/ft (0.46°F/m).

These gradients would obviously yield widely
diverging values for the coefficient of refraction.
This explains why it is necessary to confine
observation for trigonometric heights to a limited
period during the day and to avoid the "grazing"

rays which passes close to the ground surface.

2.1.1 Observed Values of The Temperature Gradient

The following are some observed values “of
the gradient near the ground in Sg per 100m. J
Negative indicates the normal decrease with
height.

(i) A Dehra Dun, India, Bomford (1977)
observed in March 11 and 16 hours that at
height of 4, 9, 15, 20, and 26 metre above
the ground the temperature gradients were
-14, -3, -1.6, -1.3 and -2,.3 respectively.

This is a normal state in Sunny weather,
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apart from the small increase at 2ém.

At Ganges Bridge, Bomford (1977) observed
in March between 10 and 1500 hours that at
height of 2%, 5 and € metre above water
temperature gradients, are +20, 0, -2
respectively. At 1%m above the water
vertical angles between points of known
heights gave an average of +13" and a
maximum of +36". This shows inversion
over water, which in this case persisted
only to a small height because the extent

of water was small.

At Punjab Plan walker (1870) in winter
deduced a temperature gradient of about

-7 from refraction at height of 6 to 12
meters above the ground at midday,.but

that higher negative value had occured an
hour earlier when marks were below the
horizon, At sun-rises and at night typically
+13°C to +23°C was recorded. This illus-
trates inversion at night. It should be
noted that a temperature inversion of +13°%
per 100m gives a coefficient of refracticon
of 0,5 and the curvature of the ray equal:

that ¢f the earth.



It is apparent from (i) and (ii) that a
temperature gradient measured at a station is little
guide to the gradient 10m higher up, or generally to
the gradient a few 100m along the ray of unifqrm
height above the ground guantitatively but theggiare
not conditions in which useful numerical results

can be got.

To sclve the problem of accurate determination
or dT/dh1 Bomford, (1962) proposed that progress can
be made on the following lines:

(a) on the inclined line, by flying along the

line of sight and measuring the air
temperature. If the slope is sufficient,

useful values of dT/dh may be possibly got.

(b) by using an aircraft flying along the
line to measure dT/dh by e.g. a pair of

thermocouples as used on ground.,,

2.1.2 Factors Causing the Variations in Temperature

Gradient
Angus-Lappan (1961) discusses the problem of
the variation of temperature gradient. He said
that the gradient depends fundamentally upon the
amound of heating of the ground surface and the
rate at which the heating is transferred upwards.

These in turns depends upon a number of factors

.



interrelated in a complex fashion.

A. Temperature of the Surface -

[T

(1) 1Insolation varies regularly with the *°

seasons of the year and irregularly because

“*.  of cloudiness, suspended matter and

fVapuur in the atmOSphere.; -

'(23 Topography and aspect affeéﬁuthe amount ' 1;

PR

of shadding from the sun and the angle :

between the sun's rays and the surface -
o ’ l"‘,v ‘ .2 t?l-@,' .,I | arg e el E

g
e AR it

'5eing healed.

{3) Nature of the Surface: colour, heat properties

of the materials and underneath the surface

» vegetation covering or lack there:&ﬁilﬁll '

affect the am

ount of heat received directly,

R TR
"

zuhﬂg?absorbed'éhdbradiated and the temperature

j‘attained by the surface. - -~ T

A IS
VOURT AL e 1

B. Turbulence The amoiint of heat convected upwards

will depend upon the nature of the turbulent

eddies, their size, frequency etc.“un{'jfif;f

Factors affecting this are: i.: f;f3f@;;?”' .
(1) The surface temperature R E
{2) Wind velocities and gustiness
_ﬁ§?§f'(3) The aerodynamic "smoothness" or "roughness"
-. ‘Jy_Qf the furface, on a small scale (e.g.

 gfass or sand) and on a large scale (e.qg.



(4)

C. Movement of air Masses

21

scattered single trees, forest, buildings).
Topography which funnels wind over certain

{
areas and shelters other.

£
Jl

(1)

(2)

E
In moving masses of air!the wind causes
the gradient to be determined by the above
factors at the point in guestion, but some
distance away.-
There is mixing of bodies of air during
the time of passage over this distance.
These variations appear very complex and
it is unnecessary to account for every
single factors, but 6ere1y to find an
approximation that the gradient dT/dh is
a constant. Angus~Leppan developég a
temperature function which has taken the

)

account of most of these factors. Details

of this is given in appendix I.

2.1.3 Temperature Gradient in Nigeria

Morley (1937) gave the average lapse-rate

of temperature of the ground level with H near

noon, in Nigeria to be about 6.2°C (43.2°F) per

1000 meters, although the numerical values of

this lapse rate evidently varies with locality



and nature of vegetation. In Nigeria and in T?opics_ff 
generally it is generally }eedgnised by the meter- J'i;:,
orogists that abnormal lapse-rate of tempé.ature 55:*“
frequently occur in the lower air Morley ( 937) gavgff
the following figures for Mombéséa béing Z]it of 100m

and t in degree centrigrade. .
. N A

;A

Table 2.1 Temperature Gradient and R

) |

ate of Chanhge

. of Temperature Gradient {(Mombassa)
v * " E :
h at/dh. a°t/dh?
0 -2.39 +1.03
jf[?- 1 -1.55 . 0.65 SEE
2 -1.03 ‘,“f 0.40 ’

3 ~0.72
4 ' _0.55
5 |  -o0.50

L

2.2¢ COMPUTED VALUES AND VARTATIONS OF COEFFICIENT

OF REFRACTION - e At

Sdme researchers have developed formulae for
the computation of co-efficient of refractions and
formulae to show refraction co—-efficient varies with

height of the ray above the ground.
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2.2.1 EVALUATION OF COEFFICIENT OF REFRACTION

Morley (1937) developed an equation which defines

the temperature at a point in terms of the height of

the point above ground level for Mombassa.

equation is:

The

t = 21.8 + 1.09 Sinh 0.45(5-h) ....

h

He used this equation to compute the lapse rate for

Mombassa and he computed the coefficient of

refraction using the formula -

5

-

K = 0.16847 Rf, P 4+ 0.39 Rf1f2P252T-
where

P = atmospheric pressure in inches

R = radius of the earth in meters

S = Length of the ray in miles

T = absolute temperature (Fahrenheit)
fi = (1.869-100 dT/dh) (1.869-200 dT/dh)

4 2 2
h = height measured in feet.

2
The values of T, dT/dh?, a°T/dH used in the

above equation are those deduced from Mombassa

2.1

Sl

aerological soundings. Table below shows the values

he computed for Mombassa.

-
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Table 2.2 Values of K Computed for Membassa f}'J

t

Height above ground in| Coefficient of
hundred of meters Refraction (K)

‘o |  o0.0263

o-1 - . |  o0.0482

a2 | o.o614
To-g - b % 0,0694

SRR T R P L N B .
The values for Nigeria obtained from Trigonometrical

.. observations are given below:

", .

/¥ Table 2.3KValue for Nigéria

Height above ground Coefficient of
in hundred of meters refraction (X)

o . |l ... 0.02 approx. .
0-1 | | _ﬁv  0.0512% - 'fl:ﬁf
-2 -~ @ . 0.,0584

2-3 -~ - ¢ o0.0622

The similarity between the sets of K for
Nigeria and Mombassa is remarkable, especially in
view of the fact that they were cbtained by two

entirely different methods.
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2.2.2 Variations of K-Values with Height

The coefficient of refraction (K) depends on
the inclination of the ray which is constantly
changing and also in free atmosphere the coefficient

decreases with height.

r
>

Assuming the lapse-rate to be constant throughout
the range of eleveation of two points different in
height by H, Grzaff Hunter gave the relation between
pressure and temperature for convective equilibrium
(when true minimum ccefficient of refraction occurs)
to be ~ (P /P ) (R /g) = 1 - RS suvesisisnis  2u3

where PO and to are the pressure and temperature at
lower point, F,, the pressure at higher point, X the
constant lapse rate, R the gas constant and g the

gravitational attraction. Then the relation between

the coefficient of refraction KH and Ko is

H P 2 : ¢
'E'L = —h—t'?g = ‘1"2— (g/R "2)() LR 2.4
o Po t h o

Strictly cpeaking g/R varies slightly with
height but we have assumed it is constant and equals
to 1/30 in c.g.s. units. This is greater than 2x
under condition of convective eguilibrium in free air,
and thus under these conditions refraction decreases
with height. However, it is usually assumed that K

decreases with increz. e in height above the lean-Sea-
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Level surface. From the analysis of the result obtained
by varying h but holding the height above Mean-Sea-
Level fixed; A. J. Morley came to the conclusion that
the variations in K could only be due to abnormal

value of dt/dh and d°t/dh®, "t" denoting the

|

temperature of air and h the height above the ngJnd.
Table 2.4 below shows the values computed fof

different height above the mean-~sea-level and Table

2.5 shows the values computed for different heights

above the ground.

Table 2.4 : Values for K for Different Attitudes

Height of ray Computed No. of
above M.S.L. Coefficient (K) Rays
180=360m 0.0576 30
360-540m 0.0577 . 32
540-720m 0.0577 52
720-900m 0.0568 17

Here there is no obvicus decrease in K with
increase in altitude. A detailed comparison.was
therefore made between K and the mean heights of
the rays above ground level. For every individual
case there is a striking relationship between this
mean height and the value of K. The results are as

follows:
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Table 2.5 Value of K for different Heights above
the ground level

Mean Ht. of Ray Computed K No of Rays
above ground
0 - 100 meters 0.0512 15

100 -~ 200 A 0.0567 14

200 - 300 " 0.0624 15

The above variations in K cannot be due to
pressure changes; they must be due to variations in
temperature due to change in height above the

ground level.

2.2.3 Variations of K values along the Ray

Morley (1941) discusses the variation of k-values
along the line of observation, He defined the
coefficient of refraction {Km) along the line AB
in the direction A to B to be "the fixed value
of K which would give the same perpendicular
displacement from A to B as that actually produced
by the true value of K along the line". He then

derived an expression for Km as

- h : -) (5A+"—:B:¢:) )
km - ko + !‘\/3 —_— BZ /6 - S 6:‘}‘{ - = 8 = = -—.5
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If the effect of curvature is ignored and if K
varies linearly with h (that is B is zero) then

the coefficient of refraction from A to B is equal

refraction
] h

to the coefficient of refraction at a plus ¢one third
of the difference between the coefficient %E

at both ends. The survey of India use this result
for the computation of height difference by single
ray method. The rule is applicable for rays high
above the ground otherwise the effect of coefficient
B is unlikely to be negligible and in addition

S%/2R will not be small in comparison : with h.

If 2 = K = 0 is substituted in equation 2.5
it is seen that the diffierence between the coeffic-
ient of refraction along a ray whose terminal are at
the same level, and the coefficient at one end, is
equal to A52/I2R and this expreséion vanishes when
S=0. In practice its numerical value %s“unlikely to
exceed 0.002, for A tends to decrease as S5 increases,
a result which follows from the fact that h increases

with S.

Morley (1941) alsc emphasised another very
important consideration to be keptin mind. If the
height H above the plain level varies, the values of
K will be affected, or to be more precise, any de-

parture of the atmospheric pressure P, and temperature
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t, from certain fixed datum values will produce
corresponding changes in K. The actual values

of P and T ought always to be determined in conjunc- {
tion with vertical observations taken along a primaﬁg
chain, but if they are not, it will be necessary to
estimate their values from (H-h) and the standard
lapse rate of temperature and pressure and then
correct K accordingly. 1In Nigeria the lapse rates are
about 1 inch and 3.4°F per 1000 feet respectively.
Naturally the method of obtaining P and T from the
standard lapse rates is not satisfactory as that of
direct measurement; the gener&l nature of the ground
surface, or its distance from the coast, may appre-
ciably affect the magnitude of the air temperature
which will, in turn produce a deviation in K from

its "normal" value. Thus, the‘values of K in the
arid, sandy regions of Northern Nigeria may be as

much as 15 precent smaller than those obtained at

a similar level in areas close to the sea. For this
reason is tis better for the observer to measure the
temperature and pressure directly, rather than to

rely on values derived from the standard temperature

and pressure gradient.
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2.2.4 Diurnal Variation of Refraction

Angus-Leppan (1961) carried out some investi-
gation tc measure simultenecusly the angle of
refraction and atmospheric conditions on two lines.
One was Z2835m long and 3,7m. above the ground.

The other was 1097m long and 2.1m above ground.

The site was stanfort hill aerocdrome Durban. The
surface texture was well cropped grass about 1%
inch thick over sandy soil. Observations were
designed to have a probable error of less than one
second. Wild T, instrument was used. Reciprocal
angles were measured at interval from sun rise
to sun set and tergets at lower and higher levels
were sighted. The conclussion drawn out from the
experiments are:
(a) The diurnal variation in the angle of
refraction was speétacular (see figures 2.2 and
2.2 page 32) being more than 120 seconds of are,
equivilent of a variation in the coefficient

of refraction of 3.0 (the accepted value for

South Africa is 0.13).

(b) There was an increase in refraction on lines
to lower targets and a marked decreased to the

higher target.
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2.2.5 Seasonal Variation of Refraction

The damping coefficient as deduced by Angus-
Leppan (see the appendix I) fell into two groups
with one group nearly 2.0 and the others about 3.5.
The difference was ascribed to the fact the 2.0
values were in dry years, and the Bthers in humid
years. Humidity thus affect the demping coefficient
b, being greater in wet season than dry season.

The radiation from the ground is rapidly damped down
by the water vapour present in the atmosphere.

There is less variation in temperature. Under this
condition we will expect less diurnal variation in

refraction in wet season than in season.

2.2.6 Variation over Land and Water

Mclntosh et al (1973) discussed the diurnal
variation of temperature over the surfaces of
land and water. According to them the depth of
soil reached by the daily cycie of ;olar heating
and also the temperature rise within the top
layer depends on the thermal conductiviey of the soil
and on its 5eat capacfty. If for example, the
conductivity and heat capacity are both low, the heat
does not penetrate far and there ié a large tempera-
ture rise within the surface layer (top few centi-

meter). In such a case the land's reservoir action
»
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is almost absent and temperature falls quickly at
night to a low level if atmospheric conditions

favours a net radiative loss from the surface.

The air content of a soil is algp| important
since air is a poor condﬁctor and has % low heat

capacity. Thus the surface layer of a dry soil

is warmer during the day and colder dﬁring the

night than that of a wet scil of the same type.

Ground which is covered by vegetati g-is
protected from direct solar rays and therefore has

a low daily range of temperature.

In the light of the above discussion it is
very much likely that the values of K vary very
low over dry land covered by vegetation than over

exposed dry land. ‘ KASHm1;3Q

A :
AHMADI gy LIBRARY
They also discussed the various' fu&mk'w%qﬁhf?fjl‘ry
; §~

restrict the temperature rise of yater surface
exposed to sun shine. First, a substantial
fraction of energy is used in evaporating water
from the surfaces, second, much of the radiation
penetrates a long way before it is completely
absorbed; third, water has a high specific heat;
fourth, and most important, movement of the surface

of water, by wind mixes the absorbed heat through a

deep layer, and also surfaced water which is ccoled
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by radiation is replaced by warmer water from below.
Al} these effects combined to make the diurnal tem-
perature variations of water surface (and of the

ayr in contact with it) very small indeed. The
vaﬁiation are much more smaller than those over land.
.The coefficient of refraction on lines over water

is therefore expected to vary less than on lines

over dry land, even though the coefficient may be

higher on lines over water than on lines over the

land.

2.2.7 Effect of Topography on Refraction

Topograph affects the amount of shading from
the sun and the angle between the sun rays and the
surface being heated. Some topographies funnel,
wind over certain area and shelter other areas.

All these affect the temperature gradient and
consequently the refraction patterns of the area.
Uneven or undulating topography will have effect on
the refraction while flat, level sites with even
surface condition will have little or no effect on

the refraction pattern of the area.

2+3: INVESTIGCATION IN KADUNA STATE

Some people have done some researches into the
variation of refraction in Kaocuna State. Inubiaraye

(1983) made sonme observation in Kajuru. Details
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of his results are tabulated below. The first
three lines are from hill to hill which are on

{
the average 800 meter above the M.S.L. The fourth

line runs from the top of hiZl K via a narrow

15
and grazing valley down to a ﬁraverse point on the

ground.

Table 2.6: Computed Values of K for Kajuru

Line Length Mean Variations
1 8.40Km 0.032 «0,017-0,.057
3 5.0 Km 0.050 0.028-0.071
4 2.1 Km -0.024 | 0.007-0.10

Iyaji 1982 carried out some invéstigation
into the variation of vertical refraction in Zaria.
He made observation on four lines. The first line
is 1098.650m. long over water. This line was also
used by the author of this thesis. The line is about
1.50m above water. The second line is 1.665m
long with 1.100m of its length over water and the
reét over dry land. The third line is 648.0m long
over land and it is 1.60m above the ground. The

fourth line i= 4.42Km long and has an estimated
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height of 700.00 above the mean-sea-level and 40.0
meter above the ground. Details of the results are

tabulated below.

Table 2.7: Values of K for Zaria

Line K = Values
August October December
1 0.10+0.01 0.04+0.06 0.09+0.03
2 0.16+0.03 0.15+0.02 0.14+0.03
3 0.08+0.07 0.33+0.07 0.28+0.07
4 0.13+0.02 0.13+0.02+| 0.09+0.01
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investigation.

.. the university dam-site (Kubani dam). The line

LA A

n)

"line is over one kilometer long. The exact length

Jis 1.098.629m. It lies at an estimated height of "

3.1 LOCATION OF LINES

Twe lines of different configurations were .

located at two different places Ee-Zaria for the

s [ N L Tray
. ST . ‘...l S gt AL

3.1.1 Line 1 (D -02

»..“ e . - -‘

This line (designated'line 1) is located at 13

extends from Aone end of the dam to the other.

PEa ‘-e“ " L

i96% of the length of the line is over water. Ther,_;ﬁ‘

about 2120 feet (642.2m) above mean-sea-level.

This is an estimate from an available contour map of .
Zaria. In February when water level was low the = -
line was about 1.70 meter above the water level.

In September when the water 1evel had rlsen, the

line was about 1.50 meter above the water level.

The line is almost 1/500. This line was chosen in

order to investigate the behaviour of- refractlon
: i v

along the line that passes over water and make

R

comparison with the behaviour of refraction on line

of similar lehgth that passes over dry land and to
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make reccommendation for the best time to observe

vertical engles on such lines for the purpose of height

determination .
The diagram of the location of the line is

given in figure 3.1 below.

Embarkment

TO ==
Staff School

Water

Fig 3.1 Diagram of site for line one.

3.1.2 Line Two (P - 14).

Line two is also over one kilometer long..
It is 1287.0m long. About 700 meter of the line
passes over a deep gulley (about 9.0 meter deep).
The line is defined by a pillar (designated Pi)
established near the A.B.U. Press and a minesfield
beacons 14 which is at the other side of the gulley.
The minefield beacon is about 3.1 meters high above
the ground level and very close to the gulley.

It is approximately 20.0 meters from the edge of the
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gulley. The line runs over a scrub and vegetation
cover. The elevation of the Minesfield beacon (14)
is about 2120 feet above the mean-sea-level. (about
646.0m). The elevation of the pillar P, that was
established near the A.B.U. Press is about 2145 feet
above mean sea level. (about.654.0m). The line is
slightly inclined with a slope of about 1/100:

About half of the line is about 3.0 meters above the
ground and the other half is 12.0 meters well above
the ground. The line was selected so that the effect
of vertical refraction on lines passing over scrubs
and vegetation cover can be investigated and therefore
make appropriate recommendatiﬁn for the best time

to observe vertical angles for the purpose of height

determination.

The didgram of the location of the line"is given

in figure 3.2 below.

Fig. 3.2 Diagram for site for line two.

.
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work
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EQUIPMENT USED

The following equipments were used for the field

in the project.

(a)

(b)

(c)

(d)

(e)

(f)

D.K.M.2A. Theodolite (No. AF.29071F as
used for the measurement of verticaliangles
to a least count of = 0.1 seconds of arcs.
Wild T, traverse forget. This was set up

2

on T2 tripod and vertical angles were
ébserved to them to a least count of %
0.1 second of arc.

Tape. Linear tape (30.0 meter) was used
to measure thé heights of targe and theo-

dolite above the pillars on which they

.were set up to the nearest centimeter.

Zeiss El1di 1. This instrument with its
ref lector was used to measure the lengths
of the line of sight.

Altimeter and Thermometer. Hand altimeter
and ordinary thermometer were used to,
measure the pressure and temperature
respectively.

Automatic Level and Levelling Stare.
Direct levelling was carried out using
automatic level to determine the difference
in height between the terminals cof line
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3.2.1 Adjustment and Standardisation of the

Instrument

The D.K.M.2A was tested for vertical collimation
error., The difference between face left and face
right of the vertical circle readings was two seconds
(2 seconds of arc). This is within the allowable
difference and as such no adjustment was carried ot

out on the thecdolite.

3.2.2 Caliloration of Eldi 1

The Eldi 1 was calibraked using the 30.0 meter
base line in the Department of Civil Engineering.
However, a base line of 100.0 meter is the ideal
one but since this is not available the 30.0 meter

base line was therefore used. The standard error

of the instrument is given by: 5
Y2
. : 1 e
0, |73 = =
i=1

Blackshut et al (1945)
where el = error in each length combination,
n = number of stations (here n=4)
Four stations were created as A, B, C, & D.
The lines AB, AC, AD, BC, BD, CD were measured

(see table below).
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AD = 30.0M
Line | Observed il Adjusted Zero
Distances | D=H /23 Length NEFORS error
]
: | (ZO)
ac |16.897 " | 16.897 | 16.899 o |
ap | 8.964 8.964 8.966 AB-(AC+CD=0.002 0,001
PD 21.030 21.032 21.033 AD-(AB+BD)=0.001
PC 7.932 7932 7.934 AD-(AB+BC+CD) =
0.001
CD 13.096 13.096 13.089
3.3 OBSERVATION PROCEDURE

3.3.1 Vertical Angle Measurement

Observations were made from B8.00a.m.

to 4.00p.m.

at hourly interval on each day of observations.

For line 1 the instrument was set upon Di and the

target on D2.

D, is lower than D

2

and as sSuch

angle of elevation was .azlways observed on this -line.

For line 2 there was already a target on the mines-

field beacon so that no target was needed here.'

The established pillar P

was higher in elevation

than the top of the target on the Minesfield beacon

and as such angle of depression was always observed on

this line.

Ten sets of vertical angles on each face

were observed to the targets at an hourly interval

on each day of observations.

This makes a total of
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}j twenty readlngs for each hour, Readlngs always_d

commenced”flve minutes to:the hour and flVE mlnutes
*" after|{ each hour. The average time lapse for the

5_whol; set of twﬂnty readlngs was ten minutes. The

;%ff'helgh s\of both the theodollte and the targets I ;
- above the pillars on which they were set were also

measuked with linear tape and recorded in the field

o

3.3.2 Témggrature and Preséure

. G SN Rl AT
o Temperature and Pressune readings were taken

and recorded just before and immediately after each

'f_set oftwenty vertical angle observations. The mean

“;f; 3.3.3 Time Interval Between the Observation on the
DR . . T -

™ In order to have good basis for comparison

“;Qg cbservations for vertical angles, temperature and
pressure as mentioned above are made cn the two
lines one after the cther in tweo consective days.

This is to ensure that the weather conditions have

“i:hot'changed so much for the two lines. Two days in
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3.3.4 Linear Measurements

Direct measurement of line 1 was méde using
the El1di 1. The values cbtained for the mean of
six readings taken on the field was 1098.627 X 0.01m.
Direct measurement of line 2 was impossible as the
reflector could not be levelled on the Minesfield
beacon. An indirect measurement of the line was
then made by setting out a triangle on the field
as shown below.

Q
T4 Minesfield beacon (X4) AN

Line Pi to T.IP,1 (Temporary peg 1) was measured with
Eldi 1. The mean value of 1039.692 % 0.002 was
obtained from the six measured values.

Using sine rule
L n
1039.639 sin 60°35 34
sin 44°43' 36"

Line 2

1287.05 metres.

In the above exercise only angles at P,1 and
T.Pi could be measured on the field. For the

reason mentioned above the angle at the Minesfield
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beacon could not be measured. This angle was then

deduced.

f

Error termiin L1

Let the mpasured side be x
60° 35' 34% = A.

I .
44° 43* 36" = B.

L

X Sin A
1 Sin B

differentiating JL,1 partially

dL

.1 =

Sin A dx XCos A dA
Sin B * T Sin B

_X sin A Cos B dB
Sin28

A Now assume dx = 0,01m dA = dB = 1"

dL

1039.692

1 =

sin 60° 351 34w .
0.01 +

, _Sin 44% 43+ 36"

Cos 60° 35t 36" 1

Sin 44° 43+ 3gn 206265

Sin 60° 35' 54" Cos 44° 43' 36" x 5ﬁéggg

I

I

sin“ 44° 431 36"

0,017 + 0,004 - 0,006

+ 0.008“’!.



*3.3.5 Measurement of Difference in Height

oo (1) Levélling In order to determine the difference

'~ in height between D, and D, in the two months

1 2

of observations, direct levelling was carried

out from PM18 at the unlver51ty staff school
PR Y h . ﬁ*‘l I"I.:-- —A
" and back to PM18 thereby

to connect D and D

" 1 2
erming a 100p. This exercise offers an

addltional opportunlty of determlnlng the_ e

elevations of D1 and D2 absolutely, The two 3f¥{§

S
LW ow v at

{ii) Reciprocal Vertical Angle Observation
For line 2 it was not possible tc level

R

from P1 to the Minesfield beacon because

of the topography. Also for reasons mentioned
earlier on, it was impossible to seE upvggi

the Minesfield beacon. Temporary pegs were

then created at points close to the Mines-
aﬁnfield beacon and clearly visible from twé
pillar (P ) to observe reciprocai vertical
angle to determlne the dlfference in helght
between the p111ar (P ) and the temporary
pegs. Levelling was then.run between the

- temporary pegs and the Minesfield beaccn to f-;;

 determine the difference in height betwenn

Twooow 'i ! . L P
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the temporary pegs and the Minesfield
beacon. The difference in heigh between
the Minesfield beacon and the pillar (Pi)

was then deducegr
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CHAPTER FOUR

4.1 COMPUTATION AND DATA ANALYSIS

The difference in height between D‘1 and D2
the terminal of line 1 was obtained from the
computed reduced level of 01 and DZ' The difference
in heighs for the months of March and September are

0.408 and 0.410 meters respectively. See the field

book.

The fifference in heights between the Pillar
(P,) and the Minesfield beacon, the terminal of
line 2 was computed using the reciprocal vertical
angles which were simulteneously observed at P1
and the temporary peg together with the levelling

between the temporary peg and the Minesfield beacon,

The formula Allan et al (1968);

AH = Stan GA+ 1A"‘gB * e mm e 4u1

was used to compute the difference in height
between the Pillar (Pi) and the temporary pegs

(TR)e In this.formula

AB = length of line
GA = angle observed at end point A
iA = height of instrument at end point A

and 9y = height of target at the other end point P.
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The mean of the observed six values of ¢A
was used in the formula 4.1. The mean.-of the two
values computed from either end Q s used as the
true difference in height petweﬁ? P:l and the

temporary pege.
[

To obtain the standard error of the determined
difference in heights; formula 4.é is used to compute
the error in €@ (the corrected plane angle computed
for line P, to the tempofary'peg (TP)). This error
was then used in equation 4.6 to compute the error

in difference in height determined.

ZXH = Stﬂn 9 RO B 4;2

-

where S5 = tﬁéﬂléﬁétﬁ of line.
A H

difference in height between the two points
defining the line.
© = Corrected plane angle. Differentiate

4.2 with respect to ©

d(DH) = S Seczg dﬁ . R R 4-3
Differentiate 4.2 with respect to S.
d(DH) = tEHOdS T 4.4

squaring 4.3 and 4.4 and adding

d(AH)2= ﬁ S sec49 (jé%%gy*) 2+ tan29 (ds;E]

- ® o " 00" 00 4-5
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Taking the square root of 4.5

d( AH) = % [;2 sec4 (56%%@3)2 + tan29 (ds)

LRI B B AN A B 4‘6

Assuming ds = 0.01 and substituting the values of
O computed for March and September, the standard
error in the difference in height are as tabulated

below:

Table 4.1: Standard Error in (DH)

Line March September
1 0.002 " 0,0031
2 0.001 0.004

4.2 COMPUTATION OF THE COEFFICIENT OF REFRACTION (K)

The formula Allan et all (1968)

K = %Lj‘— [%éij - & & & 8 &8 ae 4.7

where K Coefficient of refraction

© = plan angle computed using the formuTa
) 4.8. (The configuration for the

computation of © is illustrated in the
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appendix II

S = Length of the line

@ = Observed angle

P = Cosec %32 = Constant o
R = radius ;f the earth; %

was used to compute the values of K. A computer
programme was written for the computation of K

using .equation 4.7

Separate values of coefficient of refraction
were computed for each of the ten observations made
for each hour on the two lines. See appendix III

for the program and computation.

Mean values of the ten values of K for the
ten observations were computed for each hour and
then standard errors of the ﬁean for the particular
hour were also computeq (see Appendiﬁ). Thrice
the standard errors of K values‘were_obtained

using the Casio FX 3600P hand calculator.

Some values of K among the set of K values
for any particular hour that varied more than three
times the standard error from the mean value were
rejected and the new means and their standard
errors were again computed for each hour and are

tabulated in Tables 4.2 and 4.3.



Table 4.2A: Values of K Computed on Line 1 March 1986

Time 1st Half March 2nd Half March Mean March

08.00 0.225% 0.025 0.245 ¥ 0.033 0.235 X 0.014
09.00 0.205% 0,011 0.188 I 0.026 0,197 ¥ 0,012
10, pO 0.195% 0.220 0.177 = 0.033 0.121 I 0,012
1{l00 0.164% 0.026 0.164 ¥ 0.020 0.164 ¥ 0,000
12.00 0.116% 0.021 0.127 % 0.019 0.143 % 0.025
13,00 0.115% 0.020 0,109  0.031 0.112 % 0.004
14.00 0.106% 0,020 0.108 % 0.021 0.107 ¥ 0.601
15.00 0.102% 0,025 0.101 ¥ 0.021 0.102 % 0.001
16,00 0.133% 0.021 0.172-% 0.029 0.153 ¥ o0.028
MEAN 0.151% 0.047 0.155 I 0.048 0.156 % 0.046

[}

Table 4.2B: Values of K Computed on Line 1 for the Month
of Semptember 1986

Tine 1st Half of 2nd Half of Mean for
September September September
0800 0.191 % 0.025 0.164 ¥ 0.027 0.178 % o.
0900 0.200 = 5,015 0.145 % 0,023 0.173 ¥ 0.039
1000 0.164 + 0.018 0.128 + 0.0623 0.144 + 0.029
1100 0.110 * 0,023 0,128 ¥ 0.033 0.119 £ 0.013
1200 0.098 I 0.033 0.113 £ 0.021 0.106 % 0.011
1300 0.103 % 0,027 1.114 % ©.026 0.109 % 0.008
1400 0,083 = 0.020 0,090 0,019 0.087 ¥ 0,005
1500 c.084¢ ¥ ¢.n46 0,106 X 0.026 0.095 ¥ 0.016
1600 0.1C4 * G.0z5 0,112 I 0,021 5.109 ¥ 0.006
Mean O.j» 1 - ‘:' a-l--. : . ',_..1-.3 1 (I.r:'_'_‘
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"~ Table 4.3A : Values of K Computed for Line 2
o N for the Month of March 1986
Time 1st Half March 2nd Half March Mean March
0800 0.208 X 0.022 0.277 £ 0.022 0.243 ¥ 0.049
0900 0.193 I 0.¢20 0.265 % 0.016 0.229 £ 0,051
1000 0.145 % 67027 0.227 %= 0.021 0.186 % 0.058
1100 0.133 ¥ 0.Q26 0.177 < 0.022 ¢.155 ¥ 0.031
1200 0.124 * 0.d15 0.174 = 0,017 0.149 % 0,035
1300 0.114 * 0.020 0.138 I 0.018 0.126 ¥ 0.017
1400 0.111 % 0.023 0.130 ¥ 0.015 0.125 % 0.013
1500 0.112 ¥ 0.014 0.125 % 0.017 0.119 ¥ 0.009
1600 0.121 % 0.019 0.161 T 0.016 0.141 I 0.028
Mean 0.140 ¥ 0.036 0.186 < 0,057 0.163 = 0.046.
Table 4,3B Value of K Computed for Line 72
for the Month September 1986
Time 1st Half Septemer 2nd Half Mean
September September
08.00 0.162 ¥ 0,020 0.150 T 0.016 0.156 % 0.008.
09.00 0.141 ¥ 0,023 0.152 £ 0.015 0.147 X 0.008,
10.00 0.127 £ 0.019 0.128 * 0.016 0.128 % 0.001.
11.00 0.110 ¥ 0.024 0.117 % 0.019 0.114 % 0,004
12.00 0.111 I ©.016 0.116 £ 0,019 0.114 L 0.004
13.00 0.088 % 0.016 0.130 % 0.014 0.109 £ 0.030
14.00 0.088 £ 0.013 0.113 = 0.017 0.101 ¥ 0.018
15.00 0.083 % ¢.016 0.109 X 0.012 0.096 = 0.018
16.00 0.110 * 0.020 0.107 ¥ 0,013 0.109 Z 0.002.
Mean 0.113 I 0.uz6 0.125 % 0,017 0.119 I 0,020
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4.3 INFERENCES FROM DATA

Some of the inferences that can be drawn from
the data are as follows:
In the month of March; the diurnal variatiﬁn
of the values of K for line 1 is 0.102 - 0.235
corresponding to 3.3 secg/km - 7.6 secs/km.
This variation is significant. The standard
error varies from 0.001 - 0.028. The small
values of.the standard errors is an indication
of the reliability of the cbservation. It
shows that the computed values of K have

little dispersion about the true values.

In the month of September the range of the
values of K is 0.087 -~ 0.178 corresponding
to 3.2 secs/km - 5.2 secs/km. This range is
smaller that that of March. The sta;dard
errors vary from 0.005 - 0.039 which also
gives an indication of better reliability
and also an indication that the computed
values of K are closer to the true values.
The mean 0.123 obtained for the month
compares with the mean 0.10 obtained for

the samelline in the month of August 1984 by

Iyaji.
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From the mean values of K for March and
September it can be inferred that refraction is lower
in September (rainy season) than in March (dry season).'!

Also the range of variation of refraction in rainy

1
|

season is lower than the range in dry season. This
is in agreement with the fact mentioned earlier on
that there is less diurnal variation in refraction
in wet season than in dry season. Also the
standard error of the mean in March for line 1.

is 20.046 and the standard error of the mean for the
same line in September is $0.034. The lower
standard error in September is a indication that
observations are more reliable in September than

in March. In March, observation. could be adversely
affected by foggy weather. A more accurate bis-
section of the target can be achieved on a clear
day in wet season than on foggy day in dry season.
It then means that vertical angles for the

purpose of height determination is better observed

on a clear day during wet season than in dry

season when it is generally foggy. ‘31’]9‘”“

In the month of March the diurnal variations
of K - values on line 2 is 0.119 - 0.243 corresponding
to 3.85 secs/km - 7.86 secs/km. The standard errors
vary from 0,009 - 0.058. The small range of standard

'\“\:JH”-I 12%

Alisa. — ALk .
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error is an indication of reliability of the
observation_and small deviation of the K values

from the trye values.

Also g‘e range of 0.096 - 0.156 of the computed
values for ﬁ corresponding to 3.16 secs/km - 6.50
secs/km fornline 2 in the month of September is
smaller than the range for March. The range of stan-
dard errors 0.001 - 0.030 is also smaller. These are
also indications of reliability of observation and

closeness of the computed values for K to the true

values.

The mean K values for March is 0.156 = 0.046
and the mean for September is 0.123 2 0.034.
Refraction is higher ih March than in September
as mentioned above. Also the higher standard
error in March suggests that observation is Qore

{
reliable in September than in March (Dry Season).

In the month of March, refraction on lines
1 and 2 varies as follows:

for line 1, the diurnal variation is 3.3

secs/km - 7.6 secs/km, and for line 2 the

variation is 3.85 secs/km - 7.86 secs/km.

They seem to vary the same way with slightly

higher refraction on line 2 than on line 1.

This is expected as line 2 is more inclined than
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line 1.
Refractions increases with the angle of incli-

nation Brown (1970).

In the month of September refraction on the two
lines varies as follows:

For line 1; the diurnal variation is 3.2 secs/km -
5.2 secs/km and for line 2, the range is 3.16 secs/km
- 6.50 secs/km. The variation for line 2 is more
significant than the variatioh for line 1 during
this month. Here again refraction is very much higher

in line 2 than on line 1 for reason mentioned above.

4,3,0  Measure of Reliability of Observation

Attempt is made to estimate the measure of
reliability of the observation by estimating the
possible observational errors that can be introduced
into the work. This work is prone to some errors
which are instrumental;natural and physical.

Example of instrumental errors is the Collimati?n
errors. In order to elliminate this error observa-
tions are made on both face left and right. Examples
of errors due to physical conditions is shimmer.

This is beyond the control of the observers. Errors
arising from the natural conditions are those due to

the personal equation of the observer. This includes
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ghe following:

(i) 1Inaccurate bisection of the target
|

(i1) Centering of the bubble and
(iii) Readigg the micrometer.

l

n

The error (d) above depends on the length of

the line and on the size of the target. The target

drawn below is not drawn to scale:

2 G - |-l _ Cross Hair

Fig. 4.1 Target T,

) -

The error is proportional to the length of the .
line. 1Ideally the target is well bisected as

shown above. At a distance of over one ki;ometer
the ideal bisection is difficult to achieve. 1In
This work it was ensured that the white triangles
were well focussed. 1In bisecting the two horizontal
adjascent triangles at a distance of over one

: +
kilometer max. error of 2 0.5 c¢m can be assumed.
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The angle subtended at the centre of the
thecdolite by an intercept of Xcm on the target

is given by
g = -S.x- - L R R 4-7A

where @ is the angle subtended at the centre.

X intercept on the target

S

"

length of the line.

Differentiating 4.1 with resbect to X
dag = dx/s.

0.005

a9 = I638.627

= 0,99 sec.

To estimate the errors arising from centring
of the bubble and reading the micrometer, a test
observation was carried out to observe the behaviour
of the theodolite. Tﬁe theodolite was set up and
levelled and fixed in a direction. Micrometer.
readings were taken ten times each time relevelling
the theodolite and re-establishing symmetry in the
panel. This was done in three different directions
and the readings are tabulated below with their

mean and standard errors.



Table 4.4

: Micrometer Readings of Teat Observation

In Seconds of arc-

ER P - T FoL T _ . .
L R T e O  ate S R

- ¥

o

Set I ' 'Set TI |7 Set III
|

age

ﬁ

38

:4O:H,N“

'T,.f;39 f) 18

“”-ﬁ$9jf 17

The combined estimated errors in'observatﬁén :

It

39 18
39 . 19

40, . 19
39 o, 1

A

'L:“

.43,

46

45
45

46

38,9 X 0,74 kS

8.5 - 0.71

A5.4

-+

0.52

L

LY '

¥ -

(0.99%

1.19 sec
1.2 secs

1.08 sec/km

e e

al

J"The mean of the thfee standard errors is 0.66.
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95% confidence interval.

4.3.1 Computed error Terms in Parameter Used to

4
Determine K - values
l —
-1 ,h
2 The fOl‘mU].a 9 = Sin ('s'-) T T 4.8
where
€ = Computed plane angle
h = difference in height between two end

points of the line

length of the line, was differentiated

n
L}

partially with respect to h and s to
obtain the error term in the angle &
computed using the measured slope
distance and the computed difference in
height.
Differentiating equation 4.8.
h :
C059d9= 1/5 dh"jds .. ... 4-9
s
Squaring and ignoring the cross product terms

and using sigma notation for the error terms.

Cos™ & dp” =

(73] PN
A
ch
o



Gazh

-

z

T g

S2C052¢

Now C052 + Sin

but Sin 8 =

+
54Cos¢

2¢ = 1.

2

- C052 g = 1-Sin~ €

h/s from 4.8

-
S

r 5

- & = & & & a

2 )2
z
G 1 G S 0.
) :
’ s2(sPnty . P+ ghstn?) S
52 52
Simplifying
2
Gy, 2
2 1 h h? CE
2 7=
4 2
=l 2 4 2. 2

62
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27 |%
2 22 g;_§ ..... cee.  4.12
(s —h ) .87 (s87=n")
Assumlng el = G;' = 0.01m. Linean tape was

used to measure the heights of target and the

trunion axis of the theodolite above the pillar,
Eldi 1 was wused £$ measure the distance, Substitu-
ting the values of S and h the standard errors of
the computed plane angles are tabulated in the

Table 4.5 below. Casio FX 3600P was used to

compute the error term in le"”

. [ -
Sl R e

Table 4.5 : Computed Error Term in & in seconds of arc

Line | 1st Half £nd Half 1st Half 2nd Half
March March Sept. Sept.
v 1 I 1.86 L 1.88 r4.26 I.1.86
L2 jEiaes X 1.65 t .65 Y 1.64

4,3.2 Statistical Analysis
The varianaces of the observed vertical angles

*-” j- and the difference between the plaﬁgangle and the mean

f_?f values of the observed vertical angles (& - P, that

were used to compute the values of K were computed

>+ and tabulated in the table below:



VR

Second of arcs

Y

-::'\.' T - ?I‘ w Y
- Table 4.6 : Variances of (1E§f“L§$?“) Angles in

- Line | 1st Half Znd Half 1st Half 2nd Half
March March Sept. Sept.
1 3,16 2.85 2,81 1a23
2 2.34 5.80 1,34 0.84

sy

”Table 4.7 : Mean Seconds'of arc. of Observed Angles

. Line | 1st Half |- 2nd Half Ist Half | ond Half

' March March Sept. Sept.

1 17,32 8.26 21.42 5B.68

, 2 37.58 26.89 17.58 48.14

%t Table 4.8 : € — @ in Seconds

Line | 1st Half 2nd Half 1st Half 2nd Half

March March Sept. Sept.

1 12.61 12.28 13.20 13.4¢2

72 15.10 13.21 16.11 15.69
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The standard deviation of the sample distri-
bution of the means were computed usi?g the formula

(Norclliffe 1977).

S + S2 \
3 2
61": """ﬁ—_' hN-_ cecmdqecvne 4.‘13
1 2
2 - |
were 51 & 52 are variances of the samples,

Cl

standard deviation. The students t values

were computed using the formula (Nordiff 1977).

t = 21"522
where t = student's t values. ii and iz are the
mean values of the sample (6 - )

Cr'= standard deviation computed from 4.13,
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The values are tabulated below in takle 4.9.

Tt ". v

Table 4.9

: Cumputed

Stﬁdeﬁfislt Values

. Between {(sample groups) ...

Student s t .

Half March

2n

1st Half March -
1st Half Sept. 1st Half Sept 0.79.
1st Half March - 1st Half Sept. 2.29.
) 1st Half March 2nd Half Sept. 3.67.
S 2 |1st Half march 2nd Half March | 6.28,
ist Half Sept. - 2nd Half Sept. 1.06.
st Half March — 1st Half Sept. 4,99
1st Half March 2nd Half Sepf. 3.14.
 ;;  1st Half March 1st Half March 10.07.
?g{ihhahd "| 2nd Half March 2nd Half Magch 2.90
i | 1st Half March - 1st Half Sept. 15.65.
ist Half March - 2nd Half Sept. 14.61.
?nd Half Sept. — 2nd Half Sept. 14.96.,

o distribution at 95% confidence

e Ao
Ao #

A two talled test using the studentf®s t

Interval was used

to test whether the mean values of ceoefficient of
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refraction for any particular lihe for different
period or the coefficient of refraction for the two
lines for different or the same periods show any
significant difference. The values of t computed in'zl
table 4.9 are compared with the values of t with

N1 - N2 - 2 degree of freedom in statistical table.

N1 and N2 are the sample sizes. A comparison of t
computed in table Q.Q and the critical value of t

at 95% confidence interval shows the following

results:

1. The critical value at 95% confidence
interval is 1.960., It then means that all
the t - values greater than this shows
significant difference.

2. The t-values for the two halves of March
and for the two halves of Septembeé are
less than the critical value. The values
of K for these periods do not show any |
significant difference. This is what ié
expected.

3. The t-values for the two halves of September
for line 2 is also less than the critical
value. This is also expected. However,

the t-value for the two halves of March

is above the critical value. The difference
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for those two period is significant.

This may be due to the fact that towards
the enl of the month rainy season had set
in. 7here had been a gradual change of

weather}

4, All the t-values for the two lines for
different periods or the same period are
greater than the student's values. The
differences in the value of for these two
lines for the different periods or the same
period are significant at 95% confidence

interval.

4.4 GRAPHICAL ANALYSIS

The following graphs were ploted:

(i) Values of the coefficient of refraction
against time of the day.

(ii) V;lues of the coefficient of refraction
against 1/T2.
where T is the absolute temperature.
The values of 1/T2 computed for different

hours are tabulated below. For ease of reference

the values of K are incoporated into the table.
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Line 1 March

mme) Gopratet | w | 2
o8 | o0.235 + 0.01y4} 306 |107x 1077
09 | 0.197 % 0.012 307 {106 "
j0 | 0.191 +0.012]) 307.5 106 "
11 0,164 + 0.000} 308 |105 "
12 0.14% + 0.0251 309 |104. ""
13 0.112 # 0.00L| 311 103 "
1 | o0.107 +c.om | 311 163 Y
15 0.102 * opoct | 310 jion "
16 d;153 + 0.028] 309.5/104 "

Table H4-10. Commuted V‘._:lues

of 1/T2 15 v 1. Sentenbheor -

AT &

Time | Computed i3 12
K Valucs -
o8 | 0.174 + 0.019 |309 |105 x 1077
09 | 0.17% % 0.039 {310 |104 x 1077 :
10 | 0.1ul £ C.029 511 [103 x 1077
11 | 0,119 + 8.013 |%11.5]103% x 1077
12 | 0.106 x 0,011 (34 [101 x 1077
0.109 + 0.009 |31t |101 x 107
1y | c.087 £ 0.005 |15 100 x 1077
B 15 | 0.095 + 0.016 |314 |10l x 1077
16 | 0,109 # 0.006 |71t |101 x 1077
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Table 4-11. Comnuted Value of 1/TQ Line 2 March

Time Commuted o 1/’1‘2
Valuecs of XK.

08 |0.2u3 + 0.049 304 |108 x 1077
09 |0.229 + 0.051 304.5{108 x 1077
10 |0.186 + 0.058 305.5|107 x 10~/
11 ] 0.155 + 0.031 307.0/106 x 1077
12 |0.149 # 0.035 307.0{106 x 10~/
13 | 0.126 + 0.017 308.0} 105 x 1077
14 | 0.121 + 0.013 308.0| 105 x 1077
15 | 0.119 + 0.009 306.0! 107 x 10~'
16 | 0.141 + 0.028 306,01 107 x 10~/

—— . —

Tatle 4-12. Comouted Values of 1 /02 Line 2 Sentember

Time Commuted T 1_/'1'9
K-Valucs

08 | 0.156 + 0.008 | 305 |107 x 107/
09 | 0.147 + 0.008 | 305 1107 x 10~7
0.000 | 306 106 x 1077

|

10 | 0.128 +

11 | 0.114 + 00004 | 306 |106 x 10~/
12 {0.114 + 0,004 | 307 (106 x 10~7
13 | 0.109 + 0.030 | 309 |105 x 1077
14 | o.100 +0.008 | 309 105 x 107
15 0.096 + Cc.018 | 307 106 x 1077

16 0.109 + 0.002 | 305 1107 x 10~/

1+
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The trends exhibited by the graphs are discussed
below:
Line 1

Line 1 with 96% of its length over water can be
assumed to be passing through a}medium of almost
uniform density especially at the period that the
atmosphere has been heated thagfis is experiencing
low temperature gradient change and hence low
refraction effect. Small refraction variation is

therefore expected.

In the month of March, the diurnal variation
is larger than in September., The reascn is due to

the damping effect discussed in 2.2.5.

The general trend exhibited by March and
September graphs is that diurnal variation of refrac-
tion is smaller between 12,00 hours and 15:60 hours
with the least refraction between 13.00 hours and
14.00 hours. This confirms the statement in Allan
at al (1968) that refraction is minimum and varies
least between 12.00 hours and 16.00 hours. The graphs
shows the same trends in diurnal variation as that
depicted.in figure 2.2 by Angus-Leppan (1961).

Between 8.00 and 11.00 the K-values vary from
0.23+- 0,16 in March and from 0.18 - 0.12 in September.

These are much greater variation. This is so
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because during this period temperature gradient is

changing rapidly.

The graphs of K-values against ‘1/‘1‘2 for line
1 for March and September shows that the k-value
is approximately proportinal to the inverse of the
square of absolute temperature. This confirms the
statement in Pamphlet No. 1; (1956) that the value
of K varies inversely as the square of the aksolute
temperature. This statement was put in the me thema-
tical form in equation 1.10. From the examination
of the two graphs for March and September the values
of K that obey the ifilverse proportional law are
those values for the périod 1100 bhours to 14.00
hours. It then ﬁrobably means that the telationship
is only true during the time steady and minimum

temperature gradient change. .

The graphs of K-values against ‘.l/T2 for this
line for the months of March and September show one

major difference. The deviations of the points:
from the best line of fit are more for March line
than for September line. This may be due to one or
both of these reasons.

(i) Temperature lapse rate for March is more

eratic than for September.

(ii) Observations are not as reliable in March
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as in September due to bad weather.

Line 2

About 700.00 meters of this line passés over a
gully of about 8.0 m deep. The entire li'gI passes
over scrub vegetation. The graphs of the values of
K against time show much wider variations in March
than in September as for line 1. However, the
smaller diurnal variations in réf;action for line 2
during the two moﬁths was between 10.00 and 15.00
hours as against 12.00 and 16.00 hours for line 1.
The longer period for the much smaller variations of
refraction could be due to the effect of surfaces
over which the two lines pass. 'Ihat line 1 experience
smaller variation over a longer period is in order
with the statement of Mclntosh and Thom (1973) that
diurnal temperature variation over water sdrfaces

(and of the air in contact with it) a}é-very much

smaller than those over the land.

The graphs of K against 1/T2 for the two
months for the line also shows the same pattens as
for line 1 above. The plotted points show wider
spread about the best line of fit than those of

line 1.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

|

The conclusions drawn on the results of th?s

r

investigation are discussed below:" w1

1.

The diurnal variation of refraction on liné 1

for March is 0.102(3,3 Secs/km to 0.235 (7.6
secs/km). This is significant. The September
refraction varies from 0.087 (3.2 secs/km) to
0.178 (5.2 secs/km). This is also significant.
The diurnal variation in March is more signifi-
cant than the variation in September. The
minimum refraction for the months are the same.
On the basis of this vertical angles for the
purpose of height determinafion can be observed
in any of the two months, from 12.00 hours to
15.00 hours. However, on the basis of diurnal
variations, September which is the month with
less variation will be a better choicée for vertical
angle observations on lines passing entirely over

water in Zaria.

For line 2, the variation during the day is
between 0,119 (3.85 secs/km) to 0,243 (7.8 secs/km)
for the month of March. The variation for
September is 0.096 (3.16 secs/km) to 0.156

(6.50 secs/km). These variation are also

]
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significant. The minimum for the two months for this
line are the same. The maximum for March is higher
than the maximum for September. Also on the basis
of minimum refraction the two months scores are
the same. But just as for line 1 bhe variation in

March is mcore than the variation in September. O©On the
acrount of this smaller range of variations September
wil} be a better time to observe vertical-angles for
height determination in Zaria on lines passing over

scryb vegetations.

From the result of 1 and 2 above the effect of
season is very obvious. In wet season refraction
tends to very less than in dry season. Wet season
may then be a better month for vertical angle obser-

vation.

The effect of topography (surface types) is
not very obvious in this work. This may be due to
the fact that. the sites of the two lines are
adjacent and clcse to each other. The wind blowing
from the water will have effect on line above the
adjourning land. The atmospheric conditions of the
medium throuch which the line 2 passes may not be too
much different from that of line 1, It is therefore
recommended that the locations for these two types of

lines for future work should be very far from each other.
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The values of K got from this research compares
very well with tﬁe vaues obtained by earlier researchers
in Kaduna State. The values got by Innbiaraye (1983)
range from 0,007 to 0.10 for a line of 2.1 km.

Iyaji 1984 got 0.10 Z 0.01 for the same line 1 in

August 1984,

The values of K obtained are higher than the
traditional values often found in text book and some
values found in literature review, The reason fﬁr
this difference may be due to the fact that the 1lines
are very short comparatively.

This work confirms the findings of many authors
that refraction varies according to seasons and time
of the day with the minimum and-steady refraction

between 12.0C and 16.00 hours.

Finally, the investigation indicates-the
importance of meteorclogy in relation to observing.
In the opinicn of the author of this thesis every
observer engaged on first order work ought to be
something of a meteorologist. The time may not
be far distant when air sounding may be considered
an integral part of geodetic work-especially in the
tropics where external conditions play such an
important part in the standard of accuracy obtained.

After all there are quite as likely to be serious



85

anomalies in the curvature of a ray of light as in
the curvature of the earth; and surely this is a
matter of some modent when triangulation is used for
geodetic purposes,

In the absence of any attempt of correct for
atmospheric errorg, it is questionable, whether the
term "Primary triéhgulation" infers the same angular
degree of precision in different countries. What
for example, is the use of defining such observations
employed - such as the number of zeros to be employed

when the external errors may be so much greater, as

possibly they are in certain climates?
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APPENDIX 1

DAMPING COEFFICIENT b

The diurnal range of temperature R(Z) at height 2

is given by

R(Z)

i

~-b(z~-z )
R(ZO) e o

where b is the damping Goefficient from 1

(R /R
1 (zo) {Z)

b = 9940

0.343(2-20)

using the Trappes data Anggus-Leppan (1961)=determined
b for various years and for various layers. The
results are independent of height but fall into five
groups, one with values nearly 2.0 others of about
3.5. The difference was ascribed to the fact that
the 2.0 values were in dry years, the others in humid
years. Humidity thus affects b and Angot 1894 has
shown that humidity is proportional to temperature,
Anggus-Leppan also obtained a mean of six values of

b for each height as which temperature observations
were taken. The mean values was tested by substitu-
tion back. The average error in the amplitude calcu-
lated in this way was about 0.5°C.

Table I shows the computed values of b for various

places and months,
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The seasonal variation of b and the variation from
place to place is unfortunately irregular, having no
simple correlations with latitude temperature,
nearness to the sea, attitude of the ground surface,
humidity etc. The arount of variation from year to
year had to ke assesse? from those stations where two
figures were available for the same month. Only

four cases are available.

Santa Monica Norfolk Pretons Cape

Town
First Year 0.0048 0.0028 00,0032 0.0032
Second Year 0.0007 0.0028 00,0033 0.0037

In the last three cases there is no significant
difference but in the first case there is a very

large difference.



TABLE I

DAMPING COEFFICIENTS

For 2 in meters

A. Summer Months January or July

Station Year b

Norfolk va 1956 0.0088
Norfolk 1957 0.0028
Amarillo 1957 0.0022
Santa Monica 1956 0.0046
Santa Monica 1957 0.0007
Montgomery 1957 0.0039
Fort Worth 1957 0.0009
Pretoria 1957 0.0023

B Whole Year

Month Cape Town Pretoria
January 0.0035 0.0023
February 0.0025 0.0025
March 0.0023 0.0035
April 0.0025 0.0030
May 0.0039 0.0041
June 0.0053 0.0041
July 0.0037 0.0032
August C.0041 0.0029
Septemkter 0.0025 0.0032
Octobe: 0.0021 C.0032

Novembar ) 0.0032 040028



Q2

eppendix  II

A tyrical Cunfigurqtion for computation or o
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