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ABSTRACT

This thesis presents the representation of images transmitted
under unusual atmospheric conditions. Interactive computer graphics are
used to display diréctly the effect of atmospheric refraction on the trans-
mitted images of objects at various distances.

Detailed equationsvare derived, that'permit ray trajectories to
be calculated fér any given atmospheric temperature profiles. Two inter-
.polation methods are discussed for fitting curves to the unequally-spaced
temperature data.

~ The image representation programs (written in BASIC for a PDP11/40
computer with graphics terminal) are explained with the aid of flow charts.

The images of three objects at different horizoﬁtal distances
from the observer caﬁ be represented simultaneously on the display unit,

as well as the horizon line of such iemperature profile.
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CHAPTER 1

1.1 Introduction

" This thesis develops the use of a minicomputer graphics termin-

al.td reproduce the appearance of the environment under unusual atmospher-

jc conditions. To the author's knowledge, this thesis is the first work
that uses interactive graphics to directly display the result of atmos-

pheric refraction on transmitted images of objects at various distances.

Some previous work has been done, representing images by hand,

in which it is a tedious task to represenf even.one image. The only re-
quirement for the computer to represent these images is to feed it the
atmospheric temperéture profile data and the horizontal distance between
the object and observer. Also, by using‘the light pen of the minicomputer,
any object with up to fifty vertices can bé drawn on the screen.

This picturé of the object is saved in the memory and its image
for such a temperature profile is directly represented automatically on
the computer's screen. Images for three objects at .different horizontal
distances from the observer can be represented on the screen at the same

time.

A summary of the previous work, which is mostly related to the

ray trajectories and refraction of these rays in the atmosphere, is pre-

sented in section (1.2).

Chapter 2 will discuss the image transmission under unusual

atmospheric conditions. It includes the ray paths in the refracting at-
mosphere as well as the ray trajectories for four temperature profiles.
Chapter 3 will explain cubic lagrange interpolation and spline

fit methods which are used to interpolate the uhequally spaced data of the




temperature profile. The comparison between these two methods in our case
will be discussed in the same chapter.

The transfer characteristic program flow chart and the results
for four temperature profiles will be discussed in Chapter 4.

Chapter 5 discusses the resulting images for the four chosen
temperature profiles. Images of some objects for every temperature
profile will b¢ represented.in this chapter.

The summary, conclusions, limitations in using.the programs and

suggestions for future work will be explained in chapter 6.

1.2 Spmﬁary of Some of the More Important Regults of the Previous Work‘
% Nolke[N1] reported the first rigorous mathematical treatment of
the Arctic Mirage (1917).
vLiljequisf[LZ] described the temperature inversions and mirages
at Maudheim (Antarctica). The important findings of this reference can
be summarized as: | |
(a) If the vertical temperature-gradient is equal to +0.112 C/m
for a surface temperature of 0 C, then the curvature for
horizontal rays near sea level will be equal to that of the
earth's surface. In other words; a ray of light proceeding
horizontally from a certain point, will-follow a path parél—
lel to the earth's surface. With a temperature gradient
of greater magnitude, horizontal Trays near sea level will
curve towards the earth's surface.
(b) A méthematical model for the light fay trajectories was
developed as well as the vertex curve which determines

the locds of the vertex points for all rays leaving (or




z (meters)

!

object vertex curve

N : eye vertex curve

X (Km.)

Fig. 1.1: The principle of vertex curves. The vertex curve is the
locus of maxima of the light rays
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reaching) the origin, Fig. 1-1.
A ray from the object will reach the eye after being
totally refracted if the vertex curves of the object
and that for the eye intersect. There may even be
more than one intersection, each one determining a
vertex point of a possible light—trajectory from the
object to the eye. If the object and the eye are
‘at the same level, their vertex cﬁrves will be id-
entical, though faéing in opposite directions.
The following three cases of temperafure inversion
were diécussed:
(1) a linear temperaturé—increase with héight;
(ii) a temperature-increase Qith height, which

decreases. in magnitude from the surface

and upwards, which he referred to as

"young" surface inversion;

(1ii) a pronounced thermocline.

Hobbs [H3] discussed the conditions of exceptionally long range
visibiiity within high latitudes, particularlf as a result of superior
mirage. Numerous cases were cited in which lines of sight ranged from
306 bto 400‘Km in length.
Lehn and Sawatzky[L1l] concluded that the arctic mirage occurs
when a temperature inversion produées a steepened density gradient in the
lower atmosphere. '
Equatidns relating temperature profile fo density and density
profile to nearly horizontal ray paths were developed. With the aid of

these equations, the appearance of the environment can be predicted for

&




any lbwef-atmosphere ﬁemperature profile. They concluded that the éffeéts
of the mirage are noficeableprimarily over flat and relatively featureless
terrain. For strong inversions neaf the surface, the observer sees a
saucer-shaped earth, with objects near the horizon somewhat distorted.‘

On the other hand, viewing over very great distances is made possible by
mild deep inversions, which when located near the surface, produce thé
appearancé of a flat earth.

The subject of the arctic mirage and the early North Atlantic
had been discussed by Sawatzky and Lehn[S2]. The authors concluded that,
the arctic miragé is a phenomenon that is common in higher latitudes. The
authors contend that the arctic mirage was instrumental in the discovery
of Greenland by the Icelanders, and in the discovery of North America from
Greenland.

Manifestations of the arctic mirage, though largely forgotten
in modern times, are described in the earliesf accounts of North Atlantic
discovery.

Fraser and Mach[F1] showed - with picturés - different types of
mirages, for example::

(a) Inferior mirage; in which the image is displaced downward
from the object.

(b) Towering; which means image is magnified. Inferior ﬁiragev
with towering, results when temperature and temperature
gradient are greatest at the surface and decrease with
height.

(c). Two-image inferior mirage is the same as for inferior
mirage with towering except that surface-temperature

gradient is larger.




(@)

(e)

(£)

(g)

Superior mirage results when the temperature increases

with height so that the image is displaced up from the

object.

A three-image mirage‘can result from an inflection-
péint temperature profile. This profiie often exists
over an enclosed body of water on a sunny afternoon.
The Fata Morgana mirage requires an inflectionfpoint
profile, but the temperature gradient near the in-

flection-point is slightly smaller than it is for a

- three-image mirage.

Astigmatic three-image mirage produces an overhang-
ing wall so blurred that no detail can be seen on
it. The brightness,‘however, is redistributed so
that the center of the wall is bright. This strip
of brightness appears to the eye as a bank of fpé

and has been called the Fata Bromosa.

\\444-




CHAPTER 2

IMAGE TRANSMISSION UNDER UNUSUAL ATMOSPHERIC CONDITIONS

The appearance of environment under unusual atmospheric condit-
ions was taken as an image.representationvproblem on a minicomputer display
unit.

In this chapter, the ray trajectories for different kinds of
unusual atmospheres are discussed, with graphs showing these ray'trajeCt—
- ories.

FirSt, the gquationé will be discussed, that describe the ray
trajectory through thé atmosphere,

The following sections develop the equations that permit cal-

culation of ray paths when the temperature profile is known.

2.1 Ray Paths in the Refracting Atmosphere

Bertrém[Bl] and Lehn et al[Ll] give the refractive index for
visible 1light as a function of density p(Kg/mS) by:
| n = 1+ 0.000226p l (2.1.1)
and the propagétion velocit? v by:
v = £ | C(2.1.2)
where c¢ is the velocity of light in vacuum. Ref. [B1] derives also an
expression for the radius of curvature r at a point on the ray, for an

atmosphere over a flat earth,

1 _ sinf(z) , dv

T = _V(—Z)—— ey (2.1.3)

where 0(z) is the angle between the ray and the vertical, and v(z) is

the velocity of propagation at elevation z.




Fig. 2.1 illustrates Snelltl's law of refraction. It shows a
ray traversing a number of parallel layers having indices of refraction
ny, né, Ngs cecooos If we assume that the ray makes an angle 61

respect to the normal to the planes in the first layer, the corresponding

with

angles in the successive mediums are, in accordance with Snell's law,
related by the expression:A
n; sin 61 = n, sin 62 = mng sin 63 = ...

Using equation (2.1.2), this can be expressed in the form:

sinb
v

= A . (2.1.4)

where 0 is fhe vertical angle at a point where the velocity of propaga-

tion is v, and A 1is a constant for a given ray. By considering the

successive layers to be of infinitesimal thickness, it is readily seen that

Eqn. (2.1.4) is valid for the situation where v varies continuously.

The curvature of the ray expressed by Ecin° (2.1.3) provides a
useful starting point for a calculation of the ray path.

Coordinates are chosen such that the ray is contained in the
xz plane. As shown in Fig. 2.2, an additional set of coordinates facil-
itates further calculations. One axis (u) 1is tangent to the ray
path at the ray origin and the second axis (w) pointed downward in the
the plane of the ray.

Since the velocity is very nearly constant, the ray curvature

is ﬁery small in the atmosphere; thus,

X = usin 6
z = z, + u cos B and
dw

— <<

du 1

Then, the curvature expression becomes in the uw coordinates,




N

n3

n2 . P X

nl

Fig. 2.1: 1Illustration of Snell's law of refraction
(nl sin Gi = n2 sin 92 = n3 sin 6, = ....)

ap—
a—

~~— " Actual path

W

Fig. 2,2: Choice of coordinate systemé
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refs. [B1] and [L1]:

- LTI - (2.1.5)
1+ @]

L R
i

From Eqs. (2.1.3) and (2.1.5), therefore:

d®w _ sing  dv
2 v dz
du

=~

(2.1.6)

o=

:The radius of curvature, given by Eqn. (2.1.6), suggests that fhe
refraction of a nearly horizontal ray over a path of given length should
be fairly independent of the ray angle.

| “For mo&erate horizontal distaﬁces and nearly horizontal rays,
the altitude variation of sﬁch rays is small. It is then useful to con-
sider the velocity function to be expanded in a Taylor series:

1"y

dv ot ". v

- - 0, _ 542
o = VO-+ v, (z zo) * > (z zo) + ceee (2.1.7)
where: _
. 2 3
1 dV it d v 1221 d v .
v, = ==, v, = s, v, = — ..,. etc.
o} dz o dzz o sz

at the observation point.

Substitution of (211.7) into (2.1.6) gives:

2

:ug = si?e ( ;_+.v: (z - z,) T %-v;v(z - zo)2 T cel)
Since sind is constant for a given ray, then we can write *nd
instead of sind in the last expression. °
Therefqre;
2 .
:ug = stho (v; * V: (z - Zo) * %—v:'(z - zo)z MIEEERD!
(2.1.8)

‘Refs. [B1] and [L1] show the effects of the curvature of the earth on re-

fraction. For horizontal distances under 1000 Km, the equation of the
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earth's surface is very close to:

2
M
2R

where R is the radius of the earth.

In Eqn. (2.1.8), the ray elevation above the surface will thus

. , 2
increase by the additional term §§u Also, the angle 60 between ray
and local vertical will decrease by the amount ,%u Then Eqn. (2.1.8) will
become: ,
2 sin(® *j | 2 " 2 2
sin - = o v
d'w _ o R t " X 0 X
5 = - (vo + vo(z * SR - zo) + 75-(2 + SR C zo) + ..l)
du o . :
- (2.1.9)
For nearly horizontai rays: -
k - ‘u and :
u2 ' (2.1.10)
Z =z +ucosb - —
2r

The last term in the z-equation represents the effect of ray curvature;

r, 1is the radius of curvature at u = 0. Replacing r, by its value

from Eqn. (2.1.6), then:

?
v_sinf
o] o) 2

Z = Zo + u COSGQ - ——2‘70———— u ) (2.1.11)
Also, by using Taylor series:
X X . u
sin (eo - §Q = sinf - g cos@
= ° -
Let | o 90 %
. . P . u . .
e sm(eo - ﬁ) = 51ne0 - 5-51n¢0 (2.1.12)
By substituting Eqs. (2.1.10), (2.1.11) and (2.1.12) into Eqn. (2.1.9)
L3 [ ' o
dzw (sme0 - %-51n¢°) [ R "( ino v s1n6o 2 ul
= v_+v (using - ———u" + 535 +
duz Vo i o o (o] 2vo 2R
v " : v_ sinb 2 _
Te) . N .2 .
——(u smd;0 -3y u? 4 gﬁg ] : A (2.1.13)

o)
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By integrating the last equation twice, the equation of the ray path in

the uw coordinate system, can be produced. In each coefficient of un,

any terms at least 1000 times smaller than their neighbours have been

neglected. t "
B -s:m60 Vo 2 Y smq)o 3
W o= [5uv + ——u
v 2 6
[s) . .
1t t 1y nt . 2
v v_v_sinf v_sin ¢
+_l; CJE __0 o o, _© o) u4
12 2R 2v0 2
"t . t H‘| . . e
+.l; (Vo 51n¢o ) v, v, 51n¢o sin o) u5
20 2R 2vo
e t t
o v 2 sinzeo 1 v, sin® 6 :
+ 2 + - ) u’] (2.1.14)
- 60 4v02 4R2 2voR :

The subscripts '"o" refer to values at the origin of the uw coordinates.
Eqn. (2.1.14) describes the path equation for nearly horizontal .

rays as a function of propagation-velocity gradient %%u

2.2 Relation Between Velocity Gradient and Temperature Profile

The path equation (2.1.14) requires the derivatives of propagation
velocity with respect to elevation. These derivatives may be calculated
from 2 given temperature profile.

From Eqs. (2.1.1) and (2.1.2), we can find a relation between

propagation velocity and density;

. |
V. = 17%70.000226p | (2.2.1)

which to an accuracy better than one part in a thousand is equivalent to:
v = c(1 - 0.000226p) (2.2.2)

Froﬁ this equation, the velocity derivatives can be calculated in terms of

density derivatives, therefore: |

t

?
v = 0.000226¢cp

A « 0.000226cp" and (2.2.3)

RALEE 0.000226cp""




~ where

pt = —L and pri

|

N
(23]

13

In the following paragraphs, the demsity derivatives can be calculated

from a given temperature profile.

Ref. [L1] shows the equation of the pressure in an atmosphere

situated in a gravitational field:

%’;— = -g p(2)

(2.2.4)

"where p is the pressure at elevation z, and g 1is the acceleration of

. gravity. Also, Ref. [L1] represents the behaviour of air for small de-

viations from standard temperature and pressure by the ideal gas equation

PV = nRT
- B

or P =3 (2.2.5)
where: ' T 1is the temperature in degrees Kelvin, R is the gas con-
stant and B is the constant of proportiomnality.
Substitute from equation (2.2.5) into (2.2.4):

dp _ _ gfp

dz T(z)
or ' dp _ dz

: = - 2.2.6

> 88 T ( .)
By integrating equation (2.2.6), then:

J’P(z) dpy 5 Iz dz, (2.2.7)

—_— = -g e 2.

5, I o Tz
where Py and z, are dummy variables for integration, and Py is the
atmospheric pressure at earth's surface. Therefore:

Z dz1
p(z) = p, exp[-gB Jo ————T(zl)] (2.2.8)'
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Substituting (2.2.8) into (2.2.5), then:

Bp Jz dz1

. _-_ . |
pz) = :I.T;)—exp[—g? O‘TT;;)—] (2.2.9)

Equation (2.2.9) shows the relation between density and the
tempefature profile T(z).
The next step is to get the first three_derivatives of the den-

sity, using the notations

2 3
R (O R G {c) NNV (0]
' z - dz dz
for simplicity. ;
Differentiation of equation (2.2.9) produces:
: ¥ z dz z dz
v T 1 g8 1
p = Bp,[- — exp(-gB j wr—v) - exp (=gB J w7—)] Ref.[S1]
ol” 2 o T(z7) 2 o T(2q)
g ‘ S Rp z dz
: ' T + gB o) _ 1
or p - - ( T )[ T exp( gB Jo T(Zl))] (2'2']0)
Substitution of equation (2.2.9) into (2.2.10), therefore:
¥ . p t .
p = = T;(T + gR) » : (2.2.11)
iy
Differentiating (2.2.11)twice to get p" and p'
| " T T v oT
- + g8y pT b
| p )G -0) T (2.2.12)
and:
e T' + gB LI " 2 n 12
p = (——3—&—)(2T'rp + oTT -T° p - 2pT )
T
1 "ot "e IR '
o S —5-(—2TT p =-pTT + 2pT T) (2.2.13)
T :

1t ]

R 0"
The calculations of p, p and p from the equations
(2.2.11), (2.2.12) and (2.2.13) for the temperature profile are as follows:
1. A cubic polynomial is fitted to the neighbouring temperature

l'points for a given‘températdre profile T(z).
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. 1 1" "t
Calculate T (z), T (z) and T (z) at altitude z from the

cubic fitting curve,

Calculate p(z) by using equation (2.2.9) (use numerical inte-

dz
gration to evaluate the integral z -——l—-.)
o T(zl)

‘ t " "t
Calculate p (z), p (z) and p (z) by using the equations

(2.2.11), (2.2.12) and (2.2.13)

After calculation of the three derivatives of the density at altitude z,

the velocity derivatives can be calculated by using equation (2.2.3).

Table 2.1 shows the numerical values used in calculations, Ref[L1]:




The constant of proportionality: g = 0.00349 MKS units
Atmospheriq pressure at earth's surface: Py = 1.013 x 10° n/m2
Surface dehsity of air at 15°C: pp = 1.225 Kg/m3
Effective molecular weight of air: 29.0

Radius of the earﬁh: R = 6400 Km

Velocity of light in vacuum: C = 3x 108 m/sec.

TABLE 2.1

NUMERICAL VALUES FOR STANDARD ATMOSPHERE

16
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2.3 RazATrajectbries for Some Strong Temperature Inversion

Some unusual temperature inversion profiles will be discussed in
this section. These examples of strong inversion were chosen from measur-

ement data collected in Reference [L2].

a. Temperature profile I:.

This temperature profile starts with cold air on the surface
(Elevation = 0 meters). Warm air lies over this cold air so that the temp-
erature increases with increasing elevation up to an elevation of 50
:meters. With eleﬁation above 50 meters, the temperature decreases as
for.a normal atmosphere, with temperature gradient equal to -0.006°C/m¢£er.
The change in femperafure for the first 50 meters above the surface is
10°C. Table 2.2 and Fig. 2.3 illustrate this temperature profile.

| Ray elevation above the earth's surface is plotted against dis-
tance along the surface for this profile, as shown in Fig. 2.4. The main
equation used for this plot is equation (2.1.14) with the aid of velocity
derivatives as explained in section 2.2. Details of calculation techniques
are discussed later in the section on transfer characteristics (Chapter 4).

The observer's eye is 3 meters above the surface. The numbers
on the paths-give ray angles, in degrees above the horizontal, at thé
oﬁservef's station (¢o).

It .is noticed from Fig. 2.4, that the rays hit the surface at
horizontal distance X Km. For ekample, at initial elevation angle
¢, = O degrees, the distance x = 9 Km. The horizontal distance X
increased with increasing the initial elevation angle ¢o, up to
¢, = 0.03°. With increasing ¢, above 0.03°, the horizontal surface
" distance from the obéerver at which the ray intersects the ground will

“decrease up to ¢o'= 0.10°, - and then, x will increase again.




It is clear from this figure that, the horizon is located at
a horizontal distance greater than 75 Km., and at ¢0 equal to 0.155
degrees. The comparable values for a normal atmosphere are 6.8 Km. for
horizon distance, at an angle ¢_ of about -0.05°.

. Any ray that has an initial elevation angle larger than the hor-

izon elevation angle (¢o = 0.155°), will diverge upward and not return

to the surface.

We can notice also from this figure, that many fays intersect
- together at horizontal distances between 26 Km. and 45 Km. from the

observer's station and at altitudes below 18 meters.
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TEMPERATURE INPUT DATA

"Z(Meters) T Deg. C

0 5

1 5.6

2 5.9

3 | 6.1

4 6.24

6 . 6.52

10 7.1

15 8

20 9

25 10.5

30 i2

35 13'.2

40 14.1

45 14.7

50 15

55 14.97

60 14.94

65 14.91

70 14.88

80 14.82

100 14.7
TABLE 2.2

TEMPERATURE PROFILE I
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b. ‘Temperature profile II:

This.temperéture procfile is similar to the first one but with a
weaker tempefaturé inversion. The change in temperature is 6.78°C in
the first 50 meters altitude, whereas, the first profile was i0°c,
for the same depth.

Tﬁe profile starts wifh cold surface temperature (5°C) and
increases rapidly up to 11.80°C at a height of 45 meters.

With altitudes above 50 meters, the temperature decreases norm-
ally (-Q.OO6°C/m.)' up to 100 meters, the maxiﬁum height of interest in
this case.

| Table 2.3 and Fig. 2.5 show this profile. Fig. 2.6 shows the
réy paths with different initial elevation angles at the observer; ¢

o]

starts from ¢0 = 0 degrees.

° intersects the surface at 8 Km.

The ray starting with ¢0 =0
horizontal distance. Thié distance.increases with increasing ¢0 up to
a certain limit, at which ¢o = 0.024°. Above.that, the horizontal distance
is decreased with increasing ¢o (this is clear from Fig. 2.6).

This situationcontinués to ¢0 = 0.065 degrees, after which
the ra}s start again to hit the surface with larger distance if ¢0 is
:ihcregsed.

: We can see easily that the ray at ¢o = 0.085° represents approx-
imately the horizon, corresponding to a horizontal distance equal to 85

Km. Any ray with ¢° - greater than 0.085 degrees will diverge upward,

as shown in Fig. 2.6.




" 'TEMPERATURE INPUT DATA

Z(Meters) T Deg. C

0 5
1 5.6
2‘ 5.9
3 6.1
4 6,24
6 6.52
10 7
15 7.5
20 8.3
25 9.3
30 10.3
35 C11.1
40 11.6
45 11.8
50 11.78

| 55 11.75
60 11.72
70 11.66

80 11.6
100 11.48

TABLE 2.3

TEMPERATURE PROFILE

11
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c. | Temperature profile‘III:

| Thié profiie is characterized by a thermocline at altitude 200
meters above the surface. The thern;ocline«point of refréction is the point
at which the second derivative of the temperature with respect to the
elevation (dzT/dzz) vanishes, The strength of inversion for this profile
is equal to 29.6°C for _320'.meters depth. Air layers which lie on the
sﬁrface are very cold (-30°C at the surfaéej, and the higher layers are
wafmer,‘with.high temperature gradientf The thermocline occurs at altitude
200 meters. The air layer at elevation 320 meters is the warmest one
in this profile.. This is clear from Table 2.4 and in Fig. 2.7.

The temperature of the air layers above 320 meters decreases
with altitude, with normal temperature gradient -0.006°C/meter up to
700 meters, which is the maximum elevation of interest in this profile.
Ray paths of fhis pfofile are calculated by using equation (2.1.14).

Fig. 2.8 shows ciearly these rays with different initial elevation angle
¢,s starting with ¢, = -0.03° from the horizontal. The incremental change
in ¢0 = 0,01°. It is clear from Fig. 2.8 that, due to the existence of
the thgrmocline at 200 meters, most of the rays are réturned towards the
surface from this level. This occurs for all rays that have ¢o less
than or equal to 0.17 degfees. But with higher elevation angles, the
rays diverge upwards. The horizon in this case is at a very long distance

from the observer; at 160 Km. approximately with ¢0 equal to 0.175°.
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TEMPERATURE INPUT DATA

Z(Meters) - T Deg. C

0 . ~30
50 ~27.7
100 -25.3
140 -22.5
160 .20.6
180 ~17.7
200 -13
220 7.6
240 -3.5
260 ~1.6
280 -8
500 -.5
320 -4
350 ~.55
400 ~.85
450 | -1.15
500 -1.45
600 ~2.05

. 700 -2.65

TABLE 2.4

TEMPERATURE PROFILE III
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d. Temperéture profile IV:

This profile is also called the Novaya Zemlyaprofile, and is
defined in Reference [L2]. The profile is characterized by strong inver-

sion, its strength equal to 28.7°C over 860 meters.

The air layers close to the surface are very cold (-35°C) 'and
start to become warmer as fhe altitude iﬁcreases. The warmest layer
is at . 860 meters and the layers above this layer start to become normally
colder with the rate of ' -0.006°C/m. as in Table 2.5, also in Fig. 2.9.

Fig. 2.10 shows the ray paths for this profile. These rays are

transmitted for very long horizontal distances, especially the rays with
high initial elevation angles ¢,- For example, the ray at ¢, equal
to 0.13° hits the surface at 122 Km., and at ¢ = equal to 0.14°
hits the surface at 162 Km. which is the horizon in this case.

Fig. 2.10 shows ray paths for inifial elevation angles in the
region 0 f‘¢o < 0.20° with A¢ = 0.01°. It is noticeable here, in con-

trast to the previous profiles, that no rays are intersecting.




“"TEMPERATURE INPUT DATA

'Z(Meters) T Deg. C

0 _ -35 - | .
35 31
92 -25.
114 23
128 -22
149 -21
176 -20
207 19 |
276 -17
409 -13.5
535 ' -10
575 -9
633 -8
680 7.4
740 -6.9
800 -6.5
860 -6.3
920 -6.35
1000 6.8
1140 7.6
1300 -8.5
TABLE 2.5

TEMPERATURE PROFILE IV
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CHAPTER 3

NUMERICAL METHODS USED IN THE THESIS

Two interpolation methods for unequally spaced data are discussed
in this chapter. The first method is a cubic Lagrange interpolation and
the second is a spline fit interpolation. The comparison between these -
two methods-for handling unequally spaced temperﬁture data is also discu-
.séed. A polynomial of at least third degree was necéssary in both methods
because we need the first three derivatives of temperature with respect
to elevation. For this kind of polynomial, the third derivative is con-

stant between every pair of adjacent data points.

3.1 Lagrange's Interpolation Formula

3.1.1 Theory(Refs.[H1] and [H2])

o ———

The Lagrangian interpolation polynomial t(z) of degree n
which takes on the same values as a given function £(z) for (n+l) dis-
tinct abscissas zo,zl,zz,'..,..,zn (not necessarily equally spaced), can

be written in the form:

t(z) = lo(z) f(zo) + Zl(z) f(zl) + ... * ln(z) f(zA)
: n
= P 2k(z) f(zk) Ny (3.1.1)
- k=0
where zo(z), ...... s Zn(z) are polynomials of degree n or less.

We may avoid somewhat lengthy calculation by noticing thaf'the :
expression (3.1.1) will take on the value f£(z;) if 2i(§? =1 and if

zi(zj) =0 when j # i.

With the convenient notation of the Kronecker delta:
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.= 0 if ifj
1J (3.1.2)
1 if 1 =3 .
This requirement becomes:
Ri(zj) = 6ij dA=0, oo, M3 J =0, ¢c.5 N)
(3.1.3)

Since li(z) is to be a polynomial of degree 'm which vanishes when

z

2= 205 Zys eeees Zg s Zia1e coco I

o]

therefore

21(2) = Ci[(z-zo)...(z-zi_l)(z-zi+1)...(z-zn)] (3.1.4)

where C, 1is a constant.
But we have:

li(zi) = 1
Then:

1 .
C. =
i (zi—zo)...(zi—zi_l)(zi-zi+l)...(zi—znl

(3.1.5)

and the desired Lagrangian coefficient functioms li(z) are obtained by'
" introducing (3.1.Sj into (3.1.4). Therefore:

(Z-zo)'°'(Z-zi~1)tz-zi+1)'°‘(Z_zn)

(3.1.6)
zi-zo),..(z.—z. 1)(zi-zi+1)...(zi-zn)~

‘ li(z) =T e

and the Lagrangian interpolation polynomial of degree n is given by the

form:

, n '
t(z) = I zk(z) ty ' (3.1.7)
k=0 : v

as in (3.1.1) where li(z) defined by (3.1.6) and ty = f(zk)°

‘Therefore, this formula is the equation of an nth degree poly-
nomial through (n+1) points: (zo’to)’(zl’tl)’°’°"(Zn’tn) which are

not necessarily equally spaéed.
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It can be seen that this formula involves large numbers of multi-
plications and hence becomes quite slow if n is large.

Without loss in generality, we can use cubic form .of Lagrange
formula to fit every adjacent four points starting from the first point
(zo,to) and ending with (zn,tn) by moving one point every time.

If we set n = 3 in the equations (3.1.7), and (3.1.6), and if

we start from the jth point we can get:

j+3
t(z) = Z. lk(z) tk
k=j
= R,J.(z)tj + Zj+1(z)tj+1 + 2j+2(z)tj+2 + £j+3(z)tj+3
(3.1.8)
where:
j = 0,1,2,....,n-3
also: ,
- (z"zj_l_l) (Z“Zj+2) (Z‘Zj+3)
zj(z) (zj-zj+1)(zj—zj+9(zj—zj+3)
j = 0,1,2,....,n-3 _ (3.1.9)

From (3.1.8) and (3.1.9) we can write Lagrange expression in simple form

for calculations; therefore:

t(z) = bo+b1(z—zj)+b2(z-zj)(z-zj+1)+b3(z-zj)(z-zj+1)(z—zj+2)
' (3.1.10)
where:

bo = tJ,
' t. . -t.

b, = I ]

1 Z.. .72
.3+ ]
(t..,~b )-b,(z, ,-2.)
b = j+2 "o’ "1'7§+2 7 and

(3427230 25027%500)
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0. (t 543 -b ) <b (ZJ+3 z.)<b (zJ+3 zj)(zj+3—zj+l)
3 (ZJ+3 Zj)(ZJ+3 J+1)( J+3 J+2) :
j = 0,1,-"«’n“3 v (3.1.11)v

We can see the two expressions (3.1,8) and (3.1.10) are passing through

the four adjacent points (Zj’tj)’(Zj+1’tj+1)’(zj+2’tj+2) and

(25,3543
fied,

) provided that the conditions (3.1.9) and (3.1.11) are satis-

3.1.2 Flew-ebf_n:!z_fez‘_elﬂzzs_Eﬁtgzér_lg?_!9‘592139}%2299_1392@91%

Fig. 3.1 shows the flow chart for cubic Lagrange interpolation

method. The BASIC language program for this method is in‘Appendix (3).

3.2 Spline Fit Interpolation

3.2.1 Theory (Ref.[H2,P1])

Instead of fitting one curve of degree n to the (n+l) given
data points (zo,to);(zl,tl),...,(zn,tn) which are arranged in order of
increasing values of 2z, one can use the following alternate approach.

Qne may divide the total interval [zo,zn] into n subintervals [Zo’zl]’
[21’22]""’[Zn—1’zn] and use the spline fit by connecting each pair of -
adjacent points (every subinterval) with a section of a third-degree poly-
nomial, matching up the sections so that the first and second derivatives
are contiﬁuous at each point. . )

Let YO,Y ...,Yn be the values of thé second derivative at
the points. Then in the interval’ [zk,zk+1], the second derivative has

the value (using linear interpolation):

" zZ, .+Z Z-Z

k+1 k

t = Y '_‘_“—_“—"“Y 1
] k dk k+1 dk

T

(3.2.1)

where d




i Q START ) | | .
Y

Input:
n points
(z35t1). ... (Zn,tp)
Y _
=_1,,QO=0 |2 = 22 |
¥ :
n2 = n-3 lz = 7z-1 ]
v
I j =1, n2 E<
2
[ bo =t
Y
t. - t.
b, =4l 3
1 Zj+1 - 2
NECEERRNCwENE

27 )70 Gy g2y, )
¥

b b Y _
o J+3 (z -Z. ) -b (ZJ+3 zJ)(zj+3 Zj+1)

('ZJ+3 J-)-( j+37%5+1) ya572542)
/\ — 7
k > 300 _ STk =1,300 ]
\/ ¥
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2 0

= by +b (z-z. )+b (z-2z. )(z ZJ+1)

b cz zJ)(z zJ+g(z 25,0) "

. Print:
o z,t

Fig. 3.1: Flow chart of cubic Lagrange interpolation formula.




Integrate (3.2.1) to get the first derivative:
2 2
v (zk+1ez) (z«zk)

€= Nlag I Y lbag 1 C

(3.2.2)

X 1

where Cl is constant of integration.

By integrating again, we can obtain the equation of the temperature-altitude

curve:

(zk+1—Z)3 (z—-zk)3 ’
t Yk[_—é.d—:l:—— ] + Yk+1['——6—a-£—— ] + Clz + C2 (3-2.3)

where C2 is a constant of integration.
But the curve (3.2,3) passes through the points (zk,tk),(zk+l,tk+l),

therefore:

tk+1 - tk (Yk+1 B Yk)dk
¢, = - (3.2.4)
1 d 5
% |
S T Bl 35 S Yo -y 3
2 dk ) kk+1 k+17k

substitute C1 and C2 into (3.2.3) then,

(3.2.5)

Y Y
k 3 k+1 3
6d, (1)t 60 z-z)

t =

ty Yk dk

MG T IRl i
t Y, ., d;
k+1 k+1l 7}
+ (Z_zk)_( dk - 3 () (3.2.6)

In this equation all quantities are known except Yk, Yk+l’ the values

of the second derivative at the end points of the interval [Zk’ zk+1].
"We consider the slope at the point (zk,tk) as determined from

equation (3.2.2) is.the same as that determined by the corresponding for-

mula for the interval (zk—lf tk—l) to (zk, tk).
Substitute the value of C1 from equation (3.2.4) in (3.2.2),

" we can get:




' (zk+1_—4z)2 (z - zk)2
EE Un 7l SRS D =
(t -t ) d
k+1 k k
+ "____?ﬁ:‘._“ - (Yk+1 - Yk)T;' (3.2.7)
and the corresponding equation for the preceding interval is:
. Yk—l Y 2
A O DR e S YR
k-1 k-1
(tk—t p) d
S| k-1
* 3 - (Yk—Yk_l)G—g—ﬂ (3.2.8)
k-1
collecting the unkgowns 'Ykel’ Yk and Yk+1 on one side of the equation,
Therefore:
d d + dk d
Ve 6D+ ) - Y ()
Yol T B BT Y |
= K - =3 (3.2.9)
k-1
k = 1,2,....,n-1
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we have similar equation as (3.2.9) for each of the interval points, that

is, k =1,2,...,n-1.

unknowns YO,Yl,Y

Therefore, we have (n-1) equations in the (n+l)~

Y .

n

Two more conditions are introduced on Y_ and Yn’ which re-

quire the third derivative to be continuous at (zl,tl) and at (z

From equation (3.2.1):

0

Equating values for k=0 and k=1:

U
d0
or '
o,

Y Y
X 15*1 (3.2.10)
ko 9%
. h
do dp 4
. |
o1 1 2
Y.y <22 - (3.2.11)
1@y "a) g ,

n—l’tn—l '




Similarly, equating values for k = n-2 and k = nel’

_ YnﬁZ + Yn-wl - ‘Ynnl N Yn ‘
dn—-2 dnaz dn—l dn-«l
or
Yn—z 1 1 Yn
T d + Y  ( + ) - = 0
n-2 n-1 dn«Z dnnl dn«l .

(3.2.12) -

By solving the (n+l) equations (3.2.9),(3.2.11) and (3.2.12) which con-

tain (n+l) wunknowns, we cap determine Yk; then equation (3.2
be used directly for finding t for any value of 2z ‘between =z

We can write equation (3.2.6) in the form:

- 3 3 -
t = Cp (B8 + Gy (22 )7+ Cg y (2yyym2)
+ Gy ()
k = 0,1,....,n
where:
C = _Y—k.
1,k 6dk
C - Yk+1
2,k 6dk
t
ook %
3,k dk 6
t
c _ kel kel 4%
4,k dk 6
5.2.2  Determination of constants
dk
vLet | P = § > k=0,1,...,n-1
t t
ek = ——k—d—ﬂ s k:l’z,...,n
k-1
bO = 0
bk = 1 T S k =1,2, ,n-1

.6) can

Z

0°°n’

(3.2.13)

(3.2.14)
(3.2.15)

(3.2.16)

(3.2.17)
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Then we can write the system of equations (3.2.9),(3.2.11) and (3.2.12)

in matrix form as

AY = b ' (3.2.18)

wHére:

T o o

0 0 1 1
po cho"'Pl) p]. 0 -------- 0 0
0 Pl 2(P1+P2) PZ ------- 0 0
A = - - -
0 0 0 =mmmmem- Pp-2 2(pn—2+pn—1)- Ppo1
0 0 0  cmmmmee _dl dl +d1 _dl
n~2 n-2 n-1 n-1

Yi can be found and then Cij can be determined bybusing equations
(3-2.14,15,16 and 17). To solve equation (3.2.18), we can use the elimin-

ation methodgiven in Ref. [P1], sect. 10.2.

The flow chart in Fig. 3.2 shows the determination of coeffic-

ients C...
1}

3.2.3 Computer use of spline fit

e . T - - - - - = -

Fig. 3.3 shows the flow chart of using computer in spline -fit
interpolation. The corresponding BASIC program (EA100) is in Appendix (4).
The main idea of this program is to locate the position of the

- given value of z between the two points (zy>t ) and  (2p,45%.1)

e AT

4 OF MATTTTRA



Input:-zk,tk, k=0,1,...,n
dk = Zk+1—zk
P = dk/6

R G N

k = 0',1, ..... ,n—l

bk = ek'r €12 k=I,..n-1
%0,1 ~ _$1'“ dO/dl

39,2 ° dy/dy

21,2 T P17P, 350

4,1 7 2(p0+p1)-po 20,1
21 5, = 33 5/21

bl = bl/al,l
a

Kk - 2(Pr.*Py)
Pra1 Bke1K

k = Pk Pror Pk

ki1 = P/ k

b, = bk/ak,k

k = 2,....5, n-1

b b

W = bn/an,n

Y =D Y

k - k72K, k+1 kel

Y = -a Y Y

2

k=n-1,...,2,1

0 0,1 '1 "~ 3.2

43
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Cl,k é.Yk/6 dk

2,k = Tket/0 9
3,k = tk/d Vg Pk ol '
4,k = Trer/d " Yier Py

.<: SfOP j)

Fig. 3.2: Flow chart for determination
of coefficients for a spline

fit.
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~Input:
(zo,‘to) H (Zl ’tl) rr e (Zn’tn)

Print
| "OUT OF RANGE"

( STOP )

- 3 3
t = e (a2 e, g (2mzg)

+ cs,k(zkﬂ—z) + c4.’k(z-zk)

N ]
Ly V  Print
k=k+1]| z,t

Ck STOP )

yes

A

Fig. 3.3: ‘Flow chart of spline fit interpolation




46

from the input data table; (zo,to), (zl,tl), crons (zn,tn) and‘then

determine the value of t corresponding to z by using the equation

3 3 '
t = Cl,k(zk+1'z) + Cz’k(z—zk) + C3,k(zk+1—z)
+ C4’ (zfzk)
where the constants Cl,k"cz,k’ Cs,k and C4,k have been previously comp-

uted and stored.

3.3 Comparison Between the Application of Cubic Lagrange and Spline Fit

Methods in Temperature Data Profiles

‘We will take the temperature data profile in Table 3.1 as an
ekémple for comparison between the application of cubic Lagrange and spline -
fit methods for handliﬁg this data (unequally spaced). Tables 3.2. and
3.3 show the interpolated valﬁes of temperature, density of the atmosphere,
velocity of propagation and its first three derivatives at every four meters
of altitude, sfafting from surface level. Table 3.2 uses the cubic Lagrange
jnterpolation formula and Table 3.3 uses the spline fit method.

By.comparison of the two tables, we can find by inspection that
the temperatﬁre; density, the velocity and its first derivative have values
that are quite similar, but the second and third derivatives of the velocity

t e :
, v ) are different. To see the effect of this change in values of

1]
" 1"ne . . . .
v and Vv for calculations of w in (u-w) coordinate system as 1in

equation (2.1.14), the sensitivity of w with respect to the 1% change

. "y ’ "
in v and then in v was examined as follows:

V=W,
s & -2 x 100%
= w
o 1
where 'wl 'is the value of w in equation (2.1.14) at typical

11 "we

' .
values of v,v ,v ,v , u and ¢,
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L}
W, is the value of w at the same values of v,v ,u

it mne
and ¢  but with 1% change in v or v

By applying this to the results obtained from cubic Lagrange interpolation

and spline fit methods, Table 3.4 is obtained. We can see the

it
effect of 1% change in v gives an average .002% change in w.

"
Also the 1% change in v gives .03% change in w in average in both

methods.

. From this result, we can say that in spite: of the differences

1t

. : 1"t
in the v and v

columns in Tables 3.2 and 3.3, and due to the very
- V" mne

small effect of the change in v and v in calculation of parameter

w, -we can consider either method (cubic Lagrange interpolation or spline

fit) equally valid for handling unequally spaced data. The cubic Lagrange

method is used in our case.




"TEMPERATURE INPUT DATA

‘Z(ﬁeters) T (Degrees C)
a 5.00
1. 5.60
2 5.90
3 6.10
4 | 6.24
6 6.52
10 7.00
15 7.50
20 8.30
25 9.30
30 10.30
35 11.10
40 11.60
45 11.80
50 11.78
55 11.75 |
60 11.72
70 11.66
80 11.60
100 11.48

TABLE 3.1
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Z (M)

L H» O

100

T C

5

6.24
6.78533
7.1576
7.6344

8.3

9.0936.
9.9184

10.
11.
11.
11.
11.
.768

11

11.
.72

11

11.
1.
11.

11
11.

11

11,
11.
11.

.48

11

656
2278
6
7843
7898

744

696

672
648

.624

6

576
552
528
504

INTERPOLATION OF TEMPERATURE DATA

USING CUBIC LAGRANGE FORMULA

DENS. .
1.27158
1.26531
1.26223
1.25994
1.25718
1.2536
1.24946
1.24521
1.24138
1.23828
1.23607
1.23467
1.23406
1.23356
1.23307
1.23258
1.23209
1.2316
1.23111
1.23062

'1.23013

1.22965
1.22916
1.22867
1.22818
1.2277

v
2.99914E+08
2.99914E+08
2,99914E+08
2.99915E+08
2.99915E+08
2.99915E+08
2.99915E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99917E+08
2.99917E+08
2.99917E+08
2.99917E+08
2.99917E+08
2.99917E+08
2.99917E+08
2,99917E+08

TABLE

§
v

26

53.

46

39.

53

66.
72.
69.
59.
45.
29.
16.
7737
.29307
.2904
.28786
.2853
.2827

8
8
8
8
8
8
8.
8
8
8
8
8
8

8.

3.2

3.882
8218
.4585
0198
.4877
7452
1037
2221
4135
6925
9091
1308

2801

.2775
.27491
.27233
.26975
26718
.26461

26204

13}
Vv

<156.643

.231714
-3.9116
4.35985
4.31311
2.32047
.366493
-2.01495
-3.63731
-4.34499
-3.55136
-3.08481
-.165308
-6.67198E-04
-6.32974E-04
-6.37770E-04
-6.51625E~04
-6.50353E-04
-6.49082E-04
-6.47814E-04
-6.46548E-04
-6.45283E-04
-6.44020E-04
-6.42760E-04
-6.41501E-04
-6.40245E-04
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- (B4
_\L_
64.3923
-.878581
1.08795
-.253383
-.499059
-.492428
-.482207
-.230897
.0122816
.200293
.194356
.496424
.0235682
2.84519E-06
-1.20052E-06
-1.19829E-06
.18418E-07
.17904E-07
.17390E-07
.16877E-07
.16364E-07
.15852E-07
.15339E-07
.14828E-07
.14316E-07
.13805E-07

[T Y Y Y Y ¥ N N B 7 I




100

.24
.77925

00 N NN o0 o

.3
9.0937
9.91369

10.6521

11.225
11.6

111.7826

11.7994

11.7653 -

11.7446
11.72

11.6955
11.6718
11.6481

11.6242
11.6

11.5757
11.5515
11.5273
11.5035
11.48

.18949
.63186

INTERPOLATION OF TEMPERATURE DATA

DENS.

1.27158

1.26531
1.26226
1.25979
1.25719
1.2536

1.24946
1.24523
1.24139
1.23829
1.23607
1.23468

1.23401

1.23357
1.23306
1.23258
1.23209
1.2316

1.23111

1.23062

1.23013
1.22965
1.22916
1.22867
1.22819
1.2277

" USING SPLINE FIT METHOD

v

2.99914E+08
2.99914E+08
2.99914E+08
2.99915E+08
2,99915E+08
2.99915E+08
2.99915E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08
2.99916E+08

2.99916E+08

2.99916E+08
2.99916E+08
2.99916E+08
2,99916E+08
2.99916E+08
2.99917E+08
2.99917E+08
2.99917E+08

© 2.99917E+08

2.99917E+08
2.99917E+08
2.99917E+08

2.99917E+08

TABLE

t

v

10.
51,
47.
38.
53.
67.
72.
69.
59.
45.
30.
16.

7.5

8.3
8.3
8.1
8.2
8.3
8.2
8.2
8.2
8.2
8.2
8.2

8.2

8.3

3.3

6175
1089
1894
659

0478
0222
033

7777
4488
1648
4474
7894
6131
238

9898
9689
8754

1693.

9393
7096
5675
5127
5452
665

8718
1653

-Yll-
-1.30760E-03
5.03843
-2.98969
.461883
4.90486
2.08992
.422046
-1.65406
-3.17669
-3.76969
-3.59192
-3.23969
-.868035
.323191
-.131428
.03034
.0150091
-2.95744E-04
-6.84070E-03
-4.64862E-03
-2.46034E-03
-2.75823E-04
1.90493E-03
4.08190E-03
6.25507E-03
8.42440E-03
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(AL
v

——

1.61036E-07
29.7858
-7.56050E-03
1.72707 '
-.706108
. 695898
.411529
.551087
.215671
.0451124
.0414452
.0859049
.761107
-.165151

©.0404806

. 0404067
-3.82984E-03
~3.82289E-03
5.48629E-04
5.47629E-04
5.46637E-04
5.45650E-04
5.44662E-04
5.43670E-04
5.42671E-04
5.41661E-04




SENSITIVITY OF w WITH RESPECT TO 1%

CHANGE IN v

SPLINE FIT

TABLE 3.4

LAGRANGE

U R o ' 1 T 1 "o ™
Km m $o v v v 5% v v v 5%
1.25 | 50 .09 | 8.29307 | -.0006672 2.84419x10°% | 0 8.3238 .323191 -.165151 -.006634
1.25 | 8 .09 | 46.4585 | -3.91916 | 1.08795 .0079 § 47.1894 | -2.98969 | -.0075605 -5.693x107>
1.25 | 10 .09 | 39.0198 | 4.35985 -.253383 -.00197 E 38.659 .461883 1.72707 .014224
1.25 | 17.25 .09 | 53.4877 | 4.31311 -.499059 2.00282 § 53.0478 | 4.90486 -.706108 -.004
1.25 | 12 .09 | 39.0198 | 4.35985 -.253383 -.00197 § 38.659 .461883 | 1.72707 .014224

0 1.25 | 25.11 .09 | 72.1037 | .366493 -.482207 -.002 72.033 422046 -.411529 -3.56x10-4
1.25 | 28.84 .09 | 69.2221 | -2.01495 -.230897 -.001 69.7777 | -1.65406 | -.551087 -.00249
1.25 | 32.4653 | .09 | 59.4135 | -3.63731 .0122816 7x1075 50.4488 | -3.17669 | -.215671 -.001178
1.25 | 36.15 .09 | 45.6925 | -4.34499 .200293 .0015 45.1648 | -3.76969 | .0451124 .000335
1.25 | 40.127 .09 | 29.9091 | -3.55136 .194356 .0023 30.4474 | -3.59192 | .0414452 .000478
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CHAPTER 4

TRANSFER CHARACTERISTIC PROGRAM

The purpose of the transfer characteristic BASIC program is to
get mapping functions between the ray elevation in meters and initial ele-
Vatiop angle ¢o in degrees. Each mapping_function is obtained at a
certain hdrizontal distance between the object and the observer in kilo-
meters, for a certain temperature profile. For every temperature profile
given in Chapter (2), we will get the mapping functions at different hor-

izontal distances between the object and the observer.

4.1 Flow Chart for Transfer Characteristic BASIC Program

Simplified and detailed flow charts for transfer characteristic
BASIC program are shown in Figs. 4.1 and 4.2, respectively.

The purfose of this program is to find the set of points at which
the ray trajectoriés for a given temperature profile intersect the vertical
line at a fixed horizontal distance from the observer. From these inter-
section points, we can get the transfer characteristic for the correspond -
ing horizontal distance (H Km.) provided that the input temperature and
eieVation data are available. The transfer characteristic defines the
relation between elevation angle in degrees and ray elevation in meters
at constant H.

Fig. 4.2 shows the detailed flow chart for the transfer charact-
eristic program. The calculation for the ray path in u-w coordinates
using equation (2.1.14), is one of the main purposes of this program. A
new u-w coordinate system is chosen if:

a. The u® term in equation (2.1.14) exceeds 0.00001 meter.
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b. Or; there is a large change in velocity gradient..
¢, Or; if the horizontal travelling distance of the ray from the
observer (X Km) is equal to five times the horizont-
tal step size (Au Km) in the axis wu.
Tbis shift of origin is done_carefully as the new z-axis is not exactiy
parallel to the original oﬁe due to eartﬁ's curvature. A corresponding
correqtionvmust be applied to the new value ¢0. Ray elevation above the

earth's surface is found by returning to - xz coordinates and using the

relation z = - %E- to represént the earth's surface. The whole procedure
is repeated until the ray intersects the verticél line at the object, in-
tersects the earth's surface, or goes beyond the area of interest.

As we change the input horizontal distance H, a family of
transfer characteristic curves is obtained for every temperature profile
given in Chapter 2. |

The selection of horizontal step size Au(Km) is important for
ray path calculations. Au - is chosen to be 0.25 Km for temperature
profiles I and II, and it gives more accurate results than if Au =1 Km
or 0.5 Km. As Au becomes smaller, the calculations become more acc-
urate but it takes more time, which is another important factor. For
-tempe;ature profilés III and IV, Au is chosen as 1 Km because it giﬁes
results very close to those with Au = 0.25 Km. These two profiles use
very long horizontal distances, up to 200 Km. For this reason, we need
a large horizontal step size to gef the results in reasonable time, but
not.too large to maintain the accuracy of the calculations. Section 4,2

will describe in some detail the transfer characteristic curves for every

temperature profile.
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Fig. 4,3 shows a simplified flow chart for the subroutine (5000)
which is used for the main transfer characteristic program. The purpose
- of this subroutine is to fit a cubic polynomial to the unequally spaced
input data (temperature and eleVation) and interpolate the values of temp-
erature every one meter of'the elevation. The cubic Lagrange interpolation
method, which is eXplained in detail in Chapter 3, is used in this case.
The first three derivatives of the temperature'with respect to the ele-

ar %t 3 |

vation 5323 —5 and é—%ﬂ are also calculated at one-meter intervals

.of Z. Thesediesults ai: saved in virtual fiie VF1(10000), which reserves
2000 - values foi every variable. This means, the program has a limit for
calculations for any temperature profile up to 2000 meters of elevation.
The use of the virtual file in this program was made hecessary because
the memory size of the minicomputer PDP11/40 is only 24 XK. words.

Subroutine (5000) also computes the density at every four )
-meters by using equation 2.2.9. ‘

Subroutine (6000) wuses the stored values of elevation, temp-
erature and the first three derivatives of the temperature (which were
calculated by subroutine '(5000) and saved in the virtual file VFi),.to
calculate'the first three defivates of the density. Equationé (2.2.11,
A12 and 13) are used at the required ray elevation. From the density der-
ivatives, the subroutine calculates the first three derivatives of the
velocity using equation (2.2.3)..

" This subroutine uses a quadratic Lagrange interpolation as in
the flow chart'of Fig. 4.5 to calculate T, dT/dz and p. It uses linear

interpolation to calculate dzT/dzz. Fig. 4.4 shows the detailed flow

chart for subroutine (6000).




--(STAR';' ) . | >
| Iy -

Input data:
~Elevation & Temperature

t

GOSUB 5000 For:

1. To interpolate input data

2. To calcualte density, temp-
erature and its first three
derivatives every one meter

>
e

Input:

1. horizontal distance between
. observer and object (H Km)

2. height of observer eye

3. initial elevation angle ¢

: & » Go for new ray
GOSUB 6000 to calculate prop- path. calculations
agation velocity and its first :

3

three derivates

Y

Calculate ray path us-
ing Eq. (2.1.14)

Print: 0,=0,+00
¢ ,Ray Elev. new old

continue calculation
for same ray

STOP :)

Fig. 4.1: Simplified flow chart for transfer characteristic program



G D
' Y

Input temperature data

N1 = No. of input data points
Rl = Max. elevation of interest
Elev.(m): Z7(1),...,21(N1)

Temp. (°C): T(1),....,T(N1)

-}, GOSUB 5000:

1. To fit cubic poly. to input data points.

2. To calculate p,t,t',t" and t"' every one me-
ter of elevation.

3. Save results. from (2) in virtual file VF1.

Input;:
"11. Horizontal dlSt of the object H{Kn);
2, Horizontal step size Au(Km)
3. Initial elev. angle ¢o(degrees)

Z(1) =
Helght of observer eye above sur-
face (meters)

= 40
No. of changing ¢¢

L

N+1

-

x1
x0
K2

nos

' Fig. 4.2:
5 > J = 1,100 _ |

GOSuUB 6000: , tee
To calculate v ,v § v
at R = 2(J)
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Detailed flow
chart for transfer -
characteristic
program




’ 11 = 1,5
A Y

6 = 1.5708 - ¢(J)
Y

57

E =

v

"t

2

sint _v! sin26 1 v'sin6

1000 (6480000 Y 794912 T 69120)(u

+ Au)6

Is
|E|>0.00001

yes change
axes > 4

no
Iu = u + Au AAJ
¥
T1-= v'/600
Y
A =Tl u?
¥

T, = v'¢(J)/1.8

(3
[B=T2eud |

¥
- _v" _ v'v'sin® Q e i 2
T3 = 76080 ~ 2160000 *+ 138-89 V"¢ (J)
¥
| c=13.4°
¥
v'sinb
T, = V"' $(J) (0.013021 - —xz56-)
w 23
D = T4-u®
¥
w = sinOe (A+B+C+D)+E
]

: Xl = 1000u cos¢(J) + w sind(J)

¥
X =Xo + X3 |

computation ceases
es |{for this ray and
go to new ray

Is

X > 1000 H
?

Z1 = Z(J) + 1000u sin¢(J) - w cosd(J)

v

X, = (X1-X0)/1000
A 4
72 =-X5/12.8
~ BN,
R =21 - 22




no
Xi=0 | ’

yes
1K2=K2-1
— change Y
K2_K2+1 axes rJL r@
no ——
I\2=X\2 -1
_ yes

. ' yes .6
( END ) | | R < 07 >

o Print i________a,(::::> N
x=1000 b, R }

Z(J+1) = R
v
Wl = [0.001 (2T, u+3Tou’ +4T5u+5T,u)+6x10 701 0] sin6
¥
d(J+1) = ¢(J) - wl + X1/6400000
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: (  ENTER )
Input:
T(),...,T(N1)
Z(1),...,Z(N1)

Y

Fit cubic polynomial to these data
(unequal space) by using cubic
Lagrange method (Ch.3)

A

Calculate T,T',T" & T"' from the fit-
ting curve every one meter of the
~elevation

{

Save these results in virtual file
VF1 with dimension 10000 (2000 for
every variable)

1

Compute numerically the following in+
tegration every one meter of the el-
evation:

I

Calculate density every 4 meters us-
ing last interpolating results and - .
the equation 2.2.9:

T de
p(z) = TT;j~eXP[-gBI]

(: RETURN ‘i)

Fig, 4.3: Simplified flow chart for subroutine 5000
(NOTE: See Fig, 3.1 for detailed cubic
Lagrange interpolation)




( ENTER )
—

NOTES:

o , , R = Z2(J)
1. Z(1),...,Z(L0) Elev. every one

meter calculated

[ o

in GOSUB5000 —
2’ T(l),"' ',T(LO) Temp. .every Di" Ji+ 1 : l
one m. . )
3. T1(1),..,T1(LO) First deriv.| M z(§+I)ZEJQ(J
4. T2(1),..,T2(L0) Second ; 2 (JD)

deriv.
. T3(1)...,T3(L0O) Third deriv.

(2]

ygs

8

G =9.81, B = 0.00349, C = 3x10

| Tr=T3(L) |

t

T = T2(L)

+

M(T2 (L+1) -T2 (L))

| =102 |
- Y=
Qo = z(L), Q = Z(L+1), Qp = Z(L+2)
Cp = T(L), C1 = T(L+1), Cy = T(L+2)
GOSUB 7000

fit quadratic Lagrange interpolation
to calculate T at R = Z(J)

T=Y

Co=TL(L), C1=TL(L+1), C,=T1(L+2)

| GOSUB 7000

[ ]
[T=v ]
Y
-C'sz(L): C1=D(L+1), C2=p(L+2)
Y

GOSUB 7000
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, _-p(T' + GB)
=TT 1 773

¥
" t  pT' . T +GB oT
b= 0 * 7573 (273~ T+273
"o (T'+GB)p" (T'+GB)p'T! ) ptTM ' OT'+T'0")
I v L R ¢ v5 1A VAN v AN (P T Y.
2(T'+GB)pT'2 _ pT"'+T'p' . 2pT'T"
(T+273)° (T+273) . (1+273)2
v = C(1-0.000226p)
Y
“ vt = <0.000226Cp"
¥
Vit = - .000226Co"
Y
V't = -0.000226Co""

v
(: RETURN 4:)

Fig. 4.4.: Flow chart for subroutine 6000 to calculate density
, and velocity derivatives.

C ENTER )

Bo = Cg
B. = ¢, - B
1 Q -Q
¥

oz 2 Bom B @ - )
2 (Q - QY2 - Q)
|

Y = By + B (R-Qq) + By(R-Qp) (R-Qy)

Y
(:7 RETURN :)

Fig. 4.5: Flow chart for subroutine 7000 to use quadratic Lagrange interpolation
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The print-out of the main transfer characteristic programvand

its subroutines in the BASIC language is in Appendix (1).

4.2 Transfer Characteristic Curves for Some Temperature Profiles

Transfer characteristic curves, for the four temperature profiles
discussed in Chapter 2, are calculated by using the BASIC program mention-

ed in section 4.1.

4.2.1 T!é§§f§€_9@§!§9293}§2ES_SEEY9§_f??-E?@E??éEQ??-E?QfEZQ_I

Fig. 4.6 shows seven transfer characteristic curves at horizon-
tal distances 10 Km. to 45 Km. from the observer. We can notice that,
the curve at 10 Km. is almost linear with relatively low slope. The curve
at. 20 Km. is non-linear up to elevation 30 meters and linear for ele-
vations higher than this value, but the ray elevation always increases if
the initial elevation angle ¢, is increased.

The curves at 25 Km. , SO.Km. and 35 Km. are almost similar:
at some values of ¢0, the ray eievation is decreasing with increasing
d)o° A1l curves up to horizontal distance 35 Km. are continuous.

Transfer characteristic curves at 40 Km. and 45 Km. have

discontinuous parts between 0.08° < % < 0.135° for the 40 Km. curve

and between 0.035° < ¢ < 0.145° for 45 Km.

4.2.2  Transfer characteristic_curves for temperature profile II
Six transfer characteristic curves for this profile are shown

in Fig, 4.7 at several horizontal distances between 10 Km. and 60 Km.
The curve at 10 Km. is linear, but there is some non-linearity

in the curves at 20 Km. and 30 Km. at low elevation (20 meters to 30

meters).




RAY ELEVATION

ELEVATION ANGLE (BEGREES)

Fig. 4.6: Transfer characteristic curves for Temperature
profile I at different horizontal distances -
(10 to 45 Km.) o
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£ 100.00

87.50

e

'75.00

60 Km

62.50

(METERS

50.00

RAY ELEVATION
37.50

25.00

/
pd

N

.00

12.50

>
2

“b. 00

0.06

0.12 0.18

0.24

ELEVATION ANGLE (BDEGREES)

- Fig. 4.7y Transfer characteristic curves for Temperature

profile II at different horizontal distances

(10 to 60 Km.)

0.
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The curve at 40 Km, has one local maximum at ¢° = 0,035° and

N
1

19.9 meters. Also, it has a local minimum at ¢ = 0.055° and

z = 18,5 meters, The curve is linear for altitudes above 25 meters.

At 50 Km, horizontal distance, the transfer characteristic curve has

one local minimum at '¢o = 0.06° and z = 8,52 ineters, All transfer
characteristic curves up to 50 Km. are continuous. The curve at 60 Km.

has two linear parts with a discontinuous part in the region 0.05° < ¢o < 0.08°.

4,2.3 Transfer characteristic curves for temperature profile III

Seventeen transfer characterlstlc curves for temperature profile

IIT are shown in Fig. 4.8 in the range from 10 Km. to 200 Km. horizon-
talbdistence. The set of curves between 10 Km. and 50 Km. are almost
.linear with slope increasing as the horizontal distance is increased. The
curves between 60 Km. aﬁd 80 Km. have some non-linearities. The group
of curves between horizontal distances 90 Km. and 110 Km: have one
local maximum and ohe local minimum. But the curves between 120 Km. and
140 Km. have one local minimum only. All curves up to 140 Km.

are continuous. The two eurves at 150 Km. aﬁd at 160 Km. havevsome

discontinuity at 0.12° < ¢0.< 0.155° for the first one and at 0.9° < ¢, < 0.17°

for the second one. The curve at 200 Km. is one part .only and is linear.

4.2.4 Transfer characteristic curves for temperature profile IV

e e e e N - e - e S e e et m =

Ten characteristic curves for horizontal distances between 20 Km.

and 200 Km. are shown in Fig. 4.9. It is clear from this figure that

all curves are almost linear. They start with low slope at small horizon-
tal distance (20 Km.), and the slope of these curves increases with in-
creasing horizontal distance. Also, it can be noticed that when the trans- j

fer characteristic curve is vertical, or at constant initial elevation an-

" gle, this angle corresponds to the horizon angle. For this profile, the



horizon angle is 0,145° at which the transfer characteristic

letely linear and vertical,
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is comp~
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CHAPTER 5

RESULTS AND DISCUSSION

In this chapter, I will ekplain the BASIC program which gives
a computer-graphics representation of images caused by unusual atmospheric
conditions. Also, some results with the aid of photographs of the screen

will be discussed.

5.1 ‘Flow Chart for Image Representation Program

This program makes use of the transfer characteristic curves,
obtained by the Mapping program which is explained in Chapter 4, at any
desired horizontal distance between an object and the observer. A picture
of the object (in 2 dimensions) is to be drawn directly on the screen of
the PDP11/40 graphics terminal by using the light pen.

Once thé drawing is complete, the picture of the object is saved
in the memory by means of a light pen cqmmand. By using the transfer char-
acteristic curve at a certain horizontal distance H(Km.), under any
atmospheric conditions entered as a data input to the transfer character-
istic program, the image of this object can be represented directly on the
cbmputer' s screen.

The program can represent the image of objects containing up to
fifty vertices, but it is better to use a smaller number of vertices (norm-
ally about 20), to leave enough memory space for displaying the image.

Fig. 5.1 shows the simplified flow chart for the image represen-
tation program (EA90).

The main idea in image representation is to project the vertical

dimensions of the previously-drawn object on the transfer characteristic




Q . START ) | L
¥

Draw horiz. and vertical axes
on the screen (meters).

\

call transfer characteristic curve data at
horiz. dist. H Km. from virtual file VF2 for
a certain temp. profile which determined be-
fore by EA33 program.

. \
Draw the object on the display
unit by using light pen and
tracking object.

1

Determine the min.,max., one local min. and one
local max. for the transfer charact. curve (if
they exist).

Represent the image of the object drawn before using
transfer char. curve for the vertical dimensions represen-
tation and considering the lateral dimensions undistorted.

save the image by hitting '"'SAVE"
command by light pen. :

Y

Go to "EA33" program to get
transfer char. curve for another
horiz. dist.

Restore the three presaved images - as
seen by observer for three different
objects at H1,H2 and H3 Km from the ob-
server - on the display unit. :

t

(END )

Fig. 5.1: Simplified flow chart for "EA90" image representation program.
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curve to get the corresponding elevation angle for every vertex. The lat-

eraldimensions are easily calculated separately, since the atmosphere

is considered homogeneous in this direction. The calculation of ¢o

corresponding to any lateral dimension for a vertex of object with distance

X . (meters) from a vertical axis at horizontal distance H(Km.) from the

observer, is:

X (meters) x 57.2958
1000 x H(Km.)

¢o(1atera1) = degrees.

This program can handle several different types of transfer characterist-

ics, as follows:

Aag

The  transfer characferistic curve shown in Fig. 5.2a, which
give§ one érect image of the object.

The curve in Fig. 5.2b gives one inverted image.

Fig. 5.2c shows a continuous curve with one local minimum
which gives one erect image and one inverfed image.

Fig. 5.2d shows a curve similar to that of Fig. 5.2¢c but
there_is discontinuity in the curve which produces a gap
between the two images.

Fig, S.ée shows a transfer characteristic curve with one
local minimum and one local maximum. This curve is con-
tinuous. It produces three images if the object has dim-
ensions above the local minimum value. Two of these images
are eréct images and the third one whiéh is;hmbetween the
erect ones, is inverted. |

The transfer characteristic curve in Fig. 5.2f gives three
images, similar to case (e), but with a gap between the

upper two images due to the discontinuity in the curve.




Fig. 5.2:

Relev (m) Relev(m)
| 4
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©) ¢0 (vi.) | (d) ¢0 (v1i.)
Relev(m) Relev (m)
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Some transfer characteristic curves which EA9D program can

handle to  represcnt images for any object.
(Note: RELEV(m) is ray elevation in meters and ¢2(vl.) is

the initial elevation angle at the observer staglon)
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The program cannot handle any curve that has more than one local
minimum or maximum due to the limited size of PDP11/40 minicomputer memory.

Fig, 5.3 shows the detailed flow chart for image representation
program.

The connection bétween the two main programs - transfer charact-
eristic program (EA33) and image representation program (EA90) - is shown
in the flow chart in Fig. 5.4. The main connector between both programs is
through (CHAIN) statements used in every program. That is because of the
| limited size of PDP11/40 memory (24 K. Words).

'The_uéer of these programs should start with (EA33), the transfer
characteristic program. For the first run, he should énter the horizontal
'distance between the object and observer in kilometefs (H), in addition
to the temperature profile daté. Program (EA33) produces the transfer
characteristic curve for this specific femperature profile at this distance.
The result will be saved in a virtual file on the disk (due‘to limitations
in memory size).

By usiﬁg the CHAIN statement, these results are transferred to
the image representation program (EA90). After the object is drawﬁ on the
screen to a chosen scale, by using light pen and tracking objéct, the image

of this object is shown on the graphics terminal. This image can be saved

. in the memory by hitting the SAVE command on the display umit.

The conpection to EA33 program also can be made by using (CHAINj'
statement in EA90 program. This means the user can represent the images
of three different objects at different horizontal distances from the ob-
server. High light intensity '(Z = 6) is used for the image of object
in first run, medium intensity (Z = 4) for second run and low intensity

(Z = 2) for the last run. For this reason, it is better to represent




(' start )
¥

input: :scale range (horiz.axis) :N5,N6
scale range(vl.axis):N7,N8

Y
Draw x§y axes on screen

Y

Input: (from virtual file VF2 which stored tran-
fer char. results by EA33 program)

L9 = max. subscript of ¢,R,A¢,H Km & L8

R(1),ceeeenneenonncncnans ,R(L9)

NOTE: -0.05° is standard
atmosphere initial

angle (Ref. L1)

?

- R(1)
R(0) = 0
Is
$(0)>9 (1)-A 1S
7 o
e [6(0)j¢(1)—A¢I
[ 19 = $9+1 |
R0 = 900), - 58 (L9 = 6(19-1)
Ry(1) = R(0),.-- . JRy(L9) = R(L9-1)
o(I) = ¢o(I), R(I)=RO(T1), I=1,.....,L9
A2
[x-= N;,Y = N7|
- 1

Draw point (X,Y)

¥
[ X(0)=X, Y(0)=Y !
Y

call Track objectat (x,y)|
R 1

write "SAVE! text on screen (subpict. (10)

)

write "VECTOR" text on screen{subpict.(20)
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T # 10 or 20

X(19)=X1
Y(19)=Y1

» 4
call "LPEN"(H,T)




Draw: :

1. Hl.axis on screen(0,0.50 degrees)

2. Vl.axis on screen(-0.05,0.35 deg.)
Y

Determine; min., max., local min. and local
max. for the transfer char. curve at H(Km)
distance which is gotten from EA33 program as
following:

;

C; = R(1), C, = R(1)
¢ = ¢(1), ¢, = ¢(2)
>y
I=2,L9

R(I)>R(I-1)

ves

I 09 =09 +1 |
¥

03 = R(I)

04 ¢ I 03
P1 1) 04

n o u

nu n

C1
$1

P1
@

R(1)
R(I)

|
o<

It
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= R(I)
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C1=R(1)
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no

03 =0

R(P1-1)

04=¢(P1-1)+(ﬁfﬁijijjﬁfﬁija(¢(P1)-¢(P1-ID

no

X 4

03 =0

R(P1+2)

Qa=4 (P1+2) - (R{pT+2) R (P1+1).

) ($(P1+2)-¢(P1+1))
_ R(P1-2)

Is
04> (P1)+
Ap 2

Is
Q4<9(P1+1)-
Ap ?

) (4 (P1-1)-¢(P1-2)

04=0 (P1-2)+ (RrpT2) R (PI-1)

04=¢ (P1)+Ad

Q4=¢(Pl+1)-Eif%§§%§%%fgijﬂ(¢(P1+1)‘¢(P1ﬁ

Is
Q4<¢(P1)-

Q=0 (P1+1)-Ad
J Ap ?




P2 =1
do (P2) = 04
Ro(PO) = 03
Y
¢0(P2+1) = Q4
Ry (P2+1) = 03
¢0(P2+2) = ¢(P2),...7,¢0(L9) ='¢(L9—2)
R, (P2+2) = R(P2),....,Rg(L9) = R(L9-2) '
Print:
Min. of R = C1 ; ¢o at min. = ¢1
Max. of R = C2 ; ¢o at max. = ¢2
Local min. of R=:03; ¢0 at loc. min. = 04

Loqal max. Qf R =01 ; ¢0 at loc. max. = 02

i .
i
. |
[ .
1
! i
LI

f

Represent the image at H(Km) horiz. dist., using the
above results (min. § max.) of transfer char. curve for
vertical dimensions. Also use homogeneous repres. for
lateral dimensions. (¢0(1at.) - K—rad.)

see statements bet. 1130 and 3540 in program. EA90,
Appendix 2 for more details of this part.

connection between EA90 & EA33
prog. by chain statement. see
Fig. 5.3

Cw )

Fig. 5.3: Detailed flow chart for image representation
program (EA90). -

NOTE: see Appengixg(Z) fpf more detail BASIC program.
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the nearest object to the observer first, the middle one second and then

the farthest one third, After the third run, the images of the three ob-

jects at different distances are simultaneously displayed on the screen.

is known,

If the horizon elevation corresponding to the temperature profile

the user can enter its angle as input. The horizon then appears

as a horizontal dash-dot line on the screen, with intensity (Z = 6).

ations in

a.

: (¢1 - Ad), then we can take ¢, = ¢

The image representation program (EA90) makes certain approxim-
its use of the transfer characteristic curves, as follows:

Linear interpolation between transfer characteristic points is

-used for calculating vertical elevation angles corrésponding

to all object vertices.

For the transfer charactefistic curve shown-in Fig. 5.2a,

the curve starts from the point (¢1, R;) but we do not

have any information before that, and the curve should start
at elevation of zero meters. To approximate this; a straight
line is connected between the first two points in the curve;
its extension will intersect the horizontal axis at the point

(¢o, 0). 1If ¢o is larger than or equal to (¢1 - A¢), that

‘approximation will be used. But if ¢o is less than

1" Ap at elevation zero
as a good approximation,

The same approkimation~technique as in case (b) is used for
the transfer chaxactéristic curves in Figs. 5.2b,d,e and f.

The approximated sections are shown in these figures by

dotted lines.




( START )

L8 = 0

JHAIN "EA33"
> and run

5. ch. prog.
5)

A

[ 18 18 7 1 |
ey

Transfer characteristic program '"EA33'
with input:

1. Temperature data profile

2. Horizontal distance H(Km)

3. ¢,(Deg.)

4, Mu (Km)

S

Y
Use virtual Filé VF2 to transfer

results from "EA33" program to
image representation prog. "EA90".

7
Use CHAIN "EA90"
statement to go and
run image rep. prog.
(EA90)
———p —

Image representation program "EA90'" to:

1. Draw the picture of the object on the screen by light
pen.

2. Hit save command on screen by light pen to save the
picture drawn in (1).

3. Use Transfer characteristic curve at distance H(Km), for
a certain Temp. profile, which transferred by virtual
File VF2 from EA33 program to display dlrectly the image
of the object as seen by observer.

save image for
third distance
H3Km

save image for
first distance
H1Km

save image for second horizon-
tal distance H2Km
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Restore the three images which are saved
before with light intensity = 6, 4 and 2 for
images at horizontal distances Hl, H2 and H3
(Km) respectively. '

horizon no

ngle known?

Enter horizon angle and draw horizon-
tal vector on the screen representing
horizon.

ey

C END ) R

Fig. 5.4: Flow chart for the connection between transfer
characteristic program (EA33) and image repres-
entation program (EA90) using "CHAIN" statement.
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5.2 Results and Discussions

Some results taken by using the two BASIC programs, transfer
characteristic and image representation, are presented below. Several

different objects are used with different température profile:

5.2.1 Image representation in temperature profile I

A ship with 30 meters width and 10 meters mast height is
used as an object at 10 Km. distance from the observer. Detailed dim-
ensions of this ship are seen in Fig. 5.5, which is drawn by using light
pen and tracking object (diamond shape in Fig. 5.5).

‘Also two sets of triangular waves are drawn on the display unit.
Evefy sef contains four triangles with 10 meters basé and 2 meters

height. The lateral dimension of the first wave set is between 70 and

110 meters with respect to a reference vertical axis, and it is between

240 and 280 meters for the second set. The‘two sets are seen at 20 Km.

and 40 Km. horizontal distances from the observer. Fig. 5.6 shows the
first set of waves drawn on display unit. The second set is the same but
with shift in lateral direction to 240 and 280 meters.

The images of these three objects at different horizontai dis-
tances are represented on the display unit as seen by the obsérver, for
temperature profile I conditions. These images are shown in Fig. 5.7.

The following obServationsAare clear from Fig. 5.7:

a. The image of the ship at 10 Km. distance is an erect image
and all dimensions are clear. The vertical dimensions are
compressed with respect to the lateral dimensions. For example;
the percentage ratio between the actual height of the mast

to the width of the ship = %90%2%% 33.33%.

This ratio becomes = (0.046 - 0.0017) degrees _ 40
0.17 degrees




Fig. 5.5: Ship object
with 10m height
30m width

Fig. 5.6: Zigzag waves
with 2m height,
and 10m width

- of each one

Fig. 5.7: The images of
the ship at 10Km,-
and waves at 20Km
and 40Km in temp.
profile I
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5.2.2

profile I as in Figs. 5.5 and 5.6, are also observed in this profile.

in the image represented in. Fig. 5.7.

The observer sees one erect image for the waves at 20 Km
distance. More distortion occurs in the vertical dimensions.
The amount of distortion is found by measuring the ratio
between actual height and actual width of the object and

comparing it with the observed ones.

actual height of the object _ 2(meters) _ 5 509
actual width 40 (meters) M

apparent height _ 0.01233 - 0.01 _ 2.025%

apparent width - 0.315 - 0.2 Ter

Three images for the object at horizontal distance 40 Km. are
observed. Two imagés are erect but the middle one is inverted.
Thesé three‘images'are shown in Fig. 5.7 at the right hand side
of the picture.‘ The upper image is more distorted than the
middle one, and both are more distorted than the lower one.

The upper image is very close to the horizon line which is re-

presented by line at ¢o(vertica1) = 0.155°

e S e e amn hen et e Wt o o e W Y S e e S S S . T S e S o e o -

The three objects which were observed in the case of temperature

dimensions of each object are the same.and they are located at 10 Km.,

20 Km..and 40 Km., respectively.

a.

One erect image of the ship is observed with percentage ratio

between the apparent height of the mast to the apparent width

0.044 - 0.00174

0.1696 24.9%.

of the ship

. We can notice that this profile exhibits more distortion in

the vertical dimensions than temperature profile I at 10 Km.

~ The image of the second object, which is 20 Km. from the

The
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‘observer, is observed as an erect image.

 The percentage ratio of height to width of the image =

0.01225 - 0.01
0.315 = 0.2

The distortion in the vertical direction is increased with

1.96%.

respect to profile I.

Only one completely distorted erect image for the third
object is observed in this case, whereas, three images
were observed in profile I for the same object and same

40 Xm. horizontal distance.

These images are shown in Fig. 5.8 for temperature pro-

file II.

The horizon in this case is at ¢0(vertica1) equal to

0.087 degrees.

Another case for temperature profile II is considered.
The objéct at 10 Km. remains the same ship described
above. In addition, a sail-boat (with height 10 meters
and width 8 meters, located between 180 and 188
meters on the lateral axis) is placed at 60 Km. from
the observer, see Fig. 5.9.

The observer sees one efect image of the ship as des-
cribed before. But two images for the sail-boat are
observed. One of these images is inverted, clearly
showing all dimensions of the sail-boat. The second
image is erect and above the inverted one with a gap
between them. The erect image is completely distorted.
The image of the ship and the two images of the sail-boat

are shown in the graphics terminal photographs, in Fig.




Fig. 5.8: The images of the
ship at 10Km,
waves at 20Km,
and 40Km in temp.
.profile II

HORIZON

Fig. 5.9: Sailboat object
with 10m height
and 8m width

Fig, 5.10: The images of '
the ship at 10Km | -
and the sail-
boat at 60Km in
temp. profile II

HORIZON

35 4 .45
'DEGREE




5.10. Notice that the erect image is just below the

horizon line.

5.2.3 Image regresentatibn in temperature profile III

" Since this profile contains a strong inversion layer 300 m.
deep, some large objects are chosen to demonstrate-the refraction. Thfee
mountains of identical diménsions and shépe are observed. Each mountain
is a triangle with 150 meters base and 250 meters height. The base
of ﬁhe first object is laterally located between zero and 150 meters, the
second between 200 and v350. meters, and the third between 600 and
750 meters. .The three objects lie at horizontél distances 60 Km., 80 Km.
and 130 Km. respectively. The objects are drawn on the display.unit‘bf
the minicomputer by using light pen and tracking object. Fig. 5.11 shows
the first object; second and third.are the same but with a shift in lat-
eral direction. Every leg of the triéngle is drawn from five segments
of about 50 meters height, to see the effect of refraction for different
levels of this kind of atmosphere. The observations are the following:

a. The image for the 60 Km. mountain is a single erect image
as seen in the left hand side of the picture in Fig. 5.12.
WeAcan notice that the lower segments of the triangle legs
are completely compressed but the upper segmeﬁts are elon-
gated. The ratio between the actual height and actual base
of each mountain = %%%ix 100 = 166.675%.

This ratio is still approximately the same for the image of
the first object due to compression in one segment, and el-

ongation in the other segments by the same amount approx-

imately.




&

VECTOR

SAVE

" 4E9ERS A‘Sﬁj e

Fig. 5.11: ‘Mountain object (triangle) with 250m
in height and 150m base

Fig. 5.12: The images of the objéct in fig. (5.11)
at 60Km, 80Km and 130Km in temp. profile III

88




89

b) One erect image is observed for the second object which
is at 80 Xm., distance from the observer. The elonga-
tion is concentrated in the middle ségments. The ratio
of the apparent height to apparent base in this case =
182% approximately; this means the eloungation in some
segments is larger than the shrinking in the lower seg-
ment. We can notice that the images of first and second
objects are concave as seen in Fig. 5.12. - |

c) The.obéerver sees two images of the mountain at 130 Km.
distance. The lower image is inverted and all segments
are elongated except one, which is completely cut off
(segment above 200 meter high). The other imagg 6f
tiis third object is erect. The upper four segments
of triangle legs are completely distorted as shown in
the right hand side of Fig. 5.12. Both images are
convex. The top of the upper image is very close to

the horizon line, which is at 0.175 degrees.

5.2.4 Image representation in temperature profile IV

"In this atmosphere, three objects are observed from- 50, 100
and 150 kilometers distance. The objects are the same right angle tri-
angle shape with 50 meters base and 50 meters height. Fig. 5.13 shows
the first object as drawn on the minicomputer's :screen. The other two
‘'objects are the same but with shift in lateral direction. The base of-
the first object is between zero and 50 meters, for the second between
’80 and 130 meters, and it is between 180 and 230 meters for the:

third. The diagonal of each object.consists of three segments, about 17

meters height each. 1In Fig. 5.14, one erect image of each object is
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observed below the horizon.. The base of each image is at a different level,
closest to the horizon for the farthest object. The horizon in fhis case
is at 0.145 degrees, and the earth's surface in this atmosphere has a
saucer-shaped appearance. No significant curvature is observed in the
diagonal of each image. The most distortion in the vertical dimension
occured for the image of the third object. The percentage ratio of height

to width for first image is equal to 85.4% but the ratio for actual

50 (meters)
50 (meters)

the second image and 14.1% for the third image which has very high dis-

x 100 100%. The ratio is decreased to 48% for

object is

tortion.
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Fig. 5.13: Right angle triangle object with 50m

height and -50m base
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- Fig. 5.14: The images of the object in fig. (5.13)
at 50Km, 100 Km and 150 Km in temp.

profile IV
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CHAPTER 6

SUMMARY AND CONCLUSIONS

6.1 Summary

The image representation of objects - as seen by an observer
under unusual atmospheric conditions - is discussed in this thesis. The
images ére dispiayed directly on the graphics terminal of a minicomputer.
Some of the more important results of prévious work are summarised.

The équations of the ray paths in the -refracting atmosphere as
well as the rélation between-felocity gradient and temperature profile
are derived. 4Ray trajectoriés are drawn using these equations for four
unusual temperature Profiles.

Two interpolation methods (Lagrange and spline fit, using cubic
polynomials) are discussed along with their flow charts. Also, a compar-
ison between these two methods for handling unequally spaced temperature
data in our case is presented. This comparison is based on the percent-
age change in thevalue of w in equation (2.1.14) with respect to 1%
changé in v" or v"' using the two interpolation methods.

The flow chart of the transfer characteristic program is explained.
Also, the results of this program for four unusual temperature profiles
are drawn as transfer charécteristic curves for each profile at different
horizontal distances from the observer.

The use of transfer characteristic curves obtained from this pro-.
graﬁ is important to represenf images for any object drawn on the screen
of the minicomputer using light pen. Some results are taken using the
image representation progrém for each temperature profile. The images of

three objects at different horizontal distances from the observer can be
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 represented simultaneously on the display unit as well as the horizon

line of such temperature profile.

6.2 Conclusions
This thesis presents a program that is essential to the analysis
of atmospheric optics, It presents a convenient method for‘calculating
image transmission for a wide variety of temperature profiles. The fol-
lowing conclusions are drawn on basis of the minicomputer PDP11/40 results
‘and the data available in the literature:
1. Image of any object as seen by the observer is directly
.represented on the screen of the minicomputer for the
case of unusual atmospheric conditions, provided that the
temperature profile data (altitude in meters and temp-
erature in degrees centigrade) are provided as input
Vdata to the computer. |
2. The images of the three different objects can be rep-
resented on the minicomputer's screen at the same time.
3. The calculationé of the transfer chafacteristic curves,
particularly for very long horizontal distances, takes
a long time. This is because of the small size of'the
memory éf the computer (24 K. Wgrds). By increasing
the computer's memory size; the calculations can be
made faster.
4, The use of (CHAIN) statemen£ and virtual files in BASIC
language is very important to connect different programs
together. But, if the memory size is increased, we can

replace these programs with one program.
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The choice of a numericél technique to han&le the unequallf
spaced temperature data is a difficult decision. The choice
of the cubic Lagrange interpolation method is sufficiently
accﬁrate in this case. The use of higher degree poly-
nomials with the Lagrange method w&uld be even better.

For simplicity, as well as with enough accuracy, a cubic

polynomial is used to fit every adjacent four points from

the input data. Also, we can conclude that the spline fit

method is good and it gives very close results to the Lagrange

‘method.

The choice of Au (horizontal step size) in the ray traj-
ectories calculations is 0.25 km. for the first and second
tempefatureprofile;while it is chosen as éne kilometer for
third and fourth temperature pfofiles, These values of

Au are chosen after many trials with différent values for
every temperature profile. withbsmaller Au, the accuracy
of‘the calculations will be increased but the execution time

becomes very long.

Limitations for Using Programs

1'

The program accepts input data temperature profiles up to
etevation = 2000 meters.

The program accepts any picture drawn with the light pen
on the PDP11/40 screen. The maximum allowable number of
vertices is 50, but it is better to draw objects with
fewer vertices.

The program can calculate the image transmission for transfer
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characteristic curves that Have at most one local max-
imum and one local minimum. This restriction is due to
the limited memory size of the minicomputer. More comp-
lex characteristics have to be interpreted by hand.

In the program in Chapter 5, to represent the image, we
considered the atmosphere to be laterally homogeneous,
and the only spatial variation in density comes with

elevation above the earth's surface.

6.4 Suggestion for Future Studies

following

1.

4‘,

Some very useful topics for future iﬁvestigation would be the
extenéion of the work presented here:

Image representation for three dimensional objeéts in

the unusual atmospheres.,

Study of the ray trajectory equations in the lateral
direction instead of considering homogeneous change in

this direction.

Study of weather.conditions for altifudes above 2000

meters, which is the limit of the programs in this

thesis due to the limitation in minicomputer memory

size,

Image representation of moving objects in the unusuél
atmoséheric conditions.

Calculation of horizon angle for any temperature pro-
file for direct representation on the screen of mini-

computer,




Bl.

D1.
F1.
HL.
H2.

H3.
L1.
L2.
N1.
P1.

S1.

S2.

96

REFERENCES

Bertram,S.,'"Compensating for Propagation Errors in Electromagnetic
Measuring Systems",I.E.E.E. Spectrum,Vol,8,No.3, (March,1971),pp.58-
63.

"Digitai Equipment Corporation, BASIC/RTll Language Reference Manual,

Vol.1,Dec.-11-LBACA-C-D,Maynard,Massachusetts, (June,1974).

Fraser,A.B.and Mach,W.H.,"Mirages",Scientific American, (Jan.1976),
pp-102-111.

Hamming,R.W.,Numerical Methods for Scientists and Englneers New York,
McGraw-Hill Book Co.,1962.

Hildebrand;F.B.,IntroductiOn to Numerical Analysis,2nd.ed.,New York,
McGraw-Hill ,Book Co.,1974.

Hobbs,W.H.,"Conditions of EXcéptionai Visibility within High Latitudes,
Particularly as a result of Superior Mirage',Annals of the American
Association of Geographers, (December 1937),pp.229-240.

Lehn,W.H.,and Sawatzky,H.L.,"Image Transmission under Arctic Mirage
Conditions",Zeitschrift fur Polarforschung Vol.45,No.2., (December 1975),
Pp.120-128.

Liljequist, G H.,'"Refraction Phenomena in the Polar Atmosphere'' ,Nor-
wegian-British- Swedlsh Antarctic Expedition,Scientific Results, Vol.
2,Part 2B,Norsk Polarlnstltutt Oslo University Press,Oslo, 1964,pp
91-120.

Nolke,V.F.,"Zur Theorie der Luftspiegelungen',Physikalische Zeit-

schrift,Vol.18,No.7, March,1917),pp.134-144.

Pennington,R.H.,Introductory Computer Methods and Numerical Analysis,
2nd.ed.London,The MacMillan Co.,1970.

Samuel,M.S.,Standard Mathematical Tables,20th.ed.Cleveland,Ohio,The
Chemical Rubber Co.,1972.

Sawatzky,H.L,and Lehn,W.H.,"The Arctic Mirage and the Early North

Atlantic,Science,Vol.192, (June,1976),pp.1300-1305.




RFP
iR
2R
IR
4 L
S0
3
7
8
g

.Lg=

.
C
P

97

ENDIX ¢ 1 )

EM THIS FROGRAM 1S TO FIND MAPINGS BETHMEEN CEPARTURE ANGLE
ENM OF RAY TRAJECTORIES AND RAY ELEYATION AEBOYVE GEHUND
En AT CERTAIN HORIZONTAL DISTANCE

8=08%G0 TQ &

PEN "ER4Z2" FOQR INPUT AS FILE YFIZ{z)NLa=YFI(g)

Le+1%G0 TO &

HAIH "ERZ@"

ALL "DFIX"(ZS@@INPRINT SPRINTSCARLLMINITS

RINT "NAME QF TEMPERATURE PROFILE DATA FILEY":“NINPUT A#
OPEN A% FOR INPUT AS FILE #4

THFUT #4:HANINPUT #4:R1

FOR KZ=1 TC0 NAMINPUT #4:Z24(K2INNEXT Kz

FOR Ka2=1 TO NASINFUT #4:TOREINNEXRT K2NOCLOSE #1N

IF L&>1G60 TO =Z@8

PRIHT , “TEMFERATURE IHFUT DARTA"NPRINT SPRINT L "Z(METERS)®.
PRINT "T. DEG. CYNFOR KZ=14 TO HINPRINT ;gldelaT(P')\NEkT K2
PRINTSPRINTNDINM Z244@@), FOl@a)d, Addad), B(1lad)

DIM Z4428), TLS@I, DIZSAI, EXISR), R(1BT)

GASUE Saad

PRINT SFRINT "HORIZOWTAL DICTHNEE aF THE GBJECT H{KM)=
INFUT HSW FRINT

s5=R1

£(10=3

PRINT "HORIZONTAL STEP SIEE‘(KM.) =";EIHPUT USSNPRINT

Ui=Ug
PRINT "INITIAL ELEYRTION RNGLE F¢ l)\DEGEEE“ﬁ"“=\INPUT Fa
F{ii=Fas37. 295¢
PRINT NFRINT
H=48
D1=8. 72665E~@G
Di=2+D1 )
L=N+1
I=a
I2=@

M=108x37. 2958

FOR K=1 TO L

Hi=@

X@=a

Ki2=1

FOR J=1 TO 1@e8

U=a

REM

REM RESULTS ARE IN METERH; BUT U IN CALCULATIONS 15 IN KM
GOSUER e@aaq

R3=R

IF J>1G0 TO Sea

IF K>1G0 TO Saa

CALL "NOSC"NCALL "SCARL*(-18Q@, -, a5=*R1. 568, 1. 3+R1)
CALL "APNT"({-i@@.8a.8,-3)

CALL "VECT"(&Ba.a8.d,2,4,1)

CALL "AFNT"{@, @, a,-3)
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CALL "VECT"“<{@8,R1,@,2,@,1)

CARLL "AFPNT"<(5&.R4, 8, -5

CALL "TEAT" (*RRY ELEYATIOH{METERS)")
CALL "AFHT"(-186,Rk1.8,-3)

CALL "TEXT"{"MAPFING AT")

CALL “"APNT"(~-186,, 95%R41, @, ~SONCALL "TESXT*("HORIZONTAL")
CRLL "RAFNT"({-164.. 9=*R1, @, -3 '
CALL "TEXT"«<"DISTANCE"]

CRLL "AFHT"(-1@6,. 85xR41, 8, ~5)

CRLL "TEXT"(STR$<HID

CALL "RAFNT"{-7@,. 85=+R1, &, -5)

CALL "TEXKT"C("KH")

FOR Ié=& TO R1 STEP . 1%R1)

CALL “"AFHT" (@, 16D

CALL "RFHT"(3,1@,8.-3)

CALL "TEXT"({&STR$(142)

HEXT 1@

CARLL "APNT"({XS&, . @S=R4i, @, -5)

CALL °"TEXT"({"PHI1G Xx&a @@l DEG")

FOR 18=-48686 TO 588 STEP @

CRLL "RAPHT"(I@.aj

CRLL "HAPHT®"(18-5, - B5+%R1. 8., -5)

CALL "TEXT"<{STR${I1&))

HEKT 18& '

FOR 11=1 TO 3

G=1. 3v@E-FJ

Ta=¥eEINCG)

2 TS=TS#qY1 24SIN(GEI T2 /6. 480RRE+AE+1 /2945 12-YI+SINCGI AEFL2E)

El=TSx{U+U1)"E

E=Ed 1@aa

IF RBS<E)>=1. GAAGEE-BT THEN SG@
U=u+uil

Ti=¥1/c88

A=Ti=xU"2 ‘

Te=Ya=xF{J) 1. &

B=T2xU™Z

TI=Y2A4EE8A-YAxYELSTIN(G) /2. 16BBRE+EE+138, 83V IeF(J) 72

C=T3IxU™4
Td=YI¥xF(Jax(, B12a21-YA+SIN(GY SZe@E)

. D=T4xU™3

N=SIN¢GI*(A+B+C+D I +E
Ni=1@@asxUsCOSCF 1) +ReSINCF (J))
K=gB+K1 -

REM COMPUTATION CERSES IF ¥ ENCEEDS H
IF XD10@8. 1+HGO TO 990 ,

Z1=Z(J 3 +1EAAFUASINCGE (J) ) ~HCOS{F (D)
K2={X-}E) /1000

Z2=-XZ4K2/12. 8

R=21-22

IF RCZLCKIIGO TO 982

2 IF RI=Z1(Kz+2) THEN &84

{(2=K2+415\G0 TQ 75a




2128
2158
2168
2178

1F R>=RQGO TOQ &90

IF R>»>=24<(K2) THEN €20
K2=Kz-14GO TO 75a

REMN

IF ¥£99% 9xINT{HIGO TO 7a@
IF H=1INT<H) THEN Zza@6a
I2=12+1

IF 1242460 TO 132@
Ul=H~INT{H)

- GO TO 5848

IF R4=8GG0 TO 2588
REM COMPUTATION CERSES IF EAY
REM . RICHRXIMUNM RAY ELEYATION?
IF RIRAGO TO 1585
HEXT 14

IF RXR1 THEH,K 15@&5
REHM
RE=K%Ui=Ug

IF R>R4 THEH 4585
2iJ+11=R
Hi= 2T+ T2xU"
+5. BRAAAGBE~-ASE TS
Wi=Wi+xSTH{G)
FLJ413=F{J)~Hil+¥1 6. 48REGE+BE
NEKT J '
I=1415Ud=1%EC I =F {1057, 255? BT =R
CALL “YAPNT"{iea@sg( I)-R 1)
G TO de@na

IF R>=GG0O TQ &8e
Hi=8

Fidla=F{ 13+01

Ui=usg

HEXT K

REM

REM

Le=1%G0 TO 4aaa

Ud=Ug

i1z=0

IF R<AG0O TO 25860

I=1+41
ACTI=F{1)
Belr=87. 29
R{Id=R
Lg=1

IF L.8¢{=
Le=50a
Al=M*R{T)

CRLL "BPNT"{(R4.,R)
REHN

IF R>SGO TO 844

LET RI=RMLET FX=F (1)
ARX=M+F 2

CRLL "RAPNT"{RI, RX)
GQ TO 4aaa ’

+4~;T cﬂU"c-h_u*{T»l-'iLl ) Alama

S8+AC1)

S8 THEN =za3a

ELEYRTION EXCEEDS




2508
2565
2510
2520
2538
2660
160E
KX
1A20
1636
4608
46a5
4EE7

4010
40820
4638
4046
4E5H
4566
5E6E
SEES
SEEE
SEE8
5819
5626
530
SE3S

- 5844

S@43
5858
Sa52
Sa54
2856
3858
SBed
sAe2
Sacd
SBe6
Sasg
sava
savi
save
R]LR
3874
3875
sawvy
s@ve
saga
saza
21aa
diia
Jiz@
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LET R{BI=RNF1=F<{1?
FS=57, 2958+F1

REM

Fé=txFil

CALL “"AFHT"(F&,R1)
GO TO iea@a

LET R2=R“LET F2=F{1)
REHM

RZ=M*FZ2

CALL "HFnr"fﬂz,Ra)
CLOSE YFANOQPEN ®"EAZ2Z" FOR OUTPUT AS FILE YF2{1@8)

MF2L@aI=FO\YF2(51)=H

YF241@53)=Le8\YF2{iad)=01+37, 2358
FOR 1=1 TO La\VYFz{ll= Bfl)\NEhT 1
FOR I=1 TQ L&

YFa(I+5321=R{1)

HEXT 1

YF2i1aX)=R{BINYF2{164)=L2

CLOSE NGO TO 70

REM THIS SUBRQUTINE FOR CONVERSION OF TEMPERATURE FFUFILE
REM TQ DENSITY TRELE. 2 IH METERS. T IN DEGREES C.
REM CALCULATE ALSO DTADZ, DaT /D22 AND DITADITX

IF Lg82>3i THEN 5148 :
CRLL "INIT®
CALL "HOsc™ ' :

CALL "SCARL®"{~-35, - @S+Ri, 46,1 S+R1)

CALL "RPHNT"({~-%5,&.8.,-58) -

CHLL "YECT"(75,8,8, 2,6, 1)

CALL "APHT"{(25,. 1=*R1.8. -5

CALL “TEVT"(“TEHPERHTURE cna

FOR I1@=-35 TO 486 STEP &

CARLL “RAFHNT"{1@G,d)

CHALL "RAPFNT"(1@, - a5%R4i,Hd,-3)

CALL. "TEXT"{STR${(181)

HEXT 1@

CALL "APRT"{@, &, &, -5)

CALL "WECT"({@&,Ri,8,2,0.1)

CALL "APNT"{Z.Ri.8.-8)

CRLL "TEXT"({"ELEYRTIOGN{MI™)

FOR l@=@& TO0 Ri STEP S8

CRLL "RPNT" (&G, 1@}

CRLL "AFHT"{-4, 14.,@,~3)

CRLL "TEXT"({STR${1&))

NEKT 1@

CRLL “"SUEBP"({1@)

CRLL "APNT"{~-1@,1. @5+R1.8,~-3)

CALL "TEXT"("TEMPERATURE PROFILE")

FOR K2=1 TO NANCALL "APNTO(T{KZ). Z1CK2IINNEXT KZ
CALL "ESUE"

CRLL "TIHME"<{(Z@a)

CRLL *TIHR"(EX)

IF EX<>@ THEN 51ie@




818
5146
5143
5156
S1c6
s17e
3475
5180
5482
518z
3183
5198
szaa
Sz1e
s226
.DZ2za
S2x2
3234
236

5248
3254
S268
az2rve
]
S5z00

k]

4

AR AR
)

AL L n
Ind Ia) 1a) 1nd a)

Anunnn
RO IRV RPN IS I N
PR R
[r Y41 QN U N I

Ind 1a) 1) 1ad dal 1ad a2 10} tad i) i}
000~ N B a1 0O
DI B v IR R B B o Y

[4

AN A A A RS A A R R

-

o
S
]
Ly

5418
5420
5430
5448
5445
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|

CALL "OFF"{41@)

REM GENERATION OF TEMFERATURE DATA AT 1 METER
REM INTERYALSC INTERFPOLATION)

Zi=-1

Le=a

N2=Ni-3

IF L8314 THEN 5185

CALL "SUBP"(20)

CALL "AFNT"(-18,1. @5+R4, 6, ~5)

CALL "TEAT"<*INTERFOLATION OF TEMPERATURE CATA")

QFEN "TE" FOR OUTPUT AS FILE YFi{1@@ad)

FOR Ja=1 TO M2

B@=T(J2)

BA={T{J2+10~ER) /4244 J2+4)~24(J2))
Be=T(J2+21~BA-E1+(21(J2+2)~Z14J2))

B2=EB2/((ZA0J2+2) =240 J2) )¢ ZA¢J2+2) =240 J2+10))
BI=T(J2+3)~Ba-B14 (214 J2+30-244J22)
BI=EI~EB2#(Z1(J2+2)1~Z4(J2) 04{ 2L (J2+TI-Z1{J2+1))
BE=RBIZ {24 J2+23-24{J223#{ 24 (JE+X2)-21CJZ+1))
{24 {Ja+32 =210 JZA20} .

FOR Ki=1 TO 5@

23=23+1

1F Ja>=(Ni-Z)G0 TQ 5296

IF Z3{=24(J2+21G0 TO 53416

GO TO SIeH

IF Z34=Z4(J2+3IG0 TO 5316

GO TO SI66

L2=La+K1
Li=L2+2@aasle=Le+4a0aY
YFL1(L2I=BB+E1%{23I~-21{J
WELCL2)=YFL(L2)+EI (23
#(ZI-Z10T242)) A
YFLLLII=B1+E24 { (Z3~ZA(J2) )44 2E~TA(TE+1) )
YFACLII=YFA(LI) 4B 2324 (T2 14 {ZT-F4(J2+1))
YFACLII=YFA(LI ) +EI#{Z3-Z4 ¢ J2) I {ZT~Z4(T2+E))
YFACLII=¥FA LI +BIH (23 ~24(T2+1) )4 {ZE~ZACT2HED)
YFA(L4)=2#B2+Z4BT ¢ (ZT-2A¢JE) ) +{2I~21¢J2+1))
+ZE-ZA0T24E) D)

YF1(L5)=64E3

YF1¢LEI=Z3

REM L2=1 CORRESPONDS TO Z3¥=@

IF L&>1 THEN S3s@

CALL "APNT"(YF1{L2),23)

MEXT K1

Le=L2

Z3=23-1

NEKT J2

IF L8>1 THEN S46@

CALL “ESUB"

CALL "TIME"({z@@)

CALL "TIHR"(ES)

REM COMPUTATION OF DENSITY AT 4~METER INTERVALS
IF ES<3@ THEN S4i@ |

CALL "OFF"(za)

CALL *INIT"

La=Lz+cpaasLe=L2+2008
23R ZT-TACT2IIF(ZI-21(T2+10)
~Z1{J2YIe{ET-FLCT2+LD)
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CALL “NOsC*

CRLL "SCAL"{-.4,~. 85%R41, 2,41, SxR1)

Te=a

P=33Z 3/{NFl1i1i+2

D(11=P~1.15

Ediy=0

REH CALCULATE LIMIT ON M FOR SUBSEGUENT FOR LOOF

Da=Z1¢H1>

FOR 1&=1 TO 5@
Da=Lz~-4

IF Dz<a6n T4 S56a@
HEXT I&

Hl=18

IF L&>1 THEN 5589
CALL "SUBp*(Za)
CRLL "APNT"(@.a,6, -5
CALL "YECT®"<(Z,6G.6,2,8,1)

CRLL "AFNT"(4. 45, . aS+R41, 6, -5)

CALL "TEAT" "DEHSITYIKGACU M) "3

FOR 1d@=@ TO 2 STEP . 2

CRLL "RAPNT"{1@.@)

CALL "APHT"{l@- &5, - 83%Ri, 3., -5)

CALL "TE%T"“CTF¢f191J

HEXT 1@ '

CRLL "RFNT"{@, @, H, -5)

CRLL “"YECT"«G,. SR1.6, 2, 6,1)

CARLL "APHT"{. @%.R41.48,-5)

CALL "TEXT"<"ELEYATIONIHMI )

FOR i@=& TO Ri1 STEPR 54

CALL “"APHT"q@, 182

CALL “"APNTY"{- iV.1@.6,-5)

CALL "TEXRT"<{STR${I18))

HEXT 1@

FOQR MZ=2 TO M4l

Ji={HI-20+4

TE=TE+. SANVFACTL4+1 4272 +1 A VWL T4+ 427X
TE=TE+LANFL I+ 42730+ AP L TL+42+273)
TE=TE&+, SAYFLI(TJ1+D)+271)

EZ=EXP{(~ BI424%T&)

Ha={MI-1*4+1

2R3 qfk%FlkN IFETIIIRES

D{MTI=p-1. 45

E{MZ) ='H£ -4 %4

IF E{HMII)MRAGE TO qu@

IF L8>1 THEN Svaa

CRLL "APNT"<{P,EIMI))

NEXT HZ

IF L8>1 THEN S5&an

CALL "ESUB"

CALL *TIHE*<&@a)

CALL "TIMR"{E4)

IF E4<>@ THEN S7Xa

)




5756
5760
S5e@6
6660
cao1
caaz
6840
coza
€6za
6040
casE
6Ee0
&370
6cas6
6E90
1686
6128
616
£4148
6158
G1e6
&£178@
6172
6174
G176
&ig@a
6198
G268
6216
6228
&23a@
G24B
6258
G2ea
278
628a
6258
6166
63i@
6328
613

@
f

WO 0O = TR e
@ w

64068
641a
642a
64xa
6448

O Oy OV Oy O
IREA AR AR AN

G9=9. 81\E9=%. 49BRBE~AINCI=T#1

CALL "QFF"(x8)

cart “INIT

RETURN

REM THIS SUBROQUTINE 1S TO CALCULATE THE FIRST THREE
REM DERIVATIVES OF DENSITY AND VELOCITY.

R=Z¢J)

J4=@

Jd=J4+1
Me4=(R~YF1{J4+8aAAI I/ (YFLIT4+E@BLI-YFL{J4+2EET))
IF M4>1 THEN c@za : '
Le=Jd4MLI=L2+zaaan\L4=L2+4600
Lo=Lz+é@aaNLe=L2+8000

[xn]

g
TE=YF1{LS) ‘
T2=YFi{L42+Md{YF1{Ld+1)~YF1{L42)

IF L23=L@~2 THEHN &1Zx@

GO TO &44a
La=L@-2\Lé=L2+8@aaNLI=L2+2000
GA=YFL{LEDNGL=YFLLE+1INAZ=YFL{LE+E)
CaA=YFI{L2)NCI=YFL{L2+1IN0CE=YFL(LE+E)
GOSUE Foaa

Ta=4g v
CO=YFA1{LZIN0I=YFA{LEI+10502=YFL(LE+2)
GOSUE Foaa :
Ti=%9

Jag=@

Jd=J4+4

Hd=(R~ECJ41IACECT4+1I~E{Td))

IF Md4>1 THER €436

.2=J4

IF L2x=Mi-2 THEN &25@

GO TO &258

l.2=Hi1-2
GE=ECLEINAI=ELLZ2+1INQE=E{L2+2)
Ca=DLZINCA=D{L2+40NC02=D(L2+2)
GosUe Faga

Fa=YS+1. 15
Pi==-PA/TR+2TII(TLI+GI%ES)
Pe=(~Pl+Fa*TL/ {TE+27ZI I (TI+GSEI A(TR+Z7I)
PE=P2-FE+T2/(TR+E7X)

PRz~ Ti+G3+BR)#P2/(TE+2T )
PR=PI+{T1+G9+EIF1sTL1 {TO+2Z7Z) "2
PX=PX-P1+T2/A{TR+2I7]

(3

PI=PIHCTI+GI*ES)w (FALTI4+TLNPL) /(TE+Z7II "2
)

PI=PI-2#{T1+G*+ER)+PETLI72{TA+27X
PI=PI-(PE:TI+T2HPLIS{TE+2T)
PR=PI+2+PASTIHT2/(TR+2TIIT2
Y=CQ{1l-~-2. Z26BGAE-G4=xFR)

Yi=-2, 26808E-@4xCO9*P1

Ya=-~2, 26B808E-G4x094P2

Y3=~-2, 26HBQE-04%CS%P2I

RETURN
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- veaa
7616
7820
7620
7040
eaoa
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B@=Ca

BA=(Ci-BRI/(Q1-QE)
B2=({C2~Ea)~-Bix{(QZ-0@)) /A (Q2-CE) % (G2-(1))
Yo=pAa+R1# (R~-GEI+E2# (R~ 4 (R~0(1)

RETURN '

EHD




REF
a1
az
ia
26
xn@
4
)0
6@
va
&a
S
1aa
i1a
iza
13/
14a
154
le@
iva
ica
134
2ea
2148

- 2z2a

238
248
254
268
27
280
29a
xan
i@
Iza
KX

346

354
Ie@
xva
Ise
234
4a@
4ia
4280
L X{C
448
456
ded
47a
480

ENDI® ¢ 2 )

D

REM THIS 15 IMAGE REFRESENTATION FPROGRAM
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REM UWISING TRANSFER CHARACTERISTIC CURYE FROM MAFPFING PROGRAM

GO TR Za

CHAIN "EAZI" LINE &

DIM X{S@), Y(58), F(S@), FAL(2a), F2(26)

DIM RAOSEI.FECZI, F4{8) . FR(2), FRIED

DIM FPiS@), R7(SE), FS{28), FE(2E), WSCZA), Wa(26)
CRLL "INIT®

CRALL "SUBP"{1aa)

PRINT SFRINT "SCALE RANGE (HDRIZDHTHL AXIS) " SIMPUT NS,

H&

FPRINT SPRINT "SCALE RANGE (YERTICAL AXIZO"; “INFUT NY. NS

CALL "SCAL®{NS-46, N7-5, N6, NE)

CARLL "AFNT" (NS, N7, @, ~-3)

Yi=. FH(NE-NT)

CALL "YECT"(N&-HG, @, 6, 2, @, LINCALL "APNT " (NG. N7, 8. ~35)
CALL “"YECT" (@, %1, 8, 2.8,1)

FOR 1@=HS TO N& STEP . 4#{NE-NIINCALL "APNT"(IG. N7)
CALL "APHT" (18, N7-2, 8, =S05NCALL "TEXTU"(STRECTIAY INHERT
FOR 1@=N? TO HE& STEP | A+ {NE&-NVINCALL "RPNT" (NG, T8

1a

CALL "APNTY(NS-X. 5. 16, 6. ~S)NCALL "TEXTY(STREF(IGYSNNEXKT 16
CALL "HAPNT® (NS+. 8 (N&~N%), N7=5, 8, -S)5TALL "TEST"("HMETERS")

CARLL "APNT" (NS-7, N7+, 88v1, B, -SONCALL YTEXTO (MRS ")
CRLL "ESuUB" :

OPEN "ERZZ2" FOR INFUT AS FILE YFzZ{1@8)
Le=YFa{iad4inLa=yYFazlila5oN\Di=vF2 (18D

FOR I=1 TO LENRECII=YFEOIHS2IMNERT

FOGr I=14 T0O LENF{II=NF2IIINMNNEST 1

IF F{iy{== 85 THEN ZI7vV@

IF RC2I{R{1) THEN Z7@
FL@ai=F{1i={(F{2)-F{L)IxR{LIA(RCZI-RCLIINE (@Y =1
DR=F{2)-F{4)

IF FL@d2>{F(1)-D%) THEN ZZ@

F ay=F {103

La=LS+1

FOR I=1 TO LSNFA(II=F{I-DINRTCOII=ROTI-1DNHERT INPRINT
FOR . I=1 TO LENFCII=FV¥{IINR{TII=RV (1)

HEXT 1

GO Ta zza

FLap=YFa{a)\RIa)=VYF2{1083)

HI=WF2(531)

OFEN “ER42" FOR QUTFUT AS FILE YFR(2INVFI(@)=LE
®=NS4Y=N?

CALL “APNT"{X. %)

Xi@ry=xiyigir=y

CALL “"TRAK" (¥, Y)

Va=NI+ S#(H&-H3)

CALL "APNT® (Y2, N7+ 1s¥i, 1. -5)

CRLL "SUEP" (i)

CRLL “"TEXT"{"SAYE")

CALL "ESUB" o

SPRINT




LTINS N e T ATty

496
S500
546
520
530
540
556
566
G E
566
590
G0
616
€26
30
640
656
660
670
680
&on
e

AR Y|
Ty iR e BB

aa}
B I B e B I R R e

750
L
818
aza
23a
g0
5@
260
v e
G
go@
S6a
a1@
920
93@

s4a

2356
9ea
sva
sga
238
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CALL "APNT" (%2, N7+, 7441, 4, -5)

CALL "SUEBP"{Z@) |

CALL "TEXT"<{"YECTOR")

CALL "ESUE"

PRINT “PRINT

19=6 :
FRINT "HIT SUBFICTURE (YECTOR) FIRST EBY LIGHT PEN"SFRINMT
CALL "LFEN" (i, T)

IF H=@ THEN S6@

1IF T=1@ THEN &@@

IF T=2@ THEN 61@

GO TO 77A

CALL "TIME" (12@)NCALL *OFF"(2@)

CALL "TIMR"(E)

1IF E<3& THEN 6€z@m

CALL "DON"26)

z=1

IF H=fi THEN 736

19=19+1

CALL "WECT" {X-X1,Y-Y4, @, @, @, 2)

Hi=RNy1=Y

HOT2I=RANY 18 =11

FRINT "N4"5 185 ")="; 80180, "9¢m; 185 "o="; v {15)
G0OTO TR

N=1

CALL "APNT" {5, %)

KA=xs Y=y

PRINT "84 19: *0="; 80180, "9 (o 185 “)=";¥(15)
CALL "LFEN"(H, T2

IF H{MBGE0 TO 778

GO T SE@

CALL "TIME"{i2@)5CALL "OFF " (18)

CALL *TIMR"(E)

IF E<>@ THEN g1@

CALL “DON® (4@

CALL "OFF"¢2@)

CALL "INIT®

CALL "NOSC"SCALL "SCALY(-. 85, - @S5, 5., 5)

CALL "APNT" (@, @, B, ~S)NCALL "YECT® (. S, @, 6, 2, 8, 1)
FOR 1@=8& TO .S STEF . BSNCALL "APNT" (1@, &) |
CALL "APNT® (1@, - @2, 8, -S)NCALL "TEXT"(STR$CI1E))
NEXT I@G5NCALL "RPNT®.

CALL "APNT" (@, -, @5, @, -S)NCALL "VECT (. . 4, 8, 2,8, 1)
FOR 1@=-. 85 TO .35 STEP . @S\CALL "APNT® (@, 1@
CALL "APNT" (= @3, 16, @, -S)\CALL *"TEXT"(STR$CI@) )\NEXT I@
17=6

CALL “APNT"(-. @5.,. 33, B, -S)\CALL "TEXT*(*DEGREE®)
REM Ci=MIN OF R{1),C2=MAN OF R(ID

LET C1=R{1)\C2=R{1I\F1=F{1)\F2=F{1)\K=1

09=a

FOR 1=2 TO LS

1888 IF R{I)>=R¢1-1) THEN 1826

15J~.335;@;—5)\CHLL-"TEET“(“DEGREE“)'




1640
daze
1022
1025
1630
1640
1650
1066
1676
1675
1677
1080
1@81
1662

MRLE=K

i@84d
1625
1686
1@a8y
iaeg
lags
1024
1621
1652
183z
1624
1635
1894
1a37
1628
iazg
1180
idiad
1iaz
146z
1164
118&
1l1ag
114a
iiza
14X@
ii4@
1458
1468
147@a
jdiga
1198
1z2aa
1246
12z
1238
1248

1G7

09=0%+4502=R{1)50d=F{I1I5FA=15G0O TO 4625

IF 0%2=1 THENW 1646 “0X=Ci04=F4

F1=1

1IF 0%>=1 THEN 1846

Od=R{I2%02=F{1)

IF R{13»=02 THEN 4876

1IF R{I)<=04 THEH 1666 G0 T0 1626
CA=R{IINFA=F (IGO0 TO 1624

Cz=Rq1INF2=F(1)

IF 0Z>0C4 THEH 1aga

Qi=Cca~0z=Fz

HNEXT I%G4=04%1F Pi=L2 THEN 1ig% ,

IF FAPA+A )= FI(P4)+04 ) 2=4, poa@aaE-ad THEN 16
IF FI{PA1Y-{F{Pi1-12+D41) =1, apaaae-a4 THEN 4181
Gd=04%G0 TO 412
Gi=@N0d=F(Fl-21+R{F4-2)x{F(P1~1)-F(P1-2)3/
(RI(PA-2)-R(P4-120

1IF Q42F(P1-13+01 THEH 41685 SNGO TO 1884
d=F{Pi-10+D01

B4=F (FL1+1)~R(F1+1)#(F (F1+1)~F{FL) A(RCPL+1) ~R (1))

IF Q4<F(P1Y-D4 THEN 1822 GO0 TO 1a35

Qd=F{P1r-Di"G0 TO 41625

0Z=@0d=F {P1=-1)4R{P1=-1 3 {F{FLI~F{P1-12) AR{FP1-10-R(F12D
Qd=F{P1+2)1~RI{FP1+2)4(F{PL+Z)~F(PL+1) ) ACR(IPL+ZI-R(PL+13)

IF Qd3F{P12+D1 THEN 1ﬂ3 “E0 TO 1823

Od=F{PL1r+Dd ‘

IF B4LF(P4+42~-D4 THEN 1624 NGO TO 18525

Qd=F{F1+13-D1

FRINT "Pi="; P4, "Qd="; 04, *F{P1I=";: F(PL25C4=03Fi1=04
Lo=L9+2%FOR I=1 TO LSNFFCIISFLIONRT(I)=R(OI)

IF F{I2e=04" THER 1638 SNEST 1

Pa=INFRiP2)=45R7P(P2=0%

FY{Fa+1)=04R7{(F2+1)=0Z

FOR I=P2+2 TO L3

FPela=F{I-2a\RV(1)=R{1-2)

NEXT 1

FOR I=14 TO L2

Feld=F7{IXR{11=RF({1)

NEXT 1 :

PRINT "MIN OF R=";C4; "Fi=";F4."MAs OF R=";C2; "F2=";F2
FRINT "LOCAL MAX OF R=":;04, "PHI AT LOCHAL MARX =";02; "DEG. *
PRINT "LOCAL MIN. OF R=";03."FHI AT LOCAL MIN. =";04; "DEG. "
Lé=@N18=0\9=a '

FOR 18=1 TO 12

LS=@ .

1IF ¥{1&)<C1 THEN 22608

IF ¥{1&~-1)>C1 THEN 127a

L&=0@ _

17=17+1

F2C(le-1)=FiNF4=F2{16~-1)

M=K 1E=1)+{CL-YL 18- 2 (¥{IE )~ (1&-1 D) AW (TG -Y(IE~-12)
FA{I@-1)=X2+57, 298801888 HIINFE=F1{I&-1)

CHLL "APNT"(K+FX, K&#Fd, 8, =-5)

FRINT N\PRINT

1,

it o
oF
LN




1250
1zea
1278
1286
1256
1xaa

AT T

Y
B A Al Lt el LY L
L Q0 = e L

(1%
o3OS T Gy RN

141@-

146
143m
144a
145a@
1466
147a
i4oa
142@
1566
185418
15za
1938
154w
1554
1568
1578
156a
1546
1ca8
1683
iela
isz2a
isz1
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FRINT “Fd40"; Te=4; ")="; FACI6=-4), "Fa("; 1€=-4; ")="; Fa2(l¢&~1)
FEICITH=FA{IE=-a)0NF40I7)=F2(1&-1)

I=8@

IF R{1)=C1 THEN 1Za@

GO TG 1406

IF 1e21 THENW dez@ “FL{B)=xX{@)+57 2258/(1a80+HX)
I=T+1NIF I12=L2 THEN 1ZZ6

GO TO 1z4@

FRINT "CHECK STHTHMENT Nﬁ 1XABYNETOR
GY=RES{Y (B -R{IIINGE=ABRS(R(I+1LD-Y (@) )
GR=G7+EENGE=ABESIR{T+13-R (13D

“IF RESCGR-Gedd. goaaaE-ad4 THEN 1214

M=GP A AGENFZLE)=F (T +Ma(F¢(I+1)~F(1))
I1=8

GO TO dezn

IF ¥{1&6)<{=R%{1) THEN 153Z@
F2{le)=F i) \Lo=LG+1%T8=TE+1
IF ¥{Ie-13{=R{1) THEN 14&a
FA{Ig)=x{I62#07, 2008/ (1000
FeCIBI=FE{2INFR{I8I=F2(2)
GO TO 1488

*HI)

BPs®lIe-1)+ (I8 ~d{T16-1 0 2 (R{LI - TE-LD D /(TR - (TE-10)
FALIGI=R®VHET, Z95§E(1E@@*HEJ

SOIS)=FA (I \FROI8)=F2{1I&)

IF I8{>2 THEHN 41528

GOSUE 2356

1g=8 _

GO TO z21ca

IF ¥{Ile-1)<{=R{1) THEN i&za
IF ¥{I&-23<=R{1) THEN 157@
FR{I=Fa{ZIWFRCI8)=FRC2)
IS=IE+1

GOSUE z22z2R

GOSUE 2'36

GO TO dez

IF Rf'3’F 13 THEN 1icz2@

IF C&=01 THEN 1&z4

GO TO 16zXa

IF ¥{16){=01 THEN 1&2ZX “I1F Y{(Ie-1)2>01 THEN 1&23
FadIgy=aznYa=01%G0SUE Taza
FAlIgr=las\Lo=L3+iN\G0 TO 2ied

GOSUR X564

GOSUR Za2Xxa GO0 TO 1eX@
LS=LS+1NIF LS31 THEN 1648
Fadler=0z
Fi{1e)=x{1&)207, 2938/ (1aaa+HT)

P GO TR 216w

L3=LG+1

IF LS>=2 THEN 1¢en
GO TO 2i46a

IF LS=2G0 T0 1bu@
GO TO 1&4d4a




leza

ie3a

1691
le2z

1623 Ya=

16534
1635
ivaa

S aval

17E5
174a
1742
1745
ivie
1747
2@
170
174a
A7V
ivea
1776
ir7aa

R

IR iy

Py e 33 W0 G

[l xa B o f Bhg e
oo o

1850
18ea
1870
188@
1830
19464
124a
1912
1914
1246
i19z@
1%3@
1946
1254
19&R
i87a
159¢a
1838
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IF R{2I<{R{4) THEN zz@a .

IF ¥4{16-1)20% THEN 4624 NGO TUO 17en

IF Y9{1&6-4)<=04 THEN 417@3 “IF Y{I&)>01 THEN 1716
FI=FS{1&-1IF4=Fa(16-1)

QANGOSUER a9 SNFS{Ié6~1)=lda@

FELIE~1) =02 FE=FS{16~1)%Fa=F&(1a~1)GOSUE Z1za
Fi=F5{le-1)"Fd=Fa{le~-1)

IF ¥¢16)40% THEN 1728

IF Y¥(I1&)2=04 THEN 471@

GO TO zava

Fedley=02"Ya=01GA5UE Za24a

Fo(Iel=HA

GO TG ziaa
Fedlad=02%Fal1el= XfIE) SV, 2Eas/1aaasHI)
GO TO 2160

HE=0INGEO05UE 38
FR(Iel=HE " Fe(l&l=04
FiI=Fa{l&-1) \F4=Fe{le&~ 13

GO TO 24ed

IF Y{Il&)<{0X THEN 17V&a
GO TGO 1oz

IF Ie<>I% THEN 1Zzd
IF ¥{1&320% THER 41758
IF Y¥{1&-12203% THEN 4724

GOTO 1oz26

FI=F3{l&~- 13xF4=thIF 13

FO=r I3V, 2358/ (iua@xHIINF&=04

L&=3%G0 Tﬁ ”E"B

L3=3%G0 TO 27ia

IF LS«<X THEN Z@Bg

d9=He+1%IF WE3e=2 THEN 1838 SWG(I&-1)=F5(Il&-1)
IF 40304 THEN 1842 GO TO 184%
WE{T&-1=045\G0 TOo 1858

e

¢ WECAE-1)=FE{1&~1)

Fi=WH3{le-1)\Fd=Na{le-1) _

IF Y{Ied{0x THEN 1888 NIF ¥(16-1)<0X THEN 1
GOSUR X238 NGO TO0 134@ :
IF YW{1&-13{03% THEN 1%3Z&

WelIge)=0G4d

YE=0INGOSUE Za2a

H3{Ter=Na\Gd TO 1268
HE{T&6~1y=04\Fd=Na{le-1)

Y@=0I\GOSUR 1@“@

WS TEe~-1)=HENFI=UHG{16~-12

GOSUE ZX2XTe NGO TO 1348

NE(TEI=04%G0 TQ 1238
WECTEI=FO T )+ (FOTI+10-FC(1))
HS(TE)=K(TE) 0T, 2958/ (16688%HI) :
FRINT "WS{("; 16-1: ")="; NSAT6-1): “W&E("; TE-1; " )="; N&(I&-1);
FRINT "WS(": 16 ")=": WG(IE): "HE("; 16 "d)="i Ha(lg)
Fa=HB{I6INFe=He{16)\]1=08 :

GO TO ae7@

W

iz




L 2paa
2@i6
2023
2836
2646
258
2B6a
267
2a84a
2650
24060
2148
24iza
2125
21318
‘2144
2150
2466
2176
Zie8
241928
2288
22418
Z2z2a
223d
2248
22548
220
2278
2275
22en
2296
pracq cit]
231G
2324
2321
2329

2468
2476

FELIE-1)=04F4=F&{I6~1)

YE=0ZNGOSUE 28268 “F35(16-1)=WasF2=FS{I1&~1)

IF v{ler{=04 THEHW z@ava
FELIRI=02\Fa=F&(]1&)
Ya=04NGOSUE R4
Fadler=WasFa=Fa3{1&)

GO TO 2168

FROIGEY=X{]& 157, 29821 000:4+HT)
GOSUp Iz3o

FELIAI=F{ I +Me{F{I+10~ Ffl)l

PRIHT "FS("; 1&-4:"a="; Fa{l&-12:"F
PRINT "FS("; I6: " )= F3{1€2; "Fel";
Fﬁ="=f1£7nF¢ FEile)
Fi=FS{le~13“Fd=F&{l1&~-1)

Go Tﬁ 2678
Fadlai=F{Iy+Mt{F{I+1)~ Ff])i
FA{I€r=A 18 x07, 2058,/ (1088+HT)
FO=FA{leINFe=F2{1&)
Fi=Fi{la-1)\Fd=F2{16~-1)

FRINT *FA{"; 1 "= FA41&), "F2q(";
GO TQ 2e7a

Lé=L&e+1NIF LeZ=2 THEN 2218 MCS=F1(Ile-1)NCEe=04

Fi=Co Fd=06
FE=F{I1)+Mu(F(I+1)-F{I)INCE=F&

FO=x I8 )+37, 2238,/ {1888xHTINCS=F2
PRINT “FI=";FI, "Fd=";Fd, *FS=";F&.
GO TO 2574

IF ¥{I&-43<Cd THEN 22.5.

GO TO ZZ2E

IF 9{I8)<=01 THEHN z7ig

&
I

FESELY

Igs "d="iFallen

"Ff"'" ; Ft‘

FACIgr=K{I& )57, 2958/ (168B+HIINFI=F1{I&)

Fell6)=FiNFE=F2(16)
FE=F1{16-1)\Fd=F2{I16-1)
LE=2°G0 TG 2676

IF R{2a<RO1L) THEN 2323
GOSUR xGag

LO=L3+1

Iv=17+1

IF R{13=0C4 THEN 2xVva

IF ¥{le-1)<=R{1) THEN Z2IVa

Gasug z3za
F2{led=FinF&=Fz2{1c)
IF Yd¢le~-102C1 THEN 2448
Xe=X{162
Fiflé DI1=0{J&-1 2257, 2
2EIE=-1d)=FiNFd=F2 (It~
PRINT L ENEER O PR L
GO TO 2454
HE=X(IEI+(CL1-YIT& )X {Ile=-1)-K{lE
FA{I6)=Xg457, 2208/ (1806+HIINFS=F1
FRINT "Fid": 16: ")=";Fi{lg), "Fal™;
FECIZ)=F1{183WF4(IVI=F2(])

a5
1)
i F

&/ 1eaaEHIINFI=F1(1&6-1)
A(le~13, "Fadr: Je-2: "

AT E-1)-Y(1E))

LI8)
1&: ")=";

"ilE=A M=t

110

Fedla-13:

Y= F2(16-1)




2810
2648
2654
2eel
2670
et
26594
27Ea
2716

2745

IF 17=2 THEN 2560
GO TO ZE6H

IF L8=1 THEN 2536
1F Lg=2 THEN zZ54a

G0 TOo 2556

Z2=6560 TO Z5e@ )
Z22=4%G0 TO 2560

2=z

CALL "APHT" (KaFX{17~ ~10, KAF4 (171D, @, ~5)
CALL "WECT'(K#{FI{IVI-FI{I7-100, K{F4(IVI-Fdy I.~l3) @,

IF 1842 THEN Zedd
Gosue 2538
IF Lé44 THEN ZelXa

A CALL "APNT® (K05, K+Ce, @, ~3)
CHLL "YECT"{K#{FEZ{I7I-C50, Ka{Qd-C&d, B, 22, @, ;
CRLL “”EFT"fh*'F7f1)*F£(]TT),@aﬁ L2, Ha _
FRINT "I7="%; 17:; "FE{IT0="3F3{I7);: "Fa4{IF)="3F40173;
FRINT "FE(I7-40=": FI{IV-10;: "F4CI7-40="; F4(17-1)

Fi=Fidile-10Fd=Fz{1&-1}

17=

GOSUE Ziza

FRINT "L5=".L3

IF La>=X THEN 27418
GO TO degs

HE=®T 1&

STOF

IF L@=1 THEN Z7¥3a
IF L&=2 THEN 27¥7va
IF L&=% THEN 2720

CHLL "DSAVY"{"TELX"INPRINT MPRINT
GO TO zg@e

CALL "DSRM"{"TEZ"INFRINT SFRINT
GO TGO zaaa

CALL "DSAY"("TEZ"INFRINT SPRINT
IF L8<XG0 TO 28c8

CALL “"TIME®" {ZG@)

CRLL "TIMR"{EZ)

IF EX{>@ THEN zoza

CALL "RSTR"{"TEL"INCALL "RETR"{"TEZ"INCALL "RETRE"("TEIX"D

GO TO 28ez
CLOSE NGO TO za

FRINT "DO 40U KNOW HORIZON <% OR NI": NINFUT L#

24 IF L3C"Y" THEN 227d

Lonll o las se BisBval
3 =g Oy T Ty T

R AR LR SR S E TR L
Do iiscy BRE « B o'n MRS B # 4

FRINT "ENTER HORIZON HNhLE (DEbFEE 10

CALL "APNT"{@, H3, @, -5

CALL “VEET"(.S;@,@,SJEJ4)

CALL "APNT" (. 4, H3+, @15, 8, ~&)

CALL "TEXT"("HORIZON®"INFRINT NPRINT

FRINT "EEFORE RUNNING THE FROGRAM AGAIN YOU HAVE TO FRINT.®

FRINT " CONTROL C*
PRINT ". R DELTHF *® :
FRINT ".R BASGT® "SPRINT NFRINT

A

NMINFUT HE

111

e

<o




29114
29248
29%@

2944

CLOSE MNSTOFR
Fe(le-1)=F{1)
KE=K(16~40+(R(16)~
IYCIE=-13-Yi16))

Fiadlea-1)=xex57¥. 29524

ALTE-

1EEG$HE)

a¢n

13r#(¥(16~1)~R(1ID /A

sTE: %)

=10, K FROTED

2358 18=18+1

2355 1F 12=2 THEN z36a _

2956 18=1%FeCI8)=FECZINFRCI8I=FS(2)S
2968 Fa{I2)=Fi({I1&-43FI(]12)=F2{16~1)
2588 RETURHN

2%%36 IF Le=1 THEH Zaza

x@es IF Lg=2 THEN z@Zd

i@ GO TO X444

G20 Z2=e%G0 TO A48

e3xa Zz=4%G0 TO X645

eda Zz=2

IE45 PRINT ; "Fad";: 18-4; ")="; Fa{l8-1);
ade PRINT PF3(®; 18-4; "=":Fo{la-1);:"
347 PRINT *F2{%; 18 ")=";F2(1a)

@56 CRLL "AFNT®(K=Fa{l1g-1), K*F3{1&-1). 8, -5)
el CALL "YECTU"(K#{FE(I&8)-FE(lE

IE7E Jo=a

@86 RETURN

B30 A=k {]l&- l)+f?H Tf

Tian
X146
3126
g Mrd 1
3146
X156
X166
ziva
Tigm
196
I2a.
22ia
226
2238

x240

1258
260
v

18 L,
f

3 A~}
[

X234
x2an

286
b

=R FECI8);

112

—Fadla-1)). 8, 22, 8,

Te-10 )X (Ia)- F(]P‘l)) Y CTIEY=-Y{IE~1))

0 PR P

Wa=X@+S57, 2858/ (1880=HT)
RETURN

IF L&=1 THEN 3I45@®

IF Lg=2 THEN Iié@

GO TO 3176

Zz=E\E0 TO I1g@

Zé=4\60 TO T1&E
Fa=FS-F1

Fa=F&-Fd

CALL "APNT" (K#FX, K#Fd, &, ~5)
CALL "YECT" (K#F&, KaF3,
RETURN

1=1+1

IF I»=L% THEN 271i@

GV=RABS(Y{I€)-R(1IINGE=ABS(R{]+1)

GS=G7+GS
GE=ABS(R{1+1)-R{]

1)

IF ABS{(G2-G&)>1. @RARAE-84 THEN

M=GV G
RETURH

IF ¥{16-13<{=04 THEN
IEE \NFidl&-
Falle-1)=0a2\FS=F1{16-1 I \FE=F2Z{I&6-1I\GOSUE

Ya=01\GOSUE

Fi=Fid{le~1)\Fd4=F2
RETURN
END

1)=Wa

(le-1)

Iz2x8

FI=FS\F4=F§

=Y¥{1e))

3540 AFI=F1(16~1)\F4=F2(16-1)

Iiza
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REM CUBRIC LAGRANGE INTERPOLATION FORMULA IS USED HERE
> REWM TO INTERPOLATE UNEGUAL SPACED TEMPERATURE INFPUT

. REN DATH.

RERERERERERERERERENERE LR LS I LR LELE LN (R LR AN & WIS EA S Sy TR TR TR PRy ER R, O N1 I SRR R A
COO0 G0 =) D0 L Pa bl Do P 030 40 €0 = = 0y L0 B bed B PR RS CSORD G0 e Ofy O B L DO R D MO O O O 05T LR

I R R e R e R R R R - R e U GRS I o R A B BN R

[ S
00 0

LR R P

call "INIT®

DIM 2(S5a), T{5a), .
DI Pﬂ(lﬁl).E@alBl.
PIM T1{ZEi)

PRINT SPRIHT "DARTA FILE HAME®": SNIHNFUT RZ%

OFEN AF FOR INPUT RS FILE #4

THPUT #$4:HASINFPUT #4 R4 .

Fok I=4 TO HANINFUT #1:2(13%NEXT 1

FOoRrR I=1 TO HISNIHPUT #1:T{I3WHEST 1

CLOSE #4 '

CALL "sSCcaLvo@, @, 464, e S

FRINT “PRINT .."TEFE-ZF‘H’II!"'r IHPLUT DATAT

FRINT SFRINT y'ZCHETERS L " T{DEGREES L0

FOR I=1 TO HIMPRINT 2412, TOIONNERT 1

FOR I=4 TO NANCALL YAPNTRCTCI0, Z2CT205HERT 1

FRINT “PRINT , "INTERPOLATION OF TEWFPERATURE DRTH®
FRINT . "USING CUBIC LAGRANGE FORMULA®

REM GEWERATION OF TEWMFERATUREE LRTH AT 1 hElEE
REM INTERYALS CINTERFPOLATION?

£sx==1

La=a

Ni=HNi-Z .
FRINT SFRINT TRECED: ECHMIY; TARBCSY; T v THE(L4: "RBaY;
FRINT TAREB{=Z); "Bi"; TARBL{ZT I "E2": THB(SLy; "RX®
FOR J=1 TO WX

E@=T{J)

BA={T{J+1)-EE) A{Z{T+1 =20 )
BE2=(T{J+2)-BE-Bix{2{J+2)=-2{J) )

BE=R2 /{2 (J+2)-2(J 2 {2{J+2) 20T +10 1)
BE=T{J+ZI3-BB-BL{Z0J+23-Z(J )
BI=RI-B2+(Z{J+I)~-2(J)I{Z{J+X0-2(T+1))

BE=RE A0 Z2{TJ+2)-2¢J 3 { 2T+ - (J+L ) #{E0T+TI =2 (J+E2 D)

FOR k=1 TO 58

2x=23+d

IF J2>=(N1-Z) THEN Zd@

IF 22{=Z(J+&) THEN Zc@

GO TO 434

IF 2x{=2{(J+%) THEN Zcua

GO TO 424

La=La+K :
TadLa)=pa+Bd+{Z3-2{J)I+B2# (£2~7
TA(LZ)=TA{LZ)+BEI¥(ZI-Z(J) I (2T~
TidLzd)= E1+E¢*\(:?—ZkJ1)+\h‘—L(J+13))
TAL2)=TI(LZI+EIR((IT-) I3~
(EX-ZJNIH(ET-Z(TJ+22 )

TACLZ)=TAL2)+EEH (22T +1) I Z 2= F(J+2))
T2 L¢7~'4E4+‘*E'*k(Z:*Z(J)34(23*?(J+1))+(22-Z(J+2)))

Tx{Lzy=ExBX
AL I=ER
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REM LZ=1 CORRESPONDE TO ZI=a |
CALL "AFNT"(T@(L2), Z3) | :
PRINT TRE{G); 23 TAECS); TACLEZ): TRECL4); BE: TAECZE): BL;
PRINT TRE(Z7): B2 TRECS1); BX
MEXT K
L=l
ZT=2I-1
NEXT J
TE=0 |
PEL1)=353. 5/ TH(L)I+27)
EB(1) =0
pa=R1
FOR Ig=1 TO 4o
p2=pz-4
IF D24BG0 TO 546
NEXT 18
Mi=18
FOR MI=2 TO M1
J1=KMI-2) w4
Tea=Ta+, BATARLIL+1) 42720 +12(TE(TL+2)+27 2D
TE=TE+1/ {TECTL+EI+ETEI+L/ CTACTL44) 427D
TE=TE+ SACTA(JL45)+27I)
E2=EXF (- BI424%TE)
Mz={MI-1)#d+1
FadMT)=(I55. 5/ CTRIHIZ)+27E) )4ER
EB{MZI=(MI~1) %4
IF EG(MId3R1 THEN 19a@
NEXT M3
PRINT
FRINT TAECE); "ZOM) % TRE(S): "T G5 TAE(44): "DENS.
FRINT THEC2Z0: "4% TRECIE): "1 TABC4S): "Wa " TAB(SE); "YI
FOR MI=1i TO M1
Md=dMT-3
G=%. 81NE=I. 49EOAE-BINC=D. GORBRE+OE
PA=—FE{NI)/CTHCME) +27I)4{ TL M) +E4ED
Fo=(-Fl+PEOHEI#TL M4 A CTRCMEI 2T D0 TLCNA) +GHED A (TH (M4 ) +2
Pe=Fz-FE{MI)*TZON4) /CTAIM4) 4271)
FI=-(TLCM4 ) +GHE) %P2/ (TA(M4) +273)
FI=F X+ TLOM4 ) +G#E) #PLeTLOM4) A THCMA) #2732
FI=PI-PLsT2M4) A TEIM4I+2TI)

PR=PI+{T1iM4 I +G+BI PRI T2 M)+ T M #P L) ACTR(MAI +2720 72

PR=pI-24 (TLOME) +GHE) #PECMEI # T4 (M4 2/ TA(M4) +273) "3
PI=PI-(PFBCMEI#TICMA) +TIOMG) P4 A CTRM4) +273)
PE=PI+FE(MI 4TI (M) #TE(M4) AL T (M) +27) 2

W 1--.; SERRBE-A4xFENI))

Yi==2, ZEAREE-G4+0xF]
".-'.’c';'-'=-~23_ 2EEBHE-ad e Cwp2
Vi=-2, 2eRBRE-a420xPR : '
PRINT THBiEH.-.«U\M»H TRABCS): TE(M4); TRE(LL) s PECMI);
PRINT TAEB(2Z): ¥ TAB(IE): V1 TRE(4S): V2 TRE(SE) VX
NEXT WX ' -

END
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AFPPENDI® ¢ 4 2
#41 REM SPLINE FIT INTERFﬂLﬂT]ﬂN METHOD 15 USEDR TO
Gz REM FIT CUBIC POLYNOMIAL BETWEEN EYERY THWQO ACDJACEMT
6 REM TEMPERATURE INPUT DATH FOINTS.
i@ CcALL “INIT®
26 DIM K1), y(iaa), biiaa), Pqlaa), Eq1a6), C(4, 188)
4@ DIM PEZEE) . EGCZA8)
38.DIN ACAEE. T, B(1@a), Z2(188)
51 PRINT “FPRIWNT "DATA FILE NAME®:; NINFUT AF
52 OFEH A% FOR INFUT RS FILE #4
853 INFUT  #4  MSINPUT #1:R1
54 FOR I=14 TO MNIHPUT #1:8C(10WNEST 1
55 FOR I=1 ToO MNINPUT #$#4:5Y{(13NNEXT 1
56 CLOSE #4
&8 CALL "SCAL" (@, &, 48, 1. S+R1)D
78 OPEN "EAH4al* FOR QUTPUT AS FILE YWF2(:
8 EB=X 4200RE-@Z\PR=1813Z68\G=9 2i\NC=2. 3ﬂl
1685 PRINT SPRINT  "TEMPRATURE INFUT DRTAH®
187 PRINT , "Z2{M)", "T DEG. C°“PRINT SPRINT
188 FOR I=1 TO MANPRINT 8010, YOIXSNERT |
Sdda FOR I=1 TO WMSNCALL YAPNTYOYCI), XOIDINHNERT 1
126 Mi=H-1
22 FRINT “FRINT L "INTERPOLATION OF TEMFRATURE DHTH"
124 FRINT » "USIHNG SPLINE FIT HMETHODR®
125 PRINT;"TVHETERJ)"-"T DEGREES ©"
136 FOR K=41 TO Ml
148 “'V)~ CK+13 XKD
156 F{KI=D{K) &
168 E(HI={Y(E+1)-Y (KD A/D (KD
7@ NEXT K
188 FOR K=2 TO Hi
198 BL{KI=ECKI-E4K-12
268 NEXT K
218 AL, 2r=-1-D{12 /D<)
2268 AL, Ty=0C1 A0 02D
238 ALz, )= F'”) POddsA(L. 3D
248 RHLZ, 2)=2%(P/( l)+F\¢’) POAYEROL, 22
. 298 A2, ‘)—H(Z«-.S)"H(
268 Bi2)=R{ZIACE 22
27@ FOR K=X TQ HMi
298 ACK, 2)=2+{P(K-11+P (K )-P{K~-1)#A{K~-1. X)
296 BLKIY=B{KI-P{(K~-1)*R(K-1)
236 AK, Z1=FKISAK, 2)
18 BKY=B(K)YARIK: 2)
326 NEXT K
3@ A=P(M-23/D{M-12
4@ ACH, D=1 +RQ+A(H~-2. 3)
8@ A(M, 2)=-@-A(M, 1 )xA(M-1. 3
66 BIMI)=B(M-2)-R{M, 1I2B{1M~-1)
Fa 2Mr=BdMISACM. 22
a Mz2=HM-2
@ FOR I=4 TUQ H“

FFINT SPRINT

2
X
xe
3

&
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K=t-1
ZAKI=BLK)-RAK, 2342 K+1)
HESXT 1

4 24y ==A04, 2)#Z(2)-ACL, TIHZEL(T)
@ FOR K=41 TO Ml

Gzl 0D KD)

Cled, Ka=Z (K40

Clg, Ky=Z(K+1 )0

CLE, K=Y R /DR I-ZAKI#P (KD
Cld, K=Y R+1) ADIKI-2LK+L )P (K)
NEXT K

Ka=1

FOR X=6 TO R4

IF S4X{40G60 T 1458
1F (‘.‘f"i)ﬁu TE‘ cQEl
Y=y

CALL LHPNT"(?;E)
PRINT.. ®.%

GO TO Yeu

K=41

IF H{u(K+40G0 TO 7aa
IF H2>A(K+12560 TO &748

F=Y{K+1)

Ya=Tw0{ 2, K)#DdKI"2-C{3 K1+0{4. KD
Ya=g#0(2, KI%D{K)

Yizm—gal(1, K2 +E40{2, K

CALL ®APNT" (Y. X2

FRINT »®. Y%

G TO 7ed

K=K+1

IF K<HMGO TO S3n

GO TO 1454

T"i?fP+1)*#l*'C(l Ko K+1) =) 2+0{Z, KD
Yot (=R K2 {002, KI#{ =X (KIITE+C(4, KD

1= THC L, K% ALK )~ 2+ 3T (2 K)o CEo (K ) ™2

VYA=Y1-C 3, Ka+004, KD

ez (0L, K K+ )~ +0{ 2, K {K=-x k2D

Yax=Eal~00L, K)+0CZ, K2INCALL "APNT " (Y XINPRINT.
REM K&=1 CORRESFONDS TO & METER

MF2IKS)=XN\YFE fiﬁ+¢HUH7=¥n?F2(K9+4@@@)=?1

YEF2(KI+EEER) =YIANVFZ(KI+2008) =Y
KS9=K3+1\NEXT =

Te=8 - _
FE{1)=353 SAVFaizaal)+27
E@{i)=a :
2= (M)

FOrR I1&=1 TO @

D=Dp2-4

IF Da<aGn TO &&a

NEXT 12

Mi=18&

FOR MZ=2 TO Mdi
J1=(MI-2)%4+2068

i}

)

LR 4
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g4a
gza
23
944
958
Sca
g7a
oea
298
99%
ey

181a
iaza
1636

1046

1aue
laga
ia7a
Claga

1G343
iiaa

16
11za
1138
1i4a
1141
1142
1143
11458
1236

Te=Tea+, SANFZITL+1) 42723 4+1 A IVF2(TL+2)+273)

Te=Te+1 (MF2(J1+2)+2720+1 /A 0WF2(J1+40+273)

Te=Ta+ S/VF2OTL+504273)

F“*EEP(—.EE4 4 TED

fiz=(Hi-13¢d+200]

FaiMIy=(35% S/(NF2(M2I+273)I4EE

EG(MII={MI~-1)+4

IF EadiMI)>1@z4G0 TO 1“qﬁ

NEXT HZ

FRINT TRE(@):; "Z{MI": TABCS): *T C": TAB(44): "DENS. "

FRINT TRE(ZZ): "W TABCIE); "Y1 TAB(4S): "V TAE(SE);
l1aaa

FOrR MZ=1 ToO M4
Md=dxMI-T+2@EaNLi=M4+2000NL2=M4+4BRE\LI=MN4+50EE
Fl==Fa(HI)AVF2CM4 2427320 (YF2(LL ) +G#E)
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PE={-PLl+PO(HIaYF LI} ACYF2IM4D+2730 3 (VFZ{LL Y +GEY A
(MFE2(MEI+ETED

Pa=P2-PB(MII+YFZ(LIIA(YFZIM40+273)

PE=={YF2{ 1) +GxBIPSAINFR (M4 +273)
FI=PI+(VF2LL2+G#BI#PIeYFRILLIA(YF2 (ML) +272) 72

PE=PI-PLsYFZILE)SAIVF2(M4014+273

PE=PIH(YF2iLA 4GB (PRCMIY #YFE(L2 ) +YFE(LIY#P1Y
CYFZIM4I4+2FEN»"2

PE=PI-2#{YF2 L1)+G#E3iPH'W«¥+VF?\LJ3'L#'”F {(Mdr+2

FE=PI-FO{MI)+YF2LEIAAYF2 404273 -2 dL2 Pl
CVFZIM4)Y+2T73) ‘

m1~F7+Fﬁ'M?3%TFEfL134 F2CL2YAYFZ (M4 4273072
WeCad{l-2, 2800RE-844FA(MNII N =~2, Z2EGEGE ~A4 e (aF ]
Yaz-2 ZEARAE-B44CeFINYI=~2, FEAEHE~O4uCwP

FRINT TAECG): WYF2IM4-20806); TAR(S Y WF2(M4): TRECL4) : PRCME)

FRINT TRE{2Z); ¥ TAB(IE); YL TRE(45): V2 TRE(S2) : VX
HEXT HZ

GO Ta 1258

FEINT "OUT OF RANGE FOR INTERPOLATIONT

CLOSE “EHND

FEITXR

1} lql 3: n
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APFENDI® ( 3

— - At et Bt At s e mar e S06 e Ao W
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5 REM THI=Z PROGRAM IS TO CREATE DATA FILE FOR ERZZ FPROGRAM
A PRINT "DATA FILE HAME 15"; “INFUT AF

5 OFEN A4 FOR OUTFUT RS FILE #1

i FRINT “FRINT “HUMEBER OF DRTA FOR TEMPRATURE FREOFILE":
INFUT HiNFRINT #1:N1

FRINT “PRINT *HMAXIMUM RAY ELEYATION FOR WHICH COMPUTATION
WHILL STOR";

CINFUT REINFRINT #1:R1 _ _

PRINT SPRINT “ENTER RLTITUDE DRATAH UWF TO MAX. ALT. ="

R4; "RETERS" i

FOR KZ=1 TO NAININPUT SWPRINT #1:<MWHEXT K2

Fu Il OB S
Doty I s Bt R ¢

3,

oy
"t

T (R
T O

v

86 PRINT SPRINT "ENTER TEMPRATURE DRATA IN DEGREES C.°
Y@ FOR KZ=1 TO HININPUT BWPRINT #1:<NHEAT K2

1@ CLOSE #1MNEND

E
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APPENDIX (6)

1. A Userts Guide to EA33 and EA90

To use EA33 and EA90, follow these steps. Any error messageé
should be referred o the BASIC/RT-11 Language Reference Manual. |
S£art the computer accordingAto the instructions attached to its front
panel. Load System disk.

EZEéf (Using correct daté): ‘

 DAT 15-Nov-77 (Hit CR after any typed line.)
Type: R BASGTX '
Machine: * ' (Hit CR)
Machine: READY
Type: f OLD "EA33"
Machine: READY

Type: RUN

Machine: EA33 15-Nov-77 BASIC Vp1-#5

NAME OF TEMPERATURE PROFILE DATA FILE?

Type: name of temperature profile data file
| (which‘is already created before} here
" (e.g. EA500 or EA600 or EA700 or EA800)
Machine: it.prints the temperature input data (altitude and temperature),

also;

HORIZONTAL DISTANCE OF THE OBJECT H(KM) = ? -

Type: -“horizontal distance between the object and the observer

in km here

Machine: HORIZONTAL STEP SIZE (KM) = ?

Type: the horizontal step size Au in km (e.g. 0.25 or 0.5 or 1.0) here
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* Machine: INITIAL ELEVATION ANGLE F(1) (DEGREES) = ?

Type: initial angle ¢o (e.g. -0.05°) here —-——----T

‘Machine: It prints the data of transfer characteristic curve
(¢o° and ray'elevation R meters) at this particular
horizontal distance, and .then: |

SCALE RANGE (HORIZONTAL AXIS) ? 0,100 -

Type: left and right limits for drawing the object's picture e.gj1

Machine: SCALE RANGE (VERTICAL AXIS) ? 0,50
"Type: lower and upper limits, e.g.______._J

Use Light pen control from here.on:. -

Machine:- HIT SUBPICTURE (VECTOR) FIRST BY LIGHT PEN
User: Draw the picture of any objéct on the screen by using
~ light pen. Follow these instruction:
a) hit VECTOR command on the screen by light pen.
b) move the tracking object (diamond shape) from the origin
to the next vertex of the object's picture.
¢) hit VECTOR command by light pen.
d) move the tracking object again to the next vertex.
-e) hit VECTOR again.
f) repeat the previous routine until finishing.the drawing
of object's picture on the screen.
g) hit SAVE command
h) notice that the machine prints the vertices coordinates in
| degrees.
Display Unit: it displays the image of the object as seen by the observer
ét H(Km.) horizontal distance.
Machine: STOP AT LINE 2715.
o READY
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User: You can repeat the drawing of the object's picture if more improve-

ment is required. In this case, type RUN and repeat the previous
steps again. If you want to keef the picture:
Type: GO TO 2720
Machine: * SAVE COMPLETED **
User: You should use previous routine twice to draw two more object's
‘pictures, at different horizontal distances, on the screen,
After drawing the third object's picture
Machine: STOP AT LINE 2715
Type: GO TO 2720
Machine: ** SAVE COMPLETED **
to clear the display file after representafion'of
'the images of three ébjects, you should
Type: CONTROL C
R DELTMP

R-BASGTX

2. A User's Guide to EA150 (creation of new data files)

_ To use EA150, start the computer according to the instructions
aftached to its front panel. Load system disk.
IXEEF (using correct date):
DAT 15-Nov-77 (hit CR after any typed line)

Type: R BASGTX

Machine: * (hit CR)
- Machine: READY

Type: RUN
Machine: EA150  15-Nov-77 BASIC V@1-85

i
!
!
|
i‘
i
|
|
{
.
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DATA FILE NAME IS ? EA900 '
Type: new data file name e.g.,___T (oxr EA910,...)
2Ype

Machine: NUMBER OF DATA FOR TEMPERATURI PROFILE?<-|
Type: the number of pair peints in the data here

Machine: MAXIMUM RAY ELEVATION FOR WHICH COMPUTATION WILL STOP ? T

Type: max. elevation of interést in meters here
Machine: ENTER ALTITUDE DATA UP TO MAX. ALT. IN METERS

Type: The aititude data, one value per line ﬁntil the machine prints.
Machine: ENTER TEMPERATURE DATA IN DECREES C.

Type: the temperature data, one value per line until the machine prints.

Machine: READY

i
|
%‘.
|
i
!
i
;




