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EXECUTIVE SUMMARY

OBJECTIVE

The objective is to provide environmental support to system designers and field
commanders to accurately forecast pertinent conditions and to make real time assessment,'
tactical conditions.

RESULTS

A raytrace technique has been developed to show the wave front path as it propagates
through the laterally heterogeneous medium where the index of refraction is allowed to vary
both vertically and horizontally.

RECOMMENDATION

This effort is specially geared toward future Navy systems that are presently in the
planning stage or under development.
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INTRODUCTION

Radio wares travel in straight lines through any isotropic. homogeneous medium with

a velocity which depends upon the speed of light in a vacuum and the refractive index of the

medium. If the index of refraction changes, the velocity and possibly the direction of travel

will change.

Over major land and ocean surfaces, conditions of temperature and moisture are
sufficiently homogeneous to cause the formation of air masses which provide a laterally
homogeneous medium for electromagnetic wave propagation. Since air mass conditions are
the norm for most of the troposphere. many raytrace techniques have been developed to

illustrate a wave front as it propagates through this laterally homogeneous medium.

At air mass boundaries associated with wae cyclones, Foehn circulations, land ocean
interfaces. etc.. the conditions of lateral homeogeneity often do not exist. A raytrace
technique has been developed to shom the wa~e front path as it propagates through this
laterally heterogeneous medium where the index of refraction is allowed to vary both
Crticall% and horizontall%. Appendix A lists the program code (Microsoft QuickBASIC

\ersion 2.01) for the raytrace technique as employed upon an IBM PC, XT, AT or compatible
using the MS-DOS \ersion 3.2 operating system.

BA(KGROUND

Ihc retracti \C index n of a parcel of air is defined as the ratio of the velocity of
propagation of an electromagnetic (EM) "a\e in a \acuum to that in the air. Since the
refracti\e index of the atmosphere is slightly greater than unit, EM waves travel slightly
Nlo%%er in air than in a vacuum. Close to the earth's surface, the numeric value of the refractive

index is usually between 1.00025 and 1.0004. For con~enience, the refractivity N is defined by
Bran and )utton ( 1968) as

V : In 1)16 (I)

such that surface \alties ol refractivity vary between 250 and 400. Refractivity may be
exprcs,,cd as a function of atmospheric pressure. temperature. and humidity b\ the relationship

7".6 P) 3.73 105e
T 1-2 (2)

vhcrc

I' atmospheric pressuye (millibars)
I':. atniospheric temperature (Kel\ in)

e atmospheric water %apor pressure (millibars)

\ ra path inder "ell-mixed (standard) atmospheric condition', \kill bend dox n\ ard
at a rate less than tlie cu rxattirC ol the carth. (Certain atmopheric conditions could also lead
t,) the it\ path he.tdirg do \\i.ard a it a late exceeding the curvature ot the earth (trapping).
dLf nald miloic than tandaid hut not sufticient lor trapping (super-refraction), or upward

(s h-rfclra tion(. l- itrL I illustrtcs t hes, e rfcractilc conditions.
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Figure 1. Relative bending for four types of refractive conditions.

As a further convenience in computing and graphically displaying these types of
refractive conditions, a modified refractivity M may be defined as

M n I + :) 106 (3)

where

a = mean earth's radius and
= specified height above the earth's surface.

The advantage of the modified refracti, itv Is that trapping environments are indicated
with a negative M-unit gradient with increasing height. Table I lists the relations between N.
M, and the refractive conditions.

Table I. The relationship between N, M, and refractive conditions.

1'pes of refraction N-unit gradient (N krn) M-unit gradient (M krn)

.Irapping < 157 < ()
Super-refraction 157 to 79 0 to 79

Standard 79 to 0 79 to 157

Sub-retraction '> 0, 157

2



RAY THEORY

The propagation of EM waves within the troposphere may be simply explained by ray
theory as developed by Reed and Russell (1966). As stat(, above, the refractive conditions
lead to a change in the propagating ray's direction. Figure 2 illustrates the direction change
and is defined by Snell's law:

nI cos(a 1 ) = n 2 cos(a 2 ) (4)

where the boundary is a plane surface.

n
2 '

n 2 BOUNDARY

ni

Figure 2. Refraction at a boundary

In the atmosphere, the refracti~e index changes continuousli or may be thought to
change linearly % hen the atmosphere is di\ ided into an infinite number of parallel boundaries
and the refractive index changes by infinitesimal amounts. As illustrated in figure 3. Snell's
law may now be written as

n I cos( a I ::= no cos( aO ) (5)

,Ahere nI and a I are functions of height and n0 and a0 are fixed \alues at a given reference.

,

REFERENCE

Figure 3 Refraction through an infinitesimally changing n
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Since the earth's surface is spherical and not planar, Snell's law may be rewritten as

nI rI cos(a) no r0 cos(ao) (6)

where

ri and r0 are the distances from the earth's center to the boundaries and a, and a0

are the angles between the ray and the planes normal to the radius vector at the points where
the ray crosses the boundaries as shown by figure 4.

(XI, zI) B AY

(xo• zo)  ZO

18 a

Figure 4. Illustration of Snell's law for a
curved earth.

If: is the height of an antenna aboe the earth's surface and a is the radius of the

earth, then

rI  za and rO  a (7)

and equation 6 ma, be written as

n, I + cos(a , no cos(a) (8)'-

WN ith the assumption that n is close to unit\ and = is a \ary small quantity compared to unity
a

. ( + ) = - (9 )

and for small %alues 1 a

'I..-

cosI k) I)

4

1 @4



Snell's law may be written as

1,(a2 a2) nno+
-5 '7 ) i o •i)

Substituting the modified refractivity for the refractive index, solving for the ending
height and angle of a ray v hen given the beginning position, and the ray's initial launch angle
yields the traditional raytrace equations employed by well-established raytracing theory.
These equation are

0l=c0+- a'l .0V) 10 6 (12)

and 2t 2
-- 

I  of0

AM

,A here

eO) ra\ angle at start of calcu!ation (radians)

aI ra\ angle at end of calculation (radians)
":0 height at start of calculation (meters)

:1 height at end of calculation (meters)

io-. rane at start of calculation (kilometers)

X I range at end of calculation (kilometers)
A- change in MI-units with respect to a change in height (M units per meter).

LINEAR MODEL OF A HETEROGENEOUS ATMOSPHERE

Io model an atmosphere which 'aries both vertically and horiontally. it is necessary
tok make assumptions concerning the behavior of the refractive index. At air mass boundaries
caused by large scale ,ubsidence. such as within the trade wind inversion as illustrated b\
Ititne\, et al. (1985) in figure 5. it is natural to assume a horizontally homogeneous continua-
tion of the boundary. With vertical air mass boundaries, such as those associated \%ith mid-
latitude \Aaxc c~clones as shovkn by Bean and Dutton ( 1968) in figure 6, or those associated
%kith radiational cooling as show n by Morrissev (1985) in figure 7. the hori/ontal variation of
refr act i, it may be more complicated.

In this raxtrace technique. it is assumed the atmosphere can be di, ided into layers
,Aith piece-vkise linear \ariations in the ayer height and piece-wise linear refracti\it\ ,Athin
each laver. In areas where a duct degenerates to a linear profile or a duct splits to form sexeral
detached ducts. laser boundaries are determined by the meteorological conditions.

.eJ. .... 5



DISTANCE IN NAUTICAL MILES FROM SAN DIEGO
2 20 40 60 80 100 1__0 1 60 ISO 200 2,tO 240

UNT 300 3S0 340 430 340 So 340 300 3W W* 300 3Z 0 8 T3 -3

Figure 5. Space cross section in B-units, 12 March 1948, San Diego, CA seaward to

Guadalupe Islands. (B [(n - 1) + 10~ o6)

E Figure 6. Space cross section in
N units, 1 500Z. 19 February 1952.

1 5 Solid vertical line represents
.0, position of mid-latitude wave

1.0., cyclone cold front.

0 500 1000 1500 2000 2300
(DISTANCE (kin)

I~16 September 1983 Deerfield NH Salem NH Reservoir Hill
A,0653 0710 Hanscom AFB

0700

940

400

I-

0 I 
0

0 60,.,.

DISTANCE lkm) nt-.

Figure 7. M-unit versus height profiles, 16 September, 1985. for stations of Deerfield, Salem
and Hanscom AFB, NH
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Knowing the vertical structure of refractivity and the hori7ontal distance between two

refractivity profiles "a" and "b," the layer houndary height ., and the refractivity gradient '-

is given by the relationship

(:b - :a )x+a (14):x(xl-" -v a 4

and

AW AMl(Az! (z) --a (z)I

.M Z b .a AM ( (15)
-X,Z) 'Xa) .

OPERATOR / PROGRAM INTERACTIONS

DATA REQUIREMENTS

The operator is allowed to interact with the program in two ways. First, the operator
may enter data from the keyboard or request the data be read from a disk file previously
created. The input data are

a. environmental data consisting of triplets of pressure. temperature, and relative
humidity, pairs of N-units and height, or pairs of M-units and height.

b, transmitter height

c. radiating antenna beamwidth

d. . radiating antenna elekation angle

e. the number of rays to draw

Second, the operator may examine the refractivity profiles to manually determine the
layer boundaries.

ENVIRONMENTAL DATA CONSIDERATIONS

For this program, the maximum number of environmental profiles which may be
entered is five. This number was chosen for graphics convenience only. This raytrace
technique may be applied to any number of profiles needed to fully describe the laterallv
heterogeneous atmosphere.

Prior to the determination of layer boundaries, the environmental data profiles must
be modified to insure each profile starts at a height of zero and each profile terminates at the
same elevation. This procedure is accomplished by the following steps:

~7



a. If the environmental data is entered as triplets of pressure, temperature, and
relative humidity, convert the data to M-units (equations 2 and 3), and height using the
relationship derived by Berry( 1945):

g
PPo I1 ) R/3 (16)

where

AP atmospheric pressure at a height of

P0 = atmospheric pressure at a height of zero

/0 = atmospheric lapse rate

To = temperature at a height of zero

g = gravity

R = moist atmospheric gas constant
- = height.

b. if the environmental data is entered as pairs of N-units and height convert the

data to M-units (equation 3).

c. It' necessary, the lowest height within each profile is set to zero and a surface
M-unit %alue is extrapolated using the standard atmospheric M-unit gradient of 118 M-units
per kilometer as specified by Bean and Dutton (1968).

d. If necessary. extend the profile height to the height of the highest profile ('max)

and determine a corresponding M-unit value from the exponential atmosphere model of Bean
and Dutton (1968):

In k15 "/57e

.f max 157 + M, c -max ".(17)

,A here

M lc M-unit %alue at a height of zero

.Mkm :M-unit %alue at a height of I kilometer.

e. An M-unit gradient is determined at each profile height using the relationship

• -i:S (zi+J :i)

8

.1m f 1+1 Mi



where the M-unit gradient at the profile top ('max) is given by differentiating equation 17
-%ith respect to height

~ I ~h -'4 j ~%s'):max
Ii 157 'if. In e tkm 15) e157) (19)

LAYER BOUNDARY DETERMINATION

The modified refractivity versus height profiles are computed and displa.ed on the
terminal screen as illustrated in figure 8. Through screen prompts and the use of a moeable
cursor. the operator is allowed to specify the layer boundaries. Each profile must contain an
equal number of layers. Figure 9 illustrates the operator specified boundaries for the
complicated profile set of figure 8. Since the layer boundaries play a major role in this
raytrace method, the operator must insure the boundaries represent the most reasonable and
meteorologically correct assessment. As demonstrated in figure 8, the elevated and
surface-based trapping layers extend throughout all the profiles allowing for a simple
assessment. I he mid-lexel trapping layer how,%ever, is absent from profiles I and 2. Since the
trapping layer \.%as decreasing in thickness from profile, 5 to 3. the operator chose to eliminate
the layer by allo%%ing the M-unit gradient to change from standard to trapping between
profiles 2 and 3. Sexeral methods of automating this boundar\ determination process.
including the use of potential temperature, are the subject of further investigation.

M-UNIT M UNIT M UNIT M UNIT M-UNIT
PROFILE 1 PROFILE 2 PROFILE 3 PROFILE 4 PROFILE 5

3 5 5
2 4

2 ~44

--
3

UJ 33
2

2

2

S1 -

d1

Figure 8 An example heterogeneous atmosphere defined by 5 M-unir versus height profiles.
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M-UNIT M-UNIT M UNIT M UNIT M-UNIT
PROFILE I PROFILE 2 PROFILE 3 PROFILE 4 PROFILE 5

R 5
55 5

4 4

44 4

- 3

33 3
S2 2 2

2

2

11 11

Figure 9. Example layer boundaries.

RAYTRACE TECHNIQUE

The following steps are taken in the execution of the raytrace:

a. Establish a beginning range (xo) of zero and a beginning height (zo) equal to the
transmitter height. The first ray's beginning launch angle (ao) is set to half of the beamwidth
below the antenna elevation angle.

b. Compute a M-unit gradient at this beginning point by using equation 15.

c. 1Using equations 12 and 13. compute an ending eight (zl) and angle (a,). by
using as an ending range (x I ). the starting range plus an increment equal to I 25th of the
total range between the profiles being considered. The increment of range was chosen to
produce a smooth curve appearance of the ray upon the graphical program output. In
subsequent range steps, the ending range must be compared to the total range between
profiles. If the ending range exceeds the range between profiles. the ending range is set to this
total range with a new ending height and angle being computed.

d. The ending angle is examined. If it shows a sign reversal from the starting angle,
the ray has passed through a maximum or minimum point. Should this be the case, the
ending angle is set to zero and a range and height of this maximum or minimum is computed
using equations 12 and 13. As started in (c) abo'e. the ending range must be compared to the

total range between the profiles being considered and any necessary adjustments made.

and e. At the ending range, the layer's upper and lower boundary heights are computed
and compared to the ending height. If the ending height is outside the layer. the range (xi)
and the height (z-) of the ray boundary interception are computed with the relationship

Xi - Xo + Ax and zi Z0 + Az (20)

I0



where

AX =h (h2 4ac)0'5  (21)

Az = 1xO+Ax)+ y I Z0 (22)

AM(

h 2a 3 (24)

c / 0  6xo v (25)

6 slope of the boundary

J height of the boundar\ at the profile range.

*Figure 10 illustrates the geometry and definition of terms at the interception point.
Since the solution for A.x consists of two possibilities, the appropriate choice is the Ax which
is positive and less than x I .

A (x
r 

Iz

EARTH S SURFACE

10 1

PROFILE "a PROFILE b'

Figure 10. Geometry for a ray crossing an environmental layer's boundary.

pUf. Ihe ending height i,, examined. If it is iero. the ray has reached the ground. In
this case. the ,,ign of the ending angle is, rec ersed to indicate a surtace reflection of the ra\.

g. The beginning angle. height. and range arc reinitializied smith the ending angle.
height, and range and steps, h through g are repeated. I! his, process continues, tntil either the

z<lb(



ray has reached the maximum range between the first and last profile or has reached the
maximum height for the environmental profiles. At that time, step a is repeated for the next
ray, increasing the initial ray's launch angle with an increment equal to the total beamwidth
divided by the number of rays to be drawn.

RAYTRACE EXAMPLES

Figure II illustrates the raytrace technique under a homogeneous environment with a
single elevated trapping layer between 1000 and 1800 feet. Table 2 lists the transmitter and
environmental data. This example is equivalent to one derived from any standard raytrace
technique.

RAYTRACE - HETEROGENEOUS ATMOSPHERE
3000

2400

I -

00 ... .....0...0.20

RANGE (nml)

Figure 11. Ray family for laterally homogeneous trapping layer.

Table 2. Environmental and
transmitter data used in figure II.

',¢Height ([tI M-unit,,

0.0 335.0
1000.0 371.0

lX 00.0 353.0
3000.0) 41 2.()

Transmitter height - 12001 ft
~~Antenna hcam~idth z05

Antenna elevation angle W 0

U..... ........



Figures 12 and 13 illustrate the raytrace for a transmitter- located %%ithin a single
trapping laser. %%here the laver'\ ele~ation is allo%%cd to rise and fall. respecti~elv. %kith range.
The transmitter and en% ironmentaf datai arc listed in tables 3 and 4. I-or comparision
purposes, these data are identical to that used b% (juinard. et al. (l195). in their wkork with
rising and falling ducts and as illustrated in figures 14 and 15. 1 here exists good agreement
between the traces obtained from this technique and that described b (ouinard. I he major
advantage ot' this ravtrace technique cier that described b\ (iuinard is there is no need for a
secondary raitrace technique nea- a -caustic " A caustic is defined as, the point at %khich the
ra~s u ndergo a focusing and the assI1ptilot1N for ta\ optics theor\ aic not alid.

RAYTRACE HETEROGENEOUS ATMOSPHERE
10000 /

6000 '

60007

0

S4000

2000

0 40 80 120 160 200

Figure 1 2 Ray family for a rising trapping layer

RAYTFIAC HETERC)tJ NEOUS ATMOSPHEwRE

800/

~6000

0

4 4000 T4j -

2000 -

0 T
0 40 ~ Fji I P0v 200C

Figure 13 Ray famil tor a falling tidpt~ing layer



Table 3. Env ironmental and transmitter data used
in figure 12.

Profile I Profile 2
Height (ft) M-units Height (ft) M-unQS

0.0 350.0 0.0) 350.0

3500.0 483.0 5500.0) 559.0

4000.0 457.0 6000.0 553.0

10000.0 685.0 10000.0) 685.0

1 ransmitter height =3800 ft
Antenna beam~idth = 1.01

Antenna elexation angle = 0

Table 4. Environmental and transmitter data used
in figure 13.

Profile I Profile 2
Height (ft) M-units Height (ft) M-units

0.0 350.0 0.0 350.0

3500.0 483.0 1500.0 407.0

4000.0 457.0 200)0.0 381.0O

1 0000,) N(5.0 I 0000.( 685.0

I ransmitter height 73800 ft

Antenna hcamiv~dth z 1.0,
-\nnn re~r~ le~aion .ingle 0

* 14



8 K -7 T--

Kf

1K

2K 7__ -

0 100 200
RANGE iflrflu

FigUre 14 Family of ray paths calculated for a slope of 1 89 x 10-3, a
gradient in the interface of -0 1 N-units per ft, and a gradient above
and below the interface of 0 01 N-units per ft.

T - - T TT 7 V

1,, 4 t--

00 200

F ~ ~ F~ f rj~li okis liateif for a 500 ft thick interface
Al I*I.;t.if 1 ) C aPdl3n in, If, interface of 0 1

N ;,i..f* ft mnd I ir,idw(nt ittwvc, and ht-low lte interface of 0 01
N it-. f ft



Figures 16 and 17 illustrate the raytrace using actual measured atmospheric conditions
as shown in figure 5. For simplicity of demonstration. the measured M-unit versus height data
%ere reduced to a set of simple trilinear profiles. Table 5 lists these data. It can be seen that
Ahen the transmitter is located at a boundary (500 feet in figure 16). the ravtrace technique is
able to function without special considerations when the ray launch angle and boundary slope
are parallel to the earth's surface and equal to /ero.

RAYTRACE - HETEROGENEOUS ATMOSPHERE

3000

2400

1800

-1200

600
T

0 32 64 96 128 160

RANGE (nmi)

* Figure 16 Ray family for environment of figure 5 Transmitter height of 500 ft.

RA TRACE HETEROGENEOUS ATMOSPHERE

240 --

0 32 64 96 128 160
RANGE inmi

Figure 17 Ray family for environment of figure 5 Transmitter height of 1000 ft
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Table 5. Enironmental and transmitter data used
in figures 16 and 17.

Profile I Profile 2
Height (ft) M-units Height (ft) M-units

0.0 335.0 0.0 335.0
500.0 353.0 500.0 353.0

1100.0 327.0 1100.0 327.0
3000.0 418.0 3000.0 418.0

Profile 3 Profile 4
Height (ft) M-units Height (ft) M-units

0.0 335.0 0.0 335.0

700.0 360.0 1150.0 376.0
15000 346.0 2000.0 364.0
3000.0 418.0 3000.0 412.0

Profile 5
Height (ft) M-unit,

0.0 335.0
1150.0 376.0

2150.0 370.0
3000.0 411.0

Transmitter height = 500 and 10M0 ft
Antenna heamkidth : 0.5
Antenna elesation angle = 0'
Distance betmeen profiles = 40 nmi

A limitation to the practical application of any heterogeneous atmosphere raytracing
technique lays in obtaining sufficient en ironmental data to adequately describe the refractixe
conditions. For this reason, a simulated en% ironment. as show, n by figure 8 and as listed in

,. ~.'r table 6. is used to demonstrate the ability of the ravtrace technique to handle a complicated
environment. Figure 18 represents a transmitter located within a surface-based trapping laser
%_hich decrease in thickness with range. It may be seen that an increasing penetration angle
compared to a decreasing boundarN height gives rise to energy 'leaking" from the trapping
laser. In figure 19. the distance beteen the fourth and fifth profiles has been increased to

' more %iidlv demonstrate that a ra lanched %ithin an cle~ated trapping layer is capable of
leaving the layer and being trapped within another laver.
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Table 6. Environmental and transmitter data used
in figures 18 and 19.

Profile I Profile 2

Height (ft) NI-units Height (ft) M-units

0.0 335.0 0.0 335.0
1400.0 321.0 1200.0 323.0

3500.0 396.0 3500.0 405.0

3800.0 407.0 3800.0 416.0

6000.0 486.0 7000.0 531.0

~7300.0 473.0 7800.0 523.0

9000.0 498.0 8000.0 530.0

Profile 3 Profile 4

Height (ft) M-units Height (ft) M-units

0.0 33' 0) 0.0 335.0

000.0 325.0 700.0 328.0

3500.0 415.0 3000.0 410.0

N3800.0 412.0 4000.0 400.0

0500.0 509,0 6000.0 472.0

7800.0 523.0 7500.0 457.0

8000.0 503.0 9000.0 475.0

Profile 5

Height (ft) M-units

0.0) 335.0

400.0 331.0

2500.0 406.0

4500.0) 386.0

7000.0 476.0)

7500.() 471.0

8000.0 489.0

1 ransmitter height 800 and 7000 ft
Anen hearimidth 0.5 and 1 .5
Antenna ceeation angle z 0 and 0.5
D)istance het~keen protiles a SO nrni

b1
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SRAYTRACE HETEROGENEOUS ATMOSPHERE
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Figure 18 Ray family within a surface-based trapping layer of decreasing thickness
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4, , , €',  Figure 19 Ray famil within an elevated trapping layer of variable thickness
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APPENDIX A.

Microsoft QuickBASIC (kersion 2.01) program code for use on IBM compatible PC,
XT or AT desktop computer with MS-DOS Version 3.2.

-
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Program: Laterally Heterogeneous Atmosphere Raytrace

Purpose: Trace a ray through an atmosphere while allowing the
refractive index to vary both in the horizontal and
the vertical.

Origin: Naval Ocean Systems Center
Code 542
San Diego, CA 92152-5000
Wayne L. Patterson

Edition: 13 April 1987

Glossary:
a - array index counter
a - intermediate variable
a$ - temporary string variable
angleinc - increment of beamwidth (radians)
b - intermediate variable
balpha - beginning angle (radians)
beamwidth - antenna beamwidth
bht beginning height (meters)
brng beginning range (kilometers)
btmht height of layer's bottom (meters)
c intermediate variable
ch slope of the layer boundary
charwd - number of screen pixels in one character width
charht - number of screen pixels in one character height
cm - slope of the M-unit gradient
col - screen column
cursor - array which holds the image of a plus sign
delh - change of height (meters)
delr - change of range (kilometers)
delu - change of M-units
diff - difference between two values
dots - holder of refractive condition image
dummy$ - temporary holder for operator inputs
e - vapor pressure (millibars)
ealpha - ending angle (radians)
eht - ending height (meters)
elevangle - antenna elevation angle
erng ending range (kilometers)
error$ conditional checking flag
first - flag to signal previous use of program
flag temporary counter
fttom feet to meters conversion factor
h temporary height (various units)
hite0 height at level 0
hitel height at level 1
hlim height of tallest profile (meters)
hmax maximum height of trace (units of choice)
ht temporary height
htick number of vertical axis tick marks
htop temporary height (meters)
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hzero - radiosonde launch height
i - array index counter

j - array index counter
k - array index counter
layer - temporary layer counter
lft - viewport's left screen column
lowest - lowest height within a profile (meters or

pixels)
lower - temporary height (meters)
m -array index counter
matkm - M-unit value at height of one kilometer
matsfc - M-unit value at the surface
mcolor - color to use for line drawing
mgrad - M-unit gradient
mitokm - miles to kilometers conversion factor
mmax - maximum M-unit value within a profile

mmin - minimum M-unit value within a profile
mode$ - flag for screen type
most - maximum number of levels within all profiles
n -N-units

,-n - array index counter
ncol - temporary screen column counter
nmax - number of levels within each environmental

I "profile

nnn - dimension of array "dots"
nprof - number of profiles
nrays - number of rays to trace
nrow - temporary screen row counter

' offset - incremental summation of rlim
ok$ - conditional checking flag
op - option number
p -environmental profiles

index 1 - counter of profile
index 2 - counter of levels
index 3 - environmental data

I - heights (meters)
2 - M-units
3 - M-unit gradient

pix - same a p but data given in screen pixels
pr - array to hold profile numbers for screen

'prompts

'"pres - pressure (millibars)
presO - pressure at level 0
presl - pressure at level 1
putdots$ - conditonal checking flag
pzero - pressure at hzero
rh - relative humidity (percent)
rlim - range between profiles
rngnow - temporary range (kilometers)
rnginc - increment of range (kilometers)
row - screen row
startangle - ray's initial launch angle (radians)
style% style to use for line drawing
t temporary holder of environmental data
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ta - temperature (degrees Kelvin)
table - table of tick mark values and multiplication

factors
temp - temperature (degrees Celsius)
title$ - title label
tlevel - layer containing the transmitter
tmax - level counter for array t (corresponds to nmax

for array p)
topht - height of layer's top (meters)
tran - transmitter height (meters)
tstrO - temperature at level 0
tstrl - temperature at level I
units$ - units flag for English or metric
upper - temporary height (meters)
x - temporary range (km, nmi, or pixels)
xl - temporary range (km, nmi. or pixels)
xcol - screen column counter
xinc - increment of range (kilometers)
xlabel$ horizontal axis labels
xlim - maximum range of trace (kilometers)
xlimit - temporary range limit (kilometers)
xmax - maximum range of trace (units of choice)
xpixel - temporary horizontal screen pixel
xtick - number of horizontal axis tick marks
y - temporary height (m, ft, or pixels)
yl - temporary height (m, ft, or pixels)
ybtm - temporary height (pixels)
yinc - increment of height (meters)
ylabel$ vertical axis labels
ylimit - temporary height limit (meters)
ypixel - temporary vertical screen pixel
yrow - screen row counter
ytop - temporary height (pixels)

4.A
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option base 1
dim cursor#(26), nmax(5), p(5,150, 3), rlim(5), pix(5,130,3), s(5)
dim t(5,150,2)

common shared /environment/ nmax(, nprof, p(, units$,_
fttom, mitokm, to

common shared /tracecnst/ beamwidth, elevangle, hlim,_
nrays, rlimo, tran

common shared /graphcnst/ charwd, charht, cursor#(), mode$,_
pixo, x, y, hmax, htick,
xmax, xtick, so, putdots$, xcol, yrow

common shared /errorhandel/ dummy$

nnn - 15000

dim shared dots(nnn)

' determine what type screen the compute is using and set
screen type and character size accordingly

charwd - 8
charht - 14

on error goto cga: screen 9
Ion error goto ega: color 7

mode$ - "EGAl6"
goto endset

cga: mode$ - "CGA"
screen 2
charht - 8
resume endset

ega: mode$ - "EGA4"
resume endset

endset: on error goto errorhandler

print
print
print
print
print " This raytrace program will allow the refractive"
print " index to vary horizontally and vertically. Up to"
print " 5 radiosonde height versus M-unit profiles may be"
print " used to more adequately describe the horizontally"
print " varying atmosphere."
print
print " For further information contact W.L. Patterson,"
print " Naval Ocean Systems Center, Code 543, San Diego,"
print " CA, 92152-5000: Commercial 619-225-7247" Autovon"

print " 933-7247."
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print
print

locate 25,1
line input "Press <ENTER> to continue. ";ok$
cls

ok$ - "yes"

first - 0
putdots$ - "no"

while ok$ -"yes"
if first - 0 then

call envidata
cis
call mgradient
call drawprof
call sysdata
call drawrange
call raytrace
first - 1
putdots$ - "yes"

else
locate 25,1
line input "Do you want to change environmental data? (yes,no)

ok$
if left$(ok$,l) - "y" or left$(ok$,l) - "Y" then

putdots$ - "no"
call envidata
cis
call mgradient
call drawprof
call sysdata
call drawrange
call raytrace
putdots$ - "yes"

else
call sysdata
call drawrange
call raytrace

end if
end if
locate 25,1
line input "Do you want to rerun the program? (yes,no)"; ok$
if left$(ok$,l) - "y" or left$(ok$,l) - "Y" then

window
view
cls
ok$ - "yes"

end if
wend
end

subroutine which will move the graphics cursor by the operator
holding the arrow keys
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downcursor:
put (x,y), cursor#, xor
y-y+ 1
if y > 13 * charht then y - I
put (x,y), cursor#, xor
return

leftcursor:

put (xy), cursor#, xor
x - x- 5
if x < 8 then x - 623
put (xy), cursor#, xor
return

rightcursor:
put (xy), cursor#, xor
x - x + 5
if x > 623 then x - 8
put (xy), cursor#, xor
return

upcursor:
put (xy), cursor#, xor
y - y - 1
if y <0.5 * charht then y = 13 * charht
put (xy), cursor#, xor
return

error handing subroutines

errorhandler:
if err - 75 then ' directory all ready exists

resume next
elseif err - 53 then ' file not found

close #1
beep
locate 24,1
print "File not found. Please check spelling and try again."
locate 25,1
line input "Enter the desired file name. ";dummy$
if left$(dummy$,3) - "new" or left$(dummy$,3) - "NEW" then

call newdata
resume 0

end if
on error goto 0
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Subrouti. envidata

Purpose: i. Call for entry of environmental data from
"I' keyboard or read the data from a previously

created disk file.
2. Determine the x and y axis tick mark intervals

based upon the maximum range and height of
the data.

'3. Insure that all profiles start at a height of
zero and end at the same height

sub envidata static

dim table(7,2)

create an environmental files subdirectory if one does
not all ready exist

cIs 0
mkdir "enviros"

1% start:
print "The below listed environmental files may be used for data"
print "input by typing the file name in response to the prompt. If"
print "new data is desired, respond to the prompt with <new>."
print
print

files "enviros\"
locate 25,1
line input "Enter the desired file name. "; dummy$
if left$(dummy$,3) - "new" or left$(dummy$,3) - "NEW" then

call newdata
else

open "enviros\" + dummy$ for input as #1
dummy$ - input$(427,#l)
units$ - input$(3,#l)
dummy$ - input$(73,#l)
input #1, nprof
dummy$ - inputS(21,#1)
fttom - 0.3048
mitokm - 1.854
if units$ - "mks" then

fttom - 1
mitokm - 1

end if

for i - 1 to 5 ' read number of levels
input #1, nmax(i)

next i
dummy$ - input$(39,#l)

for i - 1 to 4 ' read distance between profiles
input #1, rlim(i)
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rlim(i) - rlim(i) * mitokm
next i
dummy$ - input$(200,#l)

most- 0
for i - 1 to nprof ' determine the most number of levels

if nmax(i) > most then most - nmax(i)
next i

for j - 1 to most read the height and M-units
for i - 1 to nprof

N- input #1, p(i,j,l), p(i,j,2)
p(i,j,l) -p(i,j,l) * fttom

next i
dummy$ - input$(2,#1)

next j
close #1

end if

find the highest height of all the profiles and the total
range

hlim - 0
xlim - 0
for i - 1 to nprof

if p(i,nmax(i),l) > hlim then hlim - p(i,nmax(i),l)
if i < nprof then xlim - xlim + rlim(i)

P,. next i

determine the number and intervals of the vertical
tick mark

restore bound
bound:
data 4,4,5,5,8,4,10,5,15,5,20,4,25,5
for i - I to 7

read table(i,l), table(i,2)
next i

V. hmax - hlm / fttom
factr- 1
aa:

for i - I to 7
if hmax <- table(i,l) * factr + 0.1 then goto bb

next i
factr - factr * 10
goto aa

" bb:

hmax - table(i,1) * factr
htick - table(i,2)

determine the number and intervals of the horizontal

A8
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tick marks

xmax -xlim / mitokm
factr -1

cc:
for i1 1 to 7

if xmax <- table(i,l) *factr then goto dd
next i
factr -factr * 10
goto cc

dd:
xmax -table(i,l) * factr
xtick -table(i,2)

compute the M-unit value at one kilometer for each profile

for i - 1 to nprof
ok$ - "io"
j - nznax(i)
if p(i,j,l) < 1000 then

diff -(1000 - p(i,j,l)) / 1000
matkni (118 *diff) + p(i,j,2)

elseif p(i,j,l) -1000 then
matkm - p(i,J,2)

else
while ok$ - "no"

if p(i,j,l) > 1000 then

else
matkm -p(i,j+l,2) -(p(i,j+1,

2 ) -p(i,j,2))*

(p(i,j+l,l) -1000) /-

ok$ - "1yes"f
end if

wend
end if

if necessary, compute the M-unit value at the height (hlim)
and insert it into the profile

if p(i,nmax(i),l) < hlim then
nxnax(i) - nlnax(i) + 1
p(i,nmax(i),l) - hlim
h - hlim / 1000
p(i,nax(i),2) - 157* h +p(i,1,2) * exp(.log(p(i,1,2 ) _

/(matkm - 157)) *h)

end if
next I
end sub
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Subroutine: sysdata

Purpose: Solicit the transmitter data from the operator

sub sysdata static,CS,0
ok$ - "no"
while ok$ - "no"

if units$ - "fps" then
locate 24,1
print "Transmitter must be between 0 and";_

int(hlim/fttom); "feet."
locate 25,1
line input "Enter transmitter height (feet) "; dummy$

-! else
locate 24,1
print "Transmitter must be between 0 and" ;_

int(hlim); "meters."
locate 25,1
line input "Enter transmitter height (meters) "; dummy$

end if
tran - val(dummy$) * fttom
if tran < 0 or tran > hlim then

• . beep

print "Transmitter height must be between 0 and ""
hlim / fttom;". Try again."

else
ok$ - "yes"

end if
wend

cls 0
locate 25,1

_ V ok$ - "1no"

while ok$ - "no"
input "Enter beamwidth in degrees (0.5 to 45). ", beamwidth
if beamwidth < 0.5 or beamwidth > 45 then

beep
print "Beamwidth must be between 0.5 and 45. Try again."

else
ok$ - "yes"

end if
wend

cls 0
locate 25,1
ok$ no
while ok$ - "no"

input "Enter elevation angle in degrees (-10 to 10).
elevangle

if elevangle < -10 or elevangle > 10 then
-pA.
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beep
print "Elevation angle must be between -10 and 10. Try again."

else
ok$ - "yes'

end if
wend

cls 0
locate 25, 1
ok$ - "no
while ok$ - "no"

input "Enter number of rays to trace (I to 100). ", nrays
if nrays < 1 or nrays > 100 then

beep
print "Number of rays must be between 1 and 100. Try again."

else
ok$ - "yes"

end if
wend
cls 0
end sub

All
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Subroutine: drawprof

' Purpose: 1. Draw the M-unit versus height profiles on the
* screen
:,.2. Determine if layers can be automaticly defined.

2,'.. ' If not, call for layer drawing subroutine.

sub drawprof static

P print the graph title and vertical axis label

locate 1,21
print "SELECTED HEIGHT VERSUS M UNIT PROFILES"
aS- "HEIGHT"
row- 9
for i - 1 to 6

locate row,l
print mid$(a$,i,l)
row- row + 1

next i

define the left margin (column number) of each drawing cell

restore bounds
bounds: data 3, 19, 35, 51, 67
col - 6

loop to draw each profile cell

for i - 1 to nprof

print cell title and horizontal axis label

locate 3,col-I
print "PROFILE" + str$(i)
locate 20,col
print "M UNITS"
col - col + 16

open the view-port and find the mininum and maximum
x axis value

read lft
view (Ift*charwd,4*charht) ((ift+ll)*charwd, 18*charht)

* mmin = l.e5
mmax - 0
for j - 1 to nmax(i)

if p(i,j 2) > minax then minax = p(i,j 2)
if p(ij,2) < mmin then mmin = p(i,j,2)

next j

define the drawing window and draw the horizontal axis

MX window (mmin, p(i,nmax(i),I)/ fttom) (mmax, 0)
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line (mmin,O) - (mmax,O),14

draw the m unit versus height profile using various colors
for the gradients

for j - 1 to nmax(i) - 1
if p(i,j,3) <- 0 then

mcolor - 4
style% - &hffff

elseif p(i,j,3) < 7.9e-5 then
mcolor - 5
style% - &hfl8f

elseif p(i,j,3) <- 1.57e-4 then
mcolor - 2
style% - &hcccc

else
mcolor - 1
style% - &hff00

end if

if mode$ <C "CGA" then style% =&hffff
line (p(i,j,2), p(i,j,l)/fttom)-

(p(i,j+l,2) ,p(i,j-$-,l)/fttom) _

mcolor, , style%

fill the pix array with x axis pixels, y axis heights
and z axis l.e7

pix(i,j+l,l) - point(0)+lft*charwd
pix(i,J+1,2) - point(l)
if p(i,j+l,l) - 0 then pix(i,js-,3) - l.e7
if p(i,j+I,l) <> 0 then pix(i,j+l,3) - p(i,j+1,I)
nextj

next i

window
view
row - 22
call refcond(row)

0 check to see if all profiles have same number of points

ok$ - 1ysl

while ok$ - "yes" and i <- nprof
if nmax(l) <> nxnax(i) then

ok$ - "no"t
flag -1

else
S-1+1

end if
wend

if all profiles have same number of points, count number of

Al13
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levels on each profile that has a negative m-unit gradient

if ok$ - "yes" then
i-i
while i <- nprof

flag - 0
j - 1
while j <= nmax(l)

if p(i,j,3) < 0 then flag = flag + 1
j -j +1

wend
i +i

wend
end if

draw boundary lines and ask for approval if equal number of
points otherwise go straight to operator drawing routine

if ok$ - "yes" then
window
view (1, 4*charht) - (639, 18*charht)
mcolor - 4
for j - 2 to nmax(l)

for i - I to nprof - 1
if mode$ - "EGAl6" then

if p(i,j,3) <- 0 then
mcolor - 4

elseif p(i,j,3) < 7.9e-5 then
mcolor - 5

elseif p(i,j,3) <= 1.57e-4 then
mcolor - 2

else
mcolor 1 1

end if
end if

line (pix(i,j,l),pix(i,j,2)) (pix(i+l,j,l),_
pix(i+l,j,2)), mcolor, , &hffff

next i
next j

- locate 23,1
beep
if flag = 0 then

print "Note! Trapping layer not continuous between profiles."
else

print "Note! Multiple trapping layers within a profile."
end if

line input; "Want to define the layers yourself? (yes or no)
ok$

if left$(ok$,l) = "y" or left$(ok$,l) - "Y" then

erase the boundary line previously drawn and call for drawing
routine
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for j = 2 to nmax(l)
for i = I to nprof - 1

line (pix(i,j , ) ,pix(i.j ,2)) - (pix(i+l,jl),_
pix(i+l,j,2)), 0, &hffff

next i
next j
window
view
call drawlavers

end if
else

window
view
beep
if flag = - 1 then

locate 23,1

print "Profiles contains unequal number of levels."
end if
locate 24,1
line input: "Press <ENTER> to continue. " ok$

call drawlavers
end if

cIs 0
end sub
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Subroutine: drawlayers

Purpose: 1. Prompt the operator for determination of layer
boundaries.

2. Re-establish the profiles by including any new
layers as defined by the operator

sub drawlayers static

fill the prompt array. These prompts are profile numbers which
will be considered next.

dim pr(5,5,5), tmax(150)
restore a
for i = 1 to 5

for j - 1 to 5
for k - 1 to 5

read pr(ij,k)
next k

next j
next i

a:
data 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
data 2,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
data 2,3,0,0,0,3,2,1,0,0,2,1,0,0,0,0,0,0,0,0,0,0,0,0,0
data 2,3,4,0,0,3,4,3,1,0,4,2,2,1,0,3,2,1,0,0,0,0,0,0,0
data 2,3,4,5,0,3,4,5,4,1,4,5,3,2,1,5,2,3,2,1,4,3,2,1,0

fill the first layer of the temporary profile array
with the first layer of the environmental array

for i - I to nprof
t(i'l'l) - p(i'l'l)
t(i,l,2) p(i,l,2)
tmax(i) = 1

next i

define the graphics crosshair and save the image

view(l, 21 * charht) - (639, 23 * charht)
cls
view
locate 2,2
line (1, 0.5* charht) - (2 * charwd,0.5 * charht), 14
line (charwd, 1) (charwd, charht), 14
get (1, 1) (2 * charwd, charht), cursor#
put (1, 1), cursor#, xor

view (1, 4 * charht) - (639, 18 * charht)

I find the most number of points in any profile

most - 0
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to': I - I to nprof
if nmax(i) > most then most - nmax(i)

next i

' tart the loop for solicitation of points

(:S - "yes"

layer - 2
while ok$ K "no"

find d starting point - the lowest nonused point of all profiles

-ok$ "fnu"
J-2
luwest - 0
while ok$ - "no" and j <- most

for i - 1 to nprof
if pix(i,J,3) <> l.e7 and pix(i,j,2) > lowest then

n-ni - j

lowest - pix(i,j,2)
ok$ - "yes"

end if
next i
if ok$ - "no" then j - j + 1

we rid

if ok$ = "yes" then
k- i
for j - I to nprof -1

' put the starting point into the temporary profile array
and flag it as used

t(n,layer,l) - p(n,jj,l)
t(n,layer,2) - p(n,jj,2)

pix(n,jJ,3) - l.e7

put the crosshair at the starting point

it j - 1 or k - pr(nprof,n,k) then

the xiext. if statement is a special case fix

if nprof - 4 and n - 4 and k = 2 then goto 10
x - pix(n,jj,l) - charwd

. " y - pix(njj,2) 0.5 * charht

xl - pix(n,jj ,)
yl - pix(n,jj,2)

put (x,y), cursor#, xor
if j <> 1 then k - k + I

end if

m pr(nprof, n,k)
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errorS - "yes"
while errorS - "yes"

solicit for next point

locate 24,1
beep
print "Using arrow keys, select point from profile";

pr(nprof,n,k); "then press ENTER.

turn on the artow keys and event trap

key (11) on
key (12) on
key (13) on
key (14) on
on key (11) gosub upcursor
on key (12) gosub leftcursor
on key (13) gosub rightcursor
on key (14) gosub downcursor

incursor:
a $ - " "

while a$ "
a$= inkey$

wend
if a$ - chr$(13) then goto nextprof
goto incursor

nextprof:

I convert the input y pixel to height

i = v + 0.5 * charht
ytop 1 1
ybtm = 14 * charht
htop = p(m,nmax(m),l)
h = htop - htop * (ytop-h) / (ytop-ybtm)

find the lowest nonused point (a) on the next profile

~a= 2

for i - 1 to nmax(m)
if pix(m,i,3) - l.e7 then a = a + 1

next i

compute acceptable bounds about the point "a"

upper - p(m,a,l) + p(m,a,l) * 0.05
lower - p(m,a,l) - p(m,a,l) * 0.05

check the input height's relationship to the bounds

if h < lower then
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if h > t(m,layer-l,l) then

input height less then bottom bound and greater than the last
' temporary profile point so interpolate for M-unit value and

insert the new level into the temporary profile array

t(m,layer,2) - p(m,a,2) - ((p(m,a,2)
p(m,a-i,2)) * (p(m,a,l) h)_
/ (p(m,a,l) - p(m,a-l,l)))

t(m,layer,l) - h
tmax(m) - tmax(m) + 1
tmax(n) - tmax(m)
errorS - "no"

else

input height less than previous temporary profile point so give
' crossing bounds error message

beep
locate 23,1
print "Boundaries can't cross. Press ENTER.";

pausea: a$ -

while a$ -

a$ - inkey$
wend
if a$ c chr$(13) then goto pausea
locate 23,1

print
end if

elseif h > upper then

input height greater than bounds so give missed breakpoint error
message

beep

locate 23,1
print "M-unit breakpoint exceeded. Press ENTER.";

pauseb:
a$ -

while a$ -

a$ - inkey$
wend
if a$ C chr$(13) then goto pauseb
locate 23,1
print

else

input height within bounds so insert the point (a) into the
temporary profile array and flag it as being used

t(mlayer,l) - p(ma,l)

A19



t(m,layer,2) - p(m,a,2)
tmax(m) - tmax(m) + 1
tmax(n) - tmax(m)
pix(m,a,3) - l.e7

enderror$ - "no"
.%, e n d i f

if error$ - "yes" then

if there was an error, move crosshairs back to starting point

put (x,y), cursor#, xor

x - xl - charwd
y - yl - 0.5 * charht
put (x,y), cursor#, xor

else

if no error, draw boundary line between the two profiles
erase the crosshairs if on the last profile and move on
to the next profile

line (xl, yl) - (x + charwd, y+ 0.5 * charht), 14
xl - x + charwd
yl - y + 0.5 * charht
if j - nprof -1 then

put (x,y), cursor#, xor
elseif j - nprof - n then

put (x,y), cursor#, xor
end if

Sk - k + 1
end if

wend
next j

layer - layer + 1
end if

wend

refill the profile array with the temporary height M-unit values
and recompute the M-unit gradients

for i - 1 to nprof
tmax(i) - tmax(i) + I
t(i,tmax(i),l) - p(i,nmax(i),l)
t(i,tmax(i),2) - p(i,nmax(i),2)

next i

for i - I to nprof
nmax(i) - tmax(i)
for j - 1 to nmax(i)

p(i,j,l) - t(i,j,l)
p(i,j,2) t(i,j,2)

next
next i

call mgradient
end sub
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Subroutine: Drawrange

Purpose: 1. Draw the axis and labels for the raytrace

sub drawrange static

xlabel$ - "Range in Nautical Miles"
ylabel$ - "Height in Feet"
title$ - "Raytrace - Laterally Heterogeneous Atmosphere"
if units$ - "mks" then

xlabel$ - "Range in Kilometers"
ylabel$ - "Height in Meters"

end if

establish drawing limits and tick mark increments

xlimit - xmax
ylimit - hmax
xinc - xlimit / xtick
yinc - ylimit / htick

determine the start points based upon the terminal screen being
*, used and draw the axis

view

if htick - 4 then
yrow - 18.5
nrow - 4

else
yrow - 17.5
nrow - 3

end if
if xtick - 4 then

xcol - 76.5
ncol - 16

else
xcol - 72.5
ncol - 12

end if

line (12.5 * charwd, 2.5 * charht) (12.5 * charwd, yrow * charht),7
line (12.5 * charwd, yrow * charht) (xcol * charwd, yrow * charht),7

ypixel - 2.5 * charht: xpixel - 10 * charwd

draw and label the vertical axis tick marks

row- 3
fac - htick
for i -2 * htick to 0 step -i

if i mod 2 - 0 then
line (xpixel,ypixel) - (xpixel + 2.5 * charwd, ypixel)

locate row, 4
print yinc * fac
fac - fac - I
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row - row - nrow~else
line (xpixel+charwd, ypixel) (xpixel+2.5*charwd, ypixel)

"end if
ypixel - ypixel + nrow * charht / 2

nexti

I draw and label the horizontal axis tick marks

col - 12
fac - 0

-p ypixel - yrow * charht

xpixel - xpixel + 2.5 * charwd
for i - 0 to 2 * xtick

if i mod 2 - 0 then
line (xpixel, ypixel) - (xpixel, ypixel + charht)
locate 20, col
print xinc * fac
fac - fac + I
col - col + ncol

else
line (xpixel, ypixel) - (xpixel, ypixel + 0.5 * charht)

end if
xpixel - xpixel + ncol * charwd / 2

next i

print the title and horizontal axis labels

locate 1, (80 - len(title$)) / 2: print title$
locate 21, (80 - len(xlabel$)) / 2: print xlabel$

print the vertical axis label

for i - 1 to len(ylabel$)
locate (20 - len(ylabel$)) / 2 + i, 2
print mid$(ylabel$,i,l)

next i

if screen is enhanced graphics with extra memory, call for
refractive conditions legion

row - 22

if mode$ - "EGAI6" then call refcond(row)

define the view port and window for the raytrace graph

view (12.5 * charwd, 2.4 * charht) (xcol * charwd, yrow * charht)
window (O,hmax) - (xmax,O)
end sub
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Subroutine: refcond

Purpose: 1. Draw the refractive condition legion at the
bottom of the screen

sub refcond(row) static

locate row,l0
print "TRAPPING"
locate row,27
print "SUPERREFRACTIVE"
locate row,51
print "STANDARD"
locate row,68
print "SUBREFRACTIVE"

I define the box boundaries, interior colors and line style

restore limits
limits: data 3, 4, &hffff, 20, 5, &hfl8f, 44, 2, &hcccc, 61, 1, &hff00

'read the drawing attributes, draw and fill the box

for i - 1 to 4
read Ift, cir, style%
if mode$ - "EGAl6" then

view screen (lft*charwd, (row.1)*charht)-
((lft+5)*charwd, (row)*charht)

paint ((lft+1)*charwd, (row-0.5)*charht), clr, clr
else

line (lft*charwd, row*charht -0.5*charht) -

((lf t+5) *charwd, row*charht -0. 5*charht), clr, ,style%

end if
next i
end sub
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Subroutine: newdata

' Purpose: 1. Solicit the operator for environemntal data.

2. If data entered in units other than M-units,
convert to M-units

sub newdata static
dim e(31), pres(31), rh(31), table(7,2), temp(31)

initialize arrays and constants

erase e nmax p pres rh rlim temp
units$ -"fps"
fttom - 0.3048
mitokm - 1.854
cls

locate 4,1
print
print "Atmosphere specification options are:"
print
print " 1. Pressure, temperature, and relative humidity"
print 2. Height and N-units"
print " 3. Height and M-units"

ok$ - "no"

while ok$ - "no"
locate 25,1
input; "Enter specification option (1, 2 or 3)? ", op
if op < 1 or op > 3 then

beep
print "Option must be between 1 and 3. Try again."

else
ok$ - "yes"

end if
wend

ICIS cls

locate 25,1
line input; "Enter units of height/range (english or metric).

dummy$
if left$(dummy$,l) - "m" or left$(dummy$,l) - "M" then

fttom - 1
mitokm I

units$ - "mks"
end if

cis
ok$ - "no"
while ok$ - "no"

locate 25,1
input "How many profiles do you want to enter (I to 5)? ", nprof
if nprof < 1 or nprof > 5 then

beep
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print "Number of profiles must be between 1 and 5. Try again."

else
ok$ - yes"

end if
wend

' enter the atmosphere data

for i - I to nprof
CIS
locate 1,1
print "Data entry for profile"; i; "of"; nprof

print
J - I

ok$ - "no"
while ok$ - "no" and j <- 30

print "For level"; j
if op - I then

if j - 1 then
if units$ - "fps" then

input "Enter radiosonde launch ht (ft), pres (mb)_
temp (C) and rh(%). ", hzero, pres(j), temp(j), rh(j)

else
input "Enter radiosonde launch ht (meters), pres_

(mb), temp(C) and rh(%). ",hzero, pres(j), temp(j), rh(j)
end if
p(i,j,l) - hzero * fttom
nmax(i) - nmax(i) + 1
j -j +1

else
input "Enter pressure (mb), temp (C), and rh (-I, -1,

-1 to end) "pres(j), temp(j), rh(j)

if pres(j) < 0 then
ok$ - "yes"

elseif pres(j) >- pres(j-l) then

beep
print "Pressure must decrease. Try again."

else
nmax(i) - nmax(i) + I
j -j +1

- - end if
end if

else
if units$ - "mks" then

if op - 2 then
input "Enter height (meters) and N units (-i,-l to

end) ", ht, n
m - n + ht/6.371

else
input "Enter height (meters) and M units (-i,-l to_

end) ", ht, m
end if

else
if op - 2 then
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input "Enter height (feet) and N-units (-1, -1 to _
end) ",ht, n

m - n + ht*fttoln/6.371
else

input "Enter height (feet) and M-units (-1.-i to
end) ",ht, mn

end if
end if
ht -ht * fttoin
if ht >- 0 then

if j - 1 then
p(i,j,l) -ht

p(i,j,2) -m
nmax(i) -j

j - j+l
else

if ht <- p(i,j-l,l) then
beep
print "Heights must be in increasing order.-

Try again." 
es
else~ ) h

p(i,j,l) - mt
pm(i,) j i

njax - j

end if
end if

else
ok$ -"Iyes",

N end if

wedend if

if pressure entered, convert to height and compute M-units

if op-l1 then
hite0 - hzero
presO - pres(l)
tstr0 - temp(l) + 273.2
for j - 1 to ninax(i)

ta - teinp(j) + 273.2
presl - pres(j)
ee -6.105 * exp(25.22 * (ta-273.2)/ta - 5.31*

log(ta/273.2)) * rh(j)/100
tstrl - ta + .3794017 *ta * ee/ (presl - ee)
hitel - hite0 + 14.643 *(tstrl + tstr0)*

log(pres0/presl)
p(i,j,l1) - hitel
p(i,j,2) - 77.6/ta * (presl + 4810 *ee/ta)+

hitel/6.37l
hite0 - hitel
presO - presl
tstr0 - tstrl

nextj
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end if

if necessary, set surface height to zero and compute a M-unit
value

if p(i,l,l) <> 0 then
for j - nmax(i) + 1 to 2 step -1

p(i,J,2) - p(ij-l,2)
next j
p(i,l,l) -0

p(i,l,2) -p(i,l,2) - 1j.8 *p(i,2,l)/l000
nniax(i) -nxnax(i) + 1

end if

cis
locate 25,1

* if nprof - 1 then
if units$ - "fps" then

input "Enter range (nautical miles) for raytrace. "

rl1im (i)
else

input "Enter range (kilometers) for raytrace. ",rlim(i)

end if
rlim(i) - rlim(i) * mitoki
for j - 1 to nmax(i)

p(2,j,I) - p(l,j,I)
p(2,j,2) - p(l,j,2)

next j
nmax(2) - rnax(i)
nprof - 2

elseif i < nprof then
if units$ - "fps" then

input "Enter range (nautical miles) to next profile. "

rlim(i)
else

input "Enter range (kilometers) to next profile.

end ifrlim(i)

rlim(i) - rliin(i) *mitokm

end if
next i

0 solicit the operator for a storage file name if desired

cls
ok$ - "1no"
while ok$ - "no"

locate 25,1
Npline input; "Do you want to s-ore this data for future use

(yes,no)?", dumnmy$
if left$(duuiy$.l) - "y" or left$(dumniy$,l) - "Y" then

cls
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locate 25,1
line input; "Enter file name for storage of data (8 characters_

max). "; dummy$
bpen "enviros\" + dummy$ for output as #1

print #1, "This file contains environmental data for the multi
-profile"

print #1, "raytrace. If you edit this file, the colons (:) mus_
t remain"

m print #1, "in place. All numbers must be separated by at 1
east one"

- print #1, "space. The column structure of the heights and M-un_
its must"

print #1, "be retained. Heights must be in increasing order. _

There is"
print #1,4 "no error checking on a stored file.

print #1,

print #1, using "\ \"; units$;
*- print #1, using "& :units of height/range_

mks - metric. fps - English."
print #1, using "#"; nprof;
print #1, using "&";" :number of profiles

most - 0
for i - 1 to 5

print #1, using "###"; nmax(i);
if nmax(i) > most then most - nmax(i)

next i
print #1, using "&";" :number of levels within each profi

le"

for i - 1 to 4
print #1, using "#####"; rlim(i) / mitokm;

.. next i
print #1, using "&";" :distance between profiles in units of a

bove"

*print #1, 1
print #1, " Profile 1 Profile 2 Profile 3 Prof-

le 4 Profile 5"
"'* print #1, " height M-unit height M-unit height M-unit height
,-, '. t M-unit height M-unit"

print #1, ""

for j - I to most
for i - 1 to nprof

print #1, using "#####.#"; p(i,j,l) / fttom;
"' ~print #1, using " ####.# "; p(i,j,2);

next i
print #1, chr$(13)

next i
close #1
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ok$ - "tyesit
elseil left$(dununy$,1) -"In" or left$(dummy$,l) - "IN" then

ok$ - "yes"v
else

beep
print "Response must be yes or no. Try again."

end if
wend
end sub
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Subroutine: raytrace

Purpose: 1. By taking a range step, compute an ending
' height and angle for a ray with a specified

launch angle.

sub raytrace static

dim offset(5), ch(5,150), cm(5,150)

startangle - (elevangle - (0.5 * beamwidth)) * 0.0174532
angleinc - (beamwidth / nrays) * 0.0174532

total the range increments and compute incremental range offsets

xlimit - 0
for i- 1 to nprof - 1

xlimit - xlimit + rlim(i)
next i

offset(l) - 0
offset(2) - rlim(l)
offset(3) - offset(2) + rlim(2)
offset(4) offset(3) + rlim(3)
offset(5)- offset(4) + rlim(4)

compute the layer height and M-unit gradient coefficients

for i - 1 to nprof - 1
for j - 1 to nmax(i)

ch(i,j) - (p(i+l,jl) - p(i,jl)) / rlim(i)
cm(ij) - (p(i+l,j,3) - p(ij,3)) / rlim(i)

next j
next i

ask for display of refractive conditons

if putdots$ - "no" then
locate 25,1
if mode$ - "EGAl6" then

line input; "Want to see all conditions or just trapping (all
or trap)? ",dummy$

else
print

to .

end if

draw dots for refractive conditions

locate 25,1
if modeS < "EGAl6" then

print "Drawing trapping regions. Please standby.

else

A30



- - - - - - - - -

print

end if

if xtick - 4 then xinc - xlirnit /128
if xtick - 5 then xinc - xlimit /120
if mode$ <C "CGA" then

if htick - 4 then yinc - int(hlim) / 112
if htick - 5 then yinc - int(hlim) / 105

else
if htick - 4 then yinc - int(hlin) / 64
if htick - 5 then yinc - int(hlim) / 60

end if
y -yinc

j-1
n-I
while y < hlim - yinc

x - xinc
while x < xlimit

endp if hijl xofsti)+pij11
ybm- c(i,j) * (x-offset(i)) + p(i,j,3)

if ira >- 0o then

elseif ira < 7.e- then

nclor$dm$l - "A)te
eif igrad <- .- then

mcolor - 2
elsei ga<7.e5t n

nicolor - 1
end if ga<-15e4tn
pst(/iomftmmcolor

4 else
A if nig~~~~~mora <0 thnpeIxmtkiyftr)

end if

if x ga < 0fstil then ise - /itk y/ to) 4
endi

- + inc

if x > ffien~l ~l) then - + I

wend

locate 25,1
if mode$ <> "EGAl6" then print
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put the dots in an array for later display

window
view
get (12.5*charwd+O. 1*charwd, 2.4*charht+O. 1*charht)

- (xco1*charwd-O. 1*charwd, yrow*charht-O. 1*charht), dots
else

window
view
put (12.5*charwd+ O.1*charwd, 2.4*charht+O. 1*charht), dots, xor

end if

0 establish viewport and window for drawing

view (12.5 * charwd, 2.4 * charht) -(xcol * charwd, yrow *charht)

t window (O,hmax) - (xniax,O)

0 find the layer containing the transmitter

ok$ -"no"~

while ok$- "no " and i <- nmax(l)
if tran < p(l,i,l) then

i -i - 1
ok$ - 1si

elseif tran - p(l,i,l) then

esok$ - "yesil

end if
wend
tlevel -i

for j I to nrays

initialize the beginning values

n-i1
i - tlevel

~ bht - tran.
eht - bht
brng-O0
erng - 0
rngnow - rlim(n)
rnginc - rlim(n) / 25
if j -lI then

balpha - startangle
else

balpha - startangle + (j -1) *angleinc
end if

loop until maximum height or range is reached
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while eht < hinax / fttom and erng < xirit and i < nniax(l)

compute local M-unit gradient, ending range and angle

mgrad - cin(n,i) * (brng-offset(n)) + p(n,i,3)
if (mgrad - 0) then mgrad - l.e-6
erng - brng + rnginc
if (erng > rngnow) then erng - rngnow
ealpha - balpha + mgrad * (erng - brng)

check to see if ray has passed through a maximum or minimum
if so, compute a new ending range and angle

if (balpha<O and ealpha>-0) or (balpha>0 and ealpha<=0) then
ealpha - 0
erng - brng - balpha / mgrad

end if

'compute an ending height and the boundary heights at this
'ending range

eht - bht + (ealpha^2 - balpha^2) / (2.e-3 * mgrad)
topht - ch(n,i+l) * (erng-offset(n)) + p(n,i+l,l)
btmht - ch(n,i) * (erng-offset(n)) + p(n,i,l)

if ray has penetrated layer boundary, compute range, height, and
angle of boundary crossing

if eht > topht or eht < btmht then
if eht > topht then

4 11 -i + 1
flag I

else

flag- 0
end if

a - mgrad /2.e-3
b - 2 * baipha / 2.e-3 - ch(n,l1)
c - bht - ch(n,l1) * (brng - offset(n)) -p(n,l1,l)

delr - (-b + sqr(b^2 - 4 * a * c)) /(2 *a)

if delr < 0 or delr > rn~inc then_-
delr - (-b - sqr(b 2 - 4 * a *c)) /(2 * a)

if delr - 0 then delr - rnginc
erng - brng + delr
ealpha - balpha + mgrad *(erng - brng)
eht - ch(n,ll) * (erng -offset(n)) + p(n,1l,1)
if flag- 1 then

i-i+
else

i- l
end if

end if
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reverse angle if ray has reached the ground

if (eht <- 0) then
i - 1
ealpha - -ealpha
eht - 0

end if

draw the ray segment on the screen

line (brng/mitokm, bht/fttom) - (erng/mitokm, eht/fttom),14

check to see if ray has reached next profile range. If so,
increment range counter and get new step size

if erng - rngnow and erng < xlimit then
n -n + 1
rngnow - rngnow + rlim(n)
rnginc - rlim(n) / 25

end if

reinitialize starting height, angle, and range

bht - eht
balpha - ealpha
brng - erng

wend
next j

F toggle background

window
view
locate 25,1

- , print "Press <t> to toggle background or <ENTER> to continue.";

toggle:

while a$-

wna$ -inkey$

if a$ -chr$(84) or a$ - chr$(116) then_
put (12.5*charwd+ 0. l*charwd, 2.4*charht+0. 1*charht), dots, xor

if a$ -chr$(13) then goto continue
goto toggle

continue:

4 end sub
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Subroutine: gradient

Purpose: 1. Compute an M-unit gradient

sub gradient static

for i - I to nprof

compute the M-unit value at one kilometer

ok$ - 1nol
j - njnax(i)
if p(i,j,l) < 1000 then

diff -(1000 - p(i,j,l)) / 1000
matkm -(118 *diff) + p(i,j,2)

elseif p(i,j,l) -1000 then
matkm - p(i,j,2)

else
while ok$ - "o

* if p(i,j,l) > 1000 then

else
matki p(i,j+1,2) -(p(i,j+l,2) -p(i,j,2))*

(p(i,J+l,l) -1000) / (p(i,j+l,l) -p(i,j,l))

ok$ - 11yesit
end if

wend
end if

compute the M-unit gradient for each profile

for j - 1 to ninax(i) - 1
delu - p(i,j+1,2) - p(i,j,2)
delh - p(i,J+l,1) - p(i,j,l)
if delh <> 0 then

p(i,j,3) - l.e-3 *delu /delh
else

p(i,J,3) - 1.e-6
end if

nextj

compute the M-unit gradient at the top of the profile

matsfc - p(i,1,2)
h - p(i,nmax(i),l) / 1000
a - log(matsfc /(matki - 157))
p(i,nmax(i),3) -157 -(natsfc * a *exp(-a *h))

next i
end sub
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