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(i) 

ABSTRACT  

• The computer program for ocean wave refraction described estimates 
and constructs wave refraction diagrams which are graphical representations 
of changes in direction of wave fronts as they move over relatively shallow 
areas with varying depths. The rays or orthogonals calculated indicate 
the direction of travel of the wave energy from a given initial position. 

For each point along the ray, water depth and bottom slope are 
estimated from the depth grid by linear interpolation; wave speed and 
curvature are computed according to the first order wave theory; the loca-
tion of the next successive point is approximated by an iterative procedure. 
Sample data and their results are included. 

All subroutines, with the exception of NUMBER, SYMBOL and DATE 
(which is written in binary) are written in FORTRAN 32 and together are 
designed for use only on the Bedford Institute CDC,3150 computer. 
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1.0 	INTRODUCTION  

A wave refraction diagram is a graphical representation of the change 
in direction of a wave front as it moves from deep water to shallow water. 
A straight wave front of a wave propagating over shallow areas (depth less 
than half the wavelength) starts to bend as its velocity becomes a function 
of depth. When progressing over increasing depths wave orthogonals tend 
to diverge and when progressing over shoals or ridges they tend to converge. 

The refraction theory applied to this program is based upon the 
following assumptions: (1) that the waves are long-crested, sinusoidal, 
progressive gravity waves for which the linear wave theory applies; (2) 
that the wave period is constant throughout the shoaling process; (3) that 
the wave velocity depends only upon the wavelength and still water depth; 
(4) that the elements of the wave crest advance in a direction perpendicular 
to the wave front; (5) that the amount of wave energy between orthogonals 
remains constant; (6) that the effect of friction and currents on the refrac-
tion process is negligible. These last two assumptions make it possible to 
estimate variations in wave height with variations in depth and orthogonal 
spacing. 

Refraction diagrams are constructed in two ways. The first, known 
as the 'wave-front method', is essentially the illustration of successive 
wave front positions (at given time intervals), found by using Hgygen's 
principle, on a chart of the region of interest. The second method, known 
as the 'orthogonal method', illustrates the path of the wave orthogonals. 
This second method is employed in the program described. 

This program was designed to replace the manual construction of wave 
rays particularly when a multiple number of periods and angles of approach 
are to be considered. However, it should be noted that the preparation of 
the depth grid and ray cards will exceed in time and effort that required 
for the manual construction of two or three refraction diagrams. 

Comparisons of manually and computer constructed refraction plots 
will show slight differences, due to the finite grid spacing and lack of 
an integrating effect over an area around each point in the computer product. 
These differences may be made smaller by using a smaller grid spacing (if 
possible) and by visually integrating the area around each grid point and 
using the integrated depth as the grid depth at any point. 

The refraction principle is quite useful and can be employed in a 
wide variety of applications. Of particular importance is its identification 
of areas of convergence and divergence of wave rays. For example, when 
establishing a wave climate for a certain area through direct wave measure-
ments observations should be confined to regions of non-convergence and 
non-divergence. This is one important application for which this technique 
has been used. Other uses may be found in Pierson, Neumann, and James 
(1955) and Pierson, Tuttell, and Wooley (1953). 
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2.0 	METHOD 

	

2.1 	Initial Requirements  

A hydrographic chart with sufficient depth detail is the basic 
requirement. This chart must cover the shoreline of interest and extend out 
into water that is considered 'deep', i.e. where the depth is at least equal 
to half the wave length of the longest wave to be considered.' Under these 
circumstances 'deep water' conditions prevail; i.e. no refraction is occurring 
and the initial wave front can be assumed to be a straight line. A set of 
periods and angles for which wave rays are to be drawn must be chosen and the 
'deep water' wave front fitted into the area of interest. Since the maximum 
plotting dimensions of the PDP-8 plotting system are, 22 x 28 inches, the area 
of interest on the chart should not exceed these dimensions if the ratio 
between the size of the resultant wavy ray plots to the chart size is to be 
equal to one. There is a provision made to scale the plot down but unless 
shorelines and contours are indicated in the output plot the results cannot 
be easily referenced to the original chart. To plot shorelines major altera-
tions rest be made to the depth grid and will be described later. These 
alterations are manually time-consuming and the additional plotting of shore-
lines and contours requires a considerable amount of computer time and memory 
space as will be seen. For these reasons it is most advantageous to make the 
ratio of the refraction plot to chart size, one to one. Clear plastic over-
lays of the shore line and contours on the resultant wave ray plots will 
relate the refraction diagram to the chart. 

	

2.2 	Selection of Grid Boundaries  

A rectangular (right-handed) X-Y coordinate system, whose 
boundaries form the boundaries of the depth grid, is imposed on the area Of 
interest. The boundaries of the plot are specified by the lines X = 0, 
X = AMM, Y = 0 and Y = ANN (AMM and ANN are expressed in grid units). Care 
must be exercised in selecting these boundaries. As indicated before some 
criteria must be kept in mind: (a) all rays must start in deep water for all 
angles of approach (if a 'deep water' wave front is required), (b) no shoals 
should be left in the seaward direction, and (c) the angles of approach should 
be adequately covered by the depth grid, so as to ensure realistic approaches 
to the, shoreline of interest. For example, if the shoreline of interest is 
on an island the depth grid must surround the island since the waves which 
arrive at any point on the shore could originate from almost any point 
around the island. 

Generally (and for the program presented here) the Y-axis is set 
parallel to the coast (or to the contour defining the boundary of 'deep 
water'); the X-axis increases positively seaward. If another orientation 
is desired changes must be made in the main program. The shoreline and 
the 'deep water' contour must-lie at least one grid unit from the grid 
boundaries since any ray which comes within one-half grid unit of the boundary 
is stopped at that point. 

1. Wavelength L = 5.12 T2  where T is the period of the wave in seconds. 
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2.3 	Selection of Grid Interval 

The depth grid is a two-dimensional array of integer depths, 
all equally spaced. The selection of the grid interval is dependent on 
opposing criteria. The first requires that each grid cell be so small that 
its bottom topography may be approximated by a plane. Of course, the smaller 
the cell the better the approximation and the better the resolution of the 
wave rays. The number of depths in the grid, however, is limited by the size 
of the computer core. For the BIO computer the maximum dimensions of the 
depth grid are 25 x 30 (i.e. 25 in X direction and 30 in Y direction) - see 
Memory Requirements, Section 6.1. Along with these criteria some considera-
tion of the size of the area must also be made. For instance, since the Y 
axis can only be 28 inches long (i.e. HT < 28) and can only have 30 equally 
spaced points, the points then will be spaced 0.932 inch apart. This is an 
odd figure. It is certainly easier to use a distance of one inch so that 
inch- lined paper or plastic can be laid on top of the hydrographic chart to 
interpolate the depths at the grid points. If one inch is used then 28 points 
are sufficient. The grid interval will then be equal to one inch times map 
scale factor to yield actual separation between depths in feet. This factor 
is determined by the scale of the hydrographic chart used. If this grid 
interval does not yield sufficient resolution the area of interest should be 
subdivided into overlapping areas that are small enough to yield adequate 
resolution and whose orthogonals are made to match in the overlapped regions. 

	

2.4 	Selection of Depth Values  

The depths used in the depth grid may be expressed in any 
units. The depths used, however, must be converted to units of feet to be 
useful for this program. For this reason the program requires a conversion 
factor called DCON which when multiplied by the depth unit used yields depths 
in feet. For example, if the depths are in fathoms DCON = 6.0 (ft/fm) and if 
the depths are in metres DCON = 3.28 (ft/m).. 

The depth at each grid point is most easily determined by 
fi rst drawing contour lines on the hydrographic chart at convenient intervals. 
This may appear time-consuming but it saves on the interpolation time required 
to establish the depth at each grid point. Depths indicated should be a visual 
integration of depths within an area of one-half grid unit square. 

To obtain a plot of the shoreline the depths overland are not 
set equal to zero (as they would be if no shoreline is to be drawn) but are 
set equal to negative values which are generated, as indicated below. Depth 
contours are drawn in a strip extending at least three grid units seaward 
from the shoreline. On the land the reflections of these contours about the 
shoreline are drawn. The depth assigned to each reflected contour is the 
negative water depth associated with'the contour being reflected.. Successive 
reflections should be made to obtain the depths further inland. Once within 
two grid units of the boundary the remaining depths may.be set equal to zero 
(see Figure 1). 



FIGURE 1: Depth Grid used to draw Shoreline 

2.5 	Selection of Ray Oriiiins  

To determine the wave ray paths, the starting points (ray 
origins) of each ray must be specified, along with the angle at which the rays 
are to set out from these points. If the rays are originated in deep water 
then all the initial points may lie on the same straight line and all the 
angles for the rays are the same. For example on Figure 2 a wave front is 
indicated with the starting points of the wave rays. The rays originate in 
deep water (i.e. beyond deep water contour DW) so their origins may lie on a 
straight line. The starting points are given by their X and Y coordinates. 
The angles or angle (for this example denoted as A) are measured in degrees 
with respect to the increasing 	as shown in Figure 3. This method of 
selecting ray origins is used if the refraction of a part/en-ler wave front 
for a particular wave period is desired. 

If instead it is desired to see from which direction and 
location waves are refracted into a point then all possible angles of approach 
are specified for that point for a particular wave period. These rays then 
radiate from that point. When these rays reach deep water, their directions 
yield the angles at which wave rays should be initially started in deep water 
in the case of the first application mentioned above. 
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Y 

FIGURE 2: Initial Wave Front Positions on Depth Grid 

Y 

FIGURE 3: Selection of Initial Ray Angle 



and 

2 k' = — 	and k" = — (see Harrison and Wilson, 4 	 gT 	1964) 
(5) & (6) 
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3.0 	COMPUTER OPERATIONS  (quoted from Wilson) 

The computer starts with a ray origin and approximates the path by 
calculating successive points. For this calculation the computer needs the 
array of depth values (KNAT), the wave period (TT), the direction of travel 
(A), and the coordinates of the initial position (X,Y). At each point a 
first order plane is fitted by least-squares to the four closest depth 
values. Water depth (h) and the gradients Wa/ax and ah/ay are obtained 
from the plane. The change in depth normal to the ray (ah/an) is found from 

ah - ah  sin A + 3j-I  cos A an 	ax 	ay 

Wave speed (C) and 
an 

 are calculated with 

C = a tanh (27h)  27r 	(CT) 

where T = wave period 

and 

aC = ah w  
an an 

where 

1 

k' I +k 
Ck

"C 1 -k
" 	ckt, 

"C 
+ 	ln(l+k"C) - ln(1-k"C) 

W - 1  

(1)  

(2)  

(3)  

(4)  

Ray curvature (K) is computed with 

(-ac) K - c Tan) (7) 

Denoting the current point (Pn) and the next succeeding point (Pni.1) 

P
n+1 is reached from Pn 

by iterating with 
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6A = (Kn.  + Knia) 1)11/2 	 (8) 

Ah+1 = An -I- 6A 	 (9) 

17= (An  + An+i)/2 	 (10) 

n+1 
= In + En cos A 	

(11) 

and 

Y
n+1 

= Yn 
+ Dn sin A 	

(12) 

where E
n
, the incremental distance between points, is given by the ratio 

h
n
/L
d 
(Griswold and Nagle, 1962; Griswold, 1963). 

Computations stop when the rays reach the shore, a border of the 
grid, when the number of the points along a ray exceeds 1799 or when the 
bottom slope increases very sharply. The coordinates of the points. defining 
the ray path, Just completed, are then stored and subsequently written on 
tape. The process is repeated for each ray origin specified. Later, the 
information contained on this tape is used by the PDP-8 plotter to draw 
the rays. 

3.1 	Optional Operations  

The computer may be made to perform any or all of four options 
provided memory space is available (see.Memory Requirements). The first cal-
culates the coordinates along a ray of the positions occupied by a wave 
crest at equal time intervals (CIN). If the value of CIN is chosen so that 
CIN/TT = M where M is an integer, the result of the calculation can be 
interpreted as the positions of every Nth crest in a sinusoidal wave train. 

The second operation obtains coordinate values of points on 
the depth grid where the linearly-interpolated depth equals zero. This 
option, if exercised, provides the plotter with data with which it can draw an 
approximate position of the shoreline. The approximation becomes poorer as 

ah —4- 0 at h = O. ax 

The third option enables the plotter to enter selected sound-
ings on-the ray diagrams. If a judicious selection of water depths is made, 
an idea of the bathymetry of the region of analysis can be formed directly 
from the ray plot without-referring to the chart of the region. These 
soundings should also verify the accuracy of the computed ray paths. 
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The fourth option causes the computer to calculate the points 
along a straight line wave front if NOrlinT 0 O. Only the initial point (XST, 
YST) and the final point (AnD,YEED) need to be specified. The front is 
divided up into NOR equally spaced points and these points are taken to be the 
starting points of the rays originating on that wave front. This option 
is not exercised if NOFENT = O. 

3.2 	Plotter Operations  

The PDP-8 computer is used to transform the data on the CDC 
3150 output tape into the plots desired by means of the CALCOMP plotter and 
the PLOTIS or PLTLS plotting routine. The choice is determined by the mode 
of output; paper or magnetic tape. Each plot shows ray paths and is bordered 
and labelled. If the options have been exercised, the plot will also show 
travel-tine marks, the shoreline, and soundings. 

The maximum dimensions of the plotting surface are 120 feet by 
29.5 inches.2  The position of the border and label of each plot is con-
trolled by AMM, ANN and HT (the height of the plot in inches). AMM and ANN 
are determined from the dimensions of the depth grid. HT must be fed in and 
may be no greater than 28 inches. The value of HT, however, may be chosen so 
as to produce a specific scale of plot (SCL). This may be done by setting 
HT = GRID-SCL.ANN.12, where GRID equals the number of feet per grid interval. 

Before beginning a series of plots, the plotter pen is set 
(15.0 - HT/2) inches from the bottom of the roll of paper where HT is the 
height selected for the first plot. This establishes the origin. Subsequent 
plots are spaced by 6 inches from the previous plot. 

14.0 	DESUV1Y110N OF COMPUTER PROGRAM (SHAVE)  

This program consists of a main program, 17 subroutines (one of these 
is a binary program) and 4 function routines. The description of the main and 
subprograms follows in Figure 3 which is a diagram depicting the sequence in 
which the various subroutines are called. Program variables will be discussed 
later. 

MAIN Program  

This part of the program called MAIN controls the rest of the pro-
gram and receives the data input. This data which is to be described later 
is read in on cards. MAIN calls (in order) the following subroutines: 
TITLE, NUMCON, SHORE and RAYN. RAYN is called for each req, but the other 
subroutines are only called once (for each plot). 

2. These are the maximum dimensions of the roll of plotting paper. 



10comER 
14 Converts 

all 	ac  to an an 

15DATE - Keeps 
track of date 
on which 
program was 

run 

9 

2TITLE - Draws borders 
and labels each plot 

-MAIN -Input is 
read in 

3GRAF - Draws each as 
on plot 

NUMCON - Draws soundings 
on each plot 

SHORE - Draws shoreline 
FRONT - Sets up 	on each plot  
straight line 
wave front  

8SURFCE - Calculates ray 
curvature at each point 

11m0VE - Calculates 
successive points 
along each ray 

416PCD - Computes PCTECF 

17STORE - Stores all 
coordinates of points 
used for plotting 

18
DRAW - Plots all 

information 

RAYN - Controls 
calculation of 
each ray and 
handles the 
output 

VEL6TY 
13 Converts depth to 

wave speed  

FIGURE 4: Generalized Flow Chart of SWAVE 
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TITLE 

This subroutine produces all the information necessary for plotting 
the borders of and the labelling of each plot. The label contains the pro-
ject number, date, plot number, wave period, and time between crest marks. 
Depending on the value of NAX, TITLE may or may not call GRAF which prepares 
instructions for drawing calibrated X and Y axis. 

GRAF 

This subroutine calibrates X and Y axes and prepares the instructions 
for the resulting plot. Calibrations are located at integral values along 
the axes. The product DY.SIZE must be integer. 

This subroutine (which is optionally called) draws specified sounding 
values on a particular plot. NCO specifies the number of sounding values, 
and these values are stored in the array CTOUR. For each integral value of 
Y where 1 < Y < ANN - 1 and for each value of crouR, NUMCON prepares the -
necessary plotting instructions for the plotter to draw this value of CTOUR. 

ah 
This subroutine cannot be used unless IGE > 0 at h = 0 for the entire depth 

grid. When NCO < 0 NUMCON is not called, and no sounding card is read. 

SHORE 

This subroutine (which is optionally called) is only called if. 
NSH # O. When called it prepares plotting instructions for drawing the 
shoreline on a plot. Coordinates of points, where the linearly-interpolated 
value of KNAT equals zero, are calculated. When plotted, the shoreline 
consists of a line joining all these points. This subroutine cannot be used 

ah 
when a < 0 at h = 0 for the entire depth grid. 

m 

FRiNT 

This subroutine is only called if NOFRNT 46  O. When called it cal-
culates the coordinates of the starting points of each ray if the points 
all lie on a straight line (i.e. the wave front is straight). For each wave 
front this subroutine is only called once, subsequent plots use the original 
starting points if the variable NERMAY = O. 

RAYN 

This subroutine is the heart of the program. RAYN calls, in order, 
the following subroutines SURFCE, MOVE, DATE, PCD, STORE and DRAW. RAIN calls 
SURFCE to obtain the initial curvature of the ray. MOVE then calculates the 



coordinates of all the points on each ray. DATE calls the date from the com-
puter accounting system. After each point is located on a plot, RAYN calls 
PCD to obtain PCTDIF and then calls. STORE to store the coordinates of the 
point. After all points have been generated, RAYN calls DRAW to prepare 
plotting instructions for the stored points. 

The calculation of new points along a ray ceases when one of the 
following conditions is encountered. Each condition is followed by the 
message which is printed by the computer when this condition is fulfilled. 

1. MIT = 3, CURVATURE APPROXIMATIONS NOT CONVERGING 

2. NGO = 2, 'RAY REACHED GRID BOUNDARY 

3. NDP = 2, RAY REACHED SHORE 

4. K (or KMAX KCIN) > MMAX, DIMENSION OF OUTPUT ARRAYS EXCEEDED 

NOTE: Condition 3 may occur in deep water if the bottom slope is changing 
too fast. 

RAYN also prepares the printed output for the entire program. Two formats 
are available: first, if NPT 	0, MAX, X, Y, ANGLE, TIME PCTDIF, DEP, and 
Dare printed for each point along a ray; second, if NPT = 0, X, Y. ANGLE and 
TIME are output only for the initial and final points along a ray. 

SURFCE 

This subroutine is called by RAIN and MOVE and it in turn calls 
VELCTY and CORDER. SURFCE calculates the curvature for a specific point 
along a Wave ray. The four closest KMAT values (depth grid values) i.e. 
closest to point of interest, are stored in array C and the coefficients 
found in arrays EM and S are combined with the values in C to obtain the 
coefficients of the plane fitted to the four depths. DEP is obtained by 
interpolating on this plane. 

If DEP > 0 	 NDP = 1 

If DER < 0 	 NDP = 2 

If NDP = 2, control is transferred back to MOVE. Otherwise, VELCTY is 
called to obtain CXY. 

If DEP/WL >. 0.5 NFK = 1 and FK = 0 (curvature) 

If DEP/WL < 0.5 NFK = 2 and FK is computed after calling CODER 
to obtain the partial derivative of wave speed. normal to the ray. 

VELCTY 

This subroutine is called by SURFCE each time a wave speed CXY is 
required. If NFK = 1, CXY = CXXO. If NFK = 2, CXY = equation 2. 
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CODER 

This subroutine is called by bUtOCE to convert the partial derivative 
of water depth with respect to the direction normal to a ray into the partial 
derivative of wave speed with respect to the normal(see equation 3). 

MOVE 

This subroutine is called by RAIN and in turn calls only SURFCE. 
MOVE calculates the coordinates of the next point along a wave ray. D is 
calculated, and the curvature used in getting the present point is used 
to approximate the location of the next point. MOVE calls SURFCE to obtain 
the curvature at the approximated position of the next point. The average 
of the curvatures at the present and new points is taken and is used to 
obtain a second approximation of the next point. This procedure continues 
for a maximum of 20 times or until two successive curvature averages-differ 
by a factor less than 0.0009/D. If this convergence occurs, the new point 
is accepted and MIT = 1. If the average curvatures Used on the 18th and 
20th trials have converged to less than 0.0091D, the curvatures of the 
19th and 20th trials are averaged to obtain the curvature used in calcul-
ating the new point. This is done because the curvature approximations 
have converged to two values, MIT = 2 in this case and, if EFT 0 0, the 
message CURVATURE AVERAGED appears on the printer output. If neither 
convergence condition is satisfied, MIT = 3 and no new point is accepted. 

Before returning to RAIN, the coordinatesof the new point are 
checked to see if the new point lies one-half grid unit from the edge of 
the grid. If this is true, EGO = 2, otherwise NGO = 1. 

DATE 

This subroutine called by RAYN returns the date on which the program 
is run from the, internal accounting system of the BI0 computer. 

PCD 

This subroutine is called by RAYN to calculate the maximum percent 
difference (Pump) between the depth at a point on the ray and the 
surrounding four grid depths. 

STORE 

This subroutine is called by RAYN after each point along a ray has 
been computed. The X,Y coordinates are stored in the AX and AY arrays 
respectively. If CIN > 0, the X,Y coordinates representing the position of 
a wave crest at equal time intervals along a ray are calculated and similarly 
stored in AX and AY. If CIN < 0, these crest positions are not calculated. 
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DRAW 

This subroutine is called by RAYN after all points have been cal-
culated for a given ray so that coordinates of these points can be trans-
formed into plotting instructions. In order to minimize plotting time 
odd nutbered rays are pldtted beginning with the initial point; even-
numbered rays are plotted beginning with the terminal point.- If CIN > 0 
marks are placed along a ray to designate crest positions, otherwise 
there are no marks. 

SYMBOL and NUMBER  

These subroutines are system plotting subroutines used for plotting 
characters or numbers and are called by TITLE, GRAF, NUMCON, and DRAW. 

PLOTS 

This subroutine is called by MAIN to initialize plotting operations 
by reserving an output buffer region for plotting information. The limits 
on the dimension of this region are 120 < N < 180,000, where it is recommended 
that N be at least 2000. 

PLOT  

This subroutine is called by MAIN, TITLE, AXIS, RUMCON, SHORE and 
DRAW to issue plotting instructions to the pen. 

5.0 	DESCRIPTION OF PROGRAM VARIABLES  

A 	 - initial ray angle measured in degrees relative to the 
direction of increasing X. Internally in the program 
the ray angle in radians for a specific calculation 
point along a ray. 

AMM, ANN 	- maximum values of X and Y, respectively, for a 
particular depth grid. 

ANGLE 	 - ray angle in degrees for a specific point along a ray. 

AX, AY 	- two arrays used for temporary storagp.of plotter output 
information. The dimensions of these arrays is specified 
by MMAX. 

B 	 - dummy array for starting angles for'reys. 

BUFFER 	- an array used for temporary storage of plotter output 
information. See discussion of PLOTS. 

C 	 - the array for the four closest points to a specific 
calculation point along a ray. 
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CIN 	 - if CIN > 0: in the input and output, the travel time 
in seconds between the CIN/TT successive crest marks 
is given along a ray; internally in program, the same 
time as above but measured in hours. If CIN = 0: no 
crest marks are made on the wave rays. 

CTOUR 	- an array of up to five sounding values in feet. 
These values are plotted numerically on the resultant plot., 

tAX0 	 - deep water wave speed in ft/s 

CXY 	 - wave speed in ft/s at a specific point on a ray. 

- incremental distance in grid units between 
successive calculation points along a ray. 

DCON 	 - conversion factor which will take KMAT values 
into units of feet. 

DEP 	 - water depth in feet at a specific point on a ray. 

EN 	 - before CONDER is called: ah/Bn in ft/grid unit; 
after CODER is called: aC/an in ft/s/grid unit. 

DT 	 - a dummy argument for subroutine DATE where the 
date is subsequently stored. 

DY 	 - number of grid units per inch for a specific plot. 

E - array of coefficients of the equation of the plane 
fitted to the four closest depth values around a 
point along a ray. 

EM 	 - array used in calculation of coefficients for fitted depth 
plane (see Harrison and Wilson (1964), Appendix C). 

FAN 	 T.. FAN # 0 (for rays originating from one point) causes 
rays to be numbered at their terminal points; 
FAN = 0 (for rays originating along a front) causes 
their initial points to be numbered. 

FK 	 - ray curvature (1/grid unit). 

GRID 	 - number of feet per grid unit for a particular depth grid. 

HT 	 - length in inches of Y axis for a specific plot. 

I,J 	 - indices for EMU: I = X + 1, J = Y + 1. 

K 	 - index specifying the number of rays in straight 
line wave front. 

KCIN 	 - number of crest marks calculated along a ray which do 
not correspond to calculation points used for 
plotting the ray path. 
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KMAT 	 - array of grid depth. Dimension is (MM, NN). 

/PEST 	 - numberof crest marks calculated along a particular ray. 

LI 	 - LI + 5 = number of lines printed per page. 

MAX 	 - serial number of a specific calculation point along a ray. 

MIT 	 - MIT = 1 if the curvature approximations in MOVE have 
converged to one value; MIT = 2 if they have converged_ 
to two values; MIT = 3 if they have not converged. 

MM 	 X-dimension of the depth grid (number of points on X axis). 

MMAX 	 - dimension of AX and AY arrays. 

MZPLOT 	- number of plots to be prepared for a given operation 
of the computer program. 

- ray number. 

NAX 	 - if NAX = 0, the borders of a given plot will be 
uncalibrated; if NAX 0 0, the borders will be 
calibrated with integral values of grid units. 

NCO 	 - this variable specifies the number of sounding values 
which are to be read in (must be < 5) if NCO < 0 no 
sounding card is required. 

NDP 	 - if LEP > 0, NDP = 1, if UP < 0, EDP = 2. 

NEWRAY 	- if NEWRAY = 0 the starting points for the previous 
wave front and plot are to be used again; if NEWRAY 0 0 
these starting points are calculated by calling 
subroutine FRONT or read in on cards. 

NFK 	 - if (DEP/WL) > 0.5, 	= 1; if (MOPWL) <.0.5, NFK = 2. 

EN 	 Y-dimension of the depth grid (number of points on Y axis). 

NOkEal 	- if NOFRET = 0 then wave front is not straight and the 
points on the front must be read from cards and FRONT is 
not called. If NOFENT 0 0 then only 1ST, YST, XEND and 
YEND need be read in and subroutine FRONT is called. 

NOR 	 - number of rays to be drawn for a given plot. 

BPLOT 	 - plot number. 

EPT 	 - this determines the format of printed output. See 
discussion of RAYN in previous section. 

NSH 	 - if NSH 0 0 a shoreline is drawn; if NSH = 0 no shoreline. 



- if =MAT = 0 a depth grid is read in; if =MAT # 0 
the depth grid for the previous plot is used again. 

- this is the percent difference between an interpolated 
depth and a nearby grid depth. See discussion of PCD 
in previous section. 

- six digits of alphanumeric information used to 
identify the project number. 

- width in inches of the plot. 

- array used for calculating the coefficients 
of fitted depth plane. 

- 	scale of plot. 

- 1/SCL. 

- total time in hours necessary for a wave crest to 
travel from a ray origin to a specific calculation 
point of the same ray. 

- wave period in seconds. 

- calculated X coordinates of points on straight 
line wave front. 

- calculated Y coordinates of points on straight line 
wave front. 

- deep-water wavelength in feet. 

- coordinates of a specific calculation point. 

- coordinates of end point on straight line wave front. 

- coordinates of starting point on straight line 
wave front. 

EXCMAT 

PCTDIF 

PROJCT 

ET 

S 

SCL 

SCIl 

TIME 

TT 

V 

WL 

X,Y 

XEND,YEND 

XST,YST 

6.0 	PROGRAM LISTING  

(see following pages) 



SECUEACE,7081■■■ 708 MSOS V4.2 IMITICNI(5C DATEm1E/07/78. 
JCE,S)110■034)166P,00504 
FCRIRAN,L,X.M 

MS FORTRAN 14.2),NSOS 	 12107,78 

• PROGRAM SUAVE 	 A 	0 
C 	MAIN PROGRAM FCS THE CALCULATION AND FLOTT/NG CF SURFACE NAVE RAYS A 6 
C ■■ ■ 	■ ■■■ ■■ .. ■■ ■■■■ 	■-■••■ •••• A 	7 
C 	THIS PROGRAM NEECS THE FOLLOMING SUORCUTINES...T/TLEORAF, 	 A 	8 
C ANMCCApShCREORCAT,RAYN,MCVE,SURFCE,VELCTY,CONGERIPCO,STCRE, 	A 9 
O 	DRAM,SYMECLALMEER,FLOTS,PLCT,AXISXY,FLOTXTIAND DATE 	 A 10 
C 	 A 11 
C 	 A 12 
C 	THIS PROGRAM WAS 'PREPARED ElY A.S.HILSCNOEPT OF OCEANOGRAPHY, . 	A 13 
C 	JCHNS POPKIAS UNIVERSITY, IN PURSUANCE OF CONTRACT 011...49085 	A 14 
O CIV■ENG■64■9 AlTh ThE COASTAL ENGINEERING RESEARCH CENTER, 	 A 10 
C 	L.S.ARFY CORPS CF ENGINEERS. 	JULY 21,1985. 	 A 16 
C 

	

	 A 17 
OIMEASION S(3,3), EM(4,3), 8(3), YVN(3), RMAT(20,33), C14), BUFFER A 18 

SW, AX(1800), AT(18001, CTCLI)(9). U(80), V(90), EMI, IVFT(21) 	A 19. 
COMMCN /DATA/ S(3,31 	 • 	 A 20. 
COMMON /CA(A/ EP14,2) 	 A 21 
CCMMCN E,TVW,XFAT,C,ONFFER,AXIAY,CTOUR,FROJC7,001,03Y,MAX,GRICI, 	A 22 

OCCON,DEPOLOMMONNpOY,FAA,CIN,OTAT 	 A 23 
C ■ 	..... 	 A 24 
C 	NEN USERS BENARE CF DIMENSICAS CF MAI, FORMAT OF HMO, AND 	A 25 
C 	VAUE CF MT, WHICH OETERMINES THE SIZE OF THE PLOTS 	 A 26 
C 	THE VALUE OF MPAX MAY ALSC,HAVE TO BE ADJUSTED IF THERE ARO 	A '27 
O ME THAN 1800 OCINTS CALCULATEC ALONG EACH RAY 	 A 28 
C 	■■ 	 A 29 

CATA 11(15,(I,J),J=1,3101.1,3).0.791■0.9,■0.5,■0.5,1.0,0.0,■21.0,0.0, A 30 
81.0) 	 A 31 
CATA 111EM11,114.1,41,/m1,3).411.00000.002(1.001,3(0.0)0211.0011 	A 32 
CALL FLOTS (ECFFER(2223)12233) 	 A 33 
CALL CATE (171) 	 A 34 
MMAX . 1800 	 A 30 
LI * 57 	 A 36 
LII = 11.2■ 41(3 	 A 37 
READ 1E, MXPLCTOROAT 	 A 38 
FAINT 19 . 	 A 39 
PRINT 20, MKFLCT,FROJCT 	 A 40 
CC 17 APLCT.1,PMFLOT 	 A 41 

READ 21, TIpACROM,NN,GRIO,DCONOSMINCOAXCMAT,NPT,NAX,CINOT, A 42 
S NCFONT,NEWAY 	 A 43 

/F(hT.GT.28.)H1 . 28. 	 A 44 . 
PRINT 22 	 A 49 
PRINT 23, TipACRAMONORIO,DCCNOSH,NCO,N2CMAT,NPT,NAX,CIN,H19 A 46 

A NUFNIphEIWAV 	 A 47 
CIN = CIN/3900. 	 A 48 
UL * 32.2.11"2.18.2831854 	 A 49 
AMM = 1.11■1 	 A 50 
ANA . NN-1 	 A 51 
DY . ANN/HT 	 A 92 
SCLI m GRIO.CT./2. 	 A 53 
KRIM . NCR 	 A 54 
CALL TITLE (NPLOT,NAX,SCAIgHT) 	 A 50 
IF (N*CMAI) 2,1,2 	 A 56 

1 	REAC 160,241 (IVFT(I),Im2,21) 	 A 07 
PRINT 25 	 A SS 
PRINT 26, (IVFI(I),I.2,21) 	 • 	 A 59 
READ 1600IVF/121 11(KMAT(I,J),Im1,2M1,J.1,N21 	 A 60 



A 61 
A 62 
A 63 
A 64 
A 69 
A 66 
A 67 
A 68 
A 69 
A 70 
A 71 
A 72 
A 73 
A 74 
A 79 
A 76 
A 77 
A 70 
A 79 
A 83 
A 81 
A 82 
A 83 
A 84 
A 89 
A 86 
A 87 
A 88 
A 89 
A 90 
A 91, 
A 92 
A 93 
A 94 
A 95 
A 96 
A 97 
A 98 
A 99 
A 123 
A 101 
A 102 
A 103 
A *04 
A 109 
A 106 
A 107 
A 138 
A 109 
A 110 
A 111 
A 112 
A 113 
A 114 
A 115 
A 116 
A 117 
A 118 
A 115 
A 120 
A 121 
A 122 

PRINT 27 
IVFT(1) • 40(IX, 
1 . 4h 
EACCOE (1.28,14F1(2) )1 
WRIIE 141,14FT/ (IXMATII,J),Is1gMMI.J.111NNI 

2 	IF MCC) 4,403 
3 	REAC 29, ICICLFIRC/01(0.1,NCO1 

PRINt 30 
PRINT 310 ICICLRI11.1•1,NCC/ 
CALL ALMCCh IFF,AN,N00, 

4 	IF INSH/ 9,6,5 
CALI 51-000 (66,061 

6 	IF INCFRAT.LC.01 7,10 
I'IF INEMRAV.EC.0) 1405 
6 	00 s hul,XRAVS 

MAX • I 
FEAC 32, AgX,V,FAN 
FR1A1 33 
FRINT 34, A,X,Y1FAN 
UN/ • X 
4(6) • V 
BIN) • A*0.0174532925 
A • A*3.3174532929 
CALL RASH (1,1,A,NPLOT06,RMAX,LIAPT,LII) 

2 	CONTINUE 
GO 10 16 

10 	IF (NEARAVA4.0) 12,11 
11 	REAC 31, A,X$1,11I1XENDOEKD 

PRINT 36 
PRINT 37, AOSTOST,XENDOEND 
FAh • O. 
CALL FSCNT 10051,1STOENC,YENO,NOR,U,V1 

12 	00 13 K21,KRAVS 
B(XI • A 

13 	CONTINUE 
14 	00 19 K21,ARAVS 

MAX • I 
X • U4KA 
V • VIKA 
A . EMI 
CALL RATH IX,V0A,NPLOI,XONAX,LIOPT,LIIA 

IS 	CONTINUE 
16 	CALL PLOTXV (8146.,•2.3,0,0) 

CALL ENCPLOT (20) 
CALL AXI5X1 

17 CONT INLE 
CALL PLOT (0.000.011•3) 
PRINT 38 

*a FORMAT (13,20) 
19 FORMAT (IX,14HAXPLOT PROJC7) 
20 FORMAT tixoeoe) 
21 FORMAT IF5.1,14,214,F7.0,F7.2,514,F7.00F9.3,2XpI1,4X011/ 
22 FORMAT (1143,83H IT NOR MP NA GRID 	COON NWI NCO RUMAT APT 

SNAX GIN 	HI 	NOFRNT NEhRAT) 
23 FORMAT (IX,F5.1,14,214,F7.00F7.2,214,2X,I50214pF7.0,F9.31015,144 .101  
24 FORMAT (2214) 
25 FORMA/ (1H0,24HVARIABLE FORMAT FOR RMAT) 
te FORMAT (IX,20141 
27 FORMAT (1142,24HDIPTF GRID VALUES (KMA7)) 
26 FORMAT CAI/ 
29 FORMAT (578.21 



30 FORMAT II)10,31)101NOING 841120 TO BE MIMED) A 123 
31 FORMAT IIXOF9.0) A 124 
32 FLMMAI 47/.0p211.2,F4.00 A 125 
33 FORMAI (1110,22H ANGLE 	X 	V 	FAN/ A 128 
34 FORMAT (1)(070292F6.2,F3.0) A 127 
45 fGHMAI IFis2,4F1.8) A 120 
36 FORMAT IIM0p30h ANGLE 	XST 	YST 	REND 	VEND) A 129 
37 FORMAT 11X,F7.214P6.2) A 130 
38 FORMAT II7H1THIS IS THE END.) A 121 

END A 132.. 

PR CRAM VARIABLES 

21224 A awl 1 KC 21303 I N 00735 I NPLCT 01006 A A 
00526 A 00772 I KPAYS 00747 I NAA 00746 I NAT 01020 A REND 
00750 HT. 00724 I LI 00744 I NCC 00/43 I ASH 01014 A AST 
08774 I sone 0 1II 00753 I NEURAY 00745 I NXOPAT 31212 0 V 
22672 IVFT 00741 I MM 00742 I NN 00770 R SOLI 01022 R VEND 
00776 J 00722.I. MPAX 00752 I NOFRNT 00216 R U 01010 R VST 
01024 K 00732 I MXPLOT 00740 I NOR 00362 R V 

CC PCN VARIABLES 
• 

17477 ARM 01278 A C 17471 A OCCN 17505 R FAN 17913 II RI 
17501 ANN 17607 R CIN ' 17473 II DEP 17467 R GRIC 17462 A TT 
01404 AK 17444 R OMR 17511 R OT 00014 I OMIT 17475 R AL 
12424 AY 17464 A COT 17533 R OY 17466 1 MAX 00006 A /VW 
01402 BUFFER 17460 R 0 00000 A 12 17456 R Mal 1 

OA A VARIABLES  
VD 

00022 EM 00000 A S i 

ST 'WENT RIMERS 

01354 0 01620 19 02042 21 00013 27 00114 33 00192 
01523 9 01106 16 02052 22 00030 20 00125 34 00162 
01927 10 	01717 17 02114 23 33350 29 72126 35 24167 
21022 11 01723 16 00000 24 00076 30 00130 36 00172 
01604 12 	01771 19 00002 es 00100 31 00142 37 00204 
01610 la 02004 20 00010 26 00111 32 00149 38 00210 
01614 14 02014 

FORTRAN CIAGNOSTIC MUIR FOR 	SHAVE 

CCPPILE0 LENGTHS OF SHAVE 	P 	02160 C 	17515 0 	03252 
NC ERRORS 



MS FORTRAN 44.2)/NSOS 	 12/07/12 

C 
C 
C 
C 

SUBROUTINE TITLE INFLOT,NAXOCLIOT) 

THIS SLBSCOINE REOLIRES THE FOLLOWING SUBROUTINESIPLCT0SYMOCL AND 
NUMBER ANC GRAF 

CINENSION 	IFPC.INC(211 
CIMCNSION S13,3), EM(4,110 	0(3), 	VVW12), 	NFAT(25,30), 014/, 	BUFFER 

8(1), 	A001600/0 	A1110001p 	CTCLR(5), U(91), 	VIM, 	E(90), 	IVFT(21) 
COMMON /DATA/ 	5t2,3) 
COMMCN /tATA/ E114,2) 
COMMCN E,VVROMAT,C,BUFFEROXpAVICTOUP0PROjOT,0011,01,MAX,GRICIP 

$CCON,CEP0ALOMPONN,DY,FAN,CIN,CTAT 

a 

3 

B 
6 
7 
a 
9 

10 
11 
12 

PT ■ A1M/CY 13 
XNPLCT n  hPLC1 14 
ENCODE 1$1,0,IPFOJNO 15 
CALL 	SYMBOL 	(..1.5,0.0,0.21,IPPOJNC(1),900,01) 16 
CALL 	NLMBER 	(1.9,19.25,0 .21,014.3800.090.0-11 17 
CALL 	ALMBER 	(-1.5,12.25,0.21,11,900,1) 10 
CALL 	/AMBER 	1-1.9,10.25.0.21,SCLI,90.,-1) 19 
CALL 	!AMBER 	1-1.5,07.15,0.21,XNFLCT,90.,-1) 20 
CALL 	SYMBOL 	1-'1.9,12.880.21,61,90.,0) 
CALL SYMECL 	(-1.9,01.44,0.21,F0CJCT,908,0 

21 
22 

IF IMO 0,1,2 23 
1 CALL PLOT 	(0.0,0.00) 24 

CALL 	PLOT 	(0.0,1402) 29 
GO TO 3 26 

2 CALL GRAF 	(0.,OopIRY,104,90.10.,01) 2? 
CALL GRAF 	40.10.111RX,-4,R1,0.04,01/ 28 
CALL PLOT 	(0.0,17,3) 29 

2 CALL 	FLOT 	IRT,N1,2) 30 
CALL 	PLOT 	(01,0.0,2) 31 
IF 	INAX/ 	5,4,5 32 

4 CALL 	PLOT 	(0.0,0.0,2) 33 
9 CALL 	PLOT 	(0.0,0.0.-31 .  34 

TNT a  NT 39 
RETURN 38 

C 3? 
6 FORMAT (61MIPPC4hC(17 	 PLOT NO. SCL . 1/ 38 
8 p TT . 	CIN •  39 

EhO 40- 

PROGRAM VARIABLES 

00363 R 	B 
00026 I 	IPRC4NO 

00927 I 
gang R 

IVFT 
U 

00217 R V 00554 R XNPLOT 00814 II YHT 

COMMCN VARIABLES 

17477 R 	ARM 01172 II 0 17471 El OCCN 17905 R FAR 17513 0 RT 
17901 R 	ANN 17007 R GIN 17473 R OEP 1748? R GRID 17462 R TT 
61404 W 	AX 17444 R 010)0 17511 0 DT 66314 I BOAT 17479 0 /IL 
10424 0 	AY 17464 R COT 17503 R DY 1?466 I MAX 00008 0 TON 
01402 II 	BUFFER 17480 R 0 00000 R . E 11458 R PRC4C1 

DATA VARIABLES 

00022 P 	EM 03033 R 

STATEMENT ALMEERS 



1 0075? 	 2 00772 
	

3 01025 	 4 01043 
	

9 01050 	 6 00000 

FCPTRON CIAGAOSTIC RESLLTS FOR 	TITLE 

CCFPILEC LENGTHS OF TITLE 	.. P 	01124 	C 	17519 	0 	00092 
NC ERRORS 



MS FORTFAN 14.21/14606 	 12,07/72 

t1.6110J1IXL NU2CON 128,88,8C01 	 C 	1 

	

C   C 2 
C 	INIS SIGFCLIIXE XECILINES INC FOLLCWING SUOROUIINESOLCIghUNDER 	. 	C 	3 
S 	01.0 INI. ILNLIILN 2M1UI, 	 C 	4 

	

C   C 9 
CIMENSION S(3,3), E914,31, E121, 81111(3)0 KMAT126,30), C(4), DUFFER C 	6 

1111), 92(1800), AT(1800), 0204019), U(50), 816010 81501, 21191(21) 	C 	r 
COMMCN /CAIN/ MO/ 	 a 8 
CONOCO teATAi 2814'13) 	 C 	9 
COMMCN 20211,11882,C,OUFFEN0AXWOCTOU11,PROJC200,21,02,MAX,GRIC, 	C 10 

1CCON,OCP,1L,A10,11XN,02,FANCIN,0TAT 	 C 11 
NCO • 1.8..1 	 C 12 
MCO • 11)11 	 C 13 
CO 22 a.2,5C0 	 C 14 

YJ • J-1 	 C 19 
KKK ■ I 	 C /6 
00 13 KC.11ACC 	 C 17 

KNIT a 0 	 C 18 
XDIF • 3 	 C 19 
I • MM-1 	 C 20 
CO 12 21.1,1400 	 0 21 

XI . /1 	 C 22 
IL • 1.1 	 C 29 
XL a 11,1 	 C 24 
IF (81)10) 1,1,13 	 C 25 

1 	 IF IKNATII*J11 2,2,3 	 C 26 
2 	 KNIT a  1 	 C 27 
3 	 IF (KMA1(I,J)'OCON-CTOURIKC)) 9,4,7 	 C 28 
4 	 AKIKKK/ • XI 	 C 29 

28(069) • GTOURIKC) 	 C 30 
KKK a  KKK41 	 C 31 
XCIF • 3 	 C 32 
GC TO 12 	 C 33 

9 	 GC IC (019,6), NOIF 	 C 34 
6 	 &CIF a 1 	 C 30 

GC TC 12 	 C 36 
7 	 GC IC 19,8,81, NOIF 	 C 37 
8 	 NC19 a 2 	 C 38 

GC TO 12 	 C 39 
9 	 SLPX • ICCCWIKMATIII,J2aKMA1(I,J)))/(XLaXI) 	 C 40 

XP a (CTCUR(KC)-0CC6•KMAI(I,J))/SLPX,XI 	 C 41 
81(11811) . MP 	 C 42 
1121111161 • CTCUR(NC) 	 C 43 
KKK a 48(41 	 C 44 
GC TO (10,111, NOIF 	 C 46 

10 	 NOIF a 2 	 C 48 
GC TO 12 	 C 47 

11 	 NOIR . 1 	 C 48 
12 	I • I-1 	 C 49 
13 CCN1I8LE 	 C SO 

KKK a 'Mal 	 C 91 
IF ,KKK-11 22,17,14 	 C 62 

14 	KKL a KKK-1 	 C 63 
00 16 IS01011111. 	 C 64 

180 a 1441 	 C 60 
CO 16 IO.IAGOKK 	 C 66 

IF TAX1IA)*AX(I011 10016019 	 C 97 
19 	 SKIN a 82(18) 	 C 68 

AMA) d 89(I8) 	 C 99 
AX(I8) . %TUN 	 C 60 



21410 . AY(OA) 	 C 61 
*TIM n AMU 	 C 62 
AY(I0) . %FIN 	 C 63 

16 CChl/hLE 	 C 64 
17 	IF (XFOOF(J,2)) 14,18.19 	 C 65 
18 	KCNE n KOK 	 C 86 

KACC . 41 	 C 67 
LAST n 41 	 C 68 
GO 10 20 	 C 69 

19 	KM . ♦1 	 C 70 
KADC * ♦1 	 C 71 
LAST . KKK 	 C 72 

22 	CALL NUMBER IAX1PONE/101,TJ/01.4614,ATIKONE/g4.1441/ 	 C 73 
IF (KCNE-LAST) 21,22,21 	 0 74 

21 	KCNE . KCh2410C0 	 C 70 
GO 70 20 	 C 76 

22 CONTINLE 	 C 77 
CALL PLOT 10.110.,431 	 C 78 
RETURN 	 . • 	 C 79 
END 	 C 00- 

PROGRAM VARIABLES 

24313 00922 I IL 00532 1 104 00914 I NCIF 00920 R XI 
09016 I 	I 
09034 I 	IA 

00404 I 
00904 I 

IVFT 
J 

00541 
00912 

I 
I 

ROE 
KNIT 

00501 I 
00027 R 

NCO 
SUN 

00923 0 
00937 R 

XL 
XHIN 

00535 1 	1110 93842 I KACIC 03942 I LAST 03020 R U 00531 R XP 
00536 I 	113 00911 I KC .00503 I MOO 00144 R V 00500 R TJ 
00517 I 	II 00510 I KieK 

CCMMCN VARIABLES 

17477 A 	AMM 01272 R C 17471 R OCCR 17909 R FAN 17613 R RT 
17501 0 	ANN 17507 P CIK 17473 R OEP 17487 R GR1C 17462 F TT 
01404 R 	AX 17444 R MGR 17511 R DT 00014 I KFAT 17475 P ML 19424 0 	AY 17464 0 CXY 17503 R OT 17468 I MAX 44448 P YVN 
01432 0 	BUFFER 17480 R 0 00000 R E 17496 II PROJCT 

0614 VARIABLES 

00022 R 	EM 00000 R 

STATEFENT NUMBERS 

I 00744 5 01001 9 01025 13 01112 17 01211 20 01238 
2 00751 6 01010 10 01.073 14 01133 18 01217 21 01267 
3 00753 7 91013 11 01076 10 01194 19 01227 22 01274 
4 00764 8 01322 12 31103 16 01172 

FORTRAN CIAGhOSTIC RESULTS FOR 	PUMCCN 

CCITILE0 LENGTHS OF NUPCCN 	4 P 	31294 C 	17919 0 	00092 
he ERRORS 



MS FORTRAN 14.2//14SOS 	 12/07/72 

SLONCUIIRE SHORE IMMONI 
C 
C 	THIS SIOPLITINE FECEIRES THE FOLLOWING SUBROUTINE, PICT. 

IT ALSO RIGGINGS THE FUNCTICN PONIF 
C 

CIMENSION 5(3,2), EP(403) 	 VVW(3), KPAT(25,30), C1100 WPM 
1(1), 80(1800), AVI1800), CICOR(511 U(50), V(50), 5(50)0 ITF1(21) 
COMMON /CATA/ S13,3) 
CCHMCN /DATA/ EF(4,3) 
CCHMCN GOVNIKPAI,C,BUFFER,AX,AV,CTOBWROJCT0C,T1022,HANARICO 

SOCON,OEPOLFAHHONN,02,FARICIA,DTAT 
IC • 3 
CO 17 4.102 

VJ • J*I 
JL • J*1 
III • JL*I 
I • NE 
00 16 II=1,FP 

NI • I*/ 
IL • 1.1 
AL • IL-1 
IF 12)1011100) 1,5,13 
IF IIC*2) 2,2,3 

2 	HP • FCRIF(II0XL,KHAT(I,JIIIIMAT(IL,J)) 
CALL PICT INP/OV,IJ/02111C) 
IC= 2 
GO TO 17 

3 	IF (J*1) 212,4 
4 	VP • FCRIFTIJM,KMAT(10),KMAT(1ga)) 

CALL PICT (0.0P/02,1C) 
IC . 2 
NP • FORIFINI,XL,KNATIT,J),KHATIILIJ)) 
CALL FLCT (IP/02,1(J/07010) 
GO TO 17' 

9 	IF (II-II) 9,6,9 
'8 	CALL FLO (NI/OYOJ/02,1C) 

IF (IC*2) (WO 
7 	1C= 3 

GO IC 17 
IC .= 2 
GO IC 11 

9 	IF (IC-21 12,12,10 
10 	IF (J*1) 12,12,11 
11 	VP • PCNTF(VJOL,KMAT(1,J),KMAT(1IJLI) 

CALL FLCI (0.0F/01,12C) 
1G . 2 

12 	CALL PLOT INI/020J/029I6) 
IC . 2 
GO TO 17 

13 	IF (1I-PM) 16014116 
14 	IF IIC-2) 19,19,1? 
15 	YP = PCNIFITJaL,KHATII,J),KHAT(1OL)) 

CALL PICT (2.12P/OYOIC) 
IC •3 
GO IC 17 

18 	I . I*I 
17 COW/10LE 

CALL PLOT 10.0,0.0,*31 
RETURN 
ENO 

1 
2 
3 

9 
6 
7 
8 

to 
11 
/2 
13 
/4 
19 
16 
17 
/6 
19 
20 
21 
22 
23 
24 
29 
26 
27 
28 
29 
30 
31 
32 
39 
34 
39 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
91 
52 
53 
54 
55 
56 
57 
58 
59 
60* 



PACGRAM VARIABLES 

05710 0 	9 00918 I IL 00907 I JL 90514 R XI 00909 0 TJ 
06912 I 	I 00454 I IVFT 00000 R U 00917 R XL 00610 0 XL 
05901 I 	IC 44941 I J 40144 R V 44523 R XP 00926 0 TT 
05913 I 	II 

CCMPCh VARIABLES 

17477 0 	AMM 01372 9 C 17471 R OCCN 17509 R FAh 17913 9 RT 
17501 0 	ANN 17547 R CON 17473•R OEF 17467 R GPIO 17462 0 TT 
01404 A 	AX 17444 R CTOUR 11511 9 DT 00014 I KMAT 17479 0 NI. 
15424 P 	AY 17484 R COY 17903 R DT 17468 I MAX 00006 0 TVk 
01402 9 	BUFFER 17460 0 0 00000 R E 17456 R PRO.C1 

DATA VARIABLES 

00O22 F 	EM 00000 0 S 

STATEMENT NLMBERS 

1 00693 4 00717 7 01022 14 atm 13 41146 16 41147 
2 24664 9 00779 0 01025.  11 01042 14 01113 17 01181 
3 00712 6 01002 9 01030 12 01070 15 01120 

FCRTRAN DIAGNOSTIC RESULTS FOR 	SHORE 

CCPPILEO LENGTHS OF SHORE 	- P 	01234 C 17919 ' 0 	00092 
NC SPOORS 



NS FONTFAN IWO/MSC'S 	 12/07/72 

sunacutikt GFAF 1/00CD,NC,S126,THETA,YMIN,OY/ 	 E 	I 

	

C   6 2 
C 	THIS SLORCLTIKE FIGURES THE FOLLCWING SUDFOUTINESOLOT,SYMBOL AID 8 	3 
C 	NLHOER. IT ALSC hECUIRES THE FUNCTION HOOF. 	 E 	4 

	

C   E 9 
C 	PCDIF1E0 FACM A CALCOMP SUBACLTINE OF THE SAME NAME. 	 E 	6 
C 	FEPROCLCEL WITH PERMISSION FROM 	 E 	7 
C 	CALTFCANIA CCMFLTER PRODUCTS, INC.,ANAHEIM,CALIF. 	 E 	8 

SIGN • 1.0 	 E 	9 
IF INC) 1,2,2 	 0 10 

1 SIGN • -1.0 	 E 11 
2 NAG • AAPSFINCI 	 E 12 

OH • T6E1/1.0.017493294 	 E 13 
N • DYYSI2E.0.9 	 E 14 
CTH • COSF(Til 	 E 15 
SIN • SINFITH 	 E 16 
TN • N 	 E 17 
)8 • X 	 E 18 
VB • Y 	 E 19 
IA • X-0.1'SIGN•STH 	 E 23 
TA • Y+0.1•SIGN'CTH 	 E 21 
CALL PLOT 110,00,2) 	 E 22 
CO 3 I.1,h 	 E 23 

CALL PLCT 06,Y10,2) 	 0 24 
XC • XEOCTNiCY 	 E 29 
IC • YE.STP/CY 	 E 26 
CALL PLCT l/C,VC,2) 	 E 27 
XII a XAOCIP/CY 	 0 28 
YA • VAO5t6tEV 	 E 29 
CALL PLOT (11,06,2) 	 E 30 
/13 • MC. 	 E 31 

3 VO • IC 	 E 32 
ABSV o YMINFIN 	 E 33 
IA • XE-(.20'SIGN-.05)•STH-.02857+CTH 	 0 34 
TA . YE+(.20•SICN-.C5)'GTH-.02857'STH 	 E 39 
I • 101 	 E 36 
CO 6 I.1,N 	 E 37 

IF (MCCF(A054,5.)) 5,4,5 	• 	 E 38 
4 	CALL NUMBER (IA,IA,041,A8S4,THETA0.1) 	 E 39 
5 	ABSV a A8SV-1. 	 E 40 

IA • IA-CIA/CT 	 2 41 
6 TA . YA..5.11./CY 	 0 42 

INC • NAG*? 	 E 43 
IA • X+(SIZE/2.0-.06'TNC)'CTH-(-.37+SIGN'.36)'STH 	 E 44 
'FA= Y+tSIZE/2.0-.06+TNC)•STH+(-.07+SIGN'.36)•CTH 	 E 49 
CALL SYMBOL EXA,VA,0.14,8CD,THETAINAGO 	 E 46 
AEIURN 	 E 47 
ENO 	 E 48.. 

P0C6RAN VARIABLES 

00044 FT 	ABSV 
	

00006 I 	NAG 
	

00011 R 	TN 	 00032 R 	XA 	 00034 II 	VA 
00016 R 	CTH 
	

00002 0 	SIGN 
	

00022 R 	TN 	 00024 R 	08 	 00028 0 	TO 
32337 I 	I 
	

22222 0 	STN 
	

00056 0 	INC 	 00040 R 	XC 	 00142 0 	Te 
00015 I 	N 

STATEMENT PUMPS 

1 00103 
	

2 00105 
	

3 00220 	4 00274 
	

5 00306 	 6 00315 



FOOS/IA CIOMISTIC RESITS FOR 	GRAF 

CCPPILEC LEKTMS OF GARP 	• P 	33465 	C 	33333 	0 	00000 
hC MOPS 



NS FORTRAN 14.21/NSOS 	 12/07/72 

FUNCTION POND (11102.O1o02) 
	

F 
FONTF • M1-CS•0IM1-M21/101-021) 

	
F 	2 

ENO 
	

F 3- 

FOTPAS CIACMOSTIC REBUTS FOR 	PONTF 

CCPPILEC.LEMGTMS OF PCMTF 	- P 	00060 	C 	00000 	0 	00000 
MC team 



MS FORTRAN (4.2)/MSOS 	 12/07/72 

SUBROUTINE FRCNI (AIXSTOSTOENDOEND,NORpU,V) 	 6 1 
DIMENSION 5(3,3), 61(4,3)0 6(3), TIMM, KMAT(25,200 0(4), BUFFER 6 	2 

0411, 112(1800), AV(1600), OTCO(9), U(50), 0(50), 6(50), IVFI(21) 	G 	3 
COMMON /OATA/ S(3.3) 	 . G 	4 
COMMON /CATA/ EM(4,3) 	 6 	9 
C0MM0N 2,10,KMAT,C,BUFFER,AX,AY,CTOURIPROJCI,OpTIAXYgMAXORIC, 	a 	6 

SCCON,DEPOLOMM,ANN,DY,FAN,C1h,OTAT 	 6 7 
ChR • 50R∎1 	 6 	8 
MARYS • NCR 	 G 9 
%IRO • (XENCmXST)/ONR 	 G 10 
VINCR • (YENC-YST)/ONR 	 G 11 
A • A.0.0174532626 	 6 12 
LW • XST 	 G 13 
V(1) . YST 	 .6 14 
PI • 3.1419928538 	 G 15 
API • PI/2. 	 6 16 
AA . A-API 	 6 17 
CO I K.2,KRAVS 	 G 18 

U(K) • U(K-1)40I008 	 G 19 
V000 a  V(Km1)4VINGR 	 G 20 
DELA • 1(10m)260 	 G 21 
DELT • V(K)mYENO 	 6 22 
IF (DELX.06.2.24121.AND.0211.02.0.0001) 2,1 	 0 23 

1 CCNTINLE 	 6 24 
2 NOEL • NCR-KA1 	 6 25 

IF (NOEL) 3,4,3 	 G 28 
3 PRINT 9 	 G 27 
4 CONTINUE 	 C 28 

RETURN 	 G 29 

C 	 6 30 
9 FORMAT (13442hERRCR IN CALCULATION OF RAY STARTING POINT) 	 6 31 

ENO 	 6 32m 

PRCGRAM VARIABLES 

22233'R 	AA 	 00234 R 	DEW 00232 I K 00222 R PI 00212 R XINGS 
00226 0 	API 	 00238 R 	OILY 00211 I KRAYS 00206 R OAR 00214 R VIRGO 

00015 R 	B 	 00161 I 	IVFT 00242 I NOEL 

OCPMCN VARIA8LES 

17477 0 	AO 	 01372 R 	C 17471 R 00Ch 17505 R FAN 17512 R RT 

11501 R 	ANN 	 17507 R 	GIN 17473 R DEP 17407 R GRIC 17462 R TT 

01404 R 	AX 	 1?444 R 	CTOUR 17511 R DT 00014 I OAT 17470 0 NL 

12424 0 	AY 	 17464 R 	'COY 17523 R DY 17466 I MAX 00006 R VV6 

02402 R 	BUFFER 	17460 R 	0 00000 R E 17458 St Mai 

DATA VARIABLES 

00022 R 	EN 	 00000 R 	S 

STATEMENT NLMEERS 

1 00343 	 2 00353 3 00363 4 00307 8 00104 

FCRTRAN CIAGNOSTIC RESULTS FOR 	FRONT 

CCPPILE0 LENGTHS OF FRCAT 	- P 00455 C 	17515 0 	00052 

NO ERRORS 



MS FORTRAN (4.2)/)1105 	 12/07/72 

SUOROUT/hE RAM (X,,O,NPLOT,W,MMAXILI,NPT.LII) 	 H 	1 

	

C   N 2 
C 	(HIS 51.01E741HE hLWARE5 7HE FOLLEMING SUOROUTINES,SLRFCE.FEVEs 	H 	3 
C 	0411210INARY),PAG,STERE,ANO CRAW 	 H 	4 
C 	IT ALSO REALISES THE FUNCTICN XMOCF. 	 H 	5 

	

C   N 6 
. CINEhSION S(3,3), EM(4,37, 2(3), yvw(a), KMAT129,201, C(4), COFFER H 	7 
OM, 1X(1833), 15(1000), CTCUR(5), MO/. V(50/, 0450/1 IVF1(211 	H 	8 
CAYMAN /DATA/ 113,3) 	 H 	9 
ECHMCN 111111 E0(4,11 • 	 H 12 
COMMON Ep10,10(M01,C,OUFFERIAX,AT,CTOUS,PROJCT,001,CXYgMAX,GRIC, 	H 11 

IICAON,CEPOL,ANP,AhN,DY,FAA,CIN,CTiRT 	 H 12 
RAP • 1 13 
hiK . 1 	

H  
14 

NCO • 1 
	 H  

H 15 
(REST • 0 	 H 16 
KC/14 • 0 	 H 17 
CALL SLRFCE (X,V,A,FK,NFKOGF1 	 M 18 
CALL MERE (X,101 0FX,NGO,MITYNFKOOP) 	 N 19 
TINE • 0.0 	 N 23 
ANGLE • A.57.21977991 	 14 21 
IF (NPI) 1,211 	 H 22 

1 FRINT 28. PRCJCT,GT,NPLOT,TTIN 
MAT 29 

	 H 23 
H 24 

GC TO 16 	 H 29 
2 IF (14-1) 4,403 	 H 26 
3 IF (0pcoffh,L11)) 5,4,5 	 H 27 
4 PRINT 30, PRCJCIOTAFLOT,T1 	 H 28 

PRINT 31 	 H 29 
9 PRINT 32, 11011$0,1,ANGLE,TIME 	 H 30 

GO TO 16 	 H 31 
8 MAX • WAX 	 H 32 

IF (FAX44C11,0140) WO 	 H 33 
7 FPINT 33 	 H 34 

GO TO 25 	 H 35 
5 2CXY . CXV 	 . 	 H 36 

CALL NAVE (X,Y,A,FK,NGOpMIT,NFIC,NCP) 	 H 37 
GC TC (10,9), NCF 	 H 38 

9 FRINT 24 	. 	 N 39 
GO TO 29 	 H 40 

50 GC TO 112,12.111, MIT 	 H 41 
11 FRINT 35 	 H 42 

GO TO 25 	 H 43 
12 IF (NM 13,15,13 	 N 44 
13 IF f1rC0F(M13,11)1 15,14,15 	 H 45 
14 FRINT 28, PRCJCI,CT,NPLOT,TT,h 	 H 46 

PRINT 09 	 H 47 
IS TIME m TIPE410•6010/(1800.44 1CXY,ZCXY))) 	 N 48 

ANGLE • 11•57.29577991 	 H 49 
18 IF (14PTI 17,10.17 	 H 50 
17 CALL PCO (C,E,PCIOIF) 	 H 91 

PRINT 36, MAX,X,V,4NGLE,TIME,PCTDIF,OEPp0 	 N 52 
18 KMAX . MAX 	 H 53 

FX . X 	 H 94 
FY . Y 	 H 55 
CALL STORE (X,Y,ApKMAXITINE,KM,XRESTOMAX) 	 H 56 
GC TO (21019/p MIT 	 H 57 

IS IF (NFT) 20,21,20 	 14 58 
20 PRINT 37 	 H 59 
21 IF (NAX■1) 22,22,23 	 H 60 



22 GC TO (6,5), hCF 	 H 61 
24 GC IC 14,24), AGO 	 H 62 
24 PRINT 44 	 N 63 
25 IF (NFII 27,26,27 	 H 64 
26 PRINT 39, h,KMAX,FX0V,ANGLEITIME 	 H 65 
27 CALL IMAM IN.AMPA.KCINOCPCST) 	 H 66 

FETURN 	 h 67 
C 	 H 68 

28 FORMAT (1h1.11MFOCJEOT 00.06,2h0 ,A8.10H. PLOT NC.,13,1011, PEFICO M 69 
S .05.1,14H SEC., RAY NO.,I3,1H.//) 	 H 70 

,29 FORMAT (1H ,3X0hKAX,6X,1OX,8X1107,8X,5HANCLE,6X,4,111$2,4X9 	H 71 
9EHPCTDIFOX,5hCEPTH,6X1/HD//) 	 H 72 

30 FCRMAT 112h1FFOJECT NC.,(16.271, oe,lor, PLCT NC.,13,10H, PERI00 ., H 73 
SF5.1,9). SEC.///) . 	H 74 

31 FGRMAI (8H RAT hC.01,3HMAX,6X,110,8X,107,8X0HANGLEAX.414TIME//) 	H 75 
32 FCRMAT (1H 1,16.1X47,2F9.2.F11.2,F10.2) 	 H 76 
33 FCRMAT 180W6PCIPEhSION CF CGTPUT..ARRAYS EXCEEDEC.) 	 H 77 
34 FORMAT (00A,18FRAY REACHED ShCRE.) 	 H 78 
35 FCRMAT (80X,40hCLRVATURE APPROXIMATIONS NOT CONVERGING.) 	 H 79 
30 FCRMAT (I7,2F5.2011.2010.3010.1014.20F12.3) 	 H 82 
37 FCRMAT (110,80X015HCURVATURE AVERAGED.) 	 H 81 
38 FCRMAT (801(126HFAV REACHED GRID BCUNDARY.I 	 H 82 
39 FCRMAT (1h.,I6,1X,I7,2F9.2,F11.2.414.3,/,) 	 H 03 

END 	 H 84 

PRCGRAM VARIABLES ( 

42754 F 	ANGLE 04742 I KCIA 22734 I NOP 00767 R ' PX 00233 0 U 
00543 0 00766 I KHAN 00736 I NFK 00771 R PV 00377 Ft V 
00743 R 	FK 00740 I KREST 00737 I NGO 00750 R TIME 00752 A gmtv 
00707 I 	IVFT 00749 I MIT . 00764 R PCTDIF 

COMMCh VARIABLES 

.17477 R 	AMM 01272 R C 17471 0 DCCN 17505 R FAN 17913 P RT 
17501 R 	ANN 17507 R OIN 17473 R DEP 17467 R GRIC 1746 2 R TT 
01404 R 	AX 17444 R MLR 1751/ R DT 44414 I (MAT 17478 R NL 
14424 0 	AY 17464 R CXV 17503 II 07 17466 I MAX 0000 6 0 TYR 
01402 R 	BUFFER 17460 	II 0 00000 0 E 17456 R. PRCal 

DATA VARIABLES 

• 00022 R 	EM 22232 R S 

STATEMENT NLMBERS 

1 01042 
2 01065 

8 01157 
5 01201 

19 
16 

01256 
01274 

22 
23 

01374 
01402 

28 00000 
25 00030 

34 00143 
35 22152 

3 41272 14 21236 17 aim 24 01410 30 00055 36 00167 
4 01100 11 01215 18 01331 25 01414 31 00100 37 00201 
5 01120 12 01222 /9 01357 26 01420 32 80117 38 00211 
0 01141 12 01226 20 01383 27 01440 33 00127 39 24222 
7 21152 14 41234 21 B1367 

FCRTRAN DIAGNOSTIC RESLLTS FOR 	RON 

COMPILED LENGTHS OF ROTH 	P 	21553 	C 	17515 	0' 00052 
NC ERRORS 



C 

MS FORTRAN 14.2)/NSOS 	 12127172 

SUBROUTIKE MCVE 01.701,FK,FGC.N1T,NF5,NDF) 

C 	THIS SLOACLTIKE KEOLINE0 THE FOLLCNING SUBFOUTINEOURFGE. 

cimENsioN 5(3,3), EPI4,3), EU), YVN(31, KMAT(25,30), C(4). BUFFER 
ill), 0X116001, 07110001s MUM), U(501, 4(5J), 815J), I4F1(21) 
CCHEM!, /MAI 611,1) 
CCNNON /00/10 EX(413) 
CCHMCK E,YVEIRMATIC,UOFFER,AX,A10CTOUPOROJC1.0601,CX70NAR,GRI0, 
8CCON,OEP,AL,APPORN,07,FAN,CIE.CTAT 
FIT • 1 
GO TO 11,2)0 NFR 

1 0 • 0.5 
GC TO 4 
C • CEF/EL 
IF ID/CY...005) 3,3,4 

3 C • 01..045 
4 IF (MAX-2) 21,5,6 
9 FKOAR • FK 
6 CC 14 IT.1120 

	

7 	DELA . FICTAF 4C 
AA • A*CELA 
ABAR = At.S.CELA 
DELI' • C•CCSFIABAR) 
DELY • C•SINF(ABAR1 
XX a X.CELX 
YY YaCILY 
CALL SURFCE (YR,YT,AADFKR,NFK.A0P) 
40 TO (0,171. NIT 

	

0 	GO 10 (9,21)1  EOF 

	

9 	FM/ • 0.9.IFK*FKK/ 
IF I/T-18) 11,13,13 

	

10 	FKKFP a  FNEAF 

	

11 	IF (MAX-2) 12012013 

	

12 	IF IIT1T 14,1403 

	

13 	IF IABSFIFKKP-FKDAR)-(0.00009/0)1 17,1.1,14 
14 FKKP • FRIAR 

17 (ABEF(FKKFF•FREAR1 ■10.0080E/0)) 18,16,15 
15 PIT • 3 

GO TO 21 
16 MAR • 0.5.(FKBAF•FKKP) 

PIT • 2 
GC TC 7 

17 IF l(XX-0.5)•(IAMM-0.5)-XX)) 19,16,18 
18 IF ((11,0.5)61(Ahh0.5)..1/)) 19,19.20 
19 EGO • 2 
20 R e  XX 

I e  YY 
• A a AA 

FR = FICK 
21 RETURN 

ENO 

FRCGRAN VARIABLES 

00517 P 	AA 
00521 R 	ABAR 
00310 0 	0 
00919 R 	DELA 

00523 P 	DELI 	00533 R 	FICK 	 00513 I 	LT 	 00144 P 	V 
00525 R 	DELY 	00542 R 	FKKP 	00454 I 	/SIFT 	00527 R 	XX 
00511 8 	FKBAR 	00538 R 	FKKFP 	08000 R 	U 	 00531.0 	VT 

2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
19 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
30 
36 
37 
38 
39 
4J 
41 
42 
43 
44 
49 
46 
47 
48 
49 
50 
51 
52- 



CCFncN• VAB300LEs 

11477 6 	ANN 
17501 P 	ANN 
41444 6 	AX 
1(424 0 	AY 
01402 R 	BUFFER 

01372 R 
17907 R 
17444 R 
17464 0 
17460 R 

C 
CON 
CIOUR 
COY 
0 

17471 R 
/7473 A 
17911 11, 
17903 0 
00000 R 

OCCN 
DEP 
DI 
DY 

/7009 R 
17467 R 
00014 I 
17466 I 
17406 R 

FAN 
GRIC 
6NAI 
NAX • 

17913 R 
114b2 P 
17479 P 
00004 6 

RT 
IT 
MI 
YVV 

DATA VARIABLES 

44422.6 	EN 00000 R S 

STATEMENT HOURS 

1 00090 6 00602 9 00662 13 00707 16 00796 19 01011 
8 00961 6 00604 10 44673 14 44720. 17 4414$ 20 01013 
9 00572 7 00606 11 00679 IS 00763 14 00/77 21 01023 
4 00979 6 00694 12 00702 

FORTRAN DIAGNOSTIC RESULTS FOR 	MOVE 

CCPPILEC LENGTHS OF HOVE 	- P 01101 C 11919 .0 	Goose 
NC SPOORS 



MS FORTRAN 14.2)/MSOS 	 16/11/12 

SUOROUfINL SURFCE 1147616FKOFK6NOP1 	 J 1 

	

C   J 2 
C 	THIS SUBROUTINE REQUIRES THE FOLLOWING SUORGUTINES. VELCTY, 	J 	3 
O 	AND CORDER 	 J 4 

	

C   J 9 
OIMENSION S136316 EM(403), E13/6 V1111(3)6 KMAT129030/6 C(4), BUFFER J 	E. 

51116 80118001, 8,118001p CTOURI5/6 01501, 0150/6 8190/6 1017(21) 	J 	7 
COMMON IUA1A/ S(3,3) 	 J 	a 
COMMON/0418/ EM(4,51 	J 	9 
COMMON EIONO,NNA10,60FPER0A0149,CTOUR,PROJCIpOoTioCIMNA140010, 	J 10 

tOCONOEPOLOMMONNOVOAN.CINOTAT 	 J 11 
I • Wit. J 12 
J • (II. 	 J 13 
F1• I 	 J 14 
FJ • J 	 J 19 
XL • 10/..FI 	 J 16 
VL • 711.-.FJ 	 J 17 
IF (MAX-11 3.3,1 	 J 18 

1 IF 121■FI/ 3,2.3 	 J. 19 
2 IF (ZJ.FJ) 366.3 	 J 20 
3 II • FI 	 J 21 

ZJ • FJ 	 J 22 
OM • OMAT(11.1) 	 J 23 
C(2) • 4MAIII*1041 	 J 24 
0131 • KRAT11.111J.11 	 J 29 
C14/ • KM4T1I6.01/ 	 J 26 
00 4 II*163 	 J 2? 

T2.111I/ • O. 	 J28 
DO 4. 1.1,4 	 J 29 

4 YV111111 . YVNIIII.CILI,EMIL,II/ 	 J 30 
00 5 II.165 	 J 31 

ECU) • O. 	• 	 J 32 
00 5 JJ.163 	 J33 

5 MI/ . E(II1+51111JJ)*YVW1JJ/ 	 J 34 6 OEP,. (E11)1.21121.21.+E43/.91).000N 	 J39 
IF MEP) 7,1,11 	 J 36 1 NOP . 2 	 J .3? 
GO TO 14 	 J 38 

8 IF 1111EP/111.1■0.91 969610 	 J 39 
9 NFK . 2 	 J 40 
co To 11 	 J 41 

10 NFK . / 	 J42 
11.CALL VELCTY (CMITTINAI4DEPOWK/ 	 J 43 

PCX • EIWOCON 	 J 44 
PCY . E ( WOCON 	 J 49 ON .• —PWSINFIADPWCOSFIA) 	 J 46 
CALL CONULR IONITT6G/CTIMAX6NFK) 	 J 47 
GO T3 1126134 NFK 	 J 48 

12 FK . 0.0 	 A__ 49 
GO TO 14 	 J 50 

13' FK . ..ON/OXV 	 Si,0  
14 RETURN 	 J ::■ END 

PROGRA1T_VARIAOLA8 

00310 R0 
00543 R 	ON 
00509 R 	FI 
oosor R 	FJ 

• 
00503 I _ I 
3552? I 	II 
00494 I 	IVFT 
00504 I 	J 

	

.00934 I 	JJ 	 00000 R 	U 	 00513 R 	IL_ 

	

mar I 	L 	 02144 R 	V 	 00920 0 	2I 

	

00537 .15 	PCX 	 00511 R 	XL 	 00523 R 	2.1. 

	

00941 R 	PCY 



CCPPCN VARIABLES 

. 17477 0 	ANN 	 01170 0 	C 17471 0 00CM 17005 R ITAK 17913 0 OT 
11501 0 	ANN 	 1750/ R 	010 17473 R DEP 11467 R 6RIC 17462 0 TT 
01404 N 	AX 	 11444. 0 	CICUR 17511 R DT 00014 I KMA1 17479 0 lit, 
10424 R 	AT 	 17464 14 	CXV 17003 R DV 17466 1 MAX 	' 22340 0 VVR 
01402 0 	BUFFER 	17460 P 	0 00000 R 2 17496 R PRC401 

DATA VARIABLES 

00022 F 	EN 	 '00000 R 	8 

SVATIVENT MASERS 

1 C0702 	 4 00744 
2 00707 • 	 S 01000 

7 
8 

0104E 
01045 

9 
10 

01093 
01096 

11 01060 
12 01122 

13 01130 
14 01133 

3 00714 	 6 01025 

FCRTRAN DIAGNOSTIC RESLLIS FOR SURFCE 

0CFPILEC 1E0MS OF SURFCE • P 01202 0 17519 0 00082 
NC ERRORS 



MS FE/MIRAN (4.2)/MSOS 	 12/07/72 

TUNRONTINf VCICIV IC0VOT.M60.0CP,NFK7 	 K 	I 
IF IMAV•1/ 1,1,2 	 K 	2 

I EAR a 6.2831854/TT 	 K 	3 
C0X0 . 11.32.2/G.28J/894 	 0 	4 
CCC • CXXO 	 K 	5 
GC TC 3 	 K 	6 

2 CCC • ACAY 
	 K 	

7 
3 GO TO 140/0 655 	 K  
4 COY '• 0000 	 K 	9 

GO TO 7 	 A 10 
S CO 6 h.1,60 	 K 11 

COY a CX00 0 TA6FFI0AR*OEP/CCCF 	 K 12 
IF (405FICXY.CCCI...332457 105,6 	 K 13 

6 CCC • ICAYKCC//2. 	 K 14 
F ACAY • COY 	 K 15 

RETURN 	 K 16 
END 	 K 17.. 

PRCGRAN VARIAOLES 

00003 K 	OAR 	 £0011 A 	CCC 
	

00007 R 	C000 
	

00016 I 	H 	 00013 II 	URI 

STATEMENT ALMBERS 

100033 	 3 08047 	 4 43399 
2 00045 

FCRTRAh CIAGNOSTIC RESLLIS FOR 	VELCIY 

ccrestec LENGTHS OF VELCIV 	P 	00161 	C 	00000 	0 	00000 
hC ERKCRS 

I) 83363 6 04133 	 7 80119 



MS FORTRAN (4.2I/NSOS 	 12/27/72 

SURCUTIK CCADER (CNoTT,OXVIIMAXthFICI 	 L 	1 
REAL LCGF 	 L 	2 
IF (PAX-I) 1,1,2 	 L 	3 

I CI . 11012.5663708 	 L 	4 
C2 = 6.2831854/132.2.7T) 	 L 	5 

2 GC IC 1403), 14K 	 L 	6 
3 C3 * C2•CXY 	 L 	7 

01 a  C2/61.*C3/ 	 L 	6 
02 a C3/(I.*C3/ 	 L 	9 
A3 a LC0F(1.*C31 	 L 10 
A4 a  LCGF(1.*C3I 	 L 11 
Ch . (tN/C11'(1./l0I.02,A3-04)) 	 L 12 

4 RETURN 	 L 13 
ENO 	 L 14* 

PRCGRAN VARIABLES 

42323 R 	Al 	 00024 R 	A3 	 00003 R 	01 	 00011 R 	C2 
04022 P 	A2 	 00026 R 	A4 

STATEMENT NLNBERS 

' 	1 00037 	 2 00050 	 3 33356 
	

4 42125 

FORTRAN CIAGAOSTIC RESULTS FOR 	CONOER 

OCPPILEO LENGTHS OF CCAGER - P 33166 C ama 0 23333 
NC ERRORS 

00014 R 	CS 



MS FORTRAN (4.2)/MSOS 
	

12/07/72 

SLORONIINE PCO (C.E.PCTOIFI 
	

M 	1 
CIMENSION 041, 031 
REAL FAXIF 
	 M 	2 

3 
IF 1011.021.C13/.041/ 2.1,2 

	
M 	4 

1 PCTOIF • 992. 	 M 	9 
GO TO 
	

M 	6 
g PI • AESF((C111-E1111/011)) 

	
M 	7 

F2 • AUSFI(C10.4117.020/020 
F3 ■ AFSF(IC(3)4111.0121.03WC(31) 

	
M 	2 

F4 • AESF(IC(4)-E(1)-043)0/C(41) 
	

M 10 
Pcrotc • 14401A0IFIP10203,F41 

	
11 11 
PI 12 3 RETURN 
M 13- END 

PRCGRAM VARIABLES 

00002 R 	PI 	 03334 N 	P2 
	

333416 R 	P3 	 30010 R 	P4 

STATEMENT hIMMERS 

1 00022 	 2 00030 	 3 00077 

FCRTRAN CIAGNOSTIC HUM POE 	PCD 

COPILEC LENGTHS OF PCO 	- P 	00173 	0 	00000 	0 	00000 
NC ERRORS 



MS FORTRAN 14.2)/MSOS 	 12/07/72 
• 

. 	SUBROUTINE STCRE (X,Y,A,KMAXpTIME,KGINARESTONAX) 	 N 	1 
CIKENSION SI3,3), EP(4,31 , U3/, YVW(3), KMAT(29,30), C(4), BUFFER N 	2 

11(1), AX(1800), 81(1000), GICLR(910.U(50), 0(50), B(90), INFT(21) 	N 	3 
CCMMCN /CATA/ 513,31 	 N 	4 
CONMCN /DATA/ EM(4,3) 	 N 	9 
CCNNCN E,1711,NPAT,G,BUFFEROX,AY,CTOUR,PRO4G700,17,OXYgMAX,GRIC, 	N .6 

SOCON,OEPOLOMMIANN,07,FAN,CIApOTAT 	 N 7 
IF (CIN) 3,3,1 	 N 	8 

1 IF (NNAA■1) 2,2,9 	 N 	9 
2 AT . 0.0 	 N 10 
3 K = KMAX.KGIN 	 N 11 

IF (K.GT.MMAX.C9.0.1LE.4) GO TO 8 	 N 12 
AX(K) • X 	 N 13 
MINN = Y 	 N 14 
IF (GIN) 5,9,4 	 k se 

4 2A m A 	 N 16 
2CXT . CXY 	 N 1? 
GC TO 5 	 N 18 

9 27 . TIME-AT 	 N 19 
IF (GIN-ET) 7,6,3 	 N 20 

6 9 . NMAX ■ KGIN 	 N 21 
IF (K.GTeMPAX.CF.04,12.0) GO IC 8 	 h 22 
AX(K) . ■ X 	 N 23 
AY(K) . V 	 ,N 24 
NREST . NFESTN1 	 h 29 
AT . AUCIN 	 N 26 
GC TO 4 	 N 27 

7 CSC . (ET-CIN)*(CIV.2CXY).3800./IGRID°20 	 N 28 
AA . (2222)82. • 	. 	 N 29 
XM . OSG.CCSF(AA) 	 N 34 
Iii = CK•SINF(AA) 	 h 31 
N . KMAXOCC/N 	 N 32 
IF (K.GTAIPAX.CP.N.LE.4) GO TC 8 	 N 33 
AX(K) . -zoir 	 N 34 
AY(K) . V■YM 	 N 39 
ORES? . KREST.1 	 N 36 
PCIN . KCIN.I 	 h 37 
AT . AT2CIN 	 N 38 
GC TC 5 	 N 39 

8 CONTINLE' 	 N 40 
9 RETURN 	 N 41 

END 	 N 42.. . 

PPCGRAM VARIABLES 

00924 9 AA 00522 R OSC 00506 I K 00526 R XM 00510 R 2A 

00504 A AT 00514 R ET 00000 R U 00530 0 YM 00512 R ZCXV 
00310 9 00454 I IVF7 00144 R V 

GOMMGN VARIABLES 
• 

17477 0 AMP 01274 R C 17471 R OCCN 17505 R FAN 17513 A RI 

27501 R ANN 17507 R GIN 17473 R DEP 17467 ft ERIC 17462 9 IT 

01404 P AX 17444 R CTOUR 17511 II 07 44414 I KMAT 17475 9 ML 

14424 R AY 17464 R CXV 17503 R DV 17466 I MAX 00006 R YVM 
01402 2 ' BUFFER 17462 R 0 00000 R 2 17496 R PRC4C1 

DATA VARIABLES 

00022 R EM 44444 R S 



4-- 
O 
1 

STATEMENT. no eE PS 

1 00552 	 3 00561 	 9 00614 
0 0055? 	 4 00607 	 2 00624 

FORTRAN CIAGKOSTIC MILTS FOR 	STORE 

COPILEC LENGTHS OF STORE 	- P 	01034 	C 	17515 	0 	00052 
NC ERRORS 

7 00655 0 00745 	 9 00246 



MS FORTRAN (4112)/MSOS 	 12/37/72 

SUBROUTINE ORAN 1A,KMAX,KCIN,NREST) 
C 
'C 	IRIS SLOROUTIhE FEOLIRES TME FOLLOWING SUBFOUTINES,PLOT ANC 
C 	NLMBER. 
C mmm mmmmmmm 

CIMENSION S(3,3), EN(403), E(3), TIMM, KM/U(25,30), C(4), SUFFER 
SW, At(1833), 80(1830), CTOUR(B), U4S01, 0(50), 8(90), IIFT(21) 
COMMON /DATA/ 5(3,3) 
CCMMON /CATA/ EP(4,I) 
'CGMMON E,TVW,KPAT,C,OUFFEROX,AY,CTOURORNICT,OpITAXVIINAX,GRIO, 
IGCON,OEPAL,AFF,AhNOINFANCINOTAT 
IN a  N 
01180 • KMAX*KGIt 
IF (8000180)) 1,2,2 

1 AK(KMAX) a  m20(2080) 
NREST • KRESTml 

2 IF IXMCOF(N,2)) WA • 
3 NTWO • KFAXm1 

NAU0 • -1 
LAST . ♦1 
PC • KNEST*1 
IF (FAA) 4,5,4 

4 CALL hLMBER (AX(NPAN)/0Y,AY(KNAX)/0Y,1635/0Y,X0100.09m1) 
S CALL FIAT (AN(KPAT)/DIOT(KWAX)/0Y,31 

IF (KMA0m1) 17,17,9 
8 (TWO • ♦2 

KA00 • ♦1 
LAST . KPAX 

• PC • 0 
IF (FAN) 8,7,8 

7 CALL hLMEeR (AX(11/CT,AT(1)/010.35/0VOINg3.3,m1) 
I CALL PLOT (AX(1)/CT,AT(1)/OV,3) 

IF (KPAKm1) 174159 
9 IF (CIA) 11,11,13 

10 IF (AX(KINC)) 12,11,11 
11 CALL PLOT (AX(KINCl/OT,AY(KTWO//01421 

GO TG 15 
12 ARCKING) • -AX(1100) 

%I * 0.09 
PC • MC,KACC 
IF (XMCOF(MG*10)) 14,13,14 

13 NI • 0.10 
14 KPH • AXINTMC)/CT 

IFN • AY(KING)/CV 
I • KItOmKA00 
TFL • AX(K)/CV 
TPL • AY(K)/OV 
CSC • SOFTF((ABS(XPh-XPL)1••2+A8S(YPN-YPL)••2) 
CALL PLOT (7Ft,TP11,1) 
013 • ♦NI'(YFN-YFL)/CSC 
TO = -WWI-NFU/CSC 
CALL PLOT (IFN*30,TFN*T0,2) 
CALL PLOT CIFhm/O,TIN.T0,21 
CALL PLOT (XFA,TIN,2) 

19 IF INTFOmLAST) 18,17,16 
16 KIWO • K10000100 

GO TO 9 
17 IF (KAED) 10,20,20 
18 IF (FAA) 22,19,22 
19 GALL (41.10880 IAX11)1CTIAY(1)005,3.39/0I,X0,3o3fm1) 

2 
3 

S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
39 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
SI 
52 
53 
64 
59 
56 
57 
50 
59 
60 



CO TO 22 
20 	IF 	(FAN) 	01,22,21 
21 CALL 	NLMELN 	TAXIAMAX) ,UV,AYIKMAXI/UYp3.35/0,1016,040...11 
22 0LTUAN 

Fh0 

PACGAAA VAR1AC0E8 

0 
0 
0 
O 
0 

61 
62 
63 
64 
65.. 

00310 R 	B 00507 	I KA00 00000 R U 00501 R AN 00543 0 VS 
0053? 0 	OSC 00508 I A160 00144 R V 03933 R XPL 33530 0 VPL 
42454 	1 	/TIFT 	' 00510 I LAST 00522 R WI 00526 R AFN 00930 R VPN 
00532 I 	K 00911 	1 	• MC 00941 II AB 

Minh VARIABLES 

17477 R 	ANN 01372 R C 17471 R OCCN 11919 R FAN 17913 A RI 
17501 R 	ANN MO? R CIh 17473 R OEF 17467 R GOIC 17462 0 IT 
01404 R 	AX 
10424 R 	AT 

17444 R 
17464 R 

CTOLR 
CAI 

17511 R 
17503 R 

OT 
OV 

00014 I 
17466 I 

KMAT 
MAX 

17479 A 
00008 R 

AL 
VOW 

21432 R 	BUFFER 17462 R 0 23303 R 17456 R PAC.41 

OATA VARIABLES 

00022 A 	EM 00000 R S 

STATEFENT hLMBERS 

1 	221121 
2 00627 

03733 
8 00721 

9 
10 

01001 
01009 

13 
14 

01045 
01047 

17-01203 
18 01207 

20 01237 
21 01243 

3 00635 
4 00694 

7 00736 
8 00761 

11 
12 

01012 
01027 

19 
18 

01171 
01176 

10 01213 22,01287 

FCNTOAN CIAGhOSTIC RESLLTS FOR 	CRAW 

COPILE0 LENGTHS OF•CRAW 	P 	01342 C 	17915 .0 	03282 
NC ERRORS 



NS FORTRAN 14.21/NSOS 	 12/07/12- 

FONOTICN TANHF 101 	 P 	1 
0 • EXF1X1 	 P 	2 
El • EXPI-X) 	 P 	3 
TAW • 1A-8)/12061 	 . P 4 
END 	 P 6- 

PRCGRAM VARIABLES 

00002.6 	A 	 00004 R 	0 

FCSTRAN OSAMU= Resuai FOR TAW 

OCPPILEO LENGTHS OP 111014 	- P• 00061 	0 	00000 	0 	00000 
AC ERRORS 



	

NS FORTRAN 14.21/MS0S 	 12/0///2 

FUNCTICN XMCCF II,J) 	 0 	1 
XFOOF • OCCII,J) 	 C 	2 
ENO 	 0 3- 

FORTRAN CIAGNOSTIO RESULTS FOR 	XMOOF 

CCITILE0 LEAGThS OP XMCCF 	• P 	22336 C 	ama 0 	20422 
NC ERRCRS 



FUNCTION MOOR ONO/ 
1 . 1+0.9 
J * 140.9 
POUF • M0W9J/ 
END 

MS FORTRAN 14.2/OM8O8 12,0T/ig 

R I 
R 
R A 
R 4 
R 

PROGRAM VARIABLES 

011004 I 	I 	 00004 I 	J 

FORTRAN CIAGNOSTIG RESULTS FOR 	ROOF 

COPILEC LENGTHS OF ROOF ' • P 00050 C 00000 0 mos 
Out ERRORS 



MO FORTRAN 14.2$/4104 

sumumr ;lets ttpoone0,Lecv) 
IA (154.11 igla 

1 CALL 140FLOT 1101 
A CALL API:NV 1/ 0 ,40.0.20.0.0.0,40.0,00.0,-0.,-/.,-1.0,-0.01 

ION • A 
RETURN 
LAO 

WOMB 

 

 

P• 

  

PRCOPAM VAR1ARLE8 

40401 I 	ION 

OUTSPENT ALM0148 

1 40022 	 2 00028 

FCATAAA 011040STIO PERLIS FOR 	PLOTS 

COMIC LENGTHS OP PLOTS 	P 00104 0 00000 0 00000 
NC ERRORS 

s; 



	

MS FORTRAN 84.21/NSOS 	 12/07/72 

SLOIRCOTIAE PLOT 40,1,IPEN1 	 I 	I 
IF 1/141 5,10 	 1 2 

• 1 contrite 	 I 	3 
GO TO 13,2), SSIOCNF16) 	 I 	4 

2 CALL LEACER 	 I 9 
GO TO 4 	 T 6 

3 CONTINLE 	 T 7 
4 CCNTINLE 	 I .6 

CALL AAISIT 120.40.0,20.0.0.0.40.0,20.00.2.e.2.,•11.0.2.01 	I 	9 
ISM . 1 	 T 10 

6 CCNTINLE 	 I 11 
IF IIPEN/ 60,7 	 t 12 

6 ISM a 0 	 T 13 
CALL 'FLOUT 1■2.4■21113,0107 	 T 14 
CALL EAOPLOT 120) 	 I 16 
RETURN 	 I 16 

7 MIME 	 I 17 
IP • IA0S13■ IF601 	 I 16 
CALL FLOUT (X,Y,IP,01 	 T 19 
RETURN 	 7 23 
ENTRY ARM 	 1 21 
REIM 	 I 22 
ENO 	 I 23.. 

PROGRAM VARIABLES 

00017 I 	IP 	 43231 I 	ISM 

STATEMENT NIMBUS ' 

1 10028 
	

3 00041 
	

4 00042 	 6' 00071 
	

6 00016 	 7 00116 
8 00038 

FCRIRAA CIAGAOSTIC ROSLLTS FOR 	PLOT 

CePPILE2 LENGTHS OF PLOT 	P .00178 C 	00000 0 	00000 
AC CRACKS 
IDE 	002.36 MIN 
200IP,91*NIC0E0U01 
ICA0,66 
RNA 



SUP 
30313 
315711 
41122 
42411 

S IGNE' 
cpaPT41 
1.0.61007 
Fl 6LR 

3E410 
40044 
41145 
44427 

LoIll 
AtInCARR 
NaR 
CF0ER 

369LS 
40176 
41210 
42471 

DUFFER 
IvArcUT. 
ROAR 
MLR 

31225 
40324 
412,1 
42901 

14FERAA0 
ANA7101/ 
PIRPON 
FRcPA 

37444 
40623 
41612 
42511 

PAUSE 
Nan 
NVAIIS 
SOFA 

37531 
41012 
42413 
44072 

wHATKINC 
NRC 
HINER* 
SYMBOL 

44036 NLPBER 44436 NCO 444/7 XL 44515 CNARIF 44554 01031141 445/5 GlOSULT 
45453 PICOT 45479 02163691 46500 ROHR5 4E541 WRIT ET 47124 XVP0vE 50232 PLATE 
91092 020011ROR 91321 ExTREMA1 51426 SENSITCH 51472 POSE 01943 PLOP 91543 FLCATF 
5159, .51ICOS 92064 LOGE 92264 SOW 92365 FCARF 92471 0162 22722 ExFF 
53040 0160091 53232 C10.14S10 93654 CONTROL 94692 06006P 56009 FCRNAT 56420 BCDOLT 
00243 GATE 60314 01161 60324 PLOT 60522 FLGIS 60E26 NCOF 64E/6 001006 
63734 IAKHF 61419 ORAN 62397 STORE 63413 PCO 63606 CCACER 63774 VELGTV 
04199 SLRFCE 69397 54630 66460 RAVN 70233 FRCAT 70710 PC6IF 70710 GRAF 
71459 SICRE 78711 AMMON /4261 TITLE 7945? SNAKE 

EIIR 
31373 ISIGNF 36373 SIGN 36373 SIGNF 36410 MITT 37057 LEIGINF 3E512 06680716 
3233? 026REWN0 37464 060PAUSE 40422 MUM 41133 VA.EXIT 41129 711.21 41126 73.010 
40143 th.CUT 41134 II.REJI 4113? TN.REJ2 41122 T.NOTROT 41149 NIA 41015 NRC 
40712 OCR.. 42011 12.GATE 42412 FO.. 41753 CLINT.. 43542 AIThEW 42594 PRARAME 
40126 IvFccul. 41570 STATUS.. 41004 WRITE.. 41622 ERASE.. 41636 WRII(0.. 41627 REAE2.. 
41614 AEDOCALL 4121? REA0M002 41210 ARTMCO2 41664 WEISE.. 41630 REECALI 41641 MECE.. 
40629 NAG 41737 SIR 40344 WHATISIT 40410 MIE/11 40049 NILOCARR 42014 NTAPAR 
41333 PIOPRR 41333 NRCHECK 37777 CIOREJ 37725 REJECT 37612 GICCALL 37510 CANATN 
3/62? 121ST 37635 5260INS 40023 STAMP 37652 0EGRIN 40015 SICa2uFF 37621 CALLSTAT 
37722 CAFACPE 37243 SIOPTAT 40016 MEAT 37646 IK0X3 37720 16033 42901 PRCPA 
42371 CFCER 42327 CROER 42319 HIDER 42311 RIOEFNM 40431 SImCNECK 44462 TAB.SACN 
44592 CaSNFLAG 41511 FLAG.. 41763 ATM 41613 FEA0.. 41910 SEILF.. 40771 CHA66I52 
40623 ASR.. 415E3 IMP.. 40543 USTWO2 40977 SOP •43070 SCARNSTI 42924 SCAM 
44554 CICSPLCT 36373 ISIGN 44219 TFGNAR 4(211 RPT4.4 46130 HG60009 46471 SCGEI03 I 
42903 CRIvERO? 45479 0210E1206 46474 FLG1CH 46522 READS 37444 06E5TOF 37227 0006AcK6 
37331 C2CENFIL 36523 020eUFOT 46517 WRITES 36413 LIITITF 45453 MIEFFT 46711 WRITET .Fr 
44643 GICSUPL4 4/650 XVEICVE 47191 PERR6UNO 47414 LADLE 47124 IIIIFL 47320 ISO Co 
47569 TICK 51034 LABEL/ 51033 LABELX 51036 IV 01039 la 51045 OICRLSM I 
51332 0161 51327 MAX1 51324 ANIN1 91421 APAX1 91332 061317 91327 1110111 
91324 PII1F 91426 MICA 91003 MEW 01043 !FIX 51543 F6041 91557 C05 
51565 SD. 920E4 ALOGIO 92064 LOGIEW 52067 6601 52264 URI • 92369 P0ARF 
51943' FLCATF 92477 XTOI 52722 EXPF 91503 PIO 53127 OMURA 53192 0100910 
93233 CIOSTRX 93155 0105TXR 93147 0100119 93144 E1GSEAR 93133 0102E09 92192 OlUOVIR 
51144 6165000 53133 0104019 93123 010NGRX 53117 OlCSEMA 93077 OICAENA 93073 E1GOVRI 
92063 GIOSBRI 93045 0104001 93457 080ECFRC 53634 020FOTA9 42517 SEAR 64472 RAAAREJ 
54161 C'ECMSIC 

 94916 OdOINFAS 54943 06011JNES 54447 GLICOCNVT 53143 02809RAT 53723 06010122 
91697 GICEIITS 92694 020ENTRE 53654 UTESLNIT 51052 ESEEARER 94526 P1.01560.0 54457 0600CCAT 
95631 %MUST 52629 OCIABION 9963? NOBCILJS 59634 OCILJSEN 94753 02060136 51163 090222OR 
52703 COCIOSET 53669 080SENSE 94250 080EC1TS 93232 C1044510 96449 06CIFRAT 96444 06670931 
94473 FACGNANE 93699 0200UTT0 37931 NHATKINO 54103 060ICSVB 93774 000I0E80 94530 PARIEL 
41212 PAAR 97161 LEDZER.F 56663 LEOZER.I 56522 0800.0010 60314 00107 60460 WHERE 
91472 IABS 44477 LEADER 01431 SSIETCHF 44437 #00 92722 OP 22477 OICEaRI 
91472 AES 02224 SCRTF 91321 00017 52467 LCGF 63742 T4061 63236 COACER 
64020 VELCTY 91478 AOSF 61620 DRAW 63123 SICRE 63427 PCG 66123 MOVE 
29020 SLANE 93166 0105701 60633 04007 91565 510.7 91957 CCSP 61472 XABSF 
72712 FOTF 9306? 010NURI 93147 OlaNUIR 60700 AMOOF 71063 GRAF 444/5 NUMBER 
43379 .SVP20L 93199 010S7IN 52374 010201212 96539 EINILGOTR 96530 06016011 57290 086E1.001 
62420 MINGO/ 99447 020ENGIN 54764 020LGINR 94760 000181111 54652 06010.416 20344 PLOT 
50232 1711X2 41327 EhOPLOT 50743 PLOTMY 70911 FRONT 67493 RAYS 72260 SHORE 
73600 /LPCON 79077 TITLE 64246 DATE 62935 PLOTS 76622 SWAVE 10100 POSERS 
12206 LS/ 00240 UC 13220 START2 10323 SETC10E4 01366 SE/ 04661 RSTEREO 
04646 aSICRE 02164 RFT 12654 RIO 12319 RMT 12919 RCCmFi. 10266 FERRACO 
ICS?? 
11567 

IGE*11 
p1ev400 

03352 
12477 

ASTO.50 
MENCRa 

04729 
12375 

NsIOFLG 
LOOS 

03202 
13474 

MS10 
LC40psIO 

11564 
14002 

NIFORACC 
LCACER 

11937 
12743 

NIBLIF 
622GRCI 

86644 MEN 10567 ICP 12299 EST. 60214 EINT. 10200 OM. 12261 CST 
Lim 651.010 12446 cit 10307 CIP 07246 0103.01 07400 0102.2 00367 0109.? 



00043 CIO 
40212 OP.M. 
10600 664ORNAL 

12330 DANT 
11110 04404011 

12640 ONJ. 	13072 OLCK.CN1 
11464 000014. 	12430 000071 

02464 11104621.6 	10076 OKEXIT 
12143 A61 	 00020 00001.013 

LOlA 
NONt 

CCPN 
12420 43204 

0616 
70400 

EX1A 
NONE 

(PEN0011 ■ 33,09 	INENCRVEI • 30372 
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6.1 	Memory Requirements  

This program as listed above requires 33,205 octal memory 
spaces (MEMORY) for all arrays and program compilation. In all there are only 
33,640 octal memory spaces available (MEMORYE). The difference is 434; this 
is equivalent to 192 unused floating point word locations in the computer . 
core. Since the computer compiling routine is always being updated (with sub-
sequent changes in the available memory space), these memory requirements 
should not be extended at the present time. 

If more space than this is required, i.e. to load a bigger 
depth matrix, space may be obtained by sacrificing some of the power of the 
program and by removing some of the subroutines. The subroutines which may 
be removed without altering the basic operations of the program are: SHORE, 
NUMCON and FRONT. The calling statements for the removed subroutines, of 
course, must be deleted. 

7.0 	OPERATING INSTRUCTIONS  

This section of the report will be written with only the user in 
mind. In this section, therefore, no reference will be made to the previous 
sections. Unfortunately, some repetition will follow. This repetition, 
however, is thought to be of help especially when making use of this program. 

The most important variables that must be read by the computer in 
order to achieve useful and workable results are as follows (in order of 
importance): 

a. Physical size of area of interest (this must be rectangular) - the 
maximum size of a plot is 22 x 28 inches. Generally, it is advisable 
to make the physical size of the output plot exactly the same size 
as that area of interest on the hydrographic chart which is used 
for establishing the depth grid. The reason for this will be stated 
later. The physical size is determined by the variable denoted as 
HT which is act-pinny the maximum length of the Y axis in inches. 
The Y axis is always chosen to be parallel to the coast and the 
maximum length of the X axis is calculated on the basis of HT and 
the relative dimensions of the depth grid. 

b. Depth grid is a two-dimensional array of integer depths equally 
spaced over the area described by the variable HT. The maximum 
dimensions of this variable (which is denoted by XMAT) are 25 x 30. 
In other words, there cannot be more than 25 equally spaced depths 
in the X direction and 30 equally spaced depths in the Y direction. 
This matrix does not have to span the whole area denoted by HT 
but must be wholly within this area. It is advisable, however, to 
have this matrix span the entire area. To do this, there must be 
some manipulation of the value of HT and the dimensions of KMAT. 

c. Grid Spacing. This variable which is denoted as GRID will be 
determined after establishing the value of HT and the dimensions 
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of KMAT. GRID is then set equal to the number of feet (actual) 
between grid depths. 

A description of the data required by this program is now given. 
Variables along with their formats are listed in the order in which they are 
required with suggested values for fast operation. 

Card 1 	MXPLOT 	 - Number of plots required by one run 
of the program. Generally there is 
a new plot for every set of ray cards 
(these v111 be discussed later). 
Format is 13. 

PROJCT 	 - Project number. Format is A6. 

Card 2 TT 	 - Period of waves to be used. 
Format is F5.1. 

NOR 	 - Number of wave rays or number of ray 
cards to be read in. Format is 14. 

MM 	 - X dimension of depth grid. 
Format is 14. 

EN 	 Y dimension of depth grid. 
Format is 14. 

GRID 	 - Defined in Section 2.3. Format is 
F7.0. 

DCON 	 - Factor which must be multiplied by 
the depths given in the depth matrix 
to yield depths in feet, i.e. if 
depths are in fathoms DCON = 6. 
Format is F7.2. 

NSH = 0 

NCO = 0 

- Variable that specifies whether a 
shoreline is to be drawn. If a shore-
line is to be drawn NSH = 1, (special 
alterations to the depth grid must be 
made for this) otherwise NSH = O. 
This is generally what is used because 
it is the easiest, and computer opera-
ting time is kept to a minimum. 
Format is 14. 

- Variable that specifies whether a 
selected depth is contoured or not. 
Up to five depths may be contoured. 
If NCO = 0, no contours are denoted. 
Otherwise, NCO must be set equal to 
the number of depths which are to be 
contoured. Generally this is set to 
0 for reasons of time. 
Format is 14. 
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NXCMAT - Variable which specifies whether a new 
depth grid is to be read in for this 
set of rays. NXCMAT = 0 if a depth 
grid is to be read, otherwise it is 
set > O. Generally NXCMAT = 0 for 
first plot and > 0 for the rest pro-
vided all plots use the same depth 
grid. 
Format is 14. 

Vel = 1 first run 	- Variable which specifies the format of 
= 0 for others 	the printed output (line printer). 

- If NPT = 1, the location of every point 
(X,Y) calculated along a ray path is 
printed along with the depth (DEP), 
angle of ray (A), time of travel to 
that point (TIME), the number of that 
point along the ray (MAX), the maximum 
percent difference between the depth 
at this point and.one of the surround-
ing points (PCTDIF) and the spacing 
from the last point represented as a 
factor of the value of GRID(D). If 
NPT = 0 only X,Y,A and TIME are typed 
out only for the first and last point 
'along each ray. This is the usual 
value for NPT since it saves printing 
time and paper. 
Format is 14. 

NAX = non-zero 

CIN = 0 

- Variable which specifies whether the 
borders of the plot are to be calibi.e-
ted or not. If NAX = 0, they are un-
calibrated; if NAX 0, the borders 
will be calibrated with integral values 
of grid units. If procedure in section 
(a) is followed NAX = O. 
Format is 14. 

- Variable which specifies whether or 
not crest marks are to be placed along 
the wave rays along with the -tine of 
travel to that point. If CIN > 0 crest 
marks are made; if CIN = 0 no crest 
marks are made. NOTE: If CIN > 0 and 
the number of points along a ray > 1000 
the program will terminate. For this 
reason and for reasons of time CIN = 0 
for most jobs. CIN/TT corresponds to 
the number of waves between crest marks 
Format is F7.0. 

HT 	 - Length of Y axis in inches. 
Format is F9.3. 
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NOFRIAT 

NEWRAY 

- Variable which specifies whether or 
not a straight line wave front is used; 
if NOFRNT 0 0 the program proceeds to 
calculate the equally spaced starting 
points along a straight-- line which is 
determined from two points which are 
read from cards. This variable should 
be zero if NEWRAY = O. 
Format is 13. 

- Variable which specifies.whether or not 
the starting points along the new line 
wave front must be recalculated or 
read in from cards: if NEWRAY 0 0 these 
points are either recalculated by read-
ing in another data card containing the 
two end points on the new line and the 
angular orientation of the front, or 
read in from cards. 
Format is 15. 

Card 3 	'VW 	 - This variable specifies the format 
under which the depth grid values 
are to be read in. 
Format is 20A4. 

Cards 4 N (say) KMAT 
	 - Depths in grid. These values are read 

in as follows: for Y = 0 all the X's 
are read in, in increasing order. 
Then for Y = X, 2, etc. 

NOTE: Cards 3 + N are not required if NXCMAT > O. 

Card N + 1 	CTOOR 	 - Matrix of depths to be contoured. 
Format is 5F8.2. 

NOTE: This card is not required if NCO = 0. 

Cards N + 2 + M (saY) 

a. 	If NOrliBT = 0 

A - Angle in degrees along which the ray 
heads initially. 
Format is F7.2. 

X,Y 	 - Coordinates of starting point of ray. 
Format is 2F6.2. 

FAN 	 - 0 for all our applications. 
(There are NOR of these cards.) 
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b. 	If N01.1.011. 	0 

A 	 - as above. 
Format is F7.2. 

XST,YST 	 - Coordinates of one end point of 
straight line wave front. 
Format is 2F6.2. 

XEND,YEND 	 - Coordinates of the opposite end. 
Format is 2F6.2. 

NOTE: This card (there is only one card used if (b) option is taken) may 
be omitted after the first calculation of all the starting points 
if the same wave front is used for successive plots. 

If there is only one plot these are all the cards that are required. 
If there is more than one plot the computer will ask for more of cards 2 
thrcugh to M for as many plots as required. A paper tape or magnetic tape 
is cl=put depending on whether the logical unit number 51 is equipped to the 
tare m=ch.  or magnetic tape. This output tape must be plotted on the PEP-8 
ccrtuter by computer operators. 

7.1 	Additional Notes  

(1) When this program is submitted to be run it -Must be specified on the 
jcb description card that the background is not to be used. 

(2) For test purposes the program may be run with Sense Switch 6 on. 
This allows the program.to run fester because no tape is output. 
An idea of how the plot looks may be gained by requesting a picture 
of the scope output display. This provides a fast means of checking 
all the data and the resultant plot. NOTE: Card A105 must be 
removed and :'LOT set equal to one before employing this option. 

(3) If the depth grid is of the same size as the borders of the area 
the resultant plot from the PEP-8 can then be laid on top of the 
hydrographic chart and the shoreline drawn in by hand in order to 
see how the wave rays come in on the shore. 

(J) 
	

The plot program to be used by the PEP-8 is called PLOTLS and all 
plots should be of B quality with ballpoint pen markings. 

8.0 	EXAMPLE BUNS  

To exhibit the use of this program tvo example runs are included. 
The first run makes use of all options except the fan option and indicates the 
data required for multiple plots. The next run indicates the fan and shore-
line option. The depth grid used in both instances is the depth and referred 
to as the small grid by Wilson (1966) in his report. This grid represents the 
shoreline area near the mouth of the Chesapeake Bay. 
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8.1 	Run # 1 

As mentioned above, all options, except the fan option, were 
employed in this run. Two plots were prepared by this example (Figures 5 
and 6). Figure 5 depicts the direction of travel (with equal time marks) of 
a 4.0 second wave over a contoured bottom from the SSE direction and travel-
ling to a shoreline. The borders of the plot are calibrated in grid units 
and the scale of the output plot is equal to the scale of the original hydro-
graphic chart. The option of reading the starting points of the rays was 
employed. A printout of most of the data input may be found in Figure 7. 
Figure 8 depicts the output for one ray when NTT = 1. 

The second plot (Figure 6) depicts the direction of travel 
of an 8.0 second wave from the SSE direction. The borders of the plot are 
calibrated and the scale of the output plot is one-half the scale of the 
hydrographic chart. The starting points of the rays were determined by 
employing the FRONT subroutine. A printout of the data input may be found 
in Figure 9. Figure 10 depicts the output for all the rays when NPT = O. 

	

8.2 	Run # 2  

One plot was prepared for this example (Figure 11). This 
plot depicts the directions from which 8.0 second waves finally terminate at 
the indicated position near the shoreline. The borders of the plot are 
calibrated in grid units and the scale of the output is one-half the scale of 
the hydrographic chart. Equal time marks are•indicated on the rays. The 

.starting point and the various ray angles were read from cards. A printout 
of the data input (up to first ray card) is given in Figure 12 and the output 
(NPT = 0) is given in Figure 13. 



/Ph,' IN(11 / 1166 1/1'11/i72. 	. rI 111' NI1. 	1. SCI et I/ 40000 	. I t L I.0 	. LAN a 	HO 

FIGURE 5: Run # 1, Plot # 1, Straight Line Wave Front 
with All Options except FRONT T = 4 sec 



1PROJNO111166 10/07/72 	. PLOT NO. 2. SCL = 1/ 80004 	. TT . 8.0 . CIN . 0 

FIGURE 6: Run # 1, Plot # 2, Straight Line Wave Front 
employing only the FRONT Option T = 8 sec 
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FXALCT 	PiCJCT 

	

2 	166 

TT 	NOR 	rr 	NN 	GRID 	OCCN NSN NCO RUMAT MAT MAX GIN FT FORINT !MURAT 
4.8 	11 	20 	26 	3038 	1.00 	1 	4 0 1 1 82 22.785 i 1 

VACIAELE FCRKAT FOR EMAT 
(10(11.111.4011 

DEFTE ERIC VALLES IXMATI 
0 	0 	0 	0 	0 	0 	0 	0 	0 -41 

-32 -24 	-9 	27 	30 	40 	43 	45 	51 	55 
C 	0 	0 	000008-43 

-32 -22 	8 	25 	30 	39 	43 	45 	51 	56 
0 	3 	8 	0 	0 	0 	0 	0 -48 -43 

-36 -15 	20 	30 	30 	42 	45 	45 	SS 	57 
2 	3 	3 	3 	2 	i 	e -47 -41 -36 

-24 	4 	23 	38 	42 	46 	47 	50 	56 	57 
0210000-42 -38 -33 

-18 	30 	22 	37 	47 	46 	47 	50 	54 	53 
3 	2 	0 	a 	0 	0 -45 -38 -30 

-5 	22 	30 	42 	45 	46 	45 	Si 	54 	55 
0 	0 	0 	0 	0 	0 -44 -28 -33 -25 
6 	29 	36 	40 	42 	42 	45 	52 	51 	52 
222200-37 -27 -33 -18 

11 	25 	36 	46 	42 	45 	48 	45 	43 	57 
0 	0 	C 	0 	0 	0 -37 -35 -32 	-9 

27 	23 	37 	44 	44 	45 	46 	42 	43 	40 
3 	3 	i 	3 	3 -37 -33 -32 -26 	5 

21 	25 	27 	46 	45 	45 	49 	46 	47 	50 
1 	0 	C 	0 	6 -36 -23 -32 -19 	11 

32 	25 	36 	44 	43 	35 	45 	46 	46 	50 
2 	2 	2 	2 	3 -24 -23 -2E -12 	25 

32 	25 	37 	45 	36 	40 	45 	50 	44 	50 
0 	0 	0 -36 -33 -32 -25 	2 	28 

32 	24 	39 	43 	36 	37 	47 	40 	48 	50 
3 	3 	.3 -33 -22 -30 -20 	10 	30 

34 	23 	26 	41 	37 	37 	29 	45 	46 	50 
C 	0 	0 	0 -37 -27 -23 -15 	22 	30 

32 	24 	38 	41 	43 	36 	39 	46 	45 	47 
2 	J -35 -33 -25 -22 	-2 	24 	26 

32 	34 	36 	29 	43 	47 	41 	42 	45 	47 
G 	2 	0 -22 -28 -24 -20 	10 	27 	28 

30 	24 	36 	40 	45 	49 	45 	43 	48 	47 
2 	3 	3 -31 -28 -25 -22 	12 	29 	29 

22 	26 	30 	41 	45 	45 	49 	50 	50 	53 
C 	0 	0 -29 -28 -25 -15 	22 	26 	30 

34 	26 	37 	26 	43 	45 	52 	50 	50 	51 
3 	2 	2 -23 -22 •25 	-6 	25 	26 	29 

32 	23 	35 	41 	47 	45 	55 	50 	51 	50 
0 	0 -31 -27 -2fi -23 	0 	27 	27 	27 

31 	22 	36 	44 	44 	45 	50 	50 	49 	52 
2 	2 -27 -27 -25 -22 	12 	27 	27 	27 

32 	24 	26 	42 	46 	49 	51 	52 	53 	56 
-28 -25 -23 •19 	11 	27 	27 	29 

33 	26 	41 	43 	46 	43 	52 	53 	52 	55 
2 -26 -25 -25 -35 	25 	26 	26 	29 

24 	26 	42 	44 	46 	51 	53 	51 	52 	55 
0 	0 -20 -25 -24 	-4 	25 	26 	27 	30 

34 	40 	44 	48 	49 	50 	54 	53 	53 	54 
4 *24 ...22 -24 -23 	4 	25 	25 	26 	30 

30 	41 	45 	50 	50 	51 	54 	51 	53 	54 

SCLUCINS VALLES TO EE CCMICUSEC 
12 23 22 42 

ANGLE X 	T FAM 
110.80 14.87 2.25 0 

FIGURE 7: Input Data up to First Ray Card for Run # 1, Plot # 1 
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MUGU NC. 	166. 

MAX 

10/07/72, PLOT NO. 	1, 

V 	 ANGLE 

PERIOD . 	4.0 SEC.. FAY NO. 

TINE 	PCTDIF 	DEPTH 

I. 

1 14.07 2.25 120.00 0 6.7 34.56 .421 
2 13.86 2.61 120.14 .017 3.3 36.87 .421 
3 13.63 3.33 123.23 .336 4.1 43.94 .452 
4 13.38 3.43 120.31 .057 4.1 40.04 .499 
9 13.13 3.86 120.42 .077 4.1 39.15 .488 
6 12.89 4.27 120.56 .097 5.8 38.23 .478 
7 12.65 4.67 123.74 .116 5.8 36.82 .466 
8 12.42 5.05 120.95 .135 6.7 35.50 .449 
9 12.20 5.43 121.17 .153 6.7 34.46 .433 

10 11.98 5.78 121.39 .170 1.1 34.72 .420 
11 11.76 6.15 121.56 .188 5.2 33.98 .423 
12 11.54 6.50 121.68 .205 5.2 34.17 .414 
13 11.33 6.85 121.80 .222 5.2 34.36 .417 
14 11.10 7.21 121.90 .240 2.3 34.41 .419 
15 13.88 7.56 122.21 .257 40.9 32.67 .420 
16 10.67 7.90 122.78 .274 40.9 31.81 .398 
17 10.46 8.23 123.18 .290 1.9 30.46 .388 
18 10.25 8.54 123.41 .306 1.9 33.37 .371 
19 10.05 8.84 123.63 .321 1.9 30.27 .370 
20 9.84 9.15 124.61' .337 25.0 26.93 .369 
21 9.65 9.41 126.54 .350 25.4 23.03 .324 
22 9.48 9.64 129.34 .363 25.3 19.76 .281 
22 9.32 9.82 132.09 .374 25.8 16.72 .241 
24 9.18 9.97 135.60 .383 25.0 13.91 .204 
25 9.06 10.08 138.01 .391 31.8 15.89 .170 
28 8.91 13.21 141.97 .401 19.9 11.91 .194 
27 0.79 10.29 147.48 .409 15.9 8.82 .145 
28 8.70 10.34 152.93 .415 15.9 6.25 .108 
29 8.63 10.38 157.98 .420 15.9 4.26 .076 
32 8.98 13.39 162.43 .425 15.9 2.81 .052 
31 8.55 10.40 166.13 .428 15.9 1.80 .034 
32 8.53 10.41 169.17 .431 15.9 1.13 .022 
33 8.51 10.41 171.59 .433 15.9 .70 .014 
34 8.53 13.41 173.51 .435 15.9 .43 .009 
36 8.50 10.41 179.09 .436 15.9 .25 .005 
36 8.49 10.41 177.56 .438 15.9 .37 .235 

RAY REACHED SMCF6. 

ANGLE X 	V FAA 
120.00 14.50 2.50 0 

FIGURE 8: Sample Output Data for Run # 1, Plot # 1, RFT = 1 
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11 NOR AK NM 6510 CCM 148 MCC NICOOT NP? NAT CIN 	NT 808287 kEIIRAT 
0.0 11 20 26 3030 1.00 • 0 0 	1 0 1 	0 11.392 

11010 1ST TST 1E80 YEIC 
120.03 14.07 2.25 16.22 3.50 

FIGURE 9: Input Data for Rim # 1, Plot # 2 

(continued from Figure 7 except 
for remaining ray cards for 
Plot # 1). 



PROJECT NO. 

RAT hC. 

166, 

MAX 

10/07/72, PLOT NO. 

X 	Y 

2, PERIOD ■ 	8.0 SEC. 

ANGLE 	TIME 

1 1 14.07 2.25 120.00 
88 9.71 2.97 102.05 .208 RAY REACHED ShCRE. 

2 1 14.20 2.38 120.00 0 
2 89 9.64 8.53 182.98 .214 RAY REACHED soma. 

3 1 14e94 2.54 120.00 0 
3 92 9.41 7.91 183.07 .230 RAY REACHED SHORE. 

4 
4 

1 
97 

14.71 
9.14 

2.63 
8.30 

120.03 
101.23 

0 
.249 CURVATURE APPROXIMATIONS NOT CONVERGING. 

5 1 14.93 2.75 120.00 0 
9 105 8.80 9.22 183.13 .278 RAY REACHED SNORE. 

1 15.14 2.88 120.00 0 
112 8.57 10.19 181.54 .300 RAY REACHED SHORE. 

1 1 15.36 3.00 120.00 0 
7 120 8.29 11.02 182.91 .329 RAT REACHED SHORE. 

1 19.97 3.13 120.00 0 
8 129 8.09 11.77 183.01 .344 RAY REACHED SNORE. 

9 1 
138 

15.79 
7:01 

3.25 
12.48 

120.00 
181.19 

0 
.368 CURVATURE AFPFCXIMATIONS NCI CONVERGING• 

10 1 18.00 3.38 020.00 0 
10 139 7.74 12.77 182.95 .378 RAY REACHED SNORE. 

11 1 18.22 3.50 120.00 3 
11 139 7.73 12.00 182.94 .379 RAY REACHED SNORE. 

FIGURE 10: Output Data for Run # 1, Plot # 2, 16PT = 0 



1PROJNO111188 12/07/72 	PLOT NO. I. SCL = 1/ 80004 	Ti . 8.0 	CIN = 80 

FIGURE 11: Run # 2, Plot # 1, Point Source employing the FAN 
and Shoreline Option T = 8 sec 
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NVFLO 	FRC4C1 

	

1 	166 

17 	NOR 	Pr 	NN 

	

8.2 	11 	23 	26 
GRID 
3228 

OCCh 
1.32 

	

NSH NCO RUMAT NPT NAX 	GIN 	MT 	NCFRNT NENRAV 
1 	2 	0 	0 	1 	80 	11.392 	0 	1 

VAATAELE FORMAT FOR KNAT 
(10112.13),40A) 

SEM GRIP VALUES (XMAI) 
0 0 0 0 0 0 2 -41 

-32 -24 - 27 30 40 43 45 51 55 
0 0 0 0 0 0 0 0 .413 

-32 -22 25 30 34 43 4G 51 56 
0 0 0 0 0 2 2 -48 -43 

-3E -15 2 30 30 42 45 49 55 57 
0 0 0 0 0 0 -47 -41 -36 

-24 4 2 38 42 46 47 50 56 57 
0 0 0 0 0 2 -42 -38 -33 

-18 la 3 37 47 46 47 50 54 53 
0 0 0 0 0 0 -45 -38 -30 

-9 22 3 42 45 46 49 51 54 55 
0 0 0 0 0 -44 -38 -33 -25 
6 29 3 40 42 42 44 52 51 52 
0 0 0 0 0 -37 -37 -33 r18 

11 25 2 46 42 45 48 45 43 57 
0 0 0 0 0 -27 -35 -32 

27 23 3 44 44 45 46 43 43 40 
0 0 0 0 -37 -23 -32 -26 5 

31 .25 3 46 45 45 49 46 47 50 
0 0 0 0 -36 -33 -32 -19 11 

32 25 3 44 4J 35 45 46 46 50 
C 0 0 0 -34 -22 -26 -12 25 

32 25 3 45 36 40 45 50 44 50 
0 0 0 -36 -33 -22 -25 2 28 

32 24 35 43 36 37 47 40 48 50 
0 0 '0 0 -33 -32 -30 -20. 10 30 

34 23 32 41 37 37 39 45 46 50 
0 0 0 	0 -37 -27 -23 -15 22 32 

32 34 38 41 43 32 .35 42 45 47 
0 0 0 -35 -30 -26 -22 -2 24 26 

32 24 36 39 43 47 41 42 45 47 
0 0 0 -32 -28 -24 -22 la 27 28 

30 24 3E 40 45 49 45 43 48 47 
0 0 0 -31 -28 -25 -20 12 29 29 

32 26 38 41 45 49 49 50 50 53 
0 0 0 -29 -28 -25 -15 22 26 32 

34 26 37 36 43 45 52 50 50 51 
0 0 0 -20 -22 -25 -6 25 26 29 

32 23 29 41 47 45 55 50 51 50 
0 0 -31 -27 -26 -23 3 27 27 27 

32 22 3E 44 44 45 50 50 45 52 
8 0 -27 -27 -25 -22 12 27 27 27 

22 24 36 42 46 49 51 52 53 56 
0 0 -25 -23 -19 11 27 27 29 

33 26 41 43 46 43 52 53 52 55 
0 0 -26 -25 -25 -15 25 2E 26 29 

34 36 43 44 46 51 53 51 53 55 
0 0 -20 -25 -24 -4 25 26 27 32 

34 40 44 48 49 50 54 53 53 54 
0 -20 -20 -24 -23 4 25 29 22 30 

30 41 45 50 50 51 54 51 53 54 

ANGLE X 	T FAN 
352.33 8.22 11.10 1 

FIGURE 12: Input Data up to First Ray Card 

for Run 12, Plot 1 1 
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FOCJECT NC. 	166. 12/07/72, FLOT NO. 	1. FER1CD . 	8.0 SEC. 

RAT P.C. 	PAN 	1 	T 	ANGLE 	TINE 

	

1 	0.30 	11.10 	350.00 

	

si 	8.95 	0.85 	190.71 	.137 

ANGLE 	X 	• 	FAA 

RAY REACHED UCH. 

351.00 8.20 11.10 	1 
2 - 	1 	0.30 11.10 351.00 0 
2 SS 	9.22 2.33 192.84 .165 RAY REACHED SNORE. 

ANGLE Y 	Y 	FAA 
352.00 8.30 11.10 

1 	8.30 11.10 352.00 
129 	10.06 5.50 187.74 .251 RAT REACHED SNORE. 

ANGLE I 	• 	FAN 
353.00 8.30 11.10 	1 

4 1 	8.30 11.10 353.00 
4• 142 	15.44 .47 287.91 .282 RAY REACHED 0910 8010010. 

ANGLE 1 	Y 	FAN 
354.10 8.3C 11.10 	'1 

8.1; 11.10 354.00 
138 	18.55 1.83 310.34 .393 RAT REACHED GM BCLNDM. 

ANGLE A 	T 	FAN 
255.E2 8.3C 11.10 	1 

1 	6.30 11.10 355.00 
124 	10.56 4.44 322.65 .348 RAY REACHED GRIC OCLNDARY._ 

ANGLE i 	Y 	FAA 
356.00 8.20 11.10 	: 

7 1 	8.30 11.10 356.00 0 
118 	18.62 0.37 333.06 .326 RAY REACHED ME SCLNDART. 

ANGLE 2 	• 	FAA 
257.00 8.30 11.10 	1 

0.30 11.10 357.00 0 
114 	10.53 7.84  340.94 .310 RAY REACHED GM BCLNDARY. 

ANGLE X 	• 	FAA 
368.33 4.33 81.11 	1 

8.30 12.10 358.00 
9 112 	18.60 5.02 347.48 .304 RAT REACHED GRID DOLNIOART. 

ANGLE 2 	Y 	FAX 
359.00 8.30 11.10 	1 

IC 1 	0.30 11.10 359.00 0 
10 110 	10.51 10.19 354.42 .297 RAY REACHED 0510 8CLNCARY. 

ANGLE i 	T 	FAA 
8 8.30 11.10 	1 

11 1 	8.30 11.10 0 
11 110 	18.57 11.10 .41.00 .298 RAY REACHED GRID SCLADART. 

FIGURE 13: Output Data for Run # 2, Plot # 1, MIT = 0 
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