USER’S MANUAL FOR STEEP AND BREAKING
WAVE COMPUTER PROGRAMS

E. D. Cokelet

Report No. 87

1979

K

QN W [”"/.9

%
INSTITUTE OF 1
OCEANOGRAPHIC -
SCIENCES

>

2, o

/ >

I, \



b i

INSTITUTE OF OCEANOGRAPHIC SCIENCES

Wormley, Godalming,
Surrey, GUS 5UB.
(0428 - 79 - 4141)

(Director: Dr. A.S. Laughton)

Bidston Observatory, Crossway,

Birkenhead, Taunton,

Merseyside, L43 7RA. Somerset, TA1 2DW.

(051 - 653 - 8633) (0823 - 86211)

(Assistant Director: Dr. D.E. Cartwright) (Assistant Director: M.J. Tucker

On citing this report in a bibliography the reference should be followed by
the words UNPUBLISHED MANUSCRIPT.



Institute of Oceanographic Sciences

USER'S MANUAL FOR STEEP AND BREAKING
WAVE COMPUTER PROGRAMS

*E. D. Cokelet

Report No. 87

1979

Institute of Oceanographic Sciences,
Wormley, Godalming,
Surrey GU8 SUB U. K.

*Present address:

Pacific Marine Environmental Laboratory/NOAA
3711 15th Avenue Northeast,
Seattle, Washington 98105, U. S, A,



I1

CONTENTS Page

I. General INtrodUCEION. cue e o eeretneanatesensaitstraanrenennes 1
I1. INTVEL: velocities and accelerations within a breaking wave............ 2
A, INtrOdUCETON. « v et it errneeoesoenaesnsosseosassaansansossossosanancs 2

B. Breaking waves - the plunging jet and interior flow-field, preprint. 5

from Proc. Symp. Mech. wave-induced Forces on Cylinders

C. HOW INTVEL WOVKS. . eveveesonenonsoasasassarocnsaanssscssscsnnuasesscs 23
D. Example of printed OULPUL....cvvrrinrieiiiinir i ieeens 31
E. Subroutines called by INTVEL... ..o irniieniinmeireninennennenen s 34
F. Description of EDC SUDroULINES....cvveevmenneniienennnnnrecrernennns 35
1. Numerical rOULINES....cveeerenrinruneancesesaoasenancearacsacconns 36
CALPS . oo ee s ee e eesveneeanacenesoaesonnsoanstaosensnsonscnnsnnas 36

INSID . . o s v eeeeeeseanesanesseassnasesanssosesnnsnnnasnnssrosssns 39

INTERP . o v o et e eeesesesanneseasacssnasnnsnassssssssssnasosssssosson 42

MODULD . + e v v oescnneonoasnesssnesanssassssssssosensnssnssssonssess 44

WDWDZ . o e et e eeseeeaesoeanasoesoasneanacassassosanssnssossnsssns 46

2. Graphical routines....c.eeeeneen i ioniiieitieanaannnnneee, 56
ADDPLT . ot o et eeeneeensaanssascsaesasnesnssssesscassnssansonsossns 56

ARROW. + v ot eeeee e iaeeenesoaeoeansosaassasasssssasessassnnasanssens 58

210} 42 I SO S T R R R R R R R 60

CREST . v o eees e s annsosennssesoesssesananssssasssssnasnassonssscenns 64

27Xy s R R EE R 69

G. DALA LAPES.-evuvevrnvonnsnerecsorareeesenassasecesnnornenanaonsccssns 72
He  SAmMPTe JCLuennevninemio e iiiea ettt e 79
[I1. StEAdy WAVES. e et tuunrennnesseoneerssnsoesnsensesessuntesonnsaanncassnscs 81
A, INtrOdUCETON. c ettt ie et eseesasenaoaeeussrssesnasanasscscconons 81
GTDYIVEX . « e vt eeeenneeenneeennesanesonesonnessassassssnesaaascnnss 82

B. Perturbation eXpansion....eeeeeeeet e inoeenaarearseertaenanes 83

N 100 A7 L S I R R 85



Page

C. Padé-approximated PeSUTES et r ittt it iiiiein it 91
STEADYKD et eeeeereestnnerocnsoneeecsnencosasnsnecennsnnns 92

TABLE ¢ e ittt ietcenossnsenoenneesoscososonsnnasannsnnns 104

IV. Other useful subroutines. . ... ... ... iiiiiiiiiiiiiiiiiiiiinnnnnn. 106
A, INtrOdUCETON ¢ v ettt te e teeeronsoosenensnnnessseananssossnsnns 106
B. Numerical rouUtineS cv.eee ettt roennacroessnssneanacecsnnns 107
SPLINE st ittt iiet it eteesrenesansaaaeasnsossanesssancnnss 107

C. Graphical rouUtinES ccv v viei ittt et iaeeaanaenens 112
100 >4 R 112

PERADD s ettt eteneaeerncerscataeareceat ittt e 114

PERPLT 4ttt eeeneeeteectetnenerasosencnsnenneassannnnns 116

Yo 103 A =1 L 1= 11 =) £ o~ 119



I. General Introduction

This manual contains information about computer programs and magnetic tapes
at 10S which were the results of work done on steep and breaking water waves by
E. D. Cokelet between November 1975 and November 1978. The programs fall into
three main groups: (1) those which calculate the velocity and acceleration field
within the interior of a breaking wave, {2) those which calculate the properties
of steep, steady waves, and (3) miscellaneous numerical and graphical routines
which may be of use to general I0S computer users.

In all of the theoretical and numerical work about water waves referred
to herein the physical variables are nondimensionalized such that p= g = k =1
where o is the density of the fluid, g is the acceleration of gravity and
k = 27/ where x» is the wavelength of the free surface. A is the horizontal
scale on which the two-dimensional flow repeats itself. For the experiments
on the stability of deep-water waves as discussed in section II, two waves of

generally unequal wavelengths are included within the distance .



II. INTVEL: Velocities and accelerations within a breaking wave.

II.A. Introduction

INTVEL1is a FORTRAN program which calculates the fluid velocities and
accelerations interior to a breaking wave in deep water given quantities
evaluated only on the free surface. These surface-evaluated quantities are
actually stored as data on a magnetic tape (M907 at I0S, backup tape M908).
This tape contains output from various numerical experiments performed on
Cambridge University's IBM 370/165 computer and on the Rutherford High Energy
Laboratory's (RHEL) IBM 360/195 computer by E. D. Cokelet between 1975 and
1978. The accompanying pre-print in section II.B. (Cokelet, E. D. 1979

Breaking waves - the plunging jet and interior flow-field, Proc. Symp. Mech.

Wave-induced Forces on Cylinders, 3-6 September 1978, University of Bristol)

explains briefly how the velocity and acceleration fields are calculated
and gives some examples of the graphical output from INTVEL. Results of
some of the numerical experiments (but not the interior flow fields) appear
in two papers by M. S. Longuet-Higgins and E. D. Cokelet (The deformation
of steep surface waves on water I. A numerical method of computation, 1978,

Proc. R. Soc. Lond. A 350, 1-26 and II. Growth of normal-mode instabilities,

1979, Proc. R. Soc. Lond. A 354, 1-28).

A conformal transformation is used to map. the flow from the physical
Zz(= x+ Ly) plane to a closed region in the
(8 _
f? (F= e ) plane. The mapping is j; = <

which means that
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In INTVEL most of the numerical calculations are done in the'f-plane, but the
graphical output consisting of the wave profile and the velocity and acceleration
vectors are in the z-plane. There are usually N = 60, 90 or 120 points along
the surface of one wave cycle. The storage arrays and their physical meanings

are as follows: The array sizes are all N + 1 unless stated otherwise.

R v~ values along the surface
PHI velocity potentia1,9é, along surface
PRES surface pressure
JP
DPHIDS Js = tangential derivative in:i-plane

DPHIDN Jn = normal derivative
_L_{_£ , .
DSDP df = derivative of arc-length with respect to a parameter

p ( point number) which increases monotonically along the

surface profile

S(N + 8) S = arc - length along surface in'S-p1ane. S(N)- S(0)= S(N)

which is the total arc length around one wave cycle in the
3 -plane. For convenience 9 (N*J) = ‘S(N) * 5(./)/ ‘):l/%‘”)?‘

4¢
DTHDS ?jf along the surface
DRDS jﬁ: along the surface

log
DTHDT %%% total time derivative of C.
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J¥
D2PDNS s in the 3 -plane
1
D2RDS2 ?;;5 in the § -plane
dl
D2TDS2 ;‘j in the § -plane
S
J?
PHIT —
t
PSIT gfg
J

PRESO (IE,JE) 2-D array of pressure inside the fluid in the Z-plane.
The array sizes IE and JE depend on the size of the
region and the grid spacing on which one wishes to

calculate the flow quantities.



II.B. Breaking waves - the plunging jet and interior flow-field.

The following is a preprint to appear in the Proceedings of the Symposium

on Mechanics of Wave-induced Forces on Cylinders, held at the University of

Bristol, 3-6 September 1978. In it we describe briefly the mathematical theory

behind INTVEL, and we present some of the graphical results.
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To appear in Proceedings of the Symposium on Mechanics of
Wave-induced Forces on Cylinders, held at the University
of Bristol, 3-6 September 1978.

BREAKING WAVES - THE PLUNGING JET AND

INTERIOR FLOW-FIELD

by

E.D. Cokelet

Institute of Oceanographic Sciences,
Brook Road, Wormley, Godalming,

Surrey, England.

Abstract

Breaking waves cause some of the largest forces exerted
on marine structures, but until quite recently it has not
been possible to calculate the flow-field in a breaking
wave even in the absence of the structure itself. Our aim
is to show that during breaking but before vorticity and
turbulence are generated the flow can be calculated by
using a numerical technique (Longuet-Higgins & Cokelet,
1976) based on the exact theory of irrotational flow. This
has succeeded in following the free surface of a two-
dimensional, deep-water wave as it steepens and overturns
ejecting a jet of water from its crest. We present some
examples to show that the fluid velocities and accelerations

can exceed those in a highest, steady wave.

Introduction

For a structural member whose diameter is less than
about 1/5 of a wavelength the usual method for predicting
forces is to take the statistically derived 50-year wave's

height and period, to fit a wave flow to these parameters, and

to calculate the drag and inertia from Morison's equation.



All three steps have their disadvantages, but we shall
concentrate on the second step. Often a steady, progres-
sive wave is chosen, and the flow-field is calculated by
using an analytical (e.g. Stokes' nth order expansion)
or numerical method (e.g. Dean's (1965) stream function
wave theory). This presupposes that the wave is symmetric
about the crest and propagates without change of shape;
hence it is not a breaking wave. Sometimes a measured
wave profile is available, and a flow-field is fitted to
it with Dean's stream function method in which it is
assumed that the free-surface is a streamline when viewed
from an appropriate moving reference frame. Such an
assumption is not valid if the wave is asymmetrical or if
it is breaking.

Breaking is essentially time-dependent; the free
surface distorts as fluid moves normal to it. Longuet-
Higgins & Cokelet (1976) have developed a numerical
technique capable of following the fully nonlinéar develop-
ment of the flow. The method is based on the fact that
for an irrotational, incompressible fluid the kinematic
and dynamic boundary conditions describe the evolution of
the flow in terms of quantities specified only on the
boundaries. For deep-water waves the only boundary is the
free surface, and its location is given by the position of
N specified fluid particles. 1In order to follow the motion
of the surface we need know only the tangential and normal
velocities of particles on it. Given the velocity poten-
tial, ¢, along the surface we find the tangential velocity,
J¢/Js, by numerical differentiation. To find the normal velocity,

Jb/dn, we use Green's third identity to derive an integral

equation for it in terms of other surface-evaluated



quantities. Having solved this numerically we march

forward in time with the evolution equations:

Dt

These specify how the Cartesian coordinates, (X,y), and
the velocity potential of a fluid particle change with
time. The tangential direction is defined such that s
increases as one moves along the surface with the fluid
on the left, and n is the outward normal.

The method has been used to demonstrate that irrota-
tional flow alone can account for the steepening and
plunging of a breaking wave. The plunging jet remains
well-rounded and can be followed until either the minimum
radius of curvature of the free surface approaches the
computational particle spacing or until the tip of the
jet is about to touch the wave's forward face.

In the next section we shall show how to calculate
the fluid velocity and acceleration within the fluid
interior given the surface-evaluated quantities used
in the evolution equations. Then we shall give some

examples of fluid velocities and accelerations near the



crest of some breaking waves in deep water.

Calculation of the interior fluid velocity and acceleration

The free surface is perhaps the region of greatest
interest since it is here that nonlinear effects are most
noticeable. Here, too, the velocity takes on its extreme
value since Laplace's equation is the governing field
equation. But to the offshore engineer the flow in the
fluid interior is also important. With his requirements in
mind we have set out to calculate the interior velocities
and accelerations.

We define a Cartesian coordinate system with x increasing
horizontally, y increasing upwards and the line y = 0
coinciding with the mean free surface. For computational
convenience we assume that the sea surface is horizontally
periodic. (This restriction could be removed if we were
willing to specify what was happening outside of the computa-
tional region, but this introduces further complication
which will not be considered here.) We map the semi-
infinite region between the free surface and the bottom into
a closed region in the r<plane with the mapping

r = e-iz
where z = x + iy. This maps the undisturbed free surface
into a circle.

Now for W () a function harmonic inside the region
bounded by a closed contour C — the image of the free
surface — Cauchy's theorem relates W at some interior
point Lo to the integral of its wvalue on the boundary
weighted by the inverse of the distance from Co to the

boundary, i.e.

N w(z)

(o]
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If we let W be the complex velocity, W = u-iv, we can
use (1) to find the velocity inside the fluid once we
know it on the surface.

There is a complication when the point Co is near
the boundary. The denominator of (1) becomes large, and
any quadrature formula which we may use does not accurately
represent the integrand in the region giving the largest
contribution to the integral. This problem may be over-
come by subtracting off the singularity and solving
iteratively for W (go) (Swarztrauber, 1972).

Thus we may write

nsp (5g) = L | W@)Wn(ga) Az + W (z0) (2)
Ti Sl 4
o
C
where the subscript "n" denotes the nth iterate.

If we write (2) as

W

hep = EOW)

then fl(wn) 0 as well as all the higher derivatives of
£, and the theoretical convergence of (2) is guaranteed.
In practice (2) usually converges to within 10“5 in 5 or

6 iterations when the quadrature is performed using
Simpson's rule with 60 computational particles. Occasion-
ally for points very near the boundary (2) diverges, but
in this case a Taylor series extrapolation from the
boundary usually suffices.

To find the fluid acceleration at an interior point in
terms of surface-evaluated quantities is more complicated
since the acceleration does not satisfy Laplace's equation.
If we can calculate the pressure, p, then we can differen-
tiate numerically with, say, a 3=-point, centred-difference

formula to find the pressure gradient and then the acceleration
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from the Euler equations. Bernoulli's equation,

P __ Jdo_ _ 1 2 2
o D% gy j(u + v'),
gives p provided we can find J¢/Jt. This does satisfy

Laplace's equation, and we can calculate J¢/Jt at the sur-
face from Bernoulli's equation since p is specified there.
However to find J¢/Jt at an interior point from Cauchy's
theorem, (1) or (2), we need also to know its conjugate
harmonic function Jy/Jt where y is the stream function.

This is found along the surface from

1] =\I-%£ ds + const. =~/~§% ds + const.

The constant is evaluated such that y (x, - «,t) = 0.

Jy/Jt is calculated for each computational particle from

Jy - DY

Jt Dt
by using a 3-point, centred-difference formula in time.

Since differentiations in both time and space are needed
to calculate the accelerations they are necessarily less

accurate than the velocities.

Results

We shall present some results for the interior
velocities and accelerations of breaking waves produced
from two different types of initial conditions. For
the first type, breaking develops from a slightly perturbed
train of fully nonlinear, periodic, steady waves.
Longuet-Higgins (1978 a,b) has shown that such a wave
train is unstableif the initial wave steepness, ak, falls
within certain limits. The numerical experiments of
Longuet-Higgins and Cokelet (1978) have confirmed the
growth-rates predicted by the stability theory and have
shown that the instabilities lead to breaking. We

shall show the results for ak = 0.25. Such a wave is
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unstable. Perturbations grow such that the neighbouring
wave loses energy, and the growing wave slowly gains
energy. When the local steepness approaches 0.41 the
perturbation grows rapidly and breaking ensues.

Figure 1 shows a close-up of the wave crest at the
moment, t = tV, the wave face becomes vertical. Dots on
the free surface mark the computational fluid particles.
Quantities are nondimensionalized such that p = g=k =1
where p is the fluid density, g is gravity and k is the
wave number. Figure la shows the velocity field, and
the horizontal vector in the upper right-hand corner
represents a velocity of magnitude (<_:I/k)!5 = 1 which equals
the phase speed of a linear, deep-water wave. The
maximum fluid velocity shown occurs at the crest and is
1.02. This compares with the maximum particle velocity
of 1.0922 at the crest of the highest, steady wave
(Cokelet, 1977). Such a theoretically highest wave
(ak = 0.4431) has a sharp crest with enclosed angle of
120° located at y = 0.5964. The acceleration field is
shown in figure 1b with the scaling vector of length g =1
at the upper right. The maximum acceleration indicated
has magnitude 0.6g. The acceleration at the crest of the
highest, steady wave has magnitude 0.5g directed radially
away from the crest (Longuet-Higgins, 1963), although
recent evidence indicates that 0.39g may be the more
relevant value for an almost-highest, steady wave with a
slightly~rounded crest (Longuet-Higgins & Fox, 1977).
Figure 2 shows the same wave at about 1/50 of a wave

period later (t = tV + 1/8). Here the maximum velocity
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is 1.09, and the maximum acceleration is 0.7g. We have
not been able to calculate reliably the acceleration field
for points nearer the free surface than those shown in the
diagrams.

For the second type of initial condition we have
conducted a series of numerical experiments in which the

wave is sinusoidal in shape but of large amplitude, i.e.

n =a sin (x - t)
¢ = a cos (x - t) e ¥
at t = 0. Such a wave contains all of its energy in the

first harmonic and therefore cannot be a finite-amplitude,
steady wave, If the initial amplitude is large enough the
wave will break. Figure 3 shows the velocity and accelera-
tion fields for a wave of initial amplitude ak = 0.31. It
contains abouﬁ 2/3 of the energy, E, of the most energetic,
steady wave, Emax = 0.07403. The wave face is just vertical.
The similarity to the breaking wave in figure 1 which was
produced by the more "natural" mechanism of instability is
remarkable; the two figures almost coincide. The maximum
velocity and acceleration in figure 3 are 1.09 and 0.7qg,
respectively, which exceed those of figure 1. For this wave
it has been possible to follow the motion until t = tv + 1/4.
The velocities and accelerations are shown in figure 4. The
peak values are 1.24 and 0.8g.

In figure 5 we show the results for similar initial
conditions but with ak = 0.38 corresponding to a wave with
E n Emax' The radius of curvature at the crest is larger

here, and more fluid will be swept into the plunging jet.

The maximum velocity displayed is 0.93. This is lower than
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previous values because the grid of points at which the
velocities were calculated for the diagram does not
intersect at the maximum velocity region near the emerg-
ing jet. The maximum acceleration shown is 0.9g.

This occurs as in all the previous examples not at the
crest but rather in the region below the vertical wave-
face. Both the drag and the inertial forces in this
region will have a strong horizontal component.

The velocities and accelerations are shown in
figure 6 when t = tv + 3/4. Here the plunging jet is
well-formed. There is a substantial region of hori-
zontal velocity feeding water into the jet, and there
is an indication that the fluid is being accelerated
toward the right due to large horizontal pressure
gradients. The maximum velocity indicated is 1.33 in
the jet which would produce a drag force of 1.5 times
that of a highest, steady wave. The maximum accelera-
tion shown in 1.6g which is about 3 times that of a
highest, steady wave.

Conclusions

We have shown that the velocity and acceleration
fields interior to irrotational, breaking waves can be
calculated from quantities evaluated at the free
surface. Sample calculations indicate that fluid
speeds can exceed 1.3 (g/k);i in the breaking region.
Maximum accelerations approach g and can have appreci-
able horizontal components. It is difficult to say
how typical these values are, but similar results do
come from two different typesof initial conditions

thus implying that a similarity solution may exist.
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In future we plan to compare in detail the velocity
and acceleration fields with those of steep, steady waves.
It also remains to compare the numerical results with

laboratory and field data.

This work was supported by a contract from the

Departments of Energy and Industry.
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I1.C. How INTVEL works

INTVEL works in the following manner. It first reads through the data
and locates the time, TIMVER, at which the wave face becomes vertical or over-
hanging. TIMVER is then the first time, TIMCAL, at which the interior flow

field is to be calculated. The program then must calculate

o ¢ v
g bt
along the surface. This is done by backspacing the data one timestep, calculating
v (t- 4t)

using the subroutine CALPSI, spacing forward 2 a4t

to find v (t+2t)
R
and then backspacing to find %’(t). A centered difference formula gives = .

At t=TIMCAL other simple calculations are performed, and the crest region
of size XLEN by YLEN (in non-dimensional units, XLENMM by YLENMM in millimeters)
is drawn by CREST. The program then calls WDWDZ which calculates the velocity
and pressure within the fluid at discrete points. This is done at intervals
of DX and DY, and the velocity vectors, scaled by VELSCL, are drawn by ARROW.
Calculated quantities are printed out. The velocities along the boundary can
also be drawn, but this is not recommended if an unconfused picture is desired.

The pressure gradients are calculated by a 3-point centered-difference
formula. If one of the three points has no pressure value defined because
it is outside the fluid, then no pressure gradient or acceleration will be
calculated. The accelerations, scaled by ACCSCL, are drawn by ARROW and are
printed out. Boundary accelerations can be drawn, but these are very noisy
due to the differencing.

This completes one timestep in INTVEL. TIMCAL is incremented by DELT,

and the process repeats itself until the data runs out or t exceeds TIMEND.
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II.D. Example of printed output

The next two pages contain examples of the printed output from INTVEL.
On the first page are given the timestep number, the value of t before, during
and after the current time, and the coordinates of the box drawn around the

crest portion of the new profile. Next are listed the (x,y) coordinates of

each point and the values of & ¢ o ¢ JE S /¥

Jx T, JE 7 Ut
and p (pressure) calculated there. Also listed are the number of iterations,
NITER, it took to produce these values and the value of INOUT which is returned
by subroutine INSIDC. This should normally be 1 or O indicating that the
point in question is inside or on the boundary of the fluid. The error return
from WDWDZ means that this subroutine failed to converge on at least one of the
variables it was trying to calculate. This happens when a grid point at which
the velocity, say, is being calculated is very near a computational fluid
particle on the free surface. When divergence occurs WDWDZ returns the initial
guesses for all of the variables which it is trying to calculate.

The second page lists the output from that part of the program which

calculates the pressure gradients and accelerations.
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IT.E. Subroutines called by INTVEL

INTVEL calls subroutines from three different sources:
(1) routines written by E. D. Cokelet and described in this manual, (2) I10S
grafix, version O routines, and (3) Harwell routines. The EDC routines are in
ELECTRIC files at RHEL. The last two are in load modules at RHEL. INTVEL

calls the following:

EDC Routines: CALPSI, CREST, INSIDC, WDWDZ, ARROW, MODULO.

IOS Grafix: T4013 or CC925, ERRSEL, GRAEND, DEVEND.

Harwell routines: TBO5AD.
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II.F. Description of EDC subroutines
We give here a brief description of the subroutines associated with INTVEL.
They fall into two categories, numerical and graphical. A1l real variables

are DOUBLE PRECISION unless stated otherwise.
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II.F.1. Numerical Routines
CALPSI (NP1, PHI, DPHIDS, DPHIDN, R, DTHDS, DSDP, PT, PSI, PHINF)

Calculates the stream function, , along the free surface of a periodic wave in

deep water.
Inputs:
NP1 = N+1, number of points (must be odd) along curve
PHI (NP1) ¢5 along curve
DPHIDS (NP1) _Jj

JS

J/
DPHIDN (NP1) —jf

Jdn
R (NP1) r

d &
DTHDS (NP1) “';
DSDP (NP1) _if_

dp

Note all the above arrays must be periodic. If F is any array, then F(1) = F(NP1).
PT (NP1) point number, P

Outputs:

PSI (NP1 along wave

) ¢
¢ 4‘{' 7 > -~ 0o,
PHINF sﬁ at g= - is chosen to be zero.

Subroutines called: None
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INSIDC (NP1, THETAO, RO, THETA, R, IENTER, INOUT)

Determines whether a point whose polar coordinates are (THETAO, RO) is inside

(INOUT = 1), on (INOUT = 0), or outside (INOUT=-1) of a closed contour approximated
by straight line segments connecting a sequence of NP1 points (THETA, R). If IENTER
is greater than 0, the subroutine assumes thatit has been entered previously for

this contour. For points near the bounding contour the question is answered by

calculating j J cf 5.
C

5~3,
Inputs:
NP1 number of points around curve
THETAO C9;
RO Fo
THETA (NP1) & values around curve. THETA (NP1) = THETA(1) + 2 77
R (NP1) I~ values around curve. R (NP1) =R (1)
IENTER parameter to indicate if routine entered earlier for this contour
Qutputs:
INOUT indicates in (+1), on (0) or out (-1)

Subroutines called: None
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INTERP (ISEEK, N, X, F, DFDX, XN, FN, DFDXN)

Calculates the value of a cubic spline, FN, and its first derivative DFDXN at

one point, XN, in the range X (1) to X (N). The X(I)'s are assumed to be in

ascending order. The subroutine needs the N knots, X (I), the function values

at the knots, F (I), and the first derivatives, DFDX(I), there. If ISEEK

is greater than or equal to 0 the routine assumes it has been entered previously

with a smaller XN. This reduces the search time.

Inputs:
ISEEK

DFDX (N)

XN

Outputs:

FN

DFDXN

indicates if entered previously for this routine

number of points

{

—

Ko

au

Subroutines called: None



an3
NaNizy
CxxNX*EI*°C + NX*¥2I*°2 + 13 = NXQOaC
Cr¥NX*ED + Zx¥NX*ZD + NX*TIJ + 02 = N4
F¥s (T-1)X+E - Zex(T-IDX%2D -~ (I-1)X*1D - (I-1)5 = Q2
Crx(T-I)X*€I**C = (1-1)X%22*°2 - (I-1)XQ40 = 13
*C/L(IX 1
+ (T-DIX)*E3%°€ - (CCIDX = (T-IIXD)**Z)/CCI)XQ40 - (1-I)yx040) = 22
Cer(CIIX = (I-1)X) 1
ZCCCIIX = (TI=-1DX)/7C(T=1)3 - (I)4)=*2 » (I)XQ4Q + (I-1)x04C) = €2
I = 3AvSI
3NNILINGD
d01S
(N)X SNX (T00T *9)31lum
INNTLNCO
c01¢
(PIX SNX (0001 *S)3LIumM
T - 3AvysI=r
ST 01 09 CC((I-1)X)SEVC*ETI~0°T -~ (I-1)Xx) *39° NX) 31
0T 0L 09 (C(CIIX)ISEVO*ET-0°T + C(I)X) *19°* NX ) 4l
N *3AvSI=I 01 CQ
C=3IAVSI (0 *L71* XN33ISI) sl
(N)XO40 *(N)d C(NIX NQISNIWIC
(/61°*¢2C *,¢
ZONVY 3HL 40 3NTVYA WNWIXVW IHL NVHL Y394y SI HJIHM ., /%ST1°§20G1 T
4 INIOd 3H1 LV Q3LIVI04¥3ILNI 38 0L SI ANITdS 3HL /)1vW¥CSH 10
(/75T°¢20 .2
SONVY 3HL 40 3NIYA WNWINIW 3IHL NVHL YITIVYWS SI HIIHM ,/8GT*°¢20dT T
¢y INIOd 3HL LY Q3ILVIO4MIINI 38 0L SI 3INIHS 2HL /) LVAY¥O04 GO0
(Z2=0 *H-VY)B=1¥IY LI2T3dwl
"3WIL HI¥Y3S 3IHL S3IINQAI¥ SIHL SNY ¥3ITIVWS ¥ HLIIM AISNOIAIYe GINILINZ
N338 SVYH 1@ S3whNSSY ANILNGCYENS 2HL 0 °"39° SI X%33SI 41 *CIIXC4G $SLICAYN
SHL LV S3IATLVAIYIA 3HL CNY $(I)d $SICNM JHL LV S3INIYA NCILIONNS 3IHL $(I)x
$SLONXY N 3IH1 SQ3ISN 3INILNOYENS IHL *¥3C¥0 SNIGNIDSY NI 39 Ol gIWnNsSSy Inv

SHCIVX 3HL  “(NIX OL €CT)X 39NVY 3HL NI SAX SINIOd ANV LY &NXxQ4Q *3AILVALYIQ
1S¥I4 SIT ONY N4 “3INITJS 2I8N3 ¥V 50 3INIVA 3IH] S3LVINIIVI 3INILNQHENS SIHL

(NXQ40 *NJ SNX *XQ40 *d X ¢N *X¥IISIV4YILNI INILNONGNS

01

01

01

[ IRG IS

(&

PP M6 83 04 04 00 06 40 40 20 ¢ eo U 68 e 40 Ds 4 22 44 Ss au G 60 4% 2o 0e 28 ba

[ o))

s s ee se ¢ we aa

O ) ) T
[T I = IS

©Cr oy oy

[ =3 >}
oo
oo



44
MODULO (X, XMIN, XPER)

Adds or subtracts integral factors of XPER to X until XMIN < X £ XMIN + XPER

Inputs:

X X

XMIN minimum value of X
XPER period in X
Outputs:

X XMIN £ X < XMIN + XPER

Subroutines called: None
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WDWDZ (X0, YO, THETA, R, DTHDS, DRDS, DSDP, P, PHI, PSI, DPHIDS, DPHIDN, D2PDS2,
D2PDNS, D2RDS2, D2TDS2, PHIT, PSIT, IWRITE, INOUT, NP1, EPSLON, NMAX, PHIO

3

PSIO, DPHIDX, DPHIDY, PHITO, PSITO, PRESO, SIMPCO, CO, SI, C, S, NITER)

Lé_aj.df St I

calculates ¢/ %’ -,

7 c(».,/

dy S Jt ?

at ( )(0/70) for an infinitely - deep fluid. If the point (X,} 70) is near the
boundary then the solution is found iteratively.

Note: The section which calculates the output variables for points outside of

the bounding contour may not be conceptually correct. Also it has not been

debugged.
Inputs:
X0, YO coordinates of point in physical Z-plane
THETA (NP1) array of é}values along curve'h\f-p1ane
R (NP1) r values along curve
o
DTHDS (NP1) -_—
dS$
dr
DRDS (NP1) —
ds
ds
DSDP (NP1) —
dp
P (NP1) point number
PHI (NP1) ¢

PSI (NP1) ¥



DPHIDS (NP1)

DPHIDN (NP1)

D2PDS2 (NPT1)

D2PDNS (NPT1)

D2RDS2 (NP1)

D2TDS2 (NP1)

PHIT (NP1)

PSIT (NP1)

{2
és?

¥
Jt

J Y
st

47



IWRITE

INOUT

NP1 = N+

EPSLON

NMAX

Outputs:

PHIO

PSIO

DPHIDX

DPHIDY

48

controls writing out of intermediate iterates. If < O

interative values of 4£ qﬂ 3Lf and :if are

written. If »© they are not.

tells if ( %, 7,) is inside, on, or outside of bounding
curve

=] inside

=0 on

=-1 outside

number of points on curve and array size

a.small positive number specifying convergence criterion.

successive values of each output variable differ by less than

EPSLON, then convergence is assumed. EPSLON should be about

1 x 10'5 for 60 points along the profile

maximum number of iterations to convergence. NMAX should be

about 50 for N=60, EPSLON = 1 x 1073

#.
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PHITO J7,
St
o/
PSITO F,
ot
PRESO pe

SIMPCO (NP1) working array

CO (NPT1) working array
SI (NP1) working array
C (NP1) Working array
S (NP1) working array
NITER number of interations until convergence or divergence. If

NITERP?NMAX then the routine gives an error message,and the

output variables are the initial guesses.

Subroutines called: None
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II.F.2. Graphical Routines
ADDPLT (N, X, Y, IPEN, ICHAR, CHRSIZ, ILINE)
Adds a graph to axes previously drawn by BOXPLT. The N points of the array Y

are plotted against the array X.

Inputs:

N number of points to be connected by straight Tines

X (N) array of abscissa values

Y (N) array of ordinate values

IPEN I0S pen number

ICHAR I0S character code for character to be drawn at each point (X,Y)
CHRSIZ character size in millimeters

ILINE line drawing parameter. O is no line; 1 is a straight line
Outputs: A graph of Y versus X

Subroutines called:

I0S Grafix: LINSEL, NIBSEL, CHASEL, MARSEL, PLOLD2
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ARROW (X, Y, DX, DY, HEADSZ, IPEN)
Draws an arrow from (X,Y) to (X+DX, Y+DY) in user units in a box previously

drawn by BOXPLT or a region set up by other I0S Grafix commands.

Inputs:

X X

v y

DX d

DY Jy

HEADSZ size ¢f arrowhead in user units
IPEN I0S pen number

Qutputs:

A graphical arrow
Subroutines called:

I0S Grafix: PUTLAZ, NEWPEN, LINLEZ2
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BOXPLT (N, X, Y, IPEN, ICHAR, CHRSIZ, ILINE, ITOP, IBOT, ILEFT, IRIGHT, XMIN,
XMAX, XINC, XLEN, YMIN, YMAX, YINC, YLEN)

Draws all or part of a box with or without labels and plots the N points of Y
versus X which fall within the box. The pen number and plot character type -

and size are under the user's control. Symbols may be drawn at each point.

Inputs:

N number of points to be plotted. If N=0, box and labels are
drawn with no X-Y plotting

X (N) abscissa values

Y (N) ordinate values

IPEN I0S pen number

ICHAR I0S character code. A character can be drawn at each data point.

CHRIZ character size in mm

ILINE line drawing parameter, O is no line, 1 is a straight line

ITOP control axis drawing and labeling

IBOT =0, no axis, no labels

ILEFT =1, axis, no labels

IRIGHT =2, axis and labels with checks done for label overlapping

=3, axis and labels, no overlap checking
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XMIN minimum limit of x-axis
XMAX maximum limit of X-axis
YMIN minimum limit of y-axis
YMAX maximum limit of y-axis
XINC X - axis increments
YINC Y - axis increments
XLEN Tength of X-axis in mm
YLEN length of Y-axis in mm
Qutputs:

a graphof Y versus X within a box

Subroutines called:

EDC subroutines: ADDPLT

10S Grafix: PICCIE, GRAFIX, SHIFT2, MOVTO2, LINTO2, DEFLA2, ANMSEL,
GRISEL, AXILE?
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CREST (N, IPOSN, IBOX, TIME, SPEED, PT, X0, YO, DXDP, DYDP, X, Y, XMIN,

XLEN, XINC, XLENMM, YMIN, YLEN, YINC, YLENMM, WVLNTH)

Plots that part of the wave crest region at a given time which falls within

a box moving with a specified speed. A cubic spline parameterized by the

point number is fitted to the curve, and a smooth profile is drawn through it.

Inputs:
N

IPOSN

IBOX

TIME

SPEED

PT(N)

XO(N)

YO(N)

DXDP(N)

number of points along entire profile

parameter to specify crest position within box. <0 means
crest at left side of box. =0 means crest in center of

box. >0 means crest at right side of box.

box drawing parameter. < 0 means no new box, plot profile
within old box but moved an amount (SPEED x t). =0

means draw new box if crest falls outside box. 2}1 means draw
new box and plot profile.

time of plotting

speed of box in X-direction

array of point number, p

array of X coordinates

array of Y coordinates

dx

—————

dp
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4
DYDP(N) £

dp
XLEN length of X-axis in user units
XINC increments of X-axis
XLENMM length of X-axis in mm
YLEN length of Y-axis in user units
YINC increments of Y-axis
YLENMM length of Y-axis in mm
WVLNTH wavelength in user units
Outputs:

A graph of the wave crest within a box

X(N) working array containing X values
Y(N) working array containing Y values
XMIN minimum X coordinate of box
YMIN minimum Y coordinate of box

Subroutines called:
EDC subroutines: MODULO, BOXPLT, PASPLT
10S Grafix: NIBSEL, CHASEL
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PASPLT (INTRVL, PRICH1, PRICHR, SECCHR, N, P, X, DXDP, Y, DYDP)

Given a collection of N points (X, Y) specified in terms of a parameter P
which increases monotonically along the curve and given the derivatives of

X and Y with respect to P at these points, DXDP and DYDP, this routine draws
a cubic spline curve through them. The line between any two data points (or
knots) is made up of INTRVL straight lines. At each knot, (X, Y), a plot
character can be drawn whose I0S code number if PRICHR. The very first point
to be drawn has the character code number PRICH1. At the intermediate points

(INTRVL-1 between each two data points) the plot character SECCHR can be drawn.

Inputs:
INTRVL number of straight line intervals between data points
PRICHI1 I0S character code of first data point
PRICHR I0S character code of remaining data points
SECCHR I0S character code of interpolated data points
N number of data points
P(N) array of parameter values. Must be increasing.
X(N) abscissa values, X
DXDP(N) dx

dp
Y(N) ordinate values, Y
DYDP(N) dy
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Outputs:

A smooth graph of Y versus X
Subroutines called:

EDC subroutines: INTERP

I0S Grafix: LINSEL, MARSEL, POILD2
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II.G. Data Tapes

INTVEL takes as its input data the results of various numerical experiments
performed with periodic, deep-water waves. These are on tapes M907 and M908
at 10S. The data files come from numerical experiments beginning with one
of 3 types of initial conditions. The first is that studied by Longuet-Higgins
and Cokelet (1976). They take as initial conditions a steady wave of steepness
ak = 0.399671 corresponding to the value of the expansion parameter
€*= 0.%  (see Cokelet, E. D. 1977 Steep gravity waves in water of arbitrary

uniform depth, Phil. Trans. R. Soc. Lond. A. 286, 183-230). The waves are forced

by the surface pressure condition
p= P Sint s;m(xw.f)j oLt LT
= 0 T < t
Here ¢ = 1.0821O,Ithe speed of the initial steady wave.
The second type of initial condition is a simple sinusoidal wave at t = 0

with no pressure forcing ’7 = & S/ X

7{ r —ca ces X

P = O,
Such a wave is steady only when the steepness ak»0. In general the wave profile
will distort, and if the amplitude is large enough breaking will ensue.

The third type of initial condition is a pair of slightly perturbed steady
waves with no pressure forcing. These were studied by Longuet-Higgins and Cokelet
(1979).

We shall give more details of the magnetic tapes, the file structure and
the files. Tapes M907 and M908 (duplicate, back-up copy of M907) are 9 track,
6250 bpi, odd parity, standard IBM label magnetic tapes. The data record format
is variable blocked, sequential (VBS), and the block size is 2498 bytes. The
record length is X since the files were written with unformatted FORTRAN WRITE

statements. As a result the files can only be read by a FORTRAN job run on an
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IBM 360/195 computer or on some compatible machine.

A1l of the files are in a single format, and all of the real numbers are in

IBM double precision (REAL*8). Typical FORTRAN type specification, DIMENSION

and READ statements are as follows:

IMPLICIT REAL*8 (A-H, 0-Z)

DIMENSION THETA (61), R(61), PHI (61), PRES (61),

1 DPHIDS (61), DPHIDN (61), DSDP (61), S (68),

2 DTHDS (61), DRDS (61), DPHIDT (61), DTHDT (61), DRDT (61)

READ (8) ITIME, TIME, DELTAT, ENKIN, ENPOT, ENERGY, YBAR

READ (8) THETA, R, PHI, PRES, DPHIDS, DPHIDN, DSDP,

S, DTHDS, DRDS, DPHIDT, DTHDT, DRDT

The variables are defined as follows:

ITIME timestep number
TIME t
DELTAT 4 t, timestep increment
am _n
= 4 2, .2
ENKIN average kinetic energy, T. T= 27T / / 'lL € (“ '“') ‘/7 o
(=4 —6a
ENPOT average potential energy, V

2T

v:;ﬁ;} —%(:711 t/)(



ENERGY

YBAR

THETA

PHI

PRES

DPHIDS

DPHIDN

DSDpP

DTHDS
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total average energy, E =T + V

mean free-sg;face elevation, 7i

11=1~!757'of"1‘{x' 7=7z(>(,f)1's

the free-surface. 75' should be zero, and the fact
that it is not provides a check on the numerical

results. Note ;[.75 o was not taken

into account for calculating V.

&

pressure

J¢
J S

S. Note dimension of this array is N+8.

d&
és
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dr
ds

DPHIDT lzé
! Dt

DRDS

yia
DTHOT ~

DRDT s
Dt

There are either N = 60, 90, or 120 points along the wave profile. Point
1 and point N + 1 are the same, but one wavelength (=27 ) apart. The file name
has the value of N contained within it. The accompanying tape examination
(XTAPE) gives the file labels, names and storage information. Files
BREAK60... and SINEGO... have N = 60. The rest of the files have N after the
last decimal point in the file name.

The first 6 files are of the type with surface pressure forcing. More

details are as follows:

Label Name Po Timesteps Time Span
1 BREAK60.MKIN1 0.100 0-79 0-2.91
2 BREAK60.MKING 0.100 194-232 5.04-5.29
3 BREAK60 . MK2N5 0.0729 163-259 5.03-5.90
4 BREAK60.MK3N6 0.126 197-273 4.82-5.22
5 BREAK60.MK10 0.206 0-183 0-3.79

6 BREAK60.MK4 0.146 0-368 0-5.38
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Files 7 through 13 have sine wave initial conditions. They are characterized
by the initial wave steepness or by the ratio of wave energy (E) to that of the

most energetic, steady wave of the same wavelength (Emax).

Label Name Initial ak E/Emax Timesteps Time Span
7 SINE60.MK1 /14 0.34 0-132 0-19.13
8 SINE60.MK2 ™7 1.39 0-243 0-4.29
9 SINE60.MK3 271/7 5.92 0-153 0-2.01
10 SINE60.MK4 0.3848 1.02 0-229 0-4.51
11 SINE60.MK5 0.3100 0.66 0-193 0-5.63
12 SINE60.MK6 0.4900 1.67 0-249 0-4.17
13 SINE60.MK7 0.5400 2.04 0-273 0-4.1

Files 14through 30 contain the results of the stability experiments (Longuet-
Higgins and Cokelet, 1979). The file names themselves reveal much about the
files. The prefix N, G or D signifies theoretically neutral, growing or décaying
modes. The numbers 12 or 32 indicate the mode number, n = 1/2 or n = 3/2. The
next four characters give the wave steepness. For example, AK10 means AK = 0.10.
Following the decimal point is the size of the perturbation parameter € ; E0125
means € = 0.0125. The number of points along the profile is given after the

second decimal point; N90 means N=90. For these files the following table is of

use.
Label Name Timesteps Time Span
14 N12AK10.E0125.N90 0-87 0-10.88
15 N32AK10.E0125.N90 0-68 0-8.50
16 N12AK20.E0125.N90 0-86 0-10.75
17 N32AK20.E0125.N90 0-76 0-9.50
18 G12AK25.E0125.N90 0-84 0-10.50
19 D12AK25.E0125.N90 0-~84 0-~10.50
20 G12AK32.E025.N90 0-513 0-25.03

21 D12AK32.E025.N90 0-165 0-11.63



Label

22
23
24
25
26
27
28
29
30
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Name

N12AK38
N12AK38

N12AK40.

G32AK41

G12AK25.
G12AK25.
N12AK32.
N32AK38.

G32AK41

.E0.N90
.E0125.N90
E0125.N90
.E0125.N90
E0125.N60
E0125.N120
E0.N9O
E0125.N90
.E0125.N120

Timesteps
0-194

0-237
0-332
0-137
85-970
870-1047
0-136
0-405
0-190

Time Span
0-12.50

0-12.41
0-12.22
0-1.46
10.63-101
99.19-100.85
0-11.56
0-17.00
0-1.47
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IT.H. Sample JCL

The following is an example of RHEL IBM 360/195 job control language (JCL)
to run INTVEL and produce a graphics tape to make plots on I0S's Calcomp plotter.

The job is to run at priority 8. Its name is XNSD, account number ANO1, user
SD. It will take about 30 seconds to run and will produce 5 k or less lines of
output at 60 lines/page. Its banner heading will have the characters "COKELET-P]O6"
incorporated within it. Print output will go to REMOTE21, i.e., I0S.

The job uses 2 magnetic tapes M907 from which it reads the data and M80Q
to which it writes the plot instructions. The SETUP cards tell it to read only
standard label tape M907 which has 6250 bpi tape density. It writes to a no label,
800 bpi tape.

The IBM utility IEBGENER is used to transfer the input tape file to disc
where it can be more easily manipulated. The original file is called
G12Ak25.E0125.N120, and it is number 27 on tape M907 which is at 6250 bpi density.
The file is to be "shared" with other programs if need be. The record format
is VBS, block size 2498, record length X and density 4 (corresponding to 6250 bpi).
The output disc file is called &TEMP, and it is to be passed along to a later
job step. The file will reside on disc unit TEMP14 which is for larger files.
This file will require about 400 tracks of disc. Its data control block information
(DCB) is as on tape.

Next we run a FORTRAN job on the G compiler. The listing is printed with
no map. The compile, link-edit and go step sizes are increased over their default
values. The main source deck and subroutines follow next. In the link-edit step
the Harwell and I0S graphics libraries are included in object form. FORTRAN unit
8 is the location of the temporary input data file. Unit 15 is the plotter tape.
It is 800 bpi, and the plot file is a new one at position 1. The record format

is VBS, block size 488 and density 2 (800 bpi). The tape name is M80O0.
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III. Steady Waves
I11.A. Introduction

This section deals with some computer programs at I0S which calculate the
properties of steady waves in water of constant depth. This work appears in Cokelet,

E.D. 1977 Steep gravity waves in water of arbitrary uniform depth. Phil. Trans. R.

Soc. Lond. A 286, 183-230.

The subroutine STDYWV calculates the steady wave expansion. The program
STDYWVEX calls STDYWV and prints out the expansion coefficients. No Padé approximant

routines are included here, but a good reference is G. A. Baker 1975 Essentials of

Padé Approximants, Academic Press, pp. 306.

The Padé-approximated results which appear in the appendix of Cokelet (1977)
are held on a file at RHEL. They can be read by a program, TABLE, which prints

out the results in tabular form.
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III.B. Perturbation Expansion

The steady wave perturbation expansion is done by the subroutine STDYWV. The
description is as follows:
STDYWV (NORDER, NROW, NCOL, RO, ALPHA, GAMMA, DELTA, D, SIGMA)

calculates the coefficients in the steady water wave expansion of Cokelet, 1977.

» 2
The expansion parameter is e’= | = Foat Fimon
ct
Inputs:
NORDER order of expansion
NROW =NORDER+2 if NORDER is even

=NORDER+3 is NORDER is odd

NROW is the number of rows in the array ALPHA

NCOL =NROW/2. NCOLis the number of columns in array ALPHA
RO =Exp (-nondimensional water depth)
Qutputs:

ALPHA (NROW, NCOL) array of Fourier expansion coefficients as defined in Cokelet's
equations (3.1a) and (3.1b)

GAMMA (NCOL) array of phase velocity coefficients in equation (3.1.c)
DELTA (NCOL) array of Bernoulli constant coefficients in equation (3.1d)
D (NROW) array of depth-dependent coefficients as defined in equation

(2.12)
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SIGMA (NROW) array of depth-dependent coefficients as defined in

equation (2.12)

Subroutines called: none

Note: To save array storage space the o<LJand (geiarrays of the paper have
been packed into the ALPHA array of the program. Also since FORTRAN does not
allow zero array indices, the program indices have +1 added to those of the paper.

The equivalences are as follows:

Paper Program

X i ALPHA (I + 1, J + 1)
Bej ALPHA (NROW-I, NCOL-J)
L GAMMA (I + 1)

A DELTA (I + 1)
di D (I +1)
a; SIGMA (I + 1)

STDYWVEX is a simple program to call STDYWV and to write out the arrays of

coefficients. In the listing which follows the expansion is carried out to order

e’  with r = 0.9

o



0900
6500
8600
LS00
3600
€500
#S00
£500
fAR Ry
1600
0600
6400
8400
L%00
Sv00
€400
¥4%00
€500
cy00
%00
0400
6800
8€00
Lg00
9¢090
G¢00
%00
€200
ceos
1¢00
0€00
6200
8¢00
L200
5200
€200
%200
£200
geeo
1200
0200
6100
8100
L1700
9100
€100
¥100
€100
¢T00
1100
0tg00
6000
§000
Loog
9000
G000
%000
€000
c000
T000

2xx0y = CO0Y¥

°1 = 304

*T = (T)VhSIS

*T = (1)C
J
S(I)VYWOIS ONY (I1)0 3H1 3LNdWCJ**°*J
J

43040N = N

(MOYN)IVWOIS ¢(MOYNIO *(I0INIVLIIZC I

$CI0IN)VWAYY *CI0IN *MOMNIVHJIIY NCISNIWIC

S &Y ¢d ¥YI93INI

VWOIS SVWWVO ¢v1iT30 *VHAIV <

204 %3J0Y SPX TS 40y GC ¢€Q *T1Q *GD *4D ¢€2 ¢10 1

$gg spg 6Cg 429 19 ¢Gv 42V ¢TIV 4Q ) 9 ¢V NOISID3¥d 3NENOC

*1313N03 *0°3 A€ O3WWVY¥O0YUd

(T+I)YNIIS (I)VWOIS
(1+1)Q CIIVLIT3IGL3SYD ¥3F0N)
(T+1)v173Q (I)V1730€3SV] r3ddh)
(T+I)VKWVO (I)VHWYO
(MP=T0IN *I-MOYNIVHJIVY (r ¢IHvi3e
{(Tef ST+IIVHJITY (" $T)VHAVY
WY Y¥90Yd Y3dvd

$SM0TI04 SV I¥Y SIINITVAINDI IHL °*¥3IdVd 3HL 306 3ISOHL OL C3C0Cv 1
JAVH S3IJIONI WYHOGMd 3HL ¢S3IJICONI AVHNV O¥3Z MOV LON S300 NVHIYCS
3ISNVI38 0STY  °WYY¥90U¥d 3HL 40 AVYEY VYHJTV 3HL OLNI Q3I¥JIVd N33IE 3JAVH

¥3dVd 3HL 40 SAVYMY V138 ONV VH4IV 3HL 3IvVdS 39VYOLS AVYYY 3AVS Gl

*(2T*2) SNOILVYND3 NI
03INI430 SV SINIIJI44300 LIN3ION3dI0-H1I43IA 40 AVEYV = (ROYNIVWIIS
*(21°2) SNOILVNO3 NI
Q3INI4320 SV SIN3IIDI144303 LNICN3Id30-H1d30 40 AVHYEVY = (RO¥NID
*(are¢ey
NOILYND3 NI SIN3IJIJ4300 LINVISNOD TITINONYI8 40 AVHYY = (T70INIVLITIC
*(3T1°§) NOILVNO3I NI SINIIDIAI30D ALI20T3A 3SVYHI J0 AVHHV = (T0INIVAWYI
°(8T1°¢Y ONY (vI=g) SANOILVNO3
STL3IT3IN0J NI Q3NI43C SY *(r ¢1)vi38 ONV
(P4I)VHSTY SINIIII 44300 NOISNVdX3 ¥3IINNOS 40 AVHYY = (TOIN *MO¥NIVHCTV
$SLiNdinog

*(HLd3Q Y3ILVA TYNOISNIWIANCON-I X3 = 0x
*AVYHY VHJIV NI SNWNI03 40 ¥3IEWNN ST 02N °*2/MmO¥M = 700N
*AVHYY VHJIY NI SMOY 340 d39WNN SI MOYUN
*CCO SI ¥3QHON 4T ¢ + ¥3ICHON =
¢N3A3 SI ¥30YON 41 2 + ¥3IQrON ECUN
NCISNVdX3 40 ¥30UC = t3CUYON
$S1NgNI

1

(H¥x))/(2x*HINOULD)I*(C**»1S34ID) - 1 = Z**xNOTISc3
ST MIL3IWVYVd NCISNVdX3
*0E2-€8T 4982 YV °GNOTY *30S *Y °*SNVY¥1l *7IHd °*HLd3Q WY04INM
AMVYLIGYY 4O ¥3ILVAM NI S3IAVM ALIAVY¥9 dI3LS LL6T *0°3 ¢1373%CC
40 NOISNVdIX3
3AYM ¥3LVM AOVILS 3IHL NI SINZIJI44300 3HL ONIJ OL 3INILNO®ENS

U(JUUUUUUUUUUUUUUUL)UUL)()(JUUUL)UUU()L)UUL)UUU(JUL)UUU

(YWOIS 0 1
$y1130 *YWWY9 *VHJIV *0Y¥ *70IN SMOYN *YIAYONIARMACQLS 3NILNOHENS




0cT0
6110
8110
L1710
9110
ST10
Y110
€110
[ARS!
1110
0110
6010
8010
L0710
S010
G010
%010
€010
207190
1010
0010
6600
8600
L600
9600
G600
%600
€600
¢600
1600
0600
6800
8800
1800
$800
G800
%800
£800
c800
1800
0800
6L00
8L00
LL00
9L00
SL00
HL00
£L00
cL00
1200
6L0C
6900
8900
1900
9900
€900
$900
€900
2900
1900

3NNILINCGD 0O+T

(T=T~WILVOTJ/TIS»(1-WIQ + (WIVLITIIO0 = (WIVLI3C
INNILINGS  0%T

(S=TOINST+H-MOUNIVHIIV2(T+S=T *1-WIVHJIV + IS = TS

1 - SI = 5§

381 *1=ST 0¢1 ©Q
T+ = 351

*0 = 1S

IS + (W)VLT30 = (W)V113d
3NNILINGD OcT
(S=T1-HWé2+ VI VHIIVF (LTI +SET+TIVHAIVX(Z+N*2ZIVWIIS T
*(TIVLII30 = (T+7)LVOT4/7(S-TOIN*I-ROUNIVHIIV=(C+1ICG)+ IS = IS

T -SI =5
3SI*T=SI 021 ©Q
I-W = 381

‘0 = IS

(I+W=-T+70IN *T-AOYNIVHIIV*(T+DVLIIC - T
(1=-TO0INSROUNIVHAIV*(T-We2)IVHJIV*(2)0 + (WIVLI3Q = (WIVLI3C

37¢1=7 0#1 CQ

T4T 04 09 (0 *37° 3N 41

c-K = 37

(T W) VHI TV X C((TST+WIVHGTY# (W+2IVYNOIS*(TIVLII0 - (T-WILVO1d/ 2
CI0INSW-ROYNIVHI TV C(WIO) + (WILVOTI3/CI0IN ST+W-MOUNIVHITIVE(T T
CT+HIVHA IV (T+W)0 + (W=-T+T00N *MOYNIVHAIV2(T4ZIVHIIV*(2I0A=(W)IViT13G

AW = W
T = AW = 3
2
*0C0 SI OW JI (W)VLIZQ 3KL 3L1VIN3TVI***"3
J 2600
0TS OL 09 (0 °*D3* AW - XW) 31 +1600
T - XWH = Zx 0600
(TC® + *C/(T + OW)LVOTNJIINI = AW 16800
€T0° + *C/C(OWILVOTAIINI = XKW 1g8g8¢0¢C
30k *C=CW 291 €O 1800
T + ¥3IQYON = 30w <9800
J 16800
SWY¥3L ¥30¥0 ¥3IHIIH 3IHL ILNokW0I®***I I4HECO
J (€800
(T¢ZHIVHIIV*(ZTIVHIIS = (0IN ¢T-MOUN)IVKAY $2800

CCT*CIVHAIVILYDSO = (T¢2)VHJITY
(T42ZIVHITIV*(CIVWOIS = (T-TOIN SMOYNIVHLV
*2/CT182IVHA Y T
((C)0 = (ZIVHIIS) + (CHVWIISK(T*EIVHLIY = (T10IN $Z2-MOUN)IVHLTY
({EIVHIIS="%) 1
JCCT82)VHATIV=2Z»»(2IVHIIS2*2 + *T) = (T4CIVYHdV
CEEI0*E*2(2IVHIIS = (C*x(ZIVWIIS - (210 - (2IVWIISI®(CIVAIIS 1
¥(2)0+°C)/C(TIVHOIS*(2IA = *2/(SIA*(SIVHWIISY = (1%2) VHEY
(ZIVHOIS/ (230 = (T)V1T3C
*T = (03N *MOYNIVHIV

JNNTLINQD 06
*0 = OISTIVHIIY
TOIN*TI=X 06 CQ

3
*SNOILVNDI ¥3QH0 ONODJ3S ONV LSYIJ *0¥W3IZ 3IHL WOYd SWY¥3IL 3IHL JINdWGI"**J LS00
3 15S400
3JNANILINCD 08 $ESC0
(130 - *2 = (I)VWITS HUA R
30¥ - °1 = (Ia LES00
c0Y+30¥ = 30¥ ic960

mOY¥N*2Z2=1 08 0Q 11500



08710
6L10
gL1¢
LLTO
SL10
SLTO0
YL10
€LTO
eL10
TL10
6LIO0
6910
8910
L1310
$910
€910
%910
€910
2910
1910
0910
6510
8G10
LST0
9610
GGT0
#S10
£CT0
cs10
1s10
0ST0
6510
6910
Ly10
9410
G510
Y510
€410
¢H10
%10
0410
6210
8€10
Lg10
ge10
GE10
LA R
€LT0
celo
1€10
0€T0
6210
gc10
L2T0
s21¢
G210
$2S10
€etI0
ec1o
1210

I-51 = §

3SI¢1=SI 06¢ 0C

-3 = 3sI

0°0 = 1S

3741=7 09¢ ¢C

I-% = 27

INNILINOD
(T-r)LV¥O0T4/7TS*(r)C ¢+ o = 8
INNILINGD

(S=TOON *MOUNIVHJIIVE( S-X *M)VH4IY + IS = IS
3SI*1=S 0f2 ©Q

T-% = 381

0°*0 = IS

282 01 09 (T *37° M) 4l

3INNILNCD

INNILINOD

(1)LIV0N4/71S»(T+D0 + 8 = @

INNTLINOD

(S=TO0IN * 1+ -T+MOYN) VHJIVH(S=)N *T+T)VHATY + TS = IS
1-SI = §

Ne¢I=SI 0Tc 0C

0°0 = IS

37¢1=1 02¢¢ 0OC

e-r = 31

0°0 = §

INNILANOGD

INNTLINGD

*C/IS*((1=-")0 = (T+TIVWIISY ¢+ ¥V = ¥
ANNILNCD

(Y= %¢T=P)IVHAIV*(T+H*T+T)VHIIV + IS = IS
T-¥1 = ¥

WeI=HI 061 CQ

0°0 = 1S

3741=71 002 CC

eg-r = 1

3NANILNCD

. 3NNILNOGD

3NNILINGD

IS*(r+1*2)VYWIIS +V = ¥

INNILNOD

(Y=T1=X $r+)VHATIVA(T+Y4 *T+TIVHdIV + IS = IS
T-¥I = ¥

3yI*1=¥l 0L1 €O

=X = 3¥I1

0°0 = 1S

37¢1=7 081 OC

T-X = 31

I8T 0L 09 (1 *37* ) 4l

0°0 = v

G662 01 09 (g °03° M) JI

NelZ-2+4W =

INGT=% G962 04

T + CH =

INNILNOD

CUN-T+10IN *r-T+ROUNIVHAIY ONV (X ¢P)IVHLTIY 3HL 3LNdWOJ

591 01 09 (¥YIQYON *D3* C-Wx2) 4l
CIOIN*T-MOYNIVHIIV/(WIVLTII0 = (WIVLIT3C
3NNILNGD

02

Zce
0ee

k4
00¢

tel

[A:29
181
081

691

0IS

veen

141

t6¢10
i8¢t
tLE10
R RSy
tGele
thelo
tgete
2e10
110
t0gt10
16219
18210
Y ALY
5210
HR-rA N
$H210
1§c¢10
te2lo
t12190



0y20
6ce0
8¢cO
L£20
9¢20
cgeo
€20
£e2o
¢geo
1¢20
0geo
6220
8220
1220
5220
€2eo
¥22o
£cco
¢zeo
teee
0ezo
6120
8120
1120
S120
AgA]
LARA]
€1e0
¢l
1120
0120
602¢C
80¢0
Loeo
90¢0
G0eo
4020
£0c0
(AR A
1020
00coe
6610
8610
L6TG
9610
G610
¥610
€610
<610
1610
0610
6810
88710
L1810
S810
6810
%810
€810
e 10
1810

*(T+7)YLI30 - *2/7¢71-710IN *AOYUNIVHAIVA(I-W*SIVHITY
*(E)C + (1=-TCIN*T-POYUNIVHAIV*(T1-H*Z2)VHIIV*(SIQ + VvV = ¥
37¢1=1 0¥y CQ
¢¥% 01l 09 (0 *37* 37) 41}
c~h = 37
"0 =V
(703N ¢2-MOUNIVHIY
*CHIVLII3I0 ¢ (T-WILIVOT4/CI0ON *T-W-MCUNIVHIIV* (T4 WIVHITY
*(HIC = (T+WILVYOT4/(TOIN $T+W-MOUNIVHEIV*(T¢2+WIVHITIV
*(2+4W)0 = *T/(W-T+I10IN “MOYN)IVHQTIV*(TI*EIVYHLIV*(SI0- = &9
(TIVLI3C~- = 4e
*2/ (03N *MOYNIVHIIV*(EITU = ¢8
(T42)VYHdIV*(C)a = 28
C(TOIN *T~-MOYNIVHJTIV=(2)Q = 18

INNILNOD

IS*(Z2+T7*2IVWIIS + GV = ¢y
ANNILINGI

(Y4=T-W $Z+T)IVHIV*(T+Y *T+TIVHJIY + IS = IS
T - ¥4I = ¥

3¥I ¢1=¥1 00% 0¢

*0 = IS

T-W = 3%¥1

37 ¢1=7 014 0OC

T-W = 27

*0 = ¢v

*1T = gV

(CIVWIIS- = TV

(10° + °Z/(0W)LVOT4)INI = W
3NNILINO3J

291 0L 09 (AW ®*3N* XW) 41

*N3A3 SI OW 41 (Z/0W-T+T10IN®T-MONNIVHIIY ANV

T

£
4
1

chl

J

LR K 30}

(Z/0W*CIVHAIV *(2/0W-T+10IN*Z-MOUNIVHIIY $(Z/0W*SIVYHITIV 3LvINJivie==)

INNILNCI

V + (FIVWOISx (X *MIVHAIV = (H-T+TOON *r-T+RO¥N)IVHLTY
COMIVROTISH¥CTIVLIII0-CTI-TILVOTII/(MIC) /7 (Ve (TIVLIIA+8=II(N*PIVHITY
3NNILINCD

INNILINOD

CI8N=T+T0IN *r-T+MOYNIVHAIVELT+)VLI30 + I = 2

37¢1=1 062 €O

I-¥ = 37

€62 0L 09 (1 *371* ) 41

0°0 = 3

ANNILNCS

INNTANGD
(T=-T-X)1V0N4/TIS*(1=XM)0 + B8 = €
ANNIINQD

(S=T0IN *74)}=P-Z+MOUNIVHITV*(T+S=T1 $I=-NIVHdIV + IS = IS
1-SI = §

3sIe1=SI 012 Cg

I+71 = 381

6*0 = 1S

1-11 = 1

37I¢1=71 08¢ CQ

I-3 = 311

INNTLINGD
(I=-r+T7)LVOT4/7TIS*("+71)0 + 9 = ¢
IANLILINCD

(S=T03IN *A=MOUYNIVHEIVH(S=T=) *P+TIVHIV + IS = TS

3
S6c
v6¢

¢6¢
062

¢82
gec

gLc



00¢0 ANNILNQD 08¢

6620 (T4082+N22)VHA TV S (T+UNIIVHA IV (S + 12 2IVHIISH (NIIVHIIS - (TI+0 1
8620 ST+ 1%Z)VHATIVR(T+Y STHNIIVHIIVH(T+A¥C)IVWIIS*+(T+NI)VWIIS + IS = 1S

1620 cx(f-4-T-H) = NI

5620 I-1r=r

S620 Ir*TI=1r 084 CQ

Y620 ¥y-1-w = 3r

£620 *0 = 1S

g62¢0 T - ¥4I = ¥

1620 3yI*I=y1 06% CO

0620 T-W = ¥l

6820 ‘0 =y

8820 37¢1=7 006 CC

1820 20§ 01 09 (0 °37* 37 41

9820 ¢-W = 11

§820 (T*W*2IVHIIVR(T42)IVHdEIY 1
$820 S(HCIVHOIS*(CIVHOIS*"C + (T*T+W*ZIVHAIV=(T+W*2)VNIIS**2 ~ T
£820 (TS T-W2)VHAIV*(T*CIVHA TV * (T-W*2)VYHIIS*(E£IVHIIS - IS = €(C

¢8co INNILINOD OL4
1820 . ((PX=C(W)LIVOTI)*®2)/("X*"*C + *"T)*TS = 1S

0820 (I-M1v0l4 = rx

6L20 Wét=r o0L% oC

8L20 °T = 1§

LLe9 (CIVWOIS**2 = €0

9L20 (T¢2)VYHYTv+2** (2IVHIIS**C~ = 10

YAAY 3ONILINCD <299
%L20 3NNILINCD 094
€120 IS*(E+7*2)VYWOIS + G2 = €2

cLz2o ANKNILNGD 05¢
TL20 (Y-T=W SC+TIVHIV»(T+¥ *T+TIVHLIY + IS = 1S

0L2o T - ¥l = ¥

6920 3¥1 ¢1=¥I 6Sy QO

8920 =W = 3d1

L920 *C = 1S

99290 C2/CI-WEC)IVHA IV (T+1%CIVHDTIV*((C)0 - (ZIVHIIS) + G3 = €3

s9¢20 37¢1=7 09+ ©C

4920 ¢9% 01 09 (0 °*371* 271 41

€920 e~k = 31

2920 (TSC+RWIVHAIY*(TEWIVHITIY* (T + W*ZIVWIIS = €J

1920 °T = 43

0320 (SIVWIIS- = €2

6520 CT*CIVYHDIV=((2IVNIIS - (2)0) = 12

8520 v - 68 = ¢¢

1g20 NNIINCDY <cHd
98¢0 INNILNGD Obd
6G6¢0 (M1-T-WILV0TJ/ TS+ (1-W)0Q + ¥V = ¥

4620 ANNILINQD 0%
€520 (S=T0IN* T+ T~-H-MOYNIVHIIVE=(T+S=T *I-WIVHJIV ¢ IS = IS

2820 T - 581 =38

18¢0 3SI*1=SI 0¢by 0C

0620 T+ = 381

6%c0 *0 = 1S

R XA (2+7)1IV0T4/7TIS*(E+1)0 + ¥V = V¥
L4920 3NNIAINGD Q2+
9420 (S=-T0IN*I-MOYUN) VHAIV*(S-T1-HW *C+TIVHAIV + IS = IS

SH2o T -SI =S58

LA XA 3sI*T=S1 024 CaQ

€920 =W = 3SI

eheo *0 = IS

THc0 (V+W=-T+10IN 4T-RMOYNIVHIIV 2



65€0
8G6¢0
LG6¢0
9G6¢0
€5¢0
¥5¢0
€Ge0
€s¢0
15¢€0
05€0
680
840
Ly€0
Sbe0
SHEO0
hhe0
£he0
A 2Y)]
The0
0bg0
BTE0
8€€0
LESgO
9¢¢ga
Gee0
LAY
£€eeo
¢Ee0
T1e€0
(]
62%0
82¢0
L2€0
92¢%0
€2¢0
L XA
£2¢€0
cceo
120
02¢0
ETE0
8T¢€0
L1¢0
STE0
RS
y1¢g0
€T€0
cl¢eo
11€0
otgo
60%0
80¢0
L0g0
s0¢0
Gogo
$0¢0
£0€0
c0g0
100

aN3
NYnL 3y
INNTINCD  hee
INNTLINOD 2e¢
ANNILINCD o02%¢
(I-Y=LIVOT/TS*(¥=-1)0%*2 - (TIVHWYY = (IIVWKVO
JNNILINOD O1¢
(W=T03N $Y+1-T+MOUNIVHIIV*(T+W-Y4 *H-TIVH4TV + IS = 1S

T-Wl = W
JWI*T=WI 0T€ 0Q
T+¥ = 3wl

0*0 = 1S

I-¥I = ¥
JHI*TI=¥I 02¢ CC
I-17 = 3¥1

¢gg 01 09 (2 *17* 1) 41
INNTLINOD 00€
OF=TT0IN *MOUNIVHAIV*OX=TIVITI30 + C(TIVWWYD = (1IVHWYS
T-IX = ¥
AT = IX 00¢ OC
0°0 = (1IVWWY9O
37¢1=1 2§ 0Q
T ¢ (T10°* « °2/7(43QUONIIVOISIINI = 37

2
*CIVRRY9 3HL JLNdKGI***)
3
INNIINCD  +91
INNILINOD 291
3
Y = (W=T03N *PMOUNIVHIIY
JNKILNGD 0¢S
IS*(T+1«2)VHIIS « ¥ = ¢
INNILNGCD o02e
CT+Y="1=h ST+ VHIIV*(T+Y *T+TIVHIIY + IS = IS
T - 31 = ¥
3¥I¢T=41 02S CQ
g°0 = 1S
T+ 7 - W= 3¥I
W*1=1 0¢S 0C
0*0 = v
XW = K
J
*(2/0K=TT0IN *MOYNIVHJITY 3ILVINIIVI®**)
ol

YI/7(IW*2ZIVHYIY 1

*(gQ/10%€£3 - 12) - €0/6Q0*€2 - GI) = (W-T+103N $2-MOYNIVHAE Y

€0/ ((WSCIVHIIVYTO ~ SQ) = (WeE)VHdY

49T OL C9 (H3IANON *03° T-W*2) sSI

CY/C(HYZIVHATIY*TIY - GV) = (K=-T+T03N *T-MOMN)IVHdITY

((€Q/10%€) - TI)*p8 - (£0/1C*€8 - 2y/29=TY - 1@)*43)/7(( 1

€0/G0*€d - GId*vg - (£0/SQ*€g - 2v/28+SV - GH)x$J) = (W8 2)VHG Ty
3NNIANCD 206
ANNILINCD 00%

(T+ICT+NIIVHA IV (T+NTIIVWOIS**2 - 1
V o+ (T+742)VHAIV*CTONI) YHAIV*C2IVWOTIS*(NIDIVWALS + SC = €@
(T-W)x2 = N]

3NNIEINGD 064
IS = (T+YSZIVHAIVX(T+TISNIIVHAIVX(ZTIVWOIS*(NIIVWOIS + V = vV
(4-1-W)x2 = NI




a1

111.C. Padé-approximated Results
The Padé-approximated results which appear in the appendix of Cokelet (1977)
are held in card image form on ELECTRIC file STEADYKD. The first 54 cards are

forr,=€ = © . Then the cards come in 9 blocks of 72 cards each corresponding
-d _
to r,=e = 0.!/ 7.2, - -, 0. 9.
-d -d
For all values of € except e =0 , each block of cards

contains 12 sections with 6 cards in each. These sections correspond to values
of wave amplitude (a), phase speed squared (cz), momentum (I), kinetic energy
(T), potential energy (V), mean surface elevation ( ﬁf), Bernoulli constant
(K), radiation stress (Sxx), energy flux (F), mean square bottom velocity
( ::f ), total head (R) and momentum flux (S).

For e- =0 only the first 9 sections occur since
and R and S are undefined for infinite depth.

Each section of 6 cards is headed by a blank card (or one containing non-
essential alphanumeric data) followed by 4 cards with 6 values on each and 1 card
with 4 values. The format of each card is

FORMAT ( 6 (D11.5, 1X)).

These 28 data points are for €’ = .1, 02, ..., ¢ $,60 8 082 .., /.

The ELECTRIC file TABLE is a source deck which can read this data and print

the tables in the appendix of Cokelet (1977).
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IV. Other Useful Subrout:nes

IV.A. Introduction

We include here some subroutines not used by INTVL' »r py the steady wave
programs but which might be useful to computer users at :uS. The numerical
routine INTERP of section II.F.1. goes with SPLINE here. T%e graphical routines

go together with those of section II.F.2. tc form one compl2ate package.
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IV.B. Numerical Routines
SPLINE (N, IX1, IXN, X, F, DFDX, W)
calculates a cubic spline fit to the function F(X) through the N knots

Inputs:
N number of data points
IX1 parameter to specify what should be done at the endpoint,
X(1), of the spline.
if IX1 =1, if— specified at X(1).
dx
i
=-1, g; equal at X(1) and X(2).
2
=2, {—ii specified at X(1).
dx
24
=-2, %;; equal at X(1) and X(2).
3 JB# ified at X(1)
=3, —, specified a .
ix? P
3
=-3, f4§ equal over interval
X
X(1) to X(3).
IXN parameter to specify what should be done at the endpoint
X(N). Similar to IX1.
X array of abscissa values, dimension N

F array of ordinate values, dimension N
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DFDX (1) specified first, second or third derivative

at X (1) if IX1 =1, 2 or 3.

DFDX (N) as above but for X (N)

Outputs:

DFDX array of J:Z values at each knot, dimension N
W working array of dimensions 3*N

Subroutines called: none
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iV.C. Graphical Routinc
ADDPNT (X, Y, IPEN, ..dAR, CHRSIZ, ILINE)

adds a point to . graph previously drawn by BOXPLT.

Inputs:

X abscissa value

Y ordinate value

JPEN I0S pen number

ICHAR I0S code for character to be drawn at (X,Y)

CHRSIZ " character size in mm

ILINE line drawing .parameter. If =1, draw a line to the last
point added by ADDPNT. =0, no line is drawn.

Qutputs:

A graphical data point, possibly connected to another by a straight line.
Subroutines called:

I0S Grafix library: LINSEL, NIBSEL, CHASEL, MARSEL, POILD2
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PERADD (N, X, Y, XP, IPEN, ICHAR, CHRSIZ, ILINE)
plots the N data points (X, Y) on axes already drawn by PERPLT. Y is periodic
in X with period XPER. XMIN and XPER are supplied by PERPLT through a COMMON

statement.

Inputs:

N number of points to be plotted

X array of abscissa values, dimension N

Y array of ordinate values, dimension N. Y(1) = Y(N) by
assumption

XP " working array, dimension N

IPEN I0S pen number for line to be drawn

ICHAR I0S character code for character to be output at each point
(X,Y)

CHRSIZ character size in mm

ILINE line drawing parameter. if =0, no line is drawn. If =1, a
straight line is drawn between points

Qutputs:

XP array of X values (dimension N) but with XMINS X< XMIN + XPER

A graph of Y versus X.
Subroutines called:

EDC Tibrary: ADDPNT
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PERPLT (N, X, Y, XP, IPEN, ICHAR, CHRSIZ, ILINE, ITOP, IBOT, ILEFT, IRIGHT, XMIN,
XPER, XINC, XLEN, YMIN, YMAX, YINC, YLEN)

Plots the periodic array Y as a function of X. It draws all or part of a box
with or without labels and plots the N points Y versus X which fall within the .

box. The pen number, plot character type and size can be altered.

Inputs:
N number of points to be plotted
X array of abscissa values, dimension N
Y array of ordinate values, dimension N. Y(1) = Y(N) by assumption
XP working array, dimension N
IPEN I0S pen number for line to be drawn
ICHAR I0S character code for character to be output at each point (X,Y)
CHRSIZ character size in mm
ILINE line drawing parameter
If = 0 no line between points
If = 1 straight line
ITOP controls drawing of top of box

0, no axis drawn, no labels
= 1, axis, no labels

= 2, axis, Tabels checked for overlaps

3, axis, labels with no overlap checking
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IBOT as for ITOP, but bottom of box

ILEFT as for ITOP, but left side of box

IRIGHT as for ITOP, but right side of box

XMIN minimum value of X

XPER period of X. Graph will be drawn such that

XMIN € X < XMIN + XPER

XINC increments of X-axis

XLEN length of X-axis in mm

YMIN minimum value of y-axis

YMAX maximum value of y-axis

YINC increments of y-axis

YLEN length of y-axis in mm

Outputs:

XP array of X values but with XMIN < X < XMIN + XPER

A graph of Y versus X within a box.
Subroutines called:

EDC library: BOXPLT, PERADD
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