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ABSTRACT

WAVE REFLECTION AND TRANSMISSION

IN OPEN CHANNEL TRANSITIONS

The topics of this report are a theoretical development and an experi-
mental investigation of the transformation of water-wave characteristics in
the reflection and transmission processes through channel transitions of
varying geometry, connecting two prismatic channels of constant cross
section.

The theoretical developments are based on small amplitude linearized
wave theory in an inviscid, homogeneous and incompressible fluid. Two
thedretical aspects have been treated:

1. The wave amplitude variation in a channel of constant width for a
bottom of arbitrary configuration was obtained for the various character-
istics of the oncoming waves. The basis of this development is the energy
transmission undiminished by reflection or friction. The general expression
of the integral type was solved for two limiting cases: for shallow water
waves resulting in Green's law and for the range from deep water to inter-
mediate depth water waves resulting in an exponential formula.

2. Reflection and transmission coefficients were derived for shallow
water waves for gradual channel transitions, specifically for four cases:

A - for linearly varying depth and constant width

B - for linearly varying depth and width

C - for linearly varying width and constant depth

D - for parabolic variation of depth and constant width
A numerical evaluation of the theoretical expressions for reflection and
transmission coefficients shows essentially fair agreement with the experi-
mental findings for shallow water waves.

The experimental part of the 'report is concerned with the determina-
tions of reflection and transmission coefficients and of the energy rela-
tions including dissipation for the above cases A, B, and C. The experi-

mental range of wave conditions extended from deep water to shallow water waves.

—ii-



The results are compared to previous investigations and to the conventional
classical theories, as the theoretical derivations above are restricted to
shallow water waves. Relations were also found with regard to wave steep-
ness, a factor which cannot be theoretically dealt with so far in channel
transitions.

Reflection and transmission coefficients show considerable dependence
on wave steepness, the decrease being most pronounced for the former.
Reflection coefficients are generally higher than those predicted by Lamb's
theory for abrupt transitions. Transmission coefficients therefore are

exhibiting the opposite trend.
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I. INTRODUCTION

1.1 The Significance of the Problem

The problems of the transformation of wave characteristics by channels
of varying geometry are of great practical significance in engineering ap-
plications.

Waves encounter rapidly or slowly varying depth during the shoaling
process on beaches, in entrances to tidal embayments, in estuaries. In ad-
dition to depth changes variations occur in the width of channels with ex-
pensions and contractions. In all cases engineers like to obtain informa-
tion on the wave reflection and transmission processes and the propagation
of wave energy for effective planning. Theoretical methods for prediction
of the changing wave characteristics in transitions have remained inadequate
in spite of this engineering interest. Some experimental evidence exists
to suggest that the classical solution for abrupt transitions is not suffi-
cient for the description of the transformation and the partial reflection
phenomenon. This report will present an analytical solution extended beyond
presently available theory and extensive experimental data on reflection and
transmission coefficients for various transitons of linearly varying channel

sections.

1.2 The Purpose of the Present Theoretical and Experimental Study

More specifically stated, the theoreti¢al and experimental study re-
ported in the following is concerned with:

1. The analytical wave amplitude vaiiation over a bottom of arbitrary
geometry in a channel of constant width.

2. The analytical wave amplitude variation due to reflection and trans-
mission for various cases of channels of linearly varying depth
and width. The solutions are restricted to shallow water waves.

3. The experimental amplitude variations for waves of the entire spec-
trum from deep water to shallow water in channels of linearly varying

depth and width.



The purpose of the first phase of the theoreti¢al . approach was to find a
general expression for the amplitude variation as a function of arbitrary
changes in the bottom geometry on the basis of constant energy transport.
No reflection is introduced. The amplitude change between two stations of
different depth must, of course, result in the same value as obtained from
the usual procedure involving constant energy transmission. However, the
approach presented results in a general integral expression which may be
solved for explicit functions describing the variation of the bottom in the
direction of wave transmission. In the limiting case of shallow water waves,
the expression reduces the the well-known Green's theorem. At the other
extreme, for the transition from deep water to intermediate depths, the am-
plitude increases exponentially.

The second phase of the theoretical’ developments is the major one and
gives specific solutions for the amplitude changes of shallow water waves
over transitions of various geometries with full consideration of reflection
from the transition. Again, energy dissipation is neglected. The following
cases have been solved analytically determining the amplitudes and phase
angles not only upstream and downstream, but also over the extent of the
transition itself:

A. The case of a transition of linearly varying depth of arbitrary

slope of constant width.

B. The case of linearly varying depth and width of arbitrary slopes.

C. The case of constant depth with linearly varying width.

D. The case of constant width with depth varying parabolically.

All solutions are derived on the basis of linearized, small amplitude wave
theory applied to shallow water waves. The third phase covers a very exten-
sive program of experimental determinations of reflection and transmission
coefficients for a wide range of wave conditions and several cases of linearly
varying depth and/or width (see cases A,B,C above). The experimental range

of waves was not confined to shallow water waves alone but was broadened to
include initial deep water conditions, with predominant emphasis given. to
intermediate waves between deep and shallow water characteristics. Of ne-

cessity the experimental results cannot be compared therefore to the theoretical



findings of the second phase. However, the latter results provide convenient
limits for comparison as shallow water conditions are approached, while the
limits of the other extreme - i.e. deep water conditions - are obviously
trivial. For practical applications it was desirable that the wave range
covered. by experiments be expanded beyond the possibilities of theoretical

analysis, which is not susceptible to approaches for intermediate waves.



II. THE STATE OF KNOWLEDGE ~ WAVE REFLECTION AND TRANSMISSION

The following discussion is concerned with a review of the basic theo-
retical results obtained up to the present on wave reflection and transmission.
It will become apparent that all attempts in this very difficult problem
had to be confined by necessity to very limited phases of the problem cir-
cumscribed by small-amplitude wave theory. For the purpose of this review

therefore the essential features of this theory may be stated here again.

2.1 Summary of Linear, Small Amplitude Theory

The basis of wave theory as derived essentially by Airy (1) and Stokes
(2) is given by the continuity equation and the dynamic equation for the
motion of a non-viscous, incompressible, homogeneous fluid. The condition
of irrotationality permits the introduction of the velocity potential ¢.

Thus for the two-dimensional problem:

_ _ 2, ..
utw = ¢ +¢ ., =Vé =0 from continuity
(2.1)
_¢t + %‘(UZWZ)+ 2y gz = 0 from dynamic
e conditions (2.2)

The restriction to small amplitude variations permits the reduction of the

dynamic equation to

-6, + % +gz=0 (2.3)

The solution is accomplished by satisfying the essential boundary conditions

(figure 1).
w=-¢ =0 for z =-h (2.4)

and n = é(q)t,) for the surface (2.5)



"1 = alsin(kx-dt) n2 = azsin(kx+rat+2)
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fig. 1 Small Amplitude Wave System of Two Waves
Travelling in Opposite Directionms
Definition Sketch.



Assuming further in line with the small amplitude condition that (2.5) is

approximately satisfied by

1
n==1(%.)
8 t,o0 (2.6)

Further, small amplitude variations, permit the introduction of the kine-

matic condition
$_=n for z=0 (2.7)

The solution of equations (2.1) and (2.3) for these constraints results in
the well-known harmonic description of surface variations n as a function

of space and time
n = a sin (kx-ot) (2.8)

representing a progressive wave travelling in the positive x direction.
Velocity and pressure variations throughout the depth may also be esta-

blished from the solution for the velocity potential for this case.

_ ag cosh k(h+z)

. cosh kh cos (kx-ot) (2.9)

¢

For the linear problem dealt with here superposition of such waves is per-
missible; hence for the problem of reflection, waves travelling in the oppo-
site direction may be superimposed, considering however appropriate phase
shifts. Thus for partial reflection the amplitude variation may be given

by (figure 1)
n=a; sin(kx-ot) + a, sin(kx+ot+3) (2.10)

The phenomenon under consideration in this report is specifically addressed
to the complex problem of solving theoretically and experimentally for the
characteristics of the reflected wave in relation to certain geometries of

the channel transition. Basically this requires the prediction of the



reflected wave amplitude a, and of the phase shift § with respect to the

2

incoming wave a The amplitude and phase angle of the portion of the wave

1°
continuing in the same direction, the transmitted wave, must also be deter-
mined. For these purposes use is made of the conservation of wave energy.

The energies of the wave components involved in the process are given by
a2
E = 15— average energy per unit of surface area (2.11)

This wave energy is transmitted with the group velocity

2 kh

sinh 2Kk (2.12)

1
CG—C2[1+

wherein

c= (£ tann kh) /2 (2.13)

Equations (2.11) to (2.13) have also been obtained from the small amplitude
solutions of the basic equations cited above, and for the case of constant

depth in the field of wave motion.

2.2 The Problem of Channel Transitions and Wave Reflection

(i) Gradual Transitions

A progressive gravity wave entering a region of gradually varying ge-
ometry suffers important changes in its basic characteristics, the amplitude
and phase angle, depending on the shape of the transition. As a result of
the change of the channel geometry there is a partial reflection and trans-
mission of the wave. Both, the transmitted and the reflected wave, have dif-
ferent amplitudes and phase angles with respect to the incoming wave (figure 2).

For very gradual transitions the reflection is very weak and the entire
energy is approximately transmitted assuming no loss by bottom friction.

This case is represented by Green's Law for long (shallow) waves in very
gradual transitions under the assumption of zero reflection and loss. The
incoming energy is equal to the transmitted energy and from the balance of the

energy flux we obtain:



nl-alsin(klx—ot+61) n2=azsin(k2x+ct+62) n3-a381n(k3x-ot) (63=0)
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Fig. 2. Wave Partial Reflection and Transmission Process in
a Gradual Transition (Gradually Varying Depth -
Constant Width).



(EBCG) = (EBCG) (2.14)
X

and since

2
= = = 2
C=Cg Ygh and E Ys
the amplitude variation is given by:
a B3 1/2 h31/4
) =@ G (2.15)
3 1 1

With steeper bottom slopes reflection must be considered and Green's Law

is no longer applicable. The energy transport relation does not furnish any
information on phase angles. Also frictional effects may become significant
for transitions of considerable length (3). Hence the problem of wave trans-—

formation in such transitions becomes quite complex.

(ii) Abrupt Transitions

At the opposite end of the spectrum of transitions which can be approxi-
mated by Green's Law are the cases of abrupt transitions. Here reflections
must be evaluated. The velocity potential ¢ should be defined subject to
the appropriate boundary conditions over the abrupt transition. Such a ge-
neral potential has not been determined as yet.

However a procedure has been adopted assuming the existence of the fol-

lowing wave system:

incoming wave: n, = alsin(klx-ot+61) (2.16)
reflected wave: n, = a2sin(k1x+ot+62) (2.17)
transmitted wave: ng = a3sin(k2x-ot+63) (2.18)

Phase angle S, can be taken as reference angle equal to zero. The water

3
flux at the abrupt transition is continuous at any moment and under the

further assumption of continuity and uniformity of the free water surface (4)



nl=alsin(k1x~mt+61) n2=azsin(k1x+ot—62) n3=a3sin(k3x—ct) (83=0)
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in the y-direction we obtain the following relations from continuity and

energy concepts:

From continuity: n.,+n, = n, at the abrupt transition for (2.19)
12 3
all time
From energy balance: n1E1C1 1= n2E2C2Bl + n3EBC3B3 (2.20)

where Cl’ CZ’ C3 are wave celerities and El’ E2, E3 refer to incoming, re-

flected and transmitted wave energies. Also,

2k.h
_ _1 171
ny =0, =50+ n ok n ]
11
and
3 2 sinh 2k3h3

If we substitute equations (2.16) up to (2.18) into (2.19) we receive the
relation (4):

a281n62 = a331n63 (2.21)

The phase angles 62 and 63 are not known.

A solution can be obtained under the assumption that 62 = 71, as in the case
of complete reflection from a vertical wall, that implies 53 = 0 i.e. the
transmitted wave has the same phase angle as the incoming wave. (4)

Under this assumption (62 = T):

al + 32 = a3

~1d-



and the transmission and reflection coefficients can then be defined for

deep water and intermediate depth waves as follows:

3y TylgBy - mglgB,
K "% “n.LB +a.LB (2.22)
S T s R T |
a 2n.L.B
3 111
K =—=1+4+K = (2.23)
t a; r nlLlBl + n3LBB3
In the cases of waves which are deep in both channel sections nl=n2=n3=%
and L1=L3 the previous coefficients become:
K = 5178 K =L231
s ,
r Bl+B3 t Bl+B3

For shallow water waves on the other hand, n,=n,=n_=1, and hence: (5)

177270
N O i W
r a; ClBl + C3B3
P SR |
t ay r ClBl + 03B3

Experimental tests have been conducted at the M.I.T. Hydrodynamics Labora-
tory (6, 7) with deep water and intermediate depth waves over abrupt and
gradual transitions, and the results have been compared with the various
transmission and reflection coefficients defined above. The experimental

evidence is in fair agreement with these theoretical’ definitions.

-12-



2.3 Theoretical Solutions for Linear Shallow Wave Theory for Gradual

Transitions

The theoretical difficulties encountered in abrupt transitions for the
determination of amplitude and phase angles are augmented in the case of gra-
dual transition, when we want to consider reflection, for the following
reasons:

i) ~ The mass flux varies continuously with position and time over the length
of tramsition and only over a full wave cycle is the net storage equal to
zero.

(ii) The characteristics (amplitude, wave length, phase angle) of both
transmitted and reflected waves vary continuously over the transition with
both position and time.

On the basis of small amplitude linear wave theory Takano(8) has solved
the general case of transitions with abrupt ends submerged in a uniform rec-
tangular channel. He gives the theoretical transmission and reflection
coefficients.

P. Jolas (9a,b) following Takano's theoretical investigation has de-
termined these coefficients experimentally. However in this experimental
work no corrections were introduced for reflections from the end of the
channel.

Dean and Ursell (10) solved the problem of wave reflection and trans-
mission coefficients and of the force components on a semi-immersed circu-
lar cylinder the axis of which is perpendicular to the direction of propa-
gation of the waves.

As in all other wave tank experiments their measured data were influenced
by reflection of the transmitted wave from the end of the channel. However
they established a mathematically rigorous method by which these data could
be modified to the idealized case of an endless channel, in which the trans-
mitted wave suffers no reflection. Their modified experimental data agreed
fairly well with the theoretical predictions. They established also the
important result that usually the channel-end reflections are not neglibi-

ble. This was confirmed by the present experimental investigation.
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Ursell, Dean and Yu (1l1) studied also the reflection phenomena on a smooth
beach and compared their results to the findings of Miche (12) considering
deep-water wave steepness.

Bocco and Gagnon (6) performed experiments for intermediate depth and
deep water waves with transitions, i.e. sills with front slopes 1:0.58 (a=60°)
and 1:2.75 (a=20°) a horizontal section of finite length and abrupt down-
stream ends. They analyzed the experimental data according to the method
proposed by Dean-Ursell (10) and compared the reflection and transmission
coefficients with Lamb's theory for abrupt tramsitions.

Ippen, Alam, Bourodimos (7) extended the experimental investigation
of Bocco and Gagnon for the entire spectrum of wave conditions from deep
to shallow depth waves with a transition of slope 1:16 (0=3.57°) between
two uniform rectangular regions upstream and downstream with emphasis on
the effect of wave steepness on reflection and transmission.

Using linearized small amplitude shallow wave theory, Perroud (13)
studied the program of wave motion in ‘a channel of linear or exponentially
varying cross section. However, he simply introduced the usual assumption
of a linearized resistance, constant throughout the transition length, and
neglected reflection of any type along the transition. Therefore the am-
plitude of the progressive wave decreases exponentially as in the case of
a channel of uniform section.

Kajiura (14) investigated on a rigorous mathematical formulation the
same problem for a transition of non-linear variable depth for long waves
of small amplitude. The approach is that of a boundary value problem after
a linearization of boundary conditions. He found that the transmission and
reflection coefficients can be predicted by the theoretical coefficients of
Lamb (5) for an abrupt transition for small values of the ratio of the length

of transition, %, tc the incident wave length, L He confirmed again that

1

Green's Law is valid for weak reflections.
Evangelisti (15) on the basis of small amplitude linear shallow wave

theory defined the wave modification in a channel of monotonic variation

of width and breadth. He gave a solution in terms of Hankel functioms.
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The most important contribution in this field in recent years is due
to Dean (16). He determined theoretically the wave reflection and trans-
mission coefficients on the basis of linearized shallow wave theory for
three linear transitions of rectangular section, each of which is joined
to uniform channel segments upstream and downstream. The three cases are:
(a) linearly varying depth - constant width, (b) gradually varying depth
and width, and (c) gradually varying with - constant depth. His solution
is restricted to the reflection and transmission coefficients without con-
sideration of the amplitude variation over the transition and the phase
angles in the three regions.

Stoker (17) presents a mathematically rigorous treatment of different
cases of wave motion over sloping beaches. In Appendix A of reference (18)
a general review of his pertinent contribution is given. In addition other
studies are reviewed there, which have less direct connection with the pre-
sent investigation. This includes a study by Beitinjani and Brater (19)
who investigated the refraction of waves in a trapezoidal channel on the

basis of Stokian wave theory.
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ITI. THE GENERAL PROBLEM OF WAVE MOTION THROUGH TRANSITIONS OF VARYING
GEOMETRY

3.1 The Case of Wave Motion Over a Bottom of Changing Geometry — A Develop-

ment to the First Order of Approximation

We assume

V¢ = 0 (3.1)
and

-iot
¢ v ¢*e (3.2)
for irrotational motion of a homogeneous incompressible, non-viscous fluid.

The boundary value problem, after linearization of the non-linear B.C. for the

linearized wave motion, is:

gn *'¢t =0 (3.3a)
ne =9, = 0 (3.3b)
for z = 0 (instead of z = n).
From the geometry (fig. 4) we have:
ah _,w_, Y (3.4)
_ = __+____
dx u ¢x

for z = h(x).
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From (3.3a, b) B.C. after elimination of Nes we have:

¢, T B G, =0 (3.5)
on z = 0,
, -iot . .
Since ¢ Vv e , the 3.5 relation above becomes:
02
2 ¢, (3.6)
on z = 0.

The wave problem is now the following:

Vo = 0 (3.1)
¢z + ¢x.hx =0 (on z = -h) (3.4)
52
g—¢—¢z=0 (on z = 0) (3.6)

A change in the horizontal scale is next introduced, using the method of
"strained coordinates'" (M. Van Dyke: Perturbation Methods in Fluid Dynamics
(20): x » X x=1x p<<l

u

The above equations, (3.1), (3.4), and (3.6), thus assume the form:

6 tuwde, =0 (3.7)
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2

g- ¢$-¢,=0 (onz=0) (3.8)
$, + uloh () =0 (on z = ~H(X)) (3.9)

since

b0 =+ hgk = vy

- Lo .
With ¢ = die}'1 , where ¢(X,z), we get:

. %e (X)
¢zz = ¢zze | (3.10)
- 0 2. 2500
= =(0 ¢ = . .
dox = Oy + 5Dy + 500, - T0e (3.12)

Substituting (3.10), (3.11), (3.12), into (3.7), (3.8), (3.9), we obtain:

N 2 N N 2
-8 6 0 =
¢zz X¢ f iu[2 X¢X + XX¢] + u ¢xx 0 (3.13)
o2 s e .
-—-é— = z (on z = 0) (3.14)
R o i
o+ 18 h (X) + PO h (X) = 0 (on z =-h) (3.15)

Assuming that ¢ has a development in power series in a perturbation scheme

of the form:

& = $(O) + ué(l) + u2$(2) + u3¢(3) +... (3.16)
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we take the terms of zeroth order after the insertion of (3.16) into (3.13),

(3.14), (3.15). The terms of zeroth order yield the equations:

;ég) _ $(°)e§ -0 (3.17)
o? ~(0) - 2 (0)

= ¢ -4 =0 (onz=0) (3.18)
g 4

6, =0 (onz=-m (3.19)

The terms of first order yield the equations:

&ii’ - e§¢‘1) - - i[ZGXA(O) + exx$(°)] (3.20)
> -

T @ _ 5D _ 4 (onz=0) (3.21)
g Z

o) 4 iexhx(x);(o) =0 (on z = -h) (3.22)

Dropping '"hats' we have the solution of zeroth order problem (3.17) with
B.C. (3.18), (3.19).

¢(0> = a(o) (X) cosh ex (z+h) (3.23)
Note that e§ is considered as an "eigen value" since equation 9,0 = e§¢=0
contains functions of independent variable z only.
Applying the boundary condition ¢z(0) = 0 on z =-h,
(0)
(0)
¢, = a(X) sinh ex (-h+z) = 0 (3.24)
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and for B.C. (3.18)

2 (0)
E_ a(X) cosh Gx(h+0) = a(X) sinh BX(h+0)
or
2 (0) (0)

G.‘ —
. a(X) cosh exh = 6X a(X) simh exh

and finally

2
g =
g 6x tanh (exh) (3.25)

Substituting the solution (3.23) into the first order problem we get,
for 51) from (3.20):

(L) _ 42, _

(0)
P A {ax

(0
cosh eX(z+h) + a [ eXXz +

(0)

+(exh);§inhex(z+h) ] + GXXa cosh ex(z+h)

o{D - 026 = _i126.a, (@ + 6 2] cosh b (arh)-
-212(0) eX[eXX(z+h) + (84hy) ] sinh ex(z+h) (3.26)
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Now the nonhomogeneous second part is mainly a function of z and the whole

(1)

equation for ¢ can be represented as follows:

2
¢ - 6X¢ =c

2z I cosh eXxI + (c . X_ + CIII) sinh eXXI

IT'I

Integrating we obtain a particular solution:

* . 2
¢ = cq XI sinh eXXI + c XI cosh eXXI + cIII I cosh GXXI
(XI =z + h)
Thus,
h + 2¢7_ cosh 6.X
cos GXXI cII cos X I+

2 2 *
9,2 = 9xb = 26¢¢;

+ 4¢ II I X sinh eXXI + ZCIII X sinh GXXI

¢zz - 6 ¢ = (29 c + ZCII) cosh eXXI

+ (20III eX + 4c XXI) sinh GXXI

with
206 cI + 2cII= cI
46, o =
x ‘11 T C11
26, o
x 111 T C111
thus,

-22-
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In our case,

(0)

- (0)
= -i[ZBXax 1

+ 6,.,a

°1 XX

c .. = —12a(o) 8.6

II XX

Cons = —ia(o)[(exhx)]ex

111
Hence
(0)
RIS & She SUNIN (O NN
III 20 = Tia 0yt
X
. (D)
- 2ia eXXeX . ia(o) .
€11 T 46 2 ’xx
X
0) 0
* [Zexax + exxa(O)] 2ia eXXeX 26an
ep = -1 26 + 40 =t %%
X X X
So
(0
cI —iaX
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(3.32)

(3.33)

(3.34)

(3.35)

(3.36)

)

(3.37)



i
c;y=-32 eXX ‘ (3.38)

I11 x%x (3.39)

Thus ¢(l), the first order solution, becomes:
¢(l) = a(l) cosh Bx(z+h) + b(l) sinh ex(z+h) —iaéo) (z+h) sinh BX(z+h)—
42" (z+h)% cosh 6, (z+h) - 1a'Ph_o_(z+h) cosh 6, (z+h) (3.40)
> Oxx (2 cos x (2 - ia <8 (2 cos x (2 .
The B.C. on ¢(1) are:
(W, (W
g— ¢ -¢ . =0 (on z=0)
¢(i) + iexhx¢ 0 =0 (on z =-h)
1 0) . ) _
b GX - ia hXeX + 16tha =0
So b(1) -0

(since BX# 0)

=0
1L My (1 Lo,
¢z]z=0 = a GXSUQRGXh + b 76,co th iay (51nh6xh + exh coshexh)

()

a 2 . (0
3 GXX(Zh coshexh + h ex sinhexh)—la

-3 ) .
1 hX%écosheXh + o.h s1nhexh)
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or

a®)

(l) ( ) (0)
|z=0 cosheyh - . 2 -
-ia(o)hxexh coshexh] (3.41)
Multiplying (3.41) by 02/3, we get:
~ﬂ2¢(1) El [acosho h - 12, Pn sinho h - 2 2P n?coshe
g |z=0 2 coshby X sinhéy 5 8 xxh coshoéyh
- ia(o)hxexh coshexh] (3.42)
o2 W _ W (1)
and using the B.C,, g— ¢ = ¢z at z=0 for the above ¢ , we have:

2 h

0) h
ay [~ i(sinhexh + exh coshexh) + io 2 sinhexhlss

(0) 2
[i (2h coshe h + h“e sinhexh) + 1hxex (coshexh +
6% .2 15%
+6xh sinhexh) —tEE exxh coshexh - h h 9 cosh® h] (3.43)

From (3.25) we have:
Sex

Cothexh = 3
[e]

Dividing (3.42) by sinhexh, multiplying by i and using (3.25), we get:

2 2
2 gho h,6
(0)yo”h . _ Xy _ (0) (gh XX
ay [——E' 1 ;5—*] a [02 6x8xx T 8 2 ] (3.44)
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Differentiating (3.25) with respect to X, we get:

2
(ﬁ-gk)(eh) = 8
g 02 XX

XX

Substituting this in (3.44), we get:

(0) @ %
0 0 X 2
ay (hxex) =-a'’‘g 02 [hexexx + hXeX]
or
(0 :
(0) _ a : 2
ay “hydy = - =5 gbyl(hey) 1]
g X
or
a(0) )
X e - £ [(ne) ]
a(o) czhx X X
After integration of (3.46), we get:
(0)
n x% = - —§— [(hoy) 12ax
g hX X
a(Xo)
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X
(0) (0)
a(X) = a(X) exp |— J‘—ig—[Che) ]2dx) (3.47)
o} X
o hx X
X,

(0)

The integral clearly indicates that an increment of amplitude, a"  , is
obtained since for shallower water hx < 0 and the integral remains positive.
For hx > 0 (in the direction towards deeper water) the integral becomes
negative and the amplitude decreases.

Special applications of (3.47) are:

a. Limiting case of shallow water waves

b. Deeper part of intermediate wave region

a. Limiting case of shallow water waves

xh is small, since exz~'%-aak(x) is small and when the water

is shallow and depth, h, is small, the quantityfexh = %‘becomes smaller and
then (3.25) becomes: LR

Assuming 6

gho 1
X _ /sy 7/
or hex = c(g) 2

1
eXh 02h

Differentiating with respect to X,

(he,) =
Xy /2
2(gh)

Substituting the last two equations into (3.47) and integrating, we get:

© (0 i ony
‘ X
a(X) = a(Xé) exp [- “h 4gh dzx]
X
Xo
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0 (0) h (0) 1 X
a(X) = a(Xo) exp[- dx] = a(Xo)exp [~-Z fn h]

4h X
e o
(0 (0)
a(X) = a(X ) exp[- —-ln'ﬂ%il——
or
1, b
() 4 h(Xo)
a(X)
o
w ®
a(X 1 h(X
.Q,n[-( (0) ] b "'Z in h(X )
a(x) °
or
® ®)
a(X)z a, and h(X = h
a(Xx) - [h(X) ] If 3 o 1
a(Xo) h(X ) (0) ~ _
a(Xo) =a and h(x) = h3
1
H h, ~/
1 1 3, 4
=== (D (3.48)
H3 a, hl

This is the well known Green's Law for shallow water waves for the case of

pure transmission without reflection or dissipation of energy,

b. Deeper part of intermediate wave region

For the deeper part of the intermediate region when tanh 6Xh+1,
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2
(3.25), gives By ™ ggu Then the general formula, (3.47), for the amplitude

relation becomes:

X

2
a(X) = a(o) exp [ - _EE— [(bg—ﬁ ]2 dx
c hX & 'x

X

O (" gy

a(X) = a exp[- 7 2 dx]
o'g
Xo
and, after integration,
(0) 52
a(X) = a(Xo) exp [ —-g— [(hZx) - h(Xo)] (3.49)

Introducing the transition length between the location h{X) and h(Xo) where
0) (0)
a(X) and a(Xo) respectively, we get the variation of amplitudes to the

th .
zero approximation.

(0) _ Q) - h(Xo) |
i(%l -e B8 . (3.50a)
a(Xo)

0)
In the usual notation of upstream and downstream amplitudes a(X) = a
(0)
a(X ) za
o

3 and

with h(X) = h, and h(Xo) = hl’ we get:

1 3
a 2, h_-h
3 o exp - [0 2 3 1)] (3.50b)
1 g &
a, o
Thus the amplitude ratio ;—-is governed by the parameters:
1
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2
Eg&-= Sp = shoaling parameter

= slope of bottom

The amplitude variation was computed as a function of shoaling parameter
Sp for different slopes S. These computations are given in graphical form

in Fig. 5 and 6.

3.2 Case A of Transition: Gradually Varying Depth - Constant Width

From the geometry of the transition we have:

(i) Region I (Upstream)

B = Bl = B, = constant + ® > x 3.+ L

h = h, = constant + o> x>+ 2

(ii) Region II (Transition)

h

h(x) X 1 .

== or h(x) =—x in _
hl 21 21 + 21 > X 2 +(JL1 L)
B = Bl = B3 = constant + Rl > x 2+ (zl—z)

(iii) Region III (Downstream)

B = B1 = B3 = constant +(£l—£) 2 X >- @

h = h3 = constant +(21—2) 2 X > @
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From these geometrical considerations the area of cross section at distance
x over the transition is
h

A(x) = Bh(x) = B(—%9x
2

The equations of wave motion of small amplitude, linearized for shallow
water, are deduced from the non-linear shallow wave theory in two dimen-

sions as follows:

u, + gn, = 0 (3.51)

(uh)X + ne = 0 (3.52)

Equation (3.52). is the continuity equation. Writing this more generally

(4) we get:
(uA)x + Bnt =0 (3.53)

Denoting by £ the horizontal displacement u = Et, equations (3.51) and

(3.52) can be written:

gtt + gn = 0 (3.54)

(Agt)X + Bnt =0 (3.55)

From (3.54) we get, after differentiation:

(Aatt)xr- (—gAnx)x

or

(Aa)ttx + (gAnx)x =0 (3.56)
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and from (3.55)

Ag),, + (Bn), =0 (3.57)
Combining (3.56) and (3.57), we get:
(gan ) = (Bn) . (3.58)
x
for B = constant
Bn__ - (gh 3 xn) =0
tt 12 X
1 X
h h
Bntt - —2—; Bgnx -g II anxx =0 (3.59)

Under the further assumption of simple harmonic wave motion of the type

n(x,t) = ﬁ(x)e+lot, we get from (3.59) the following:

+iot
 asn2 2 Hiot — _.— +iot _ T
Nep = (+i)"c"e n(x) , n, =n.e s My = Ney®
Substituting these quantities into (3.59) we get:
_ &h gh, _ —
nxx Ejl-x +-—Elvnx + 02n =0
1 1
_ _ 0221 _
XN o + N + ghl n=20 (3.60)
and taking
ols. K222 2 .
1171 A 21 _ ¢
g 1 1 1 "
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we get:

XN + N + 2—1 n=20 (3.61)

This equation can be reduced to a Bessel differential equation of zero order

under the transformation

x=— (3.62)

Using this transformation the equation (3.61) becomes:

2
dn

2 +n=0 (3.63)
w

nﬁa.
€=

L1
w

which belongs to Bessel differential equation of zero order (since p=0) of

the type:

2
WAy dn 26y =0
dwz dw

References 21 up to 39 were used generally for the theoretical development
of the present and next cases of transitions. The solution of equation

(3.63) given by Bessel functions of zero order of first and second kind:

1 1
=G () + C,Y_(w) = ClJo[Z}\(ff) / 2]+C2Yo[2)\(;f—l) /2] (3.64)

Hence:
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1 1

/
X 2 X
n(x,t) = ClJo[ZA(II) 1+ CZYO[ZA(Zl)

/ .
2] ]e+1ct (3.65)

The above is a standing wave solution. For progressive wave solution over

the transition we use the Hankel functions (21)H§l) = Jo+i Y0 and Héz) =

Jo—i Yo' Thus the above solution can be written:

_ ra¥ (D) * (2 iot
n(x,t) = [C; H ™ +¢C, B Y e

* * * * 1511
Defining the arbitrary constants C1 and C2 in the form Cl = a;qe and

* * 1
02 = bIIelBII“we obtain:

x 10 ) L) (o)
(e]

118 + biie o (3.66)

n(x’t) = a

and taking only the real part of the above relation which is also a solution
for the region II:
1 1

(x,t) = a_cos(s sy 2 * 22 &) /21+
nip(x,t) = aIIcos( II+ot)Jo[ A(zl) ] - aIIsin(6II+at)Yo[ (Ql
1 1

be + @ 2] 4t 23 (&
#by; cos(B +ot)d [ )\(21) ] + b} sin (B +ot)Y [ "G

/
2 (3.67)

For the rest of the channel wiich constant cross section area A=Bh in Re-
gions T and IIT upstream and downstream from the transition, the differential

equation becomes:

Bn - gAn__ =0

tt

Nep = ghn =0 (3.68)
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] 1
which is the well known linear wave equation Nex = €2kt with C = Ygh.

We assume the same simple harmonic motion for Regions I and III of the

type n(x,t) = ﬁ(x)e+10t. We take the second derivatives with respect to

t and x,

—  +4iot . 2 2 +ioct
Ny = U and ntt = (+i)"c e

and after substituting into (3.68) we get for the upstream Region I:

_ o2
nxx + c 2
1

mn=0 (3.69)

This homogeneous linear differential equation with constant coefficients

(the linear oscillator equation) has as a characteristic equation:

2 02 + .0 + 2
™ 4+ =—— = 0 with roots: r = -1 = -1 k, (where k., = -E)and the
2 1,2 C 1 1 L
c 1 1
1
general solution is given by:
_ 1k1x —iklx
n(x) = Cle + Cye (3.70)

where C1 and C2 are arbitrary constants.

Assuming these constants have a complex form similar to the previous

one, we get:

is. ik.x iR, -ik.x i(k, x+8_) -i(k,x-B.)
— * * * *
n(x) = aje e Ty bIe Ie . are Tl +bIe 11 (3.71)
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+iot
e

Hence, since nI(x,t) = n(x) R

* i(k1x+dr+ot) % —i(klx-BI—ct)

nI(x,t) =ae _ + b_e

I (3.72)

Taking again only the real part of the above expression we get for Region I:

* * .
nI(x,t) = aIcos(k1x+ot+GI) + bIcos(klx—ot-SI) (3.73)

With a similar procedure we get for the Region III downstream from the

transition:
( * Kxtot+6._ ) + b (k ) (3.74)
N111 X,t) + aIIIcos( 3x+ct+ ITI 171%08 3x—ot—BIII .
In all th h ith a', b, ar, b, ar, b 1i
n a three cases the two parts wit aI, 1° aII’ I1° aIII’ I1I as ampli-

tudes and 6, By Opy Bpp Srr1, Brr

one incoming and one reflecting (partially reflecting) in Regions I, II and

III.

as phase angles represent two waves,

Now the boundary conditions are applied in order to determine the
* k& * % *
twelve arbitrary constants: ar, bI’ arys bII’ ar11s bIII’ 8

Brr» Sqpps B

r B Orpo
II1°

Without loss of generality we can assume 1) that the reflection of
the outgoing wave in Region III is zero, b;II=0’ (no reflection from the
beach which actually is eliminated either with Ursell's method or in
reality by a strong absorber) used in the analysis of experimental results
and 2) the amplitude of the transmitted wave into Region III, a:II=l’ and

the phase angle, § II=O’ can be taken as zero. Thus the remaining (8) un-

I

knowns can be computed by the matching conditioms:
(i) the surface perturbation is continuous
(ii) the flux of water is continuous

This gives:
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Nifu_o =N _
I|x—ll II|x-sLl
(ny) = (n;)
I _ 8 SO
xlx—zl xlx—ll
"1]x=e -2 T "IIT]x =2 -2
(n;7) = (Myr)
11 x|x=£1—2 — x|x=21—2

(3.75)

(3.76)

(3.77)

(3.78)

Since the above mentioned boundary conditions give relations wvalid for

all t, we evaluate these for 6t=0 and ot=- %-and thus we get a system of

eight unknowns with eight equations, computing in this way the constants,

the amplitudes ar, bI’ ars bII

Defining

and, hence
k3(21—2
we get the following relations:

a

I° 711’ BII'

and the phase angles 61, B §

1t P 2
Lo
2 2
) = k3£l (1- 21) = kBZl €
=a 5. +ot)J (2))
—ot—BI) = aIIcos( IT ot) o

*eos (k. Litot+s.) + b cos(k
cos 1QI ot+ I + Icos( 12

I 1

* ‘ * *
~a '31n(GII+Ut)YO(2x)+bIIcos(BIIfot)Jo(2A)+bIIsin(BII+0t)Yd(2A)

II
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* * *
—aIsin(klz +ot+GI) - b131n(k121—0t—61) = a

1
1 IIcos(GII+ct)Jo @2y -

- * 0 \] * 1 * 1
aIIs1n(GII+0t)Y°(2A) + bIIcos(BII+0t)JO(2A) + bIIsin(BII+ot)Yo(2A) (3.80)

* * *
a cos(GII+ot)Jo(2Ae) - a; sin(GII+dt)Yo(2Ae) + bIIcos(BII+ot)JO(ZAe) +

II I

=0, br__=0)(3.81)

2 .
cos(k3zle +ot). (Since SII ITI

* *
+bI131n(BII+ot)Y°(2As) = a

III I

* v _ * ' '
aIIcos(611+ot)Jo(2Xs) aIIsin(éII+ot)Yo(2ks) + B&Icos(BII+ot)Jo(2Ae) +

b si +ot)Y' (2)e) = f3h° K %.e2 82
+ 118 n(BII ot) 0( A€) _aIII( X )sin( 3218 +ot) (3.82)

Dividing in equations (3.79) up to (3.82) through the downstream amplitude

x .
aIII=J_and taking the dimensionless amplitudes as follows:

* b* * b* ®
4 S 211 b o AL 4111 1
4y * > P17 Tx > q11 T % > P11 T % > Tk
8111 2111 q111 a111 111

Now for ot=0 and ct=7%, we get (8) relations from the above equations (3.79)
to (3.82):

for ot=0: aIcos(klzl+61) + bIcos(klzl—BI) = aIICOSSIIJo(ZA)-aIIsinSIIYO(ZA)+

+ bIICOSBIIJO(ZX) + bIIsinBIIYo(ZA) (3.79a)

for ct=ﬁ%: aIsin(k121+GI) - bIsin(klzl—BI) = aIIsinGIIJo(2A)+aIIc0861IYO(2A)+
+-bIIsinBIIJO(2A) - bIICOSGIIYO(ZA) (3.79b)
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- 1 - = ' - i '
+61) bI31n(kl£l BI) aIIcosalIJo(ZA) a1151n61IY0(2x)+

for ot=0: -a sin(klfL1

I

1 ] B
+ bIIcosBIIJO(ZA) + bII sinBIIY°(2A) (3.80a)
=T, o _ = ' '
for ot= > aIcos(k121+6I) bIcos(k121 BI) aIIsinSIIJo(2A)+aIIcoséllYo(2A)+

' - v
+bIIsinBIIJo(2A) b IcosBIIYo(Z)\) (3.80b)

I

for ot=0: aIIICOSGIIJO(ZAe)—sinGIIYo(ZAs)] + bII[cosBIIJo(ZAe)+sinBIIYo(ZAe)]=
= cos(k,? 52) (3.81a)
371 '
-7
for ot= 7 aII[sinGIIJo(2Ae)+cosGIIY°(2Ae)]+bII[sinBIIJo(2Ae)—cosBIIYo(2ke)]—
= sin(k,2.e2) (3.81b)
371 *

=0 ' —ad ' 1 . ' =
for ot=0: aII[COSSIIJo(ZAe) 81nGIIYo(2A€)]+bII[cosBIIJo(2Ae)+51nBIIYO(ZAe)]

k. %.¢

= —(—%—l—jsin(k321ez) (3.82a)

=T, 2 ' ' s ' - 1 =
for ot ok aII[31n611Jo(2Ae)+cosGIIYo(2As)]+bII[31nBIIJO(2Ae) cosBIIYO(ZAs)]

k. 2. ¢

= ( 3x1 )cos(k321e2) (3.82b)

From (3.8la and (3.82a) we get for arg
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a.. = {sin(éII+BII)[JO(ZAE)Yé(ZAe)—YO(ZAE)Jé(ZAe)]]_1[cosBII[cos(k32152)

IT

kgt € 2 2
] . A ] 1 =
Jo(2A8)+( X )51n(k3212 )Jo(2xe)]+sinBII[cos(k3£le )Yd(ZAe) +

kgt € 2
+( X )sin(k3lle )YO(ZAE)] (3.83)
Defining
2 kylye 2
= |
A1 cos(k3zle )J0(2A6)+( 3 )sin(k3kle )JO(ZAG) (3.84)
2 kg2 € 2
A2 = cos(kBZle )Y$(2Ae)+( 5 ")éiﬁ(k3&le 7?6(2%5) (3.85)

we obtain for aII:

AlcosBII + AQSinBII

)[JO(ZAE)Yé(ZAe)—YO(ZAE)Jé(ZAe)]

a._ = — (3.86)
11 51n(611+8

II

In the same way we get for bII:

' ' -1 k§21€
bII = (Sin(511+311)[JO(ZAE)YO(ZAE)-YO(ZAE)JO(ZAE)]) [—cos&II[( % )

k,2.¢€
A

sin(k3£1ez)Jo(2Ae)+cos(k32182)Jé(2A€)]+sinSII[( )sin(k321€2)Y°(2A5)+

+cos(k32182)Y;(2xa)]) (3.87)

or

A, siné - A.cosé
2 11 1 II (3.88)

brp = SIn(5, +8, ) [J_(2A0)Y ()Y _(2Ae)J (2he) ]
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From (3.81b) and (3.82b) we obtain the values of a; and bII in a similar

I
procedure

- 1 1 -1 . 2
arr = sin(GII+BII)[YO(ZAE)JO(ZAe)—YO(ZAE)JO(ZAE)]J [sinBII[81n(k321e )

k321e 2 2
! —(— - ] ] -
JO(ZAS) ( 5 )cos(k321€ )JO(ZAG)] cosBII[31n(k321€ )YO(ZAe)

k,2. ¢

371 2
-( A )cos(k321€ ) Yo(2A€)] (3.89)
Defining
2 kgt e 2
- ] ) \l =
A3 = 81n(k3£1€ )JO(ZAE) ( 3 )cos(k3zl€ )JO(ZAE) (3.90)
2 kg€ 2
= ot ' -
A4 = 31n(k3lls )YO(ZAE) ( x )cos(kBQle )YO(ZAE) (3.91)

we get for arg

A3sinBII—A4cosBII

_ : (3.92)
a1 © sin(8 +B8 ) IY_(23e) T (ZAe)- ¥ T(2xe)T_(2he)]

and

k,2.¢

bII = {sin(GII+BII)[Jé(ZXE)YO(ZAE)—JO(ZXE)Y;(ZAE)])—1[Sin61ﬂ('3A1 )

cos(k.2.e2)T (2re)-sin(k. b, e2)J' (2Ae) J+coss [(Eéflfo s(k 2. €)Y (2he)-
3"1 0 SinlXa%1® )Y coSOr1 P Yok R

-sin(k32152)Yé(2Aa)) (3.93)

and with the definitions of A, and A

3 4 in (3.90) and (3.91) we obtain

—4b—



A3sinGII+A4coss

brr = SIn(8,+B.7) [9_(22e)Y (206) JO(ZAe)YO(ZAe)]

(3.94)
from equations (3.86) and (3.92) we obtain:

AlcosBII+A231nB

sin(GII+BII)[Jo(ZAE)YO(ZAE)—YO(ZAE)Jé(2Aa)] =

A4cosBII A331n8

sin(6£1+BII)[JO(ZAS)YO(ZXe)—YO(ZAQ)J;(Zke)]

(3.95)

[}

or AztanBII + A1 A4 - A3tanBII

|
»

or (A )tanB

(3.96)

or BII = tan
Similarly from equations (3.88) abd (3.94) we obtain

Azsim%II A1c096

sin(GII+BII)[J (ZAE)Y (ZAE)—Y (ZAE)J (ZAE)]

A3sin6 +Aﬁ cosG

= sin(3 +8, ) [I_(2Ae)Y] (2xe)—J (2xe)Y (2re)]

(3.97)
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or

A2tanGII - Al = A3tan61I + AA

(A2-A3)tan6II = A + A

4 1
A +A
4 71
tané = — (3.98)
II A2 A3
A, +A
RS W Shis |
GII = tan (K;:K;) (3.99)

The Al’ A2, A3, A4 are all known quantities. From the phase angles

GII and BII the values of a__ and bII can be computed from (3.86) and

II

(3.88). Knowing the values of ary bII’ SII and BII equations (3.79%a),
(3.79b), (3.80a), (3.80b) give the values of unknowns ars bI’ GI. By
' aIcos(k121+61)+b1cos(kl£l—81) = Bl (3.100)
aIsin(k1£1+GI)—bIsin(klzl—BI) = B2 (3.101)
—aIsin(k121+61)—bIsin(klzl—BI) = B, (3.102)
aIcos(k121+di)—bIcos(k1£1—61)= B, (3.103)

where Bl’ B2, B3, B4 are defined as follows:
aIICOSGIIJO(ZA)—aIIsinGIIYO(2A)+bIIcosBIIJO(2A)+b1131nAIIYo(2A) = B

1

aIIsinGIIJO(2A)+aIIcosélIYo(2x)+bIIsinBIIJO(ZA)-bIIcosBIIYO(ZA) = B2
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' _ . ' 1 . ' =
aIIcosﬁIIJO(ZA) a1151nGIIY°(2A)+bIIcosBIIJO(2A)+bI131nBIIYo(ZA) B3

: ' ' : ' _ ' =
a 91nGIIJO(2A)+aIICOSGIIYO(2A)+bI151nBIIJO(2A) bIIcosBIIYO(ZA) B

II 4

From (3.100) and (3.101) we get for ar:

[B,sin(k,2,-B,) + Bzcos(klzl—elﬂ

1 [cos(k121+61)sin(k1£1—81) + cos(kiﬁl—BI)sin(kl&1+GI)] (3.104)

a

From (3.102) and (3.103) we get for a:

—[B3cos(k121—81) - Basin(klll—BI)]

I [sin(klll+61)cos(klll—BI) + sin(klzl—BI)cos(lel+6I)]

a (3.105)

Setting equations (3.104) and (3.108) equal we get after considerable

algebraic reduction as a general solution for phase angle BI:

[B2+B3]
tan(klll—BI) = TEZ:E_T (3.106)
1
B.+B
~ -1 B985
By = k,%,-tan (34‘31) (3.107)

With the same approach we compute the phase angle GI. From (3.100) and
(3.101) we have for amplitude bI:

) -[Bzcos(k121+61) - Blsin(5121+61)]
I {cos(k121+61)sin(klll-81) + cos(kl—ll—BI)sin(kill+§I)]

b (3.108)
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From (3.102) and (3.103) we get also for bI:

—[BASin(k £.+8_) + B_cos(k,2.+6.)1]

b = 1"1°1’ T 73 1°1"°1
I [31n(k121+61)cos(k

121—61) + sin(klﬁl—BI)cos(klll+GI)] (3.109)

Setting equations (3.108) and (3.109) equal we obtain after considerable

reduction:
By-By
tan(kl£l+6I) = B 4B (3.110)
471
and
B.-B
: -1,72 73
§. = tan “(=—)-k. ¢
I B8, 11 (3.111)

Substituting the values of BI and GI again into (3.104) and (3.108) we
get the values for the amplitudes ar and bI’ hence the reflection coef-
ficient Kr in the upstream region I and the transmission coefficient Kt
in the downstream region III can be obtained.

In summary for the transition A of gradually varying depth the values
of the amplitudes, phase. angles, reflection and transmission coefficients

are given explicitly as follows:

(i) amplitudes: reflection and transmission coefficients:

cos(k.2,-B.)

B ~By) + B 141781

- lsin(kl£1 1 2

1 sin(2k121+61—BI)
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Blsin(k121+61) - Bzcos(klz+61)

I sin(2k,2,+6-8.)

B
. 2
31n(k1£l+dr) - Ezcos(klll+61)

r B
. 2
31n(klll—BI) + Ezcos(klll—sl)

sin(2k121+GI-BI)

t Blsin(klll—SI) + B2cos(klll—BI)

AlcosBII + AZSlnBII

11 - sin(8 +8.1) [J_(22e)Y] (22e)-Y_(2e)J! (23e) ]

a

A251n61I - Alcosc‘sII

by = sin(3, +B, ) [3_(2A0)Y] (ZAe) Y _(216)-3) (ZAe)]

At this point it must be remembered that all amplitudes are stated as
ratios with respect to the downstream amplitude arry

* % *
1° 217° bII must be computed by multi-

assumed as unity,
*
Hence, actual amplitudes ar, b

*
plying with arrpe

(ii) phase angles




B.,+B

By = klzl—tan-—l(-ﬁ—i-:]s—i-
6q = tan—l(gi—:)
Brp = tan—l(i—:;%)

S1pr = Brrr = O
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3.3 Case B of Transition: Linearly Varying Depth and Width

From the geometry of the transition in case of simultaneous linear

change in depth and width we have:

(i) Region I (Upstream)

o]
1}
=5}
I}

constant + > x >+ g

=g
I
j=n
il

constant + ®>x 3 + 21

(ii) Region II (Transition)

B
Béx) = %"' or B(x) = El X + 21 > X 2+ (21-2)
1 1 1
h
hﬁ&l = %— or h(x) = *l'x + 2. 2 x 2+ (2.-2)
1 1 4 1 1
(iii) Region III Downstream)
B = B3 = constant + (21—2) > X > - ®
h = h3 = constant + (21—2) 3T X > - ®

Referring to equations (3.56), (3.57) and (3.58) we have as in the case of

linearly varying depth:

[B(X)n]tt = [A(X)gnx]
X

and since variation of B(x) is independent of time:

=2
Nep = B (%) [A(x)nx]x (3.112)
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Assuming again a solution of simple harmonic motion in the form n(x,t) =

:H(x)e-'-ict we get:

- 2 2 +iot - 7 JHot
Nee = n(x) (+i)"c"e and n, = nge
Substituting into equation (3.112) we get:
g4, B.,h, ,_ —
-—];[-—]*2—]41:20] +02n=0
B.x X X
1 J'A
1
or
_ - 0221 _
xn + 2n_ + =n=0 (3.113)
x h.g
XX 1
Introducing for
2 2.2
g 21 ) o .2.1 1 ﬁ
M8 o? MM

for the eigen values and substituting according to the transformation

422
= —5, we get equation (3.113) transformed into: (3.114)
4)

X

+%; +0=0 (3.115)

using the additional transformation n = 2 equation (3.115) is transformed

¢

into a Bessel differential equation of the first order:
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02w+ bu, + (62-1) w =0  (¢=P=1) (3.116)

¢

The solution is given by first and second kind Bessel functions 6f first order

| 2
; e _ e 1 on is:
w = Jl(¢) and w = Y1(¢). Since n = P x the general solution is:

n

.
X X

J; @2 \“i) Y, (2) \{ ’*1)
= Cy +Cr1 ‘

X B
a5 @ V———)
4 &
or
I.2x /-5 Y. 22 \[Z9
B 12 £ 1 2y
n = Cl —_— = 4 C2 —
X

21 21

e A\C

Where Cl and 02 are arbitrary constants. Hence

C2 Al X
Y, @\ - (3.117)
)
J\ X 1
2

1 1

‘) +iot
e

C1 X
nII(x,t) = [ Jp (@ v EIQ +

X
A 2

This is a standing wave solution over the transition. For progressive
wave solution over the transition as in previous case we use the Hankel

£1)=J+iY andHi2)=J -1Y

functions H 1 1 1 1

Thus:
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*
iot
N (x,t) = [ ! (1)(2“’ ) + —2— G (2)(2*\12 ]e
b 1
2 v

A
1 1
* * * x 18
II
Taking the arbitrary constants Cl and C2 in the form C1 = a; e and
iB
* * . * *
C2 = bIIe II; Substituting the values of Cl and C2 and developing the ex-

pression with Hankel functions we obtain only the real part of this rela-

tion which is also a solution for region II.

1/2

1 * % ‘ '
nn(x,t) = :F_{ﬁ aIICOS(ﬁII'l‘Gt)Jl(Z}\“(I]—:) )y - 8118111(611-1-01:)
L
1
1/2, 1/
(2)\(x 9J2 ) + bIICOS(BII+Gt)J1(2A(%I) ) + bIIsin(BII+ot)Yl(2A(§:?

(3.118)

The solution for the regions I and III upstream and downstream from the
transitions where depth and width are constant (hl, Bl and h3, B3) are
given as in previous cases of linearly varying depth from the solution of

the differential equation:

;;x +4§iﬁ = 0 for upstream Region I (3.119a)
;;;lfgﬁ = 0 for downstream Region III (3.119b)
Since
k‘i=;%=2§—andk§=gi _9;
1 Cl 3 C3
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Hehce the solutions are

ik X "ik

nI(x,t)=[Ce 1 + C,e

1% +iot (3.120)
3 4 Je

"l X .
[C o k3x k3 +iot

(x,t) = (3.121)

111

Assuming that the arbitrary constants of integration have the form

is ig
* *
11 C6 =b e Il , etc.,

as in the previous case, and taking only the real part of the exponential

expressions, we get for the three regions:

(x t) = a cos(k xtot+§ ) + b cos(k x-ot- B ) (3.122)
n..(x,t) = — 1 a* cos(é +ct)J (2)\(x )1/2) - a* sin(G +ot)Y (ZA(X l/2)
II+7 x 1/2 IT I
A( ) 4 41
l
* x .. 1/2 * x 1/2 o
+ bIICOS(BII+Ut)J1(2A(Ql) ) + bIIsin(BII+ot)Y1(2A(21) ) (3.123)
o - a K 8 * K 124
nIII(x,t) = aIIIcos( 3x+ct+ III) + bIIIcos( 3x—ot—BIII) (3. )

Using as in the previous case the boundary conditions of continuity of sur-

face perturbation and water flux at x=£l and x=21—2 we get the following

system of eight equations and eight unknowns for ot=0 and ot;% under the

assumption that the reflection from the end is zero.

%
a cos(k L +at+s ) + b cos(k 0t—81) -1

X IIcos(cS +ot)J (2)) -

171 171

* - v O
— 2 . . * 3
a1131n(6II+ct)Y1(2A)+bIIcos(BII+ot)Jl(2A)+b1151n(BII+Gt)Yl(2Ai} (3.1253)
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sin(k1

* *
-a; l+ot+61)—b1sin(k121 ot-B ) = a;; cos(G +ct)[ = J! (2X)————J (ZA))

2A

—a:Isin(SII+dt) [iyl(zx>~;;§y (2A)]+b cos(BII+ct)[-% 3120~ ;iiﬂl(z*)]+

,"x

+b:Isin(BII+ot){ ¥1(20)- ZAZY (zx)) (3.126)

* * < . L - *
aIIcos(GiI+ot)Jl(2As)—a1131n(61t+c§7Y1(2As)+bIIcos(BII+ot)J1(2Ae)+

* 2
+b1151n(BII+OC)Y1(2Ae) Aea cos(kl 1€ +0t) (3.127)

ITI

* . 1 1 *
aIIcos(GII+ot) [21 QJ (2xe) - EXE?E?"E}J (ZAE)} I81n(t5 +ct){&——4Y (2)e) -
1 1 Jl(ZAe)
[, .S, ——T P S .
ZAE(Q ) Y (Zke)) cos(BII+ot)[ 1 J (2xe) - Zke(kl—l)]+
+b” sin(B. +0t) [—=— Y. (2)e)- ——2—— Y. (22e) |= sin(k, 2. e2+ot)
II I 221 2 (2) 1 “kyapppsin(kylieto
(3.128)
Defining
Livcany - Lag @y =7 (3.129)
NS} , 9 1 .
A
Lyrony - L-v.20) =7 (3.130)
X Y1 2 1 2 .
A
L grne) - ——2——73 (22e) = (3.131)
121 e (4 ,-0) 9y T3 .
1 oyrane) - —L v L(2e) = (3.132)
it 2%e (,-2) T4 .
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*
Dividing by arry all terms to become dimensionless then we obtain:

* b* % b* R
e b I & . s frir _
a1 T 7% » P T TR I ¢ S > P11 T T > Tx T
a111 a111 4111 2111 8111

the system of equations (3.125) up to (3.128) becomes:

1
aIcos(k121+ct+6I)+bIcos(klzl—ctfﬂl) =3 [aIIcos(SII+ot)J1(2A) -

—aIIsin(GII+ct)Yl(2x)+bIIcos(BII+ct)J1(ZA)+bIIsin(BII+ot)Y1(2A{] (3.133)

—4131n(k 2 +ot+61)—bIsin(k12

1t —ot-B;) = a

1 IIcos(61.1+ct) Fl - aIIs1n(SII+0t)F2f

+bIIcos(BII+ct)Fl+bIIsin(BII+ot) F2 (3.134)

aIIcos(GII+ct)J1(21&)—aIIsin(GII+0t)Y1(2ke)+bIIcos(BII+ot)J1(2Xs) +
: . 2
+bIIsin(BII+ot)Yl(2A€) = e cos(k3£ls +ot) (3.135)

aIIcos(SII+ct) P3 —aII51n(GII+ct) P4+bIIC°s(BII+Gt)P3+b1151n(811+0t)r4 =

. 2
—-k331n(k3£ls +0t) (3.136)

The above system of four equations with eight unknowns is valid for all

times and gives for “gt=0 and ot=:g the eight equations following:

- O g )= L -
forot= O: aIcos(k121+6 )+bIcos(k19,1 BI)— X [aIICOSGIIJl(ZA) a;

I s1n6IIYl(2x)+

I

+bIIcosBIIJl(2k) + bIIsinBIIYl(ZXﬁ (3.137)
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=t

[ aIIsimS J,(2)) +

—'"‘ R =
for ot= 2" aIsin(k L.+8.) - bIsm(k 2.-B.) 1191

1°17°1 1171/ T %

+aIIcos<SIIY1(2>\)+ bIIsinBIIJl(ZA) - bIIcosBIIYl(Z)\) ] (3.138)

for ot=0: —aIsin(kl,Q, +5_) - bIsin(k 2.-8.) = a

18 141781 IIcosdIII‘ -a s:LnGIII‘ +

1 'II 2

+bIIcos811I'l + bIIsinBIIl"2 (3.139)

—1T )
for ot= aIcos(k L +<SI) - bIcos(k L.-B.) = a s1n<SIII' + a coséI r, +

2 171 1”1 I IT 1 IT 12

+bIIsinBIII'l - bIICOSBIIFZ (3.140)

for ot=0: aII[ cosGIIJl(ZAe)-sindIIYl(Z)\e) ] + bII {cosBHJl(ZAs)+

-’i—sinBIIJi'(Z)\s)]s A€ co’s(klllez) (3.141)

for of= 2 ar; '(sintSIIJl(Zke)+cos<‘SIIY1(2>\e)] + by [sinBIIJl(Z)\e)-cosBH

¥, (2xe) ]= Ae sin(k,L e?) (3.142)

for ot=0: arg [cosc‘iII I‘3 - sinGHFA} + bII[ COSBIIP3+SinBIIr4]=

=k sin(k 2 e2) (3.143)

3 371 ‘

-7 . . =
for ot= ¢ aII [SlnGIIFB + cosGIII‘A] + bII (SInBIIFB - COSBIIFZJ =

2
=.-k3$in(k32,ls: ) (3.144)
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From (3.141) and (3.143) we obtain for arqt

F5 cosBII + P6 SlnBII

a__= -
I1 31n(GII+BII) [T4.Jl(2xe)—F3YS2Ae)j

where PS and P6 are the following quantities

[
—

2 2
F3Aa cos(k3lle ) + k3J1(2Ae)sin(k3zls )

2 2
PAAecos(k3lle ) + k3Y1(2Ae)sin(k3zle ) =T

6
From (3.142) and (3.144) we obtain for aryt
. FscosBII—F7sinBII
II 31n(dII+BII)[PAJl(ZAE)-F3Y1(2Ae)]
where T7 and F8 are the following quantities
T,ie sin(k, & 22)—k J,(2xe)sin(k, 2 62) = T-
3 371 371 371 7
I e sin(k, 2 e2)-k.Y. (2Ae)sinCk. 0. €2) = T
4 371 371 371 8

Setting equations (3.145a) and (3.145b) equal we obtain:

r,-r

8 5
tanf =
11 P6+P7
T,-r
-1 85
B = tan G—
11 F6+P7
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(3.145a)

(3.146)

(3.147)

(3.145h)

(3.148)

(3.149)
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Using the same approach for bII from (3.141) and (3.143) we obtain:

b = sin(6r6+zinf%§‘§5(:iif3% Y. (2xe) ] (3.151a)
II "11°Y° 471 371

and from (3.142) and (3.144) we obtain for bII:

P7 sinSII+P8 cosGII

J (ZAe)—F3Y1(2Ae)]

b
e [T49,

m = sin(s (3.151b)

Setting equations (3.151a) and (3.151b) equal we obtain

(3.152)

Thus the values of a and bII are now known since the values of BII and

IT
GII are given explicitly by (3.152) and (3.150). With the quantities arrs
bII’ BII and 511’ known we determine the right side part of equations (3.137)

and up to (3.140) Defining then:

1a

X cosdIIJl(ZA)—aI sind__Y (2A)+bIIcosB J (2A)+bIIsinB Y. (2\)] =D

I1 I II'1l IT'1 IT'1 1
(3.153)

1 . .
A[a1131nGIIJ1(2A)+aIIcos6IIY1(2A)+b1151nBIIJ1(2A)—bIIcosB Y,(2)\)] =D

II'1 2

(3.154)
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lapgcosy T -ar sind  Tytby cosB T +b,  sing  T)) = Dy (3.155)
[aIIsin(SIII‘l+aIIcosSIII‘2+bIIsinBIIP1~bIIcosBIII‘2 ] = D4 (3.156)
The system of equations (3.137) up to (3.140) becomes:
aIcos(k121+61)+b1cos(k121—81) = Dl (3.157)
aIsin(k121+61)—blsin(k121—81) = D2 (3.158)
-aIsin(k121+GI)—bIsin(klll—BI) = D3 (3.159)
aIcos(kl£1+61)—b1cos(klll—61) = D4 (3.160)
From (3.157) and (3.158) we get for ar:
ar = cos (k. 2.+6 ?2iitikilf;8§)++czzizs;kizl;zi;(k L.+5_) (3.161)
11 1 171 "1 11 I 11 "I
From (3.159) and (3.160) we obtain:
TR T S e O
171 "I 1" I 11 "1 11 I : ’

Setting the equations (3.161) and (3.162) equal after significant algebraic

reduction and simplification we obtain:
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D_+D

3 72
tan(k, 2. -B.) =
11 1 D4—Dl
D.+D
R B S
BI = k121 tan (D4‘Dl) (3.163)

Similarly for bI, from (3.157) and (3.158) we get:

~D2cos(k1£1+61) + Dlsin(k1£1+61)

= - (3.164)
I [cos(k121+6I)sin(k121-BI) + cos(klll—BI)31n(klll+6I)]

and from (3.159) and (3.160) we obtain:

—{D4sin(klzl+61) + D3cos(k121+51)]

I [?in(k121+61)cos(klzl-BI) + Sin(klﬁl-BI)cos(klll+SIﬂ

b

(3.165)

Setting the equations (3.164) and (3.165) equal, after considerable reduc-

tion, we obtain:

D2—D3
tan(k_ 2.+6_) =
171 1 D1+D4
D.-D
S S T
GI = tan (D1+D4)-k12.1 (3.166)

In summary for the transition B of gradually varying depth and width the
values of the amplitudes, phase angles, reflection and transmission coef-

ficients are given explicitly as follows:
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(1)

11

bII

(ii)

Phase angles

D

Amplitudes, reflection and transmission coefficients:

-B.) + D.cos(k,2

14178 2 14176

sin(k 1761

1

s1n(2kl£1+GI—BI)

Dlsin(kl 91+6 I) - chos (klz l+6 I)

51n(2k121+6I-BI)

. . D
. IR 2
. 31n(k121+61) Bzcos(klzl+61)
a : _— D2
31n(k121—61) +'Bzcos(klzl-BI)

sin(2k, 2., +8_-B.)

- 1"1°°T '1
Dlsln(k +61) + chos(k

|H

1t 1%17Bp)

FscosBII+P6sinBII
sin(GII+B J1(2Ae)—P3Y1(2A£)]

T,

' siné__-T

6 11775080 1

sin(611+611)[FaJl(ZAE)—F3Yl(2A€)]

ajr;p =1 5 by =0
D.-D
_ -1,27°3,
§y = tan (D1+D4) k%
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By = kp#y-tan (iitzi)
811 = tan_l(iitij)

Brr = tan_l(iilij)
Srp1 = Brrr = ©
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3.4 Case C of Transition: Linearly Varying Width - Comnstant Depth

From the geometry of the transition in case of linearly varying width

and constant upstream and downstream depth we have:

(1) Regidn I (Upstream)

=
]

=]
]

constant + o >x 24+ 2

=
]
=2
]

constant + 0o >x 34+ 9

(ii) Region II (Transition)

Béx) = zﬁ or B(x) = ;l-x +2, 2% 24 (ml—z)
1 1 1
h(x) = h = constant + 21 > x 2+ (11—2)
(iii) Region III Downstream)
B = B3 = constant + (21—2) > X > -
h = h3 = constant + (21—2) 2 x> -

B
Hence A(x) = B(x)h, = —lh x
1 211

Referring to equations (3.56), (3.57) and (3.58) we start with the

basic equation for the wave motion over the transition (3.112):

Ny = g%;y [A(x)nx]x

Assuming again a solution of simple harmonic motion in the form
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_Lg_

Transitional Region II

Region III

Region I
X cos (5. + A .
aIIcos( I ot)Jo(z X)-
1
x ¥ sin(s, +ot)¥,( x)
* -a..sin g ol7T X
aIcos(klx+ot+GI) bIcos(klx-ct—BI) I1 11 L, * cos (k. x4 t+6. . ) b* 0
- 1Y Cos (8. +0t)l. (X 1)+ It 3 It
I II 2 T
* A L3
+bI151n(BII+0t)Y°CE x) 5
1 +
N—r | N N ! N_' N—" |
: l !
I ! !
By | I t
i ' !
| I '
i ' '
//flf?l///l/l///’11/1/111711////77////I1//7//f1//l///7/'77/r7/////////7/:’/7

b
4

_

Elevation 9
1
1
]
] !
|
I |
B | T = =
1 i B ' B Sl
! (x) i 1_3_3__ L
l ——— !
| e
|
j B—
Plan View
Fig. 9. Schematic Diagram of Case C of Transition

Gradually Varying Width - Constant Depth.



— +ict
n(x,t) = n(x)e , we get:

B.xh.g B.h ¢ -
L L 21 i smefn=0 (3.167)
XX L X 2
1 1
Bl
and since B(x) = 7. X» we get finally:
1
XN + N, + EH xn =0 (3.168)
1
where h = h1 = h3 = constant.
Setting eigen values
2 0222 0222 2
o} 1 1, 1 A
= = ( ) = A (3.169)
8hy gng? 02 2 42
B 1 1

. . . . A
where A = dimensionless quantity and, taking the transformation u = — x,

!
the equation (3/68) becomes:
un, +n, tun=0 (3.170)
which is a Bessel differential equation of zero order (P=0)
The general solution is given by:
nx) = €I (W) + CY (u) = CJ G + €Y x (3.171)
171 270 10 2, 270 2 '

"
and combining the time component e tot,
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= A A iot
npp(x,t) = [ClJo(zl x) + CZYO_(21 x)Je

The above is a standing wave solution. For progressive wave solution over

the transition we use the Hankel functions (21) Hgl) = Jo + iYo and Hiz) =
=.J° - iYo. Thus the above solution can be written:
¥ (1) * (2), iot
nII(x,t) = [Clﬂo + C2H0 le
L. * * * * iGII
Defining the arbitrary constants C1 and 02 in the form C1 = a;e and

¢ =Y R btai
2 = IIe we obtain

i(6. _+ot) i(B .. +ot)
II H(l) + b* e 11 HéZ)

° 11 (3.172)

n =
II(x,t) are

and taking only the real part of the (3.172) equation which is also a solu-
tion for the region II.

A L A
+ct)Jo(2 x) a1151n(GII+GC)Yo(2 x) +

1 1

cos (6

*®
nII(x,t) = a;;

IT

* A *x A
+bIIC°S(BII+Ot)Jo(£1 x) + bII81n(BII+Ot)YO(ll x)

For the region I and III upstream and downstream from the transition under
the assumption of simple harmonic motion the differential equation expressing

the motion is the linear wave equation:

n with C = /gh

xx . C* et

This type of equation as in previous cases gives as solutions for:
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Region I:

* *
nI(x,t) = aIICOS(klx+ct+GI) + bIIcos(klx—ot—BI) (3.174)
Region III:
) = * k. x+ot+6. ) + b__ k
nIII(x,t = aIIIcos( 3% ot ITT + IIICOS( 3x—ct—BIII) (3.175)

Setting the boundary conditions of continuity of surface perturbation and
water flux at x=21 and x=£1—z we get the following system of eight equa-
sions and eight unknowns for ot=0 and 0t=f% and under the assumption that
the reflection from the beach-end is zero and th4t the amplitude of the

*
transmitted downstream wave arrp < 1, hence; for

L.-2 o 1

% 2 .
— = (1 - E~0 =g and A = < = klll we obtain:
1 1 1

b cos (k ) = a
+0t+oI) + Icos( '3 —ot—BI a

*
aIcos(klzl 1% IIcos(GH+ot)J°(>\) -

*

*
-a s1n(611+0t)Y0(A)+bII

*
IT cos(BII+ot)JO(A)+bIIs1n(BII+ct)YO(A) (3.176)

* * _* ey
—aisin(k121+ct+61)—b131n(k121—ct-BIE) = aIICOS(GIf+Gt)Jo( )

* 1 * \] * ] 1
—aIIsin(GII+ot)Yo(k) + bI cos(BII+ot)Jo(A) + bIIs1n(BIf+ct)Yo(x) (3.177)

I

* 2 * 2, .. * 2
aIIcos(GII+ct)J°(As )-aIIs1n(SII+ct)YO(Ae )+bIIcos(BII+ct)Jo(xa ) +

*

brrr”

* 2, % 2 .
+b1131nBII+ot)Yo(Ae ) = a e +ot).(since §

T 0) (3.178)

Icos(k

3t I

-70-



* ' 2, * Vey o2y ¥ 1 2
cos(GII+ot)Jo(Ae )—aliin(GII+ot)Yo(Ae )+bIIcos(BII+ot)JO(Ae )+

811
+husin(B._+ot)Y' (Ae2)= —at (Fﬁ'ﬁkﬁ(k 2. €2+ ot) (3.179)
1I 11 o RS & § P\ 371 ’ ’
Evaluating for ot=0 and ot=s we get after dividing all terms by df
2 a% ’ IT1
and taking equations in dimensionless form aI=;;L—“~ etc,:
IIT
for ot=0: aIcos(klzl+GI)+bIcos(k121~81)=a11cosdllﬂ§k)—a1151n611%§k}+
+b cosB Iy ()+b sinB Y(A) (3.180)
-7 . PO X R Ve
for ct—; : aIs1n(k121+GI) bIsu:(klR,l BI) aIIsinGIlg§l)+aIICOSGII¥§A)+
+bIIsinBIIq§A)—bIIcoséleéx) (3.181)
=0-_ R ; R Y= 1 _ : y
for ot=0: aIsin(k1£1 BI) b151n(k121 BI) aIICOSGIIJO(A) aIIs1nGIIx§A)+
\ 3 1
+bIIcosBIIJO(>\)+b1181nBIIYO(7\) (3.182)
=_F. _ _ = ' 1
for ot 2. aIcos(k1£i+GI) bIcos(liL1 BI) aIIsinéiIJo(A)+aIIcosdllY0(x)+
. ' \ _ 1
+b1181nBIIJO(A) bIIcosBIIYO(X) (3.183)
for ot=0: a__[coss__J (Aez)—sinﬁ Y (Aez)]+b [cosB. . J (A92)+sin6 Y (Aez)]=
R IT o Il o II I o IT o
—cos(k,2.e2) (3.184)
371
for at=-%: a [sins__J (A€2)+cosd Y (Aaz)]+b [sinB__J (Aez)—cosB (kez)]=
2° 71T Il o 110 11 IT o 1T
2
=sin(k3215 ) (3.185)
for ot=0: a__[cos$§ J'(Asz)—sins Y'(kez)]+b [cosB J'(A32)+sin8 Y'(A52)=
TTII I o IT o II IT o Il o
R 2
== 3x1 a31n(k3lle ) (3.186)
for ot=—%: a [sin J'(Aez)‘+cosﬁ"Y'(Aéz)]+b‘ {sinB ‘J'(Aéz)—cos Y'(Aez)]=
2° ‘11 ?I o 11~ II*°" "It o ?I 0
2
kot k_fce
T« i :")cos(——:3>\"i )] (3.187)
From (3.184) and (3.186) we obtain for ary
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aa;[%in(GII+BII)EJO(A€2)Y5(A€)—YO(Aez)Jé(Aez)ﬂ_l[éossll[cos(k32152)J'(lez)+

11
1
+(k3zl)sin(k ) sz)J (Asz)]+sin8 [cos(k,2 sz)Y'(A52)+(k3£l)sin(k ) eZ)Y (Asz)]
= 371 ) 11 3°1 0 = 371
(3.188)
Defining:
. 2 2 k.2 . 2 2
Af:cos(k3lle )Jé(ke )+( i 1)s1n(k3zle )JO(Ae ) (3.189)
2 2 k.2 . 2 2
A2=cos(k321€ )Yé(ng)+( i 1)81n(k3zle YY (Ae™) (3.190)

We obtain for”aII;

Aicos§II+AzsinBII (3.191)

) rJO(AEZ)Yé(AeZ)—Yo(xsnyé(xeﬁ)]

a. = T
II 31n(GII+BII

In a similar way we get for bII from (3.184) and (3.186)

-1
b —{éin(a +8 )[JO(AEZ)Y;(Aez)—Yo(Aez)J;(Asz)j {%inSII[(kizl)sin(k3£152)Y°(A62)+

IT I "II
+cos (k8. e2)Y' () 23- s [1(53% 1) sin (k. 2. €3I (Ae2)cos (k. 2. e2) T (A 2)f7
COS 3 lE o € coSs 11 > sin 3 18 o € +COS 3 16 o €
(3.192)
or
AzsinGII—A1COSGII
brr (3.193)

. 2., 2, .. 2, _, Z
31n(GII+BII)[JO(Ae )YO(Ae ) YO(AE )Jo(ke )]
From (3.185) and (3.187) we obtain the values of aIIand bII in a similar

procedure :

1
aII=[sin(GII+BII)[Yb(xez) Jé(kez)—Yg(Aez)Jo(Asz)ﬂ {sinBII[sin(k32152)Jé(A62)—
k 2
f%ri)cos<k3zlez)Yo(xez)]
(3.194)

k.2

~( i l)°°5(k3“1€2)J0(Ac2)]-cosBII[sin(k3£lez)Y'(Aez)-(
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Defining:

Ay
A

Ay
A

we get for arg:

A3sin8II

-A,cosB
a = 4 11

2, ., 2, k.2 2 2
sin(k3£le )JO(AE -3 l)cos(k3215 )Jo(ke )

~ I N ) 2.0 .2
—sin(k321s )YO(AE -3 l)cos(k3216 )Yo(ks )

II

and for bII:

11
kyty

A

sin(SII+BII)[YO(Asz)Jé(Aez)—Yé(Aez)Jo(Aez)]

1

(3.195)

(3.196)

(3.197)

k.2
b -{?in(GII+BII)[Jé(kez)Yo(Aez)—Jéksz)Yé(Aez)ﬂ_l [}incll[c—%——ocos(k3zlez>4§x52)-

—sin(k3£l€2)Jé(A82)]+cosGII[C————)cos(k3£152)Y0(Aez)—Sin(k321sz)Yé(Asz)ﬂ

and with definitions of (3.195) and (3.196) we obtain:

A.siné

3 II+A4c036II

b= s

81n(GII+B

IT

)[Jo(kez)Yé(Aez)—Jé(AEZ)YO(Aez)]

From equations (3.191) and (3.197) we obtain:

A1COSBII+AZSinBII

-A

A4cosBII 3

SlnBII

(3.198)

(3.199)

2—

sin(GII+BII

or AztanB +A,=A —A3tanBII

IT "1 4

or (A2+A3)tan8II= A4—A1
A, -A
4 1
tanB.__=
II A2+A3
A=A
-1,4 "1
or B..=tan ~(——/, )
IT A2+A3

)[Jo(AEZ)Y;(AEZ)—YO(AEZ)Jé(As[)asin(SII+B

IT

(3.201a)

(3.201b)
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Similarily from equations (3.193) and (3.199) we obtain:

A sin6 -A cosG 51n6 +A cosﬁ

2 11 I1 *._;L, I1
2, o
sin(GII+BII)[J (Ae )Y (e )—YO(AE )Jo(ka ﬂ sin(GII BII)[J (Ae )Y (Ae )—Y (Ae )J(As )]
(3.202)
A tanGII II-A3tan6 +AA
(A2—A3)tan<SII=A4+Al
tans,_=t4thy (3.202a)
or IT T
273
A, +A
and 611=tan 1(1\4 Al)
' 273 (3.202b)

The A A A3,A4, are all known quantities. From the phase angles GIIand BIIthe

values of ary and bII can be computed from (3.191) and (3.193). Knowing now the

values of a;., bII’ GII’ B;; equations (3.180), (3.181), (3.182), (3.183) give

the values of four unknowns a._, b GI’ BI.

I’ 1
a cos(k121+ N )+b cos(k L —BI)= M (3.203)
a sin(k1 1 I) -b 31n(k1 1” I) =M2 (3.204)
-asin(k 2 48 ) -bosin(k, 2 B )=M, (3.205)
a cos(k121+51) bIcos(k111~BI)= M, ‘ff (3.206)
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Where Ml’ MZ’ 3 M,
8y

ar1

' - : ' ' ' =
aIIcoséIIJO(A) a1131n6IIYO(A)+bIIcosBIIJO(A)+bIIsinBIIYO(A) M

[ ] ' — ' =
aIIsinGIIJO(A)+aIIcos611Y0(A)+bIIsinBIIJO(A) bIIcosBIIYO(A) M

From (3.203) and (3.204) we obtain for aIand bI:

M151n(k1

2.-B.)

171

M,, M, are defined as follows:
cosGIIJo(A)—a1151nGIIYo(X)+bIIcosBIIQO(A)+bIIsinBIIYO(A)= M

sinGIIJo(A)+aIICOSGIIYO(A)+bIIsinBIIJO(X)—bIIcosBIIYO(A)= M

—M2cos(k1£1*BI)

a=

cos(kl£l+61)31n(k

similarily for bI

b

1*17B;

)+cos(klll—BI)sin(k1£I+GI)

Mlsin(k121+61) —Mzcos(k1£l+61)

With a similar procedure we get from (3.205) and (3.206) ay and bI:

I sin(klkl—BI)cos(k121+61)+cos(klzl—BI)sin(klzl+6I)

- [M3cos(k121—61) -M4sin(k121—31)]

a -
I sin(kl£1+61)cos(k121—81)+sin(k121—81)cos(k 2. +8.)

and for bI:

—[M3cos(kl

ll+61)

I"'1''1

+ Masin(k121+61)]

b .= —
1 51n(k121+61)cos(k

1%1781

)+sin(k1£l—BI)cos(k121+61)
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Setting equations (3.207) and(3.209) equal after considerable reduction

we obtain:
M, +M
tan(k, 2.-B.) =
11 "1 M4 Ml
or -1 MMy
B =k, %, -tan qﬁgiﬁfo (3.211)

Similarly setting equations (3.208) and (3.210) equal following the same

procedure after considerable reduction we obtain:

M,-M
tan(k1£l+61) =MI;EZ——

and
MZ—M3

M1+M4

_ -1
GI—tan (

)—klIL1 (3.212)
In summary for the C transition of gradually varying width the values of
amplitudes, phase angles, reflection and transmission coefficients are

given explicitly as follows:

(i) Amplitudes, reflection and transmission coefficients:
M1s1n(k121—81)+M2cos(klll—BI)

I sin(2k12i+61—81)

M131n(kl£l+61) —Mzcos(k121+61)

T sin(2k121+61—81) |

, M, X
, , - My

‘ El N 7Sip(Flfl+GI)— M, cos(k121+61)
roa; ‘ _ M2

s1n(klzi—§1)+ ;r.cos(klll—BI)
1

_% - 81n(2k1£1+6x-61)
I M131n(kl£l—EIj+M2cos(klﬁl—BI)
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A cosB__+A sinB

R Ak & S , , , ,
II sin(GII II)[J (Ae )Y (xe )—xﬂke )J (Ae®)]
. ) AZSinBII lcosd
I sin(8 +8 )T (re? 1! (he? )-¥ (2 )a! (ed)]
3 =1 by =0

(ii) Phase angles

§;=tan 1(§i;§z )-ky by
B~ k % ~tan l(iitzi)
§ ;= tan 1(Ai:f§3)
BII=ta“-l(Ai;ikS>
Sr11™Br1r=0
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3.5 Case D of Transition: Parabolic Variation of Depth - Constant Width

+z
T_*’;

N,
S - [
]
I h3
: h(x) T T 77
| ]
'
¥
//l///"-r//ll'/”
le 2
- ~
The geometry of the parabolic transition of depth for a channel of con-
stant width may be assumed by:
2
z=Cx +C (3.213)

1 2

For the determination of Cl and 02 we have:

z= —hl

]
o

at x

Thus from equation (3.213) we get:
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aIcos(klx—ct+51) bIcos(klx+ot—BI)

*
a1

cos(éII—ct)Fl(;)

* — _
by X cos(BII-ot)Fz(X)

*
aIIIcos(ksx—ot+5III) bIII—O

*21—'&
N

i N\~
N ! ~—

. P TN PN N\ /S
S N A B ~C M T :
| , hy
hl | h(x) F////r/r/////////,,,,,p,
! ,
| ——7"7’7J' :
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! |
! 1
= = =1
Bl B(x) B3 constant I
| }
! |
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Plan View
Fig. 10, Schematic Diagram of Case D of Transition

Parabolic Variation of Denth - Constant Width.



Thus C, = 13
1 2
'3
and since
z(x) = -h(x)
we get:
h)-hy hy-hy
h(x) = -[——==" -h,] = h ——=x
2 1 1 2
2 2
or
h_-h
h(x) = h, (1 - =3 42y (3.214)
1 2
27h
1
or
x2
h(x) = hl(l -5 (3.215)
%1
3 u‘——'
h1
where o, = 2 = (3.216)
1 h1 h3
From the geometry of the transition we have:
(i) Region I (Upstream)
B = B1 = B3 = constant - <x g0
= hl = constant - <x <0
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(i1) Region II (Transition)

2 2
B = Bl = B3 = constant 0<xgforOcg EE s'&i
1 %
x2 x2 h1_h3
h(x) = h (1 - ;E) or 0 S‘;E < ( hy ) <1
1 1
x2
The fact that‘—E < 1 is of significance in the following development -
)
1

since the convergence of the hypergeometric series of the problem depends
on it.

(iii) Region III (Downstream)

B.= B, = B, = constant

=)
]
=3
I

constant

From the previous developments for the other cases the combined equation

of motion and continuity (3.112) is:

- B
"tt T B [A(X)nx]x
Since B is constant throughout:
x2
A(x) = Bh (1 - 55) (3.217)
%

Substituting the expression for A(x) into (3.112) we get:
2

n,, = ghy (@ - 55 On,] (3.218)
Otl X
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Assuming a solution of simple harmonic motion of the type n(x,t) °-=T\-(x)e'-ict

and substituting nxx’ n and ntt'

La-% )-—d“]+——02 n=0 (3.219a)
dx 0t2 dx ghl n : a
1
Putting X =X and dx _ o,
oy dx 1’
d 2, dn; 62“§4—
SlQE D Hl + ah, n=20 (3.219b)

This is a special case of the Sturm-Liouville equation. The solutions
when satisfying given boundary conditions are known as eigen functions.
In order to solve this equation we restrict the expression of the eigen
2 2
o o

values oh 1 to the values n(n+l) wherein n = 1,2,3.... Equation (3.219B)
1
has the following form:

(x°-1) % + 2x

dx

- n(n+l)n=0 (3.220)

&115

This is the Gauss-Legendre differential equation which has solutions in

. - X
convergent hypergeometric series since !x| = fa—l < 1.

It should be noted that the restriction imposed on the expression of
eigen values:
02a2 1
1 1

o

/9
[n(n+l)gh1] (3.221)

ah = n(n+l) or o =

1 1

gives the admissible values of frequencies ¢ for n = 1,2,3..., i.e. the
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different modes of the boundary value problem and therefore the different
wave lengths for each channel depth. The solution of equation (3.220) is

given by:

- 1 1- 24n 3 -
n(x)=ClF1(—%, L2-"—n-,§,x)--l-c 2(2n’—2_’§’x)

(3.222)

wherein Fl(;c-), Fz(;) are convergent hypergeometric functions defined as

follows:

= _ . a(at+l)...(otv-1)...8(R+1)... (8+\)—1)—'\)
9(@>B,7,%) =1 "2 N ¥ (y+1) ... (y+v-1)

v=1

(a+v—1) (B+v—l)

_ Vv v -V
=1+ E T (3.223)

v=]1

= p.S hl_h3 Y X
The above series converges for |X| < 1, since x = — = (<) — is
@y hl 2
always smaller than unity. The differentiation of the hypergeometric
function (needed in using the B.C.) is permissible.

In the above series we have for F. associated with an arbitrary

1
constant of integration Clz
B g lm 1
@ 2 ° 2 Y772
and for F2 associated with 02
lon o _ 2o 3
@="2 > 2 VT2
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Taking into consideration the time component equation (3.222) is:

n(x,t) = e %% = [C)F, )+ XC,F, e (3.224)

iG
I II
the yave surface elevation n(x,t) over the transitional region II can

be written as:

Considering Cl and 02 as complex constants of the type C.= 1T

- * - * _ _
n(x,t)= aIIcos(GII*GI)Fl(x)+ bIIX cos(BII—ot)Fz(x) (3.225)

For the upstream and downstream regions I and III the solutions are as in
the former cases A, B and C:

*
Ny (x,t)= a cos(k X-ot+8 ) + b cos(k

1% x+0t—BI) (3.226)

1*1

nIII(x t) = cos(k3alx—ot) (3.227)

assuming that there is no reflected wave in the downstream region, i.e.
s * %
b =0. Considering the amplitudes in dimensionless form a a /a ,
III * % T ITT
=b
I I/bIII, efc., and inserting the following B.C.

n (X,t)! =N (x,t)l ; n (Xst)l = N (X,t)'
I %x=0 II =0 II %=1 IIT %= &

[n (X,t)] = [n (X’t)] 5 [n (X,t) ] =[n (X,t)]
I x| x=0 - x | x=0 ’ I x|x=2 Il x|x=2
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ki)
we get after evaluation of these relations for ot=0 and ot=g :

a cosdI + blcosBI = a cosGIIFI(O)

I II

aIsinGI + bIsinBI = aIIsinéiiFl(O)

kla sind +b_k. o sinBI= a..cos$ (0)+b cosB

I '17171 I1 11 l (©

-ar 11%2

k a cosd_-b_k.a cosBI = aIIsind

%1% I P1 1%1 (0)+bIIF2(0)sinB

I1 1

L _ 2
a IcosdII 1(2)+b cosB Fz(l)ai?cos(k3 )

a 31n6 (2)+b sinB

1 111 (2) sin(k32)

11 2 oy

arq cosGII 1(l‘) + [ F' (2)+F (l)lb cosBII= —k3alsin(k32)

a k alsin(k3£)

3

1 2’ 1
IIainGIIF 1(2,)+ [&iF 2(2)+F2(2,)]bnsin6II

Defining
F + F -F
,(8) + F (1) = F, ()
the system of equations (3.233) up to (3.236) becomes:

aIICOSGII l(2)+~b cosBIIFz(l) I cos(ksz)
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(3.230)

(3.231)

(3.232)
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(3.235)
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ary 81n6II 1(2,)+b sin(SII 2(2,) a =sin(k32) (3.238)
a IcosSII l(2,)+bII 2(z)cosﬁI lsin(k3£,) (3.239)
aIIsimSII l(SL)+bIIF§(l)sinBII—k3a1cos (k32) (3.240)
Function Fl(i) evaluated for x=0 is:
F (0) = F, (a,B,y, 3) =1 (3.241)
1|x=0
and
I+
= X af --Qg——-.
PO F@Er 0) o a2 2 2omlin) (590
x=0 Y ’ —2-
The same function for x=% results in:
Fl(z)s F (a,B,y, x)l_ . =1 + as(& )
x== 1
1
+ aatlB(BH) (o )2 + aatl) (a+2) B(BH){B+2)(a S
12-y(y+1) oy 1423y (y+l) (y+2) )
. alat+l) (at+2)...(a+tv-1)8 (B+1) (B+2)...(8+v-1) (H’ +. (3.243)

1.2.3....7 (+1) (§+2).. x+v-1) &

and
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2( )+
%

P (= F)(a,B,7, x)l =—§ + a(atl)B (B+L).
1.2,y (y+1)
d
1
+ ..a(a+l)...(a+v-l)B(B+1).,...(B+v—1)d (&)\)"1 +

1.2...v.y (y+1)...C(y+v=1) %

(3.244)

In all above expressions for F (0), F! (0) F (2), F' (2) the coefficients

are: a= - 0,8 = lig Y = % :

-rﬁe hypergeometric series f; (values of coefficients
=1l=n 2+n 3 )
a sB8 = =

2 " can be evaluated as follows:

_ x _
F2(0)= F2(a,8, Y 'a) | , =1 (3.245)
1'x=0
F}(0)=F}(a,B,y,% ), =-<1mm)(Zm) (3.246)
2 2 o | : 6
1 'x=0
Y iu 1.2.y (y+1) a
-8 1
x= =
o

+...a(a+l) (a+2)...(at+v-1)B (B+l) (B+2)...(B+v—1) ) (3.247)
1.2.3...v.y (y+1) (y+2)...(y+v-1) %
Fé(z)s Fé(a,s,y,i =a8 + a(at+l)B (B+1) 2(&—)+...
- 7 1.2.y. (y+D)
x=_ 1
1
+..._a(atl). .. (atv-1) B(B+1)...(B+v-1) (&_;'1 (3.248)

1.2....v.y (y+1)...(y+v-1) o

Under these determinations for F1 and F2 we can solve the system of equations
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(3.237) up to (3.240). From (3.237) and (3.238) we get for the amplitude

aII:

e

a ;?Z[sinBIIcos(k32)—sin(k32)cosBII]

II
Fl(z)[cosGIIsinBIIsinGIIcosBII]

2

p sin(BII—k32)
apr=-i .

F1(2)31n(pII—GII)

From equations (3.239) and (3.240) we get for the amplitude a

-k,0. [sin(k, 2)sinB__+cos(k,_ 2)cosé. ] f
a .= 231 3 11 3 I -k 0, cos(B -k 0)

II Fi(z) [cosdilsinBII—siPﬁlcosBII] Fi(l)sin(B -8..)

ITI II

Setting equations (3.249) and (3.250) equal we get:

K3 F (9

)=
QFI(Z)

tan(BII—k3 -

and

2
£+tan—l[—k3alFl(2) ]

lFi(R)

brr=kg

Similarity for the amplitude bIIfrom (3.237) and (3.238) we get:

sin(kBQ—SII)

IT=

Fz(l)sin(B )

117811
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From equations (3.239) and (3.240) we get:

b =k3alcos(k3£—611)

(3.253)
I FX(2)sin(B

11'611)

Settiﬁé equations (3.252) and (3.253) equal we get:

=k3a1F2(2)

tan(k3£—6
FE(Q)

II)

or

k. a F_()

6 g GRS (3.254)

=k_f-tan
II 3 FE(Q)

With the values of amplitude a bII’ and phase angles BIIandé

11’ I1’
known the system of equations (3.228) up to (3.231) can be solved.

Defining:
aIICOSGIIFI(O) = aIIcosdlI=Al (3.255)
aIIsinGIIFl(O) =b, (3.256)
1
1 [aIIcosdlIFl(0)+bIIcosBIIF2(0)]=A3 (3.257)
k.a
171
. [] . -
1 [a1131nGIIFl(0)+bIIF2(0)31nBII] A4 (3.258)
k.o
171
Hence the system of equations (3.228) up to (3.231) becomes:
aIcos<SI+bIcosBI=A1 (3.259)
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From (3.259) and (3.260) we get:

a -
I cosGIsinBIs1n61cosBI

%1

a.siné +b 31n6

I 2

—aIsin51+bIsinBI =

I

(AlsinBI—Zﬁcosﬁl)

a coséI—bIcosBI =

SAlsinBI—A2cosBI)

and from (3.261) and (3.262) we get:

a

(A cosB +A431n6 )

(A cosB

sin(BI—Gi)

4

sinBI)

I —s1n6IcosBI+31nﬂIcosdi

1n(BI-81)

Setting equations (3.263) and (3.264) equal we get:

or

or

1

A sinBI—AzcosBI

3

AltanB A2

A A -
j+ 4tanBI

A cosBI+A4sinB1
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In a similar procedure we get for bIIfrom (3.259) and (3.260):

Azcosdl_-AlsindI (3.266)

I sin(BI-GI)

b

and from (3.261) and (3.262):

i (A4sinGI+A3c055I) (3.267)
I sin(BI-GI)

b

Setting equations (3.266) and (3.267) equal we obtain:

Azcosél—AlsinGI = A3cosﬁI+A%31n61

A~ =
2 AltandI A3+A4tan6I

(A4+Al)tan6I =A2—A3

A, -A

I A1+A4

tand

B0

"2 73

§_.= tan(s~—— ) (3.268)
A_+

I 1 Ai

In the summary for the transition D of parabolic variation of depth the values

of the amplitude and phase angles, reflection and transmission coefficients

are given explicitly as follows:

(i) Amplitudes, reflection and transmission coefficients:

. A3COSBI+A4

I sin(BI—GI)

sinBI
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AzcosBI-—A1

I sin(BI—cSI)

sinBI

b

< =wEl ] AZCOSGI—A131n61
r aI A3cosBI+A451nBI
1 sin(BI—GI)
K=—= -
t ar A3cosBI+A451nBI

- L sin(BII—RBQ)
II ulFl(Q) 81n(BII—6IB

b = 1 sin(kBQ—GII)

II -
F2(2) s1n(BII—GII)

(ii) Phase angles:

-1 ,72°°3
§.=tan (7
I A1+A4
A +A
Fftan_l (AZ-A3)
1 74
k. o.F.(2)
_ L.-1,.73"172
SII = k32 tan (__fgfif")
“k_alF. (1)
B_.=k.2+tan _1( 3 11 )
IT 3 [Fi (2)
) S8 .
ITI ~ IIT



3.6 Numerical and Experimental Evaluation of the Theoretical Development.

Reflection and transmission coefficients were evaluated numerically
in accordance with the developed theory and the results were compared

with some experimental points for the case of transition A.

The numerical evaluation of Kr and Kt on the basis of this theory
(for small amplitude shallow linearized wave motion) is in essential

agreement with the experimental results as it is shown in fig. 11.

The numerical evaluation was based on the experimental runs A-96,

A-101, A-110, A-112, A-117, A-120, A-123, A-126, A-129.

It should be noted than only part of the experimental results can
be compared with the developed theory, i.e., the experiments which are

within the range of shallow water depth waves.

The numerical evaluation followed the theoretical development with
the calculation of the eigen-values, of the Bessel functions, of the
1> Ba» Bys By Spps Byps 87y, byy, and

finally of the reflection and transmission coefficients.

quantities Al’ A2, A3, A4, and B

The quantity on the basis of which the reflection and transmission

coefficients were plotted is the dimensionless quantity,
2 27 h3
kgt = (1—3' )QLMFI—)

which is the most representative of the wave conditions (i.e. wave fre-
quency, depth ratio variation) and the geometry of the transition (i.e.

length and slope of the transition.)
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The following comments are appropriate:

i) The experimental values of reflection coefficient Kr as function
of the parameter (k32162) are higher than the values predicted by the
theory, while the experimental values of the transmission coefficient
Kt are lower than those given by the theoretical development. This

trend is confirmed by the results given in Figure 11.

ii) The variation of both reflection and transmission coefficients
in Figure 11 is not of the monotonic type in accordance with the theo-
retical expressions of Kr and Kt containing Bessel functions and sinu-

sqids.

iii) In Figure 11, values of the transmission coefficient given
by the Green's Law are entered for comparison. It is seen that these
transmission coefficients do not differ greatly from those predicted
from the above developed theory. It is to be recalled that the corres-
ponding points for the reflection coefficients would be zero in accor-

dance with Green's Law of undiminished energy transport.

In general reflection coefficients have little bearing on the

value of transmission coefficients.
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Considerable time was spent for developing computer solutions for
Kr and Kf values in accordance with the theory. However, considerable
difficulty was experienced in debugging the program and at this time no
results are available. For this reason desk calculations were performed
to evaluate the theoretical expressions of Kr and Kt as presented in

Figure 11.
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IV. EXPERIMENTAL EQUIPMENT FOR THE TEST PROGRAM

4.1 Feneral Description of the Wave Tank and the Transitions A, B, C

Figure 12 gives a schematic representation of the equipment and the
experimental tank used for the present investigation.

The detailed description of the set-up is given in the previous Technical
Report No. 72 of the M.I.T. Hydrodynamics Laboratory.Briefly reviewing the
essentials, the wave tank is of rectangular cross section with a length of
100 ft., a width of 2.5 ft., and a depth of 3 ft. The wall over the entire
length and 40 ft. of the bottom is the upstream section near the wave region
of the channel are of plate glass. The remaining 60 ft. of the channel bottom
consist of steel plates. Two wave makers, a piston type wave maker or a flap
type wave maker are available at one end. Energy absorbers were placed at the
other end of the channel, different in shape and arrangement according to the
type of transition A, B, or C. Near the wave maker at a distance about 4 ft.
an expanded aluminum filter is located to smooth out secondary wave distubances.

The test program was conducted with three linearly sloping transitions:

(i) Transition A (figure 13) with linearly varying depth with a slope of 1:8
(0=7.16°) and constant width Bl=B3 upstream and downstream. The depth re-

duction over the length of the transition is one foot.

(ii) Transition B (figure 14) with linearly varying depth with a slope 1:8
(0=7.16°) and a symmetrical side wall contraction of 1:12.80 (o=4.46°) over
the distance of 8 ft. from the beginning of the transition, thus the width
of the channel downstream is B3 = Bl/2.
(iii) transition C (figure 15) with linearly contracting walls a rate of 1:25
(0=2.29°). This transition had a length of 2=15.60 ft. leaving a downstream
width B3=Bl/2 The depth remained h3=hl=constant. The toe of each of these
three transitions above was 40 ft. from the flap type wave maker.

The low depth region h_=constant for the A and B transitions extended to

3
the end of the channel, about 37.55 ft. downstream from the end of the transition.
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In both cases the beach at the end was elimated. 1In case A the beach
used previously as an absorber was replaced by a tubular wave energy dissipator
followed by an aluminum wool placed in the short end section of larger depth.

In transition B for which the width was one half of the upstream region
only an aluminum wool wave absorber was placed at the end.

In transition C where also B3=B:1Q again only an aluminum wool wave ab-
sorber was placed at the end.

In transition A and B both piston and flap wave maker were used and waves
of short (deep water), intermediate and long (shallow water) type were generated.

In transition C only the flap type wave maker was used and short(deep water)
and predominantly intermediate waves were generated. The length of this transit-
ion 2=15.60 ft. reduced significantly the length of the downstream region.

The measuring devices, wave gages and carriages, energy dissipators and
filters, Sanborn recorder and counters employed for the experiments were the same
as in previous investigations (7). Also, the method of the analysis of the
experimental results is similar to that used in previous investigations (7).

For the C transition experiments were carried out with the newer model of the
Sanborn recorder which had better stability and response than the Sanborn used
initially in the testing program.

In the case of the A transition, as in previous investigations (7), a
tubular breakwater was put ahead of the aluminum wool energy absorber and employ-

ed as an additional dissipator (figure 12).
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V. PRESENTATION AND DISCUSSION OF RESULTS

5.1 General System of Presentation

Experimental results are presented in tabular form in Appendix B
and in graphical form in this section. The results are generally ex-
pressed in terms of the pertinent wave parameters: reflection and trans-
mission coefficients as defined in Section II.

wave steepness I—Il/L1
channel depth ratio h3/hl

group velocity ratio C /CG

3 71

reflected and transmitted wave energies in terms of incoming wave energies

G

dissipated wave energies in terms of incoming wave energies.
The experimental results are given in two forms:
1. The measured quanities were used to compute the
results without correction for reflection from the
end of the channel (see Tables I, II, and III),
2, The measured quantities were converted to results that
may be expected in an endless channel on the basis of
the corrections for zero end reflection as developed by
Ursell (10) (See Tables IV, V, and VI).
For ready references the tables and graphs are identified with respect to
the type of transition, i.e. A, B, and C (see Section IV), and with regard
to the type of the incoming wave, a) for deep water and intermediate depth
waves and b) for shallow water or long waves. Hence, for transition A the
tabular presentation is given in Tables Ia, IVa, and Ib, IVb; for transit-

ion B in Tables IIa, Va and IIb, Vb, etc.
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5.2 Range of Experimental Conditions

For Transition A the tests covered Rums A-1 to A-94 for deep water

and predominantly intermediate depth incoming waves as listed in Tables
Ia and IVa. The frequencies T for these waves range from .766 seconds
to 3.96 seconds with wave length Ll = 3.00 ft. and Ll = 30.92ft.
respectively. For this group of experiments the depth in the approach
channel were changed from 27" to 15" in five steps; since the transition
height is constant at one foot, the corresponding depth ratios hllh3
varied from 1.80 up to 5.00.

Runs A-95 through A-161 fall into the range of shallow water waves
with regard to the incoming wave. Their frequencies are given in Tables
Ib and IVb varied from 4.52 seconds up to 12.2 seconds, with corresponding
wave lengths from 35.5 ft. to 77.0 ft. for essentially the same range of
depth ratios as before.

For transition B the experiments extended from Runs B-1 to B-82 for

deep and intermediate depth incoming waves as listed in Tables IIa and

Va. The frequencies T for these waves varied from .903 to 3.44 seconds

with wavelengthsL1 = 4.15 ft. to Ll = 28.10 ft. For this group of tests

the depthSin the upstream region of the channel were changed from 27" to

18" in four steps with corresponding depth ratios hl/h3 from 1.80 up to 3.00.
Runs B-83 through B-121 fall into the range of shallow water waves with

regard to the incoming wave. Their frequencies are given in Tables IIb and Vb

varied from 4.20 seconds up to 8.62 seconds with corresponding wave lengths

from 34.70 ft. up to 59.60 ft. for the same range of depth ratios as in prev-

ious cases of the deep and intermediate depth waves.

For Transition C for constant depth the tests covered Runs C-1 to

C-52 for deep and intermediate depth incoming waves as in Tables III and VI.
The frequencies T for these waves range from 1.05 seconds to 3.09 seconds
=L, =5.60 and L, = L= 25.00 ft. The

1 3 1 3
depths for this group of tests was varied from 27" to 17" in three steps.

with corresponding wave length L
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The results for transitions A, B, and C are presented also on the
basis of corrections made for channel end reflections by means of the
Ursell method. These converted values are listed in Tables IV, V and
VI for the transition A, B, and C respectively. These coﬁputations were
carried out by computer programs P_ and P in Fortran language as given

I II

in Appendix C. The PI program is based on the measurement of the upstream
wave length LI for the range of deep-water and intermediate depth waves.
For shallow water waves the PII program was used on the basis of a measured
downstream wave length L3. The PI program was verified by analyzing Run A-2
by desk calculation. This confirmation is presented in Appendix A.

5.3 Experimental Results for Deep-water and Intermediate Depth Waves.

a. Reflection and Transmission Coefficients as a Function of Wave

steepness

The figures 16, 17 and 18 represent a summary of the reflection and
transmission coefficients as affected by wave steepness of the incoming
wave Hl/Ll. All values have been corrected for end reflection and are
listed in Tables IV, V, VI. The large scatter common to all such
experiments had to be represented by an average line. Nevertheless, a
decided decrease is notable, as found previously (7) in the reflection

coefficients with increasing wave steepness, which varied from .002 to

.06. Kr decreases in this range from .375 to .20 for transition A as
shown in figure 16. For transition B this trend is more strongly present
in figure 17 with maximum values of Kr decreasing from .60 for correspond-
ing wave steepnesses. This is expected as the transition is one con-
taining decrease in depth as well as in width. Transition C shows consid-
erably larger experimental scatter for the Kr values as given in figure 18.
However, the trend for the decreasing width of the channel of constant
depth is still downward from approximately Kr = ,40 within the range of
wave steepness tested.

It is to be noted here that wave steepness is not a parameter appear-
ing in the theoretical analysis, hence the reason for the variation of
the Kr values, now well confirmed, is not readily apparent. It is possible
that some of this effect can be accounted for by the variation of the
energy dissipation, which was not considered in the analysis of the exper-
imental Kr values. This concept is followed up in the subsequent present-

ation of the energy balance in section c.
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It should be noted also that the scatter is not related to variations
in the depth ratio hl/h3 as is evident from the plots presented in section
d.

Transmission coefficients presented also in figure 16 to 18 again

exhibit a more moderate decrease with increasing wave steepness from

values of Kt = 1.10 to .95 for transition A; Kt =1.50 to 1.25 for transi-

tion B; and Kt 1.35 to 1.30 for transition C. It is clear that the

higher values of transitions C and B are primarily due to the channel

side contractions Bl/ 3 = 2.

b. Reflection and Transmission Coefficients as a Function of Group-
Velocity Ratio.

Figures 19 and 20 present the results for the reflection and trans-
mission coefficients in relation to the wavé group velocities in the
channel downstream and upstream of the respective transitions A and B.
Again the evaluation is hindered by considerable scatter; however, the
trend of the values is decidedly downward with increase of the group
velocity ratio. It is also confirmed that for more gradual transitions
the values lie generally above those given by Lamb's theory for abrupt
transitions. It must always be recalled that this theory is not applicable
here as it was derived for shallow water waves only, but it is used for
reference. It is noted from the numbers at the experimental points that
wa&es of higher steepness are associated generally with higher values of
the group velocity ratio. This is due, however, to the limitations imposed
by the available wave maker characteristics and is not inherent in the
physical process. The higher group velocity ratios are generally associated
with the shorter waves in this range of intermediate waves, which are
produced with relatively larger amplitudes. This point to the possi-

' bility that the trend for the reflection and transmission coefficients
in figure 19 and 20 is influenced to some degree by energy dissipation
as already noted under a.

For comparison the previous results by Bocco-Gagnon (6) and
Alam (7) for more abrupt and a more gradual transition respectively are
shown by their average lines in figure 19. The only general conclusion
possible at this time is that gradual transitions result in higher re-
flection coefficients and lower transmission coefficients as the transi-
tion slope decreases. This trend is confined primarily to the reflection

process, although here the results for the 1:16 slope lie somewhat below
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the new values for the 1:8 tramsition.

In general it may be noted that for the range of intermediate waves
considered here the transmission coefficients are only approximately 5%
below those that may be computed on the basis of undiminished transmission
of the wave energy. This assumption of constant energy transmission would
result for the case of tramsition A in a3/al = (CG /CG ) 1/2.

c. Wave Energy Dissipation, Transmission and ref}ection as a Function

of Wave Steepness.

For the evalution of the experimental results an attempt was made
to analyze the wave energy conditions upstream and downstream of the
various transitions termed A, B and C. The following scheme on the energy
flux by wave action was adhered throughout employing the usual assumptions
of small amplitude, linearized wave theory. These relations hold for deep
water and intermediate depth conditions as well as for the shallow water

waves considered in Section 5.4.

In accordance with the notations of the following sketch:

B R
al l’ L Lt LA LLL

!
B l [P i

A-———..a3 B

3

2

- -—— ' - 84

¥ -

A e aid
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the balance for the energy flux of the wave system can be stated as

follows:

energy inward energy outward

2 2 ) 72 2 ' 2

! 24 22 3 24
Yy &5 B, C +Y¥— B, C -y35>—B, C, -y>=B_,C, =y—B. C

2 1 G1 2 73 G3 2 1 Gl 2 73 G3 271 Gl
incoming reflected reflected transmitted energy
wave from end of wupstream downstream dissipated
energy channel in transition

downstream

Dividing through by the incoming wave energy flux (first term) the equation

is:

2 C 2 2 C 2
a4 , B3 G3 : a2 a3 33 G3 ~ a2
GO 5 - @) -G 5. c. - (a
1 1 G 1 1 1 G 1
1 1
Ein ~E t
[Percent Energy Loss= AE(%Z) = —~—ir—22—-x 1007% ]
in

For convenience this equation is rewritten with alternate notations

for the same sequence of terms:

ErB\ ErT ET - E1oss

1 1 1 1

For transition A the variation in channel section is due only to change

in depth, hence BS/Bl =1. The above individual ratios were evaluated

for all the runs from the amplitudes determined from the measured wave
enevelopes upstream and downstream of the transition. These energy
characteristics are plotted as a function of wave steepness in figure 21.
Extreme scatter is observed for the lowest values of the wave steepness,
which must be attributed to the limits of accurate experimental measure-
ments. In general the variations in energy flux were relatively small;
reflected wave energy being only of the order of 2 to 10% of the incoming
wave energy. Dissipation as expected is increasing with wave steepness
and varies from 1 to 6% over the range covered experimentally. An addi-
tional difficulty was encountered through the reflection from the down-

stream end of the channel. Despite attempts to minimize this reflection
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by various wave absorbers, the reflected energy from this source exceeded
7% of the incoming wave energy for higher values of wave steepness. In
summary, the evidence presented in figure 21 must be viewed primarily as
of statistical significance, but it nevertheless indicates correctly the
essential trends. This holds also for the following presentations for the
other transitions analyzed in the same manner.

In tramsition B both the channel depth and the width decrease and

therefore reflection and transmission phenomena are amplified to some
moderate extent as seen in figure 22. It must again be kept in mind that
the difference in incoming and transmitted wave energy is only of the order
of 10% of the incoming energy, i.e. reflection and dissipation are affected
heavily by any inaccuracies in amplitude measurements. This difficulty
inherent in the experimental results accounts for the large scatter of
points which is obviously greatest for the lowest values of wave steepness.
Considering this, it is nevertheless seen that again the reflected wave
energy is decreasing with increasing steepness, while the dissipation
exhibits the reversed trend. It is difficult to judge, therefore, in

view of the essentially constant values of the transmitted energy flux,
whether wave steepnéss within the range covered, has indeed any marked
eéffect on the transmitted energy flux.

Transition C, involving a contraction of width at constant depth,

shows again the same variation in the energy components as transiticns A.
All comments pertaining to the experimental points made for A and B apply
also here.

As a general conclusion it can be stated only that for the three
geometries of transitions studied the wave reflection and transmission
process depends relatively little on the wave steepness and, also that
energy dissipation is markedly increasing with wave steepness relative to
the incoming wave energy expressing a resistance coefficient increasing
with wave amplitude.

d. Reflection Coefficients for Transition A Compared to Reflection from
beaches.

Miche (i2) has given a theory for wave reflection from smooth plane
beaches in terms of a critical deep water wave steepness, which is a

function cf the beach slope B. 1/2 . 2
sin B
m

da ) - 8,
o crit.
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The reflection coefficient Kr is given by him as:

T L
o)

crit.

L
K =G - G
[0}

At the critical condition Kr is obviously unity.

It was throught to be of interest to compare the results for the
reflection coefficients of transition A with this theory, for which
Ursell, Dean ans Yu (11) had previously provided some experimental values.
This may be justified on the basis that in the limit for h3=0 the two
reflection processes become identical. TFigure 24 gives the results as
previously stated in figure 16, i.e. the reflection coefficients Kr as a
function of wave steepness Hl/Ll. The curves according to the Miche theory
are given for beach slopes of 1:15 and 1:8 for comparison with the ex-
perimental results of Ursell, Dean and Yu for a beach of 1:15 slope and
of the transition studies 1:16 and 1:8. The results for the latter studies
were not reduced to deep water wave steepnesses (HO/LO) since the shifting
of the points did not seem too important in this context. It is seen that
the present studies result in considerably higher reflection coefficients
for the lower wave steepness range. The variation in values is not as
marked as predicted by Miche. The results for the milder slope of 1:16

are lower in the average than those for the steeper slope.

5.4 Experimental Results for Shallow Water Waves.

In line with the usual definition for shallow water waves the experi-
mental results included in this section are those for hl/L1 ratios around
the values of 1/18 to 1/38. The relatively narrow range of h1/L is

1
governed by the physical dimensions of the wave tank.
a. Reflection and Transmission Coefficients as A Function of Wave
Steepness.

Figure 25 for transition A gives the experimental results for the

shallow water waves exhibiting a decrease of the reflection coefficients

4 to 50.1074 . The

wave steepness is smaller in the average than for the intermediate depth

from .45 to .16 with steepness increasing from 2.10

waves, for which the comparable results are given in figure 16. The

range in magnitude of Kr is not very different from that in figure 16.
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Generally the scatter is within the extreme values of Kr'

However, separating the data essentially according to ranges of Hl/Ll
ratios was held to be meaningful with respect to the effect of this
parameter. Hence the scale of steepness in figure 25 was expended ten-
fold over the scale of the ordinate in figure 16.

The transmission coefficients are seen to match up very well from
figure 25 to figure 16. If the results were combined into the same plot
continuously decreasing trend would become more obvious. For waves of
lowest steepness in the shallow water range the transmission coefficient
Kt has a value of 1:15 in figure 25 decreasing only to 1.07 at the highest
steepness for this range. In figure 16 this last value coincides with
the value for the lowest steepness on this plot, decreasing further to
Kt = 0.95 for the highest steepness reached in the experiments of

Hl/L = 6.10_2. The total range of the wave steepness is seen to extend

’from:LIO'4 to 6.1072,

As is expected the reflection and transmission coefficients for
transition B are generally higher than for transition A aslo in the
range of the shallow water waves. This effect is due to the combination
of reduction of depth and width. Again the scale for wave steepness has
beer. expanded by a factor of 10 in figure 26 as comparesd tothe ordinate
of figure 17. The values of the transmission coefficient again in-
dicate a decrease over the entire range of wave steepness covered by figure
17 and figure 26 although the absolute change is very much less than for
transition A. The reflection coefficients for transition B for shallow
water waves are generally lower than for the intermediate depth wave
conditions, indicating a dependence not only on wave steepness but also
on the relative depth ratio hllLl' The effect of depth is most pronounced
for shallow water waves as demonstrated in the correlation of the reflection
and transmission processes with the wave velocities in the upstream and
downstream sections of the transitionms. '
b. Reflection and Transition Coefficients as a Function of Group

Velocity Ratio.

The reflection and transmission coefficients in Figure 27 and 28
representing results for transitions A and B exhibit the same trends as
in Figure 19 and 20. Generally the coefficients decrease with increasing

values of the group velocity ratio. For the shallow water waves group
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velocity ratios obviously depend only on the depth ratio and therefore
remain below unity. Reflection coefficients for transitions A and B are
somewhat lower than for the intermediate depth conditions. Transmission
coefficients, however, are essentially the same for transition A for
both wave ranges. For transition B the transmission coefficients in
figure 28 rise above Lamb's solution for abrupt transitions, while figure
20 for intermediate depth waves shows values very close to those for
abrupt transitions. For all results again the interpretation of the
data is made somewhat difficult in view of the scatter.
c. Wave Energy Dissipation, Transmission and Reflection as a Function
of Wave Steepness.

Figures 29 and 30 represent a correlation 6f the wave energy dissi-
pation, transmission and reflection as affected by the wave steepness of
the incoming wave Hl/Ll° The energy flux evaluation was done on the
same basis of energy flux analysis as in case (c) of section 5.3. Extreme
scatter is observed especially for the lowest values of the wave steepness
due mainly to inaccuracies in amplitude measurements. The scale of plotting
is obviously too large, but was chosen to be consistent with the earlier
plots. For transition A the energy flux transmitted is of the order of
0.850 up to 0.985 of the incoming energy, while the variations in re-
flection is of the order of 2 to 127 of the incoming wave energy. Dissi-
pation is increasing with wave steepness and varies from 2 to 5% of the
incoming energy, as was observed before for intermediate depth waves.

To be noted here is the fact that for many runs of shallow depth
range (A-101 to 161) the transmitted waves were in the breaking range.
These points were therefore, not included in figure 29 in view of the much
higher values for the dissipation. These results are plotted separately
in figure 31 presenting the percentage of energy dissipated against a
breaking parameter defined by Longuet-Higgins (40). This breaking

parameter is defined as Kb = L2 a ./ h3, which is equivalent to
3 171" 1

H
248(5%) (Elﬁ_) . Longuet-Higgins specifies that this parameter should
1M1 2
have values very small as compared to lgﬂ = 52,53 in order to consider

the waves still within the range of the linearized small amplitude wave
theory employed in the present analysis. In figure 31 it is seen that
breaking waves were observed first for Kb values in upstream region I

of 10 as high as 78. Between these limits the energy dissipation evaluated
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Fig. 31. Energy Dissipation vs. Breaking Parameter Kb

by linearized theory is rising from approximately 157 to 50%. It is
appreciated that even for lower values of the Kb parameter the waves can
hardly be expected to conform to the wave form assumed in the analysis
for the downstream channel, since they generally fall into the range of
non-linear, finite amplitude waves. This fact is probably an important

additional reason for the observed scatter in figures 29 and 30.

For transition B the flux of reflected and transmitted wave energies
are modified as seen in figure 30 over the corresponding values given for
transition A. As expected, the reflected energy is somewhat higher and
the transmitted energy lower in view of the more rapidly converging
section. These effects, however, are not too pronounced. The energy

dissipation also is higher, varying from 2 to 8% of the incoming energy.

-128- -



VI. SUMMARY AND CONCLUSIONS

6.1 Review of Theoretical Development

The theoretical approach 1is restricted by the difficulty that general
treatment on the basis of a velocity potential with appropriate boundary
conditions is presently not possible for the problem of the general wave
transformation in channel transitions.

However, during the course of the study two limited theoretical
treatments pertaining to some restricted phases of the problem became
apparent.

1. Making no restrictions with respect to the type of incoming wave
a general expression of the integral type was developed on the basis of
undiminished transmission of the wave energy. No reflection and dissi-
pation is considered. This expression was solved on the one hand for
shallow water waves, the result confirming Green's theory; the other
solution was derived on the basis of restriction to intermediate depth
waves over the entire transition for which the hyperbolic tangent tanexh
can still be assumed close to unity. This approximation resulted in an
exponential expression for the amplitude of the transmitted wave relative
to that of the incoming wave.

2. Restricting the treatment to shallow water waves specific re-
flection and transmission coefficients were derived using small amplitude
linearized theory. Assuming harmonic components of wave motion throughout
the transition, solutions were obtained for the following four cases:

A - for linearly varying depth and constant width
B
c

for linearly varying fepth and width

1

for linearly varying width and constant depth

D - for parabolic variation of depth and constant width
The solution resulted in each case in specific expressions for the re-
flection and transmission coefficients in terms of the parameters of the
incoming wave, the geometry of the particular transition and trigonometric

functions involving the phase angles of the various wave components.
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The theoretical expressions for Kr and Kt involve Bessel functions of
zero order for transition A and C, of the first order for transition B and
hypergeometric (Legendre) functions for transitioms D.

Numerical evaluation of the above theoretical expressions was performed
by desk calculations for the experimental runs of the case A of transition.
The theoretical wvalues of Kr and Kt were compared with the experimental
results and have been ploted against (k3£152) in fig. 11. Theory and

experiments are in fair agreement.
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6.2 Review of Experimental Results

The experimental part of the program has been conducted to deter-
mine the wave reflection and transmission phenomena through channel transi-
tions of varying geometry connecting two prismatic channels of constant
cross section. The analysis of the experimental results was conducted
within the framework of linearized small amplitude wave theory and the
essential experimental results were reduced to correspond to those compar-

able to an infinite channel of transmission.

The following are some general conclusions that may be drawn from

this phase of the investigation.

1. The reflection coefficients decrease considerably with increasing
wave steepness for the entire spectrum of wave conditions from deep and
intermediate depth to shallow depth water waves for all transitions of

linearly varying depth and width, A, B, C.

2., The transmission coefficients as a function of wave steepness
exhibit a more moderately decreasing trend with increasing steepness for
the entire spectrum of waves. This trend is not always clear due to the
presence of considerable scatter, which is normally associated with such

tests.

3. The reflection coefficients when correlated with the group velo-
city ratio for short and intermediate waves have higher values than those
given by Lamb for abrupt transitions. The trends established in previous

investigations (6, 7) were confirmed by this study.

4. The transmission coefficients as a function of group velocity
ratio for short and intermediate waves have lower values than those given
by Lamb's theory for abrupt ::.ansitions. Again a confirmation is given
by this study of the trends explored in previous investigations.

5. The reflection and transmission coefficients for shallow waves
follow generally the trend, in relation to the wave velocity ratio, given
by Lamb's theory for abrupt transitions. The reflection coefficients are
somewhat lower than those for the intermediate depth range, while trans-

mission coefficients are slightly higher.

6. The wave energy dissipation for the entire spectrum of waves

from deep to shallow water exhibits an increasing trend with increasing
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steepness while the reflection from the end of the channel and the
transition is very small in the region of larger values of steepness.
The transmission rate for wave energy is not materially affected by
wave steepness and remains approximately constant around the values of
.98-.99 for the higher steepness range.

7. A comparison of reflection coefficients with the Miche theory
for transition A indicates a considerably smaller rate of decrease with
increasing wave steepness. While this theory is only applicable for
beaches of smaller slopes, the comparison was made for reference purposes
with regard to results obtained for milder transition slopes than that
of transition A.

A few general comments are in order here for the proper assessment
of the experimental results.

Since the theory does not take into account energy dissipation, some
discrepancies must be expected on that account. This dissipation must
be expected of considerable influence not only for shallow water waves
but also for the deep and intermediate depth waves in view of the
boundary layers on the side-walls. This explains in part the material
increase in energy dissipation with wave steepness observed for the entire
spectrum of waves tested. An additional source of energy dissipation
may be associated with the relative sharp breaks in the bottom slope due
to separation particularly at the downstream end of the transition.

Also, the theory considers only small amplitude linearized harmonic
waves while in the experiments non-linear waves were often present,
especially downstream of the transition. Hence non-linear interactions
should influence the results in certain ranges of the wave characteristics.
The experimental set-up was to some extent inadequate in the range of
long waves when the wave length often was of the order of the distance
between wave maker and transition.

The method of correction for zero reflection from the end of the
channel was that developed by Ursell in a former study (10). This
method does not consider energy dissipation. Since the amplitude of the

wave reflected from the end of the channel was often of the order of 15
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to 30% of the transmitted wave amplitude this correction has a sizeable
effect on the reduced values of the amplitudes upstream and downstream.

Dissipation therefore would modify also these corrections.
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APPENDIX A

Verification of the Computer Program for the Reduction of Experimental

Data by Elimination of Beach-—end Reflection According to Ursell-Dean's
Method

We obtain the experimental run A-2 and we analyze it by desk cal-
culations for the elimination of beach-end reflection as follows:

Experimental Run A-2 - Measured Data:

Ll=l9.00 ft. upstream wave length
hl= 2.25 ft. upstream undisturbed water depth
h=1.25 ft. downstream undisturbed water depth
Upstream amplitudes:
a1=Q,047 ft. X s 33.00ft. location of maximum values of combined

wave amplitude upstream In1+n2|
a2=0.013 ft. x, = 31.60ft. position of gauge downstream for simul-

taneous upstream and downstream maxima

Downstream amplitudes:

a,= 0.053 ft. xmax=7.25ft. location of maximum valués of combined

wave amplitude downstream |n§+n4|

a,= 0.020 ft. X,

4 =]1.70ft. position of gauge downstream for

b
simultaneous upstream and downstream

maxima
for hl/Ll = 0.1184 we obtain from Wiegel's Gravity Waves- Tables of func-
tions:
h1 2.25

for hllL1 = 0.118 we obtain i;'= 0.075 Lo = 0.075" 30.00ft.(1)

Eﬁ =.E§ El_.= 1.25 _ 0.04166

L h, * L 2.25 '

o 1 o
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We have also:

thus :

61+62 = (2n+l)5 - 2K

h

3 1.25
for h3/Lo 0.04166 we obtain L3 = 00,0850 , L3 00850 = 14.70 (2)

_ 21 _ 6.28 -1
K= L, ~19.00 0.330 ft.
R= 2T o828 _ 4 4y gelt

3 L, 14.70 ) ’

1 Xpax =T-2(0.330) (33.00)
= 3.14 - 21.78 = -18.64 rad (3)

the amplitude ratios are:

a
2 0.013 _
T = 0.047 - 0-276
a
1 0.047 _
2. - 0.013 - 3-615
1
a
4 0.020
a, " 0.053 " 0.377

We compute the phase angle 64:-

Sy

We compute the

= (2n+l1)TT -2k, x = 3.14
max

3 2(0.427)(-7.25) = 3.14+6.19= 9.33 rad.
(4)

|

following quantities for determination of ﬁhase angle 62 :

(0.330) (31.60) = 10.43 rad = 4.15 rad.

(0.427) (-1.70) =-0.726= -0.726 rad.

cos(4.15) = - 0.532 sin(lea)= sin(4.15) = -0.845

cos(-0.726) = 0.754 sin(stb)=sin(—0.726) =-0.663
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cos(K X +6 ) = c08(10.43-18.64) = cos(-1.93)= cos(4.35)= ~0.354
81n(K X +6 ) = sin(-1.93) = sin(4.35) = -0.898
cos(K X +64) = cos(-0.726+9.33) = cos(8.6) = cos(2.32) = -0.681

s:Ln(K3 b+64) = sin(2.32) = 0.731

Thus the value of the parameter R is:

—cos Kpx, + a, cos(K3xb+5;)

R= ] _ =0.754+0.377(-0.681)
a
sin K.x, + —2  sin(K.x. +0,) -0.663+0.377(0.731)
3b ay 3%b
-0.754-0.256  _ -1.010 _ , .
-0.663+0.275 -0.380 ¥

Now 62 can be computed as follows:

a

2 .
cos(K X +61+G2) + R 31n(K x +61 )-—I-[cos lea+R sin lea]
tan (52 = al
_.sin(lea+6 ) +R cos(K X +6 2) [sin le +R cos Kl ]
. =0.354+2.66(-0.898) - 0.276[-0.532-2.66(-0.845)]
-(-0.898)+2.66(-0.354) -0.276[-0.854+2.66(~0.532)]
_ =0.355-2.39-0.276(-0.532+2.24)  _ -2.742-0.473 _ =3.22 _ < (-«
0.898-0.948-0.276(-0.854~-1.415) -0.050+0.623 0.57
Thus 8, = 4.88 and &, =-1.40 rad (5)
since
4.88 rad equivalent to -1.40. rad
Now we obtain:
from §,+5, = -18.7 rad (6)
then we have §, =-17.3 rad 7
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Now cos(61-62+64) = cos8(-17.3+1.4+49.33)= cos(-6.57) = cos(-0.29)

= 0.954

The reduced values of wave amplitudes are now obtained as follows:

, 32.2,%4.2 82, 3 1/2
(1) 8 = al[1+C;I) C;;) - 26;;) (;;9 c08(61—62+64)]

= 0.047[1+(0.276)2(0.377)% -2(0.276) (0.954)11/2

=0.047[1+(0.0761) (0.142) - 0.198]1/2
= 0.047[1+0.108 -0.198]1/2

=0.047¢0.90)2/2 0.047(0.94)= 0.044 rad

a
24y os (8.6 +8 1172
a5

28 2 3.2 ;
1 2 4

a
. 1
(1i) a; = 0.013[1+ ()" ("~ -2( ¢(
1l a, a3 a,

=0.013[1+(3.615)2(0.377)2-2(3.615) (0.377) (0.954) 1/ 2

=0.013[1+(13.06) (0.142)-2(3.615) (0.359)]1/2
=0.013[1+ 1.854 — 2.62]1/2 = 0.013(0.234)1/2

=0.013(0.484)= 0.00629 rad

a4 2

(111) aé =a3[1—(;;

(8)

(9

) ] =0.053[0.377)2] = 0.053[1-0.142] =0.0455rad (10)

The reduced values of reflection and transmission coefficients are now

obtained as follows:

2a!
H' _ 1 _ 2(0.044) _ 0.088 = 0.0046
L L 19.00 19
1 1
H 2a!
3= 1 _ 2(0.0455) = 0.091 = 0.00619
L3 L3 14.7 14.7
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8 0.0460

Ke = al " 0.0440 " 1.04 (13)
0.0063
K; = 0.0440 " 0.140 (14)
From Wiegel's Table:
hl
for = 0.118 n.= 0.853
1
1
hy
for — = 0.0850 n,= 0.916
L3 2
Ce3 L3 (14.7)(0.916) 13.46
C = L.a = - - = - = 0.830 (15)
Gl 171 (19) (0.853) 16.20

The values of quantities (1) up to (15) computed by desk calculations
are the same as those given by the computer program used in the reduction

of experimental data.
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1066513 22005 [52.22 | 3710 J000167 | 7449 5.640 |0.9586 | 0.067 | 0.029 | 0.000 | 0.020 | 4489 | 841 | 5584 | 157 | 4427 4646 48 |088( |0.l08 |0.035|2284 [14453 | TII 84
10T 6.286 | .67 | 0.6 [197:5 [ 4515 | 2845 (000159 | 2.2¢8 | 4428 |0.5218] 0.036 | 0010 | 0.08] |00l | [296 [ 100 [(54) 3§ 1291 (335 2.8 (0124 | 0077 {0030 | 1576 |147.00 | 125494
o8] - - 0.00013 0.02f [ 0007 | 0036 | 0.010 | 44) 49 417 32 466 473 1.5 ords|oau [oom3] 119 | 02 [21515)
Ml " 000210 0.06] | 0028 | 0.0 [ 003 | d021 | 184 | 2843 54 26217 35 40 [om4|0.211 0015|2690 [2590.57 | 14042
1105417 15443 3183 |35.40 [0.00146 | 1.25D] 4.424 [03232 | 0.021 | 005 | 0045 | 0007 | 100 | 22F 654 16 879 06 40 0926{0.07| |0.018| 188 |(07.55 [3%24
12 000286 = 004 | 0007 | 008> | 0009 | 2401 | 49 | 2226 26 22175 24927 63 (0427 (0.020 (0.0l | (641 [178.20 (81333
11317336 247995268 [33.56 |0.00133 [ 7.285 | 4.433 {03204 | 0.03F | 0.0l0 | 0.060 [ 0.0i4 ( 1228 | {00 Hes 63 1243 1288 20 [0449 |0082 |o0.0%) | 2086 |24.88 || 1]
N4 - - 0.00227] - " 0060 | 0.0il | 0.02 | 0023 | 3604 | {21 | 3399 | &4 3520 3749 66 |0143]0.034 |0.047 | 3505 |>92.00| 87657
115 0.00208 0.085 [ 0025 | 0.087 | 0ol | >02% | 625 | 242¥ 13 305D 3118 2.2 |0.802]0.207 |0.03] 3217 [suo7 |41B44
116/657| 150 | 0.0 |250.40[48.21 |29.00 | 000116 | 6906 {4004 |02923 | 0.028 | 0.001 | 0.049 | voI0 | 184 81 T02 29 83 813 3.6 |0.845[0.103 [0.037 | (435 | 3792 {192575
1 0.00087 [ 0.0z | 0.0 | 0.033 | 0.006 44 | 12| 3B (o 439 4r} 27 0007 [ 0.01f | 0.023 | 1&Y] {23298 |230].00)
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TABLE L, CONT! NUED

2 2Go e
Test | TR [y | Lo | Li[Ls H./ G| G C7 a a, a, a, Eﬂ‘IOEﬂLK(O BQCWJE G‘Q‘V;'( )XO(G.‘Q(“)HO av’gfé_ Ev_l'_ _E_’B_ La _L’_a_' ﬂ
Vol rt [ (s (7] el T [ ® [# [ mle o 3 | v o [wies B |E|E &[] Q
B-118{LH17| (5D | 0.5D |250.40|48.2 |28.00 | 0,002 |6.906 [4004|02123] 0.029 | 0.012 | 0.049 | 0.009 | 84( | 144 | T2 | 24 844 865 2.2 0835|0171 {0029 |20.04 {50752 166624

Uq[Bste| « | - 1931 559 p4.50 | 0.00023 |92] 14007 [0.A1] | 0.007 | 0.003 | 0.012 {0004 | 49 1 43 4 52 £3 19 {0878 0.194 (0.082 | 736 [114.26 488714
o v |« | - N . v 000037 | O 0.0t1 {0008 | polS [000F | 121 64 [13 1 124 128 — 0.¥37| 0529 |0.058 | 151 (142.8029( 52
@« |- -] - w e |oo00m7| « | v o023 |00l 0038 |oolo | 52 | {21 | 420 | 29 s 558 22 [0.M4]0.229 |ooss 2419 |s1.94 30T 13
122]6065 | -~ | - 18823417 |24.25 {00001 |6.812]400] 52836 | 0.016 | 0.0U1 | 0.02] |0.004 | 2%¢ 12| 130 4 25| 256 20  |0508 {0473 |oolb | 827 |i06.80 2412 0
123 ~ - - " - v loooloS| . . 0.022 |0.0l0 |0.036 | 0006 | 494 1] 380 lo 480 494 2.9 0.78510.207 [0.021 | 11.37 [(69.36 |1900004

gl » | - | - E - . |ooofoy| - N . 0.034 | 0.01{ [o0.059 |0.009 | [I5% 12| | toz2 24 1143 1o 3.2 [0.884 |o.loS [002( | 17.58 [277.8% [12274|
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ONGis)

—

_TABLE

¥

T TEST SERIES (WITH SIDE WALL CONTRACT

Constant Depth

a, a,x M at” 7 al ¥ s e euen (N
| Transitional 5 B ]
Elvaton KeLgLonJI ! N e Man View
Test| TR |8 [ Lo | L | L H/ H/ = Cs @’/(,, a | a | a | a4 [dxd E: 0016 |E b B eid (1)) | vy |1 j;; 6 ol ol |l U CT
No [sec|{#t {4t | 4t [ 4t | 4t S e 4t #t t 4t st ] st | a4 it 40 | % Loss |R|E VR £ | R A
C- (posli225 225 | 4882|25.00 12500 |0.00670.0086)8.094(0.500 (0084 | 0.046 | 0.107 | 0.047 | 705% | 216 | (1449|2209 | (6001 | (632 14 lodif 23000156 461 587 {29149
2 - N N 0.0022{0.082 « 0028 | 0.00% | 0240 |00IS | 784 8l | (6oo| 225 1762 1793 18 |02 (0105|0443 | 154 {13.18 (49337
> - 00080(00113] 0.100 | 0.036 | 0.14] {0.05¢ | (0000 | 1296 | (9861 | 2916 | 22473 | 2246 19 0.9% 10129 j0.145 | 549 | 7.74 |250.20/
4(25%| - 32684 (2000 (2000 (00077 j0.0111] 1839 001 | 0028 | o1} | 040 | 5929 44} | 1232] | 1600 | 13203 | 13458 K] 1.03 [ 0074 | 0134 | 2.70 |3 90 (25000
5 - 0.005% | 0,00%] 0.055 | 0.020 | 0.015 1 0.026 | 3025 400 | 5625 | 676 | 6425 6726 4.0 0927] 0.2 0.2 | 193 [ 2.63 |364.00)
3 0.0025 [0003% « 0025 | 0009 | 0035 |00l3 | 425 81| 225 | (49 1381 1414 22 | 0180]0.121 [0.435 |08 | 1.22 (0030
7|L880 18.08 | D90 | 1390 |0 0064 [0.001¢| 1400 ., | 0.045 | 00iZ | 0065 |0.025 | 2025 (44 | 4225 | 625 | 4513 4615 45 [ 1o43] 00T [0.454|0.76 [1.10 1417178
6| - - 00135 {00197} 0094 | 00iz | 0.07 |00%4 | 8636 144 | (8769 | 1436 | (9087 | 19408 29 [1oe2 |00 [o.08] 159 {232 [z0000
q 0.0 147 |0022 0130 | 0018 | 0089 | 0062 | 4F00 | 324 | 35721 | 3844 | 36369 | 37644 34  |1of7]oo1f | 0221|220 |32} |44.42
lo| 48} - UL18 | 945 [ 948 |00281 j0.04b 4136 0.143 | ooll | 0.207 {00l | 20449 121 [ 42849 5041 | 42091 | 45939 62 (19480006 |0.423(1.24 [1.80 | 6165
o - 0022} [0.0%2] 0.110 | 0016 | 5155 | 0039 |iz2100 256 | 24025 | 1521 1 24537 | 2502 4.6 0913|0021 | 0062 | 0.96 |1.35 |05Y
2 0.0086 (00123 0043 | 002 | 006l {0021 | 1849 144 | 3721 | 441 | 4009 | 4139 32 (1006|0078 )09 ] 037053 asi.6))
1311053 567 |5.60 | S.60 [0032 |0048DI5323 | - | 0.090 | 004 | 0.26 |0032 | gloo 196 | (5876 | 1024 | (6268 | (7224 55 |otg0|0024 {0063 | 0.25 | 0.35 [ 6233
14} « 0.0532 10,0137 0.149 | 0.015 | 0207 | 00¥% | 22201 228 | 42849 | 2916 | 43299 | 4710 8.5 |afsf]oolc|aosz|0.4] | 0.5 |3745
1513044 < 4142 [2440 {2460 | 0.001{ {000I6{ B0BT 0.014 | 0.006 | 0.020 | p.oo7 | 196 3 400 49 412 44| 19 [1020 018> [oa25 (0.4 | 1.06 (115714
3 ' 00024 (00032} 0.0%0 | 0015 | 0.039 | 0015 | Q00 | 225 | (52 225 9 202% 2.6 | 0845|025 |0.25 | 1.59 | 2.07 | 52000
17 0,0040i00059 - 0.050 | 0.003 | 0.072 | 0.024 | 2500 167 | sis4 §M6 §322 5376 L0 1.086 | 006T [0.015 12.66 [383 |442.00
182850 33.28 |20.5 |05 |0.0069 [0.0095| 1907 0070 | 0.030 | 0.096 | 0.038 | 4900 | 900 | 9216 | 1444 | (106l L1244 2.0 0940 0.183 | 0.141 | 2.49 | 3.42 | 288 00)
q| - 0.005410.0074{ « 0.055 | 0.026 | 0075 | 0.03| | 30285 | 676 | Sp2t 11 6871 Toli 2.0 | 0930|0223 (0159 | 196 | 2.67 |X5S
20 0.0022 10.003}] “ 0022 { 0010 | 003 | 00I6 | 484 | (00 361 256 et 1224 5.0 {0993 0206 {0.264(0.79 | .10 Rl6.D6
2]|i14 206 | 1490 | 1440 |0.0037 [0.0050| 151> 0.028 | 0.0lS | D037 | 00l6 | 784 | 225 | |39 256 %14 1824 03 | 0873|0287 |0.163 055 [0.92 (52036
2 0.0092 [00130] 0.069 | 0.014 | 0.097 | 0.020 | 476( 196 | 940% 400 9301 9922 (3 0988 o0.04l [004Z [ 134 | 1.89 [22157
23 0.013] J00189 0.016 | 0.014 | 0.14) | 0044 | %04 | 196 | L9881 | 136 | 20273 | 2144 42 | 1035|0020 5002|191 |2.75 [48.67
24{1.63 1.5 | 105 |u 50 00175 [00252|T046 | - 0.101 | 0035 | 0.145 | 0,061 | {p20] | 1225 |2(02§ | M2} | 23475 | 234%) 2.1 | o3y 0.020 [0.82[ 117 | .48 [I3 6
25 0.0120 )00170] -~ 0.069 | 0.012 | 0.0 ) 0.025 | 41761 144 | 4604 [£49 1892 | 101417 2.5 1007|0030 [ook6 | 0.80 | 114 [i66.8]
26 0.0055 |0.0080 0.032 | 0.008 | 0.046 | 0.01S | (024 64 | 26 22§ 2244 | 2273 -3 11033 [0.062 [0.101 {037 | 0.53 [357.68
271318 167 [ 840 | 810 |o.0116 00164 ¢41T| ~ | 0.052 | 0009 | 0.073 | oolS | 2704°| 8] | $329 | 225 | 241 5843 3.0 o8| 0030 004i|036 | 08| [m.35
28 . 00222 (0.0324{ - 0.049 | 0014 | 0.144 | 0.049 | 980| 186 | 20739 | 240] | 2U13{| | 22003 40 11510020 {0429 | 0.6% | 1.00 {q0.00
Al v | -] - 0.021Z (0.0440( - N 0.39 | 0.038 | 0.6 | 0.0T1 | (932} | 444 | 38416 | $04( | 41204 | 43683 5.5 [ 0997 0.074 (0.130 {087 | (.36 {44.10
20 (1964{1.6T[1.67 | 1974 | 310 | ;310 | 0.0120 [g o] 6.67 0019 | 0027 | 0.z | 0045 | 424l | 929 | 12544 | 2028 | 14002 | (4507 3.5 | Loos |06 Jo.ez | 291 ] 4.13 U3¢
3 . « |0.009] |ool2| . 0.060 | 0.014 | 0.083| 0.007 | 3600 | |36 | 6889 | 289 728t 7489 3.0 0956 |0.059(0040}2.2| | 3.06 |218.5D
i) - 0.0045 [0.0066, 0.030 | 0.008 | 0043 | p.0lb 300 64 | 1849 | =256 a7 20%4 3.8 1027|0071 [0.442 1. 10 | 1.58 43700
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TABLE I CONTINUED

Test | T [ [f |l L] L “/ ]“/ CeGilr | 0 | | 8 | a4 [eduid Exx10 [E= @ G| 18 Jud| o) xid |- i:‘.:i‘ i |E, 08 [f R gi| LA (L | CT
No [sec| 4t [ st | 4t [4t | #t L W G it it it 1t ft* it ft* " #* it % Lss | la.'E d.‘E Zd. ﬁ-’ IR
-331466)1.67 147 |30 |9.20 |120 | 0.0104 |0012B|6.195 |0.500| 0.048 | 0.026 | 0059 | 002) | 2304 | 496 | 348} | 462 | 4833 | sp70 4.7 0755 ]0.293 |0.400 [ 0.87 |1.07 |4186
%4 w 100147 [00207] - 0.068 | 0025 | 0.0%% | 0038 | 4624 | 625 | 2025 | (444 | (02715 | (0692 40 (0416|0135 [0I56 {124 |73 (13554
35! = 0.0215 ob;oo " 0089 | 0016 | 058 | 0031 | 4810 | 196 | (4044 | 961 | 19436 | 20583 55 0992 |0.020 {0045} .80 |251 |93.03
36 {1082 £.00 [5q0 510 |o0.0158 0.0221]5.2¢% 0.045 | 0.00 | 0063 | ool | 2025 81 | 3%9 225 | 413| 4215 34 [0.980(00401005Y (0.3] |0.44 [126.67
3 . 00336 004U 0.096 1 0.0 | 0.7 0038 | 9206 | 289 | (e225 | (444 | (8803 | (1876 $4 10489 {003 loom 04T {034 |47
38 298¢ - 45.74 21,05 |21.05 | 0.0043 00045 7.046 0.046 | 000 | 0.068 | 0.026 | 2116 LL 4624 &7 | 4786 4108 2.5 1.017 | 0.038 [0.060 |4.38 | 6.47T (45183
|2 00029 (0.0042| - « | 0031 | 0010 | 0044 [gole | 761 | (0O {136 256 2134 278 2.2 1007 | 0.104 {0133 245 419 (€937
___40 2598 349 |01 (1195 | 00049 10.0073] 6443 0044 | 0.00T | 0.065 | o026 | (126 49 425 | 6T6 | 4323 4548 419 1.09) 0025 10474 | 298 | .40 |4034)
| 4 “« 00066 |0.0088] « 0059 | 0.028 | 0018 0030 | 3481 | 794 | 6084 | qo0 7652 62 21 0874 (0225 [0.129 | 3.9 | 5.28 30l.02
| 425009142 [1.42 |4433 | 1065 [(945 | 0.0037 [0.0050] 6.5% 0.037 | 0.0i7 | @049 |02l | 1369 | 341 | 2400 | 441 3123 3119 8 0817024 [olé1 (499 [6.6] 31.42
|43~ |- " 00028 10,0042 0,020 [ 0.095 | 004 {0016 | M4 | 42 | (i8] 25% 133 124 33 10720053 |0.63 | .18 | 5,53 [T2.5D
|42 2455 [ 45D | 165D | 00048 (00068 6313 0035 (0013 [0049 [o00t9 | 225 | 165 | 240] [ 361 279 291\ 36 0180 c.138 {0 (4T{ 257 | 3.60 |44.5]
4 - 00064 00035 - - 10047 jooll |00k }po028 | z209 | (21 | 47%) 74 | too3 5203 3.4 10718 { 0.055 0177 | 345 | 5,07 |308.72
46 118 (5.46 | 10.60 [(0.60 | pol66 (00240} 6.102 0.08% | 0.020 [o.12 10047 | 744 | 400 [16129 | 2209 | 164929 | 17691 4.3 104 | 0052 |0.143 {345 |48 |05
| 4T - 0004 [00136] 0085 | 0022 (0072 [008 | 3025 | 484 | 5184 | 124 | 6152 6314 3.5 | 0857|010 {0054 |2.16 (2,83 |4210)
| 4 00072 (0.0104| 0038 |0.0% |0oSF |00l6 | 1444 | 3¢ | 3025 | 253 | 3097 3144 [ 1024 | 0.025 10086 | (.41 | 2.16 |219.2|
49,4 665 | 6.00]6.00 | 00(8Y [00260] 5266 0.05t |0.00% | 0078 | 0020 | 3080 | 81 6084 | 400 | 246 é530 49 0487{0.026 (0065 [0.69 [ 0.9 [109.09)
sof . ] . 00280 {0,031 0.084 | v.03 | 0.0t Jo048 | Y56 | 1521 | i232) | 2304 | 15363 | {64(6 65 0813|0130 j0.163}1.06 |1.40 | 1143
Sl -~ 2043 [1250 | 1250 [ p.ou3 |0.0157] 6260 0071 {0018 | 0098 | 0024 | 24| 324 | Y04 | 76 | 10252 | (o658 3.8 0453 [ 0.024 {0057 [3.98 | 5§35 |116.20
DIEN RN ] 0.0072 o.oloﬂ - 0045 | 0016 | 006> |0.024 | 2025 | 256 | e | 574 48| 4425 3.2 | 09810126 [0.42]2.46 | 3.44 [278.00|
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#M4013-3529FMSRESULT1+59500,500,  BCUROELIMOS N

- XEC <04 -
.._.ﬂ.l -

JCB TIME = «06 MIN.

LIBRARY ENTRY PCINTS,
«SETUF (CSHM) (RTN) (SPHM) (FIL)Y SORT cas SIN ATAN EXP(2
NAME CRIGIN ENTRY NAME NRIGIN ENTRY NAME ORIGIN ENTRY NAME ORTIGIN ENTRY NAME ORIGIN ENTRY
MAIN CO144 00156 AKEFQ 01616 01623 «SETUP 02075 C2102 (RCPM) 02113 03412 rinsp 02113 02140
(F2EF) 02113 02303 FINPM 02113 02141 (F2PM) 02113 02130 (FPT) 07605 07614 (FRMT) 10103 104:0
RSTRTN 1C103 10374 TIMLFT 10103 10160 KILLTR 10103 10342 STOPCL 1C103 10202 RSCLCK 10103 10175
JOBTM 10103 10142 TIMER- 10103 10220 {TIME) 10103 icCl06 ENDJOR 10477 10563 CLKOUT 10477 10531
EXITM 10477 10505 EXIT 10477 10531 +LOOK 10616 11031 +SCRDS 10616 11033 +READL 10616 10471
+READ 10616 10671 «TAPRL 1C616 10666 {TSHM) 10616 10635 (CSHM) 10616 10634 ({TSH) 1061n 1064F%
(CSH) 1C616 10660 I0HSIZ 11341 14703 (RTN) 11341 14553 (FIL) 11341 14536 STQUD 11341 11601
(I0OH) 11341 11604 +03311 16214 16216 «C€3310 16214 16216 SFDP 16233 16316 DFOP 16233 16322
CCEXIT 16233 16376 DFMP 156233 16270 DFs8 16233 16253 DFAD 16233 16236 (TCO) 16406 16512
(TEF) 16406 16511 (RCH) 16406 16510 (ETT) 16406 16507 (REW) 16406 16506 {WEF) 16406 16505
(BSR) 16406 16504 (WRS) 16406 16503 (RDS) 16406 16502 (I10S) 16406 16413 (TRC) 1064056 16513
({EXE) 16551 16560 (I0U) 17411 17416 (TES) 17433 17435 RECOUP 17436 17441 «SPRNT 17444 17670
«PRINT 17444 17550 +TAPWR 17444 17543 «PUNCH 17444 17524 (SCH) 17444 17471 (STHN) 17444 1750
(STHM) 17444 17457 (STH) 17444 17460 (SPHM) 17444 17456 {SPH) 17444 17515 {PRNT )} 17444 20007
(SCHM) 17444 17466 «FOUT 17444 20404 +CLOUT 17444 20401 «COMNT 17444 17550 WPNCHL 17444 17524
FRRCR 20644 20650 (WTC) 21040 21127 (WER) 2104C 21054 (BST) 21164 21175 (RDPM) 21224 21320
(RDC) 21224 21303 (RER) 21224 21237 SQR 21327 21333 SQRT 21327 21333 EXPL2 21437 21443
LDurP 21573 21576 ATN 21602 21604 ATAN 21602 21604 SIN 21731 21744 cas 21731 21733
MOVIE) 22123 22123

PROGRAVM LENGTH = 22500. LOWEST COMMCN = TT461

«22 MINUTES ELAPSED SINCE START OF JOB
EXECUTICN
THE FCLLCWING RUNS HAVE BED SLCPE = .125C00 AND SIDEWALL SLOPE = 1,CCCCO0
RUN T XLO XLl Hl H3 HH13 XL3 AlP A2P A3p STEPY STEPD 11 XKR XKT CELAU CELAD CGRAT
DELT1 DELTZ2 DELT4 HL11 HL33 Al LY A3 Ay

1 2.424 30.08 19.00 2.25 1.25 1.80 14.70 .02¢5 .0141 ,0241 ,0028 ,0033 11.91 .5322 «90R9  T.B42 6,067 ,B299

-19.4 .3 9.3 .12 «09 .025 .009 .026 .007

2 2.424 30.08 19.00 2.25 1.25 1.80 14.70 .0423 .0063 .C455 .0045 ,0062 11.91 +14B8 1.0746 7.842 6.067 .8299

-17.3 -l.4 9.3 .12 <09 +047 .03 .0%3 .020

3 2.424 3C.08 19.00 2.25 1.25 1.80 14.7C ,0668 ,.0308 ,0642 ,.CC7C .0087 11.91 <4616 9621 T7.842 6.067 .8299

-19.0 =5 9.1 .12 .09 .063 .01¢ 068 .0l6

40 2.424 30,08 19,00 2,25 1.25 1.80 14.70 .0767 .0181 .C871 .0083 ,0l18 11.91 2301 1.1066 7.842 £.067 ,0299

-19.6 .7 14.9 .12 .09 .082 .019 ,094 026

s 1.916 18,79 14.25 2.25 1.25 1.80 11.30 ,.1265 .0254 .1290 .0178 ,0228 15.87 +2010 1.0201 7.441 5.900 ,8857

-28.0 «5 3.9 .16 o1l <132 .040 ,133 ,023
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RIN

10

RLN

12

15

RULN
16

1.916
1.916
1.916
1.533

1.533

1.5233
1.533
1.18¢C

l.150

1.190

1.190

16.79

18,79

18.79

12,02

12.02

xL0
12.02

12.02

T.25

T.25%

Xto

7.25

14.25

14,25

14.25

10,50

10.50

10.50

1€.50

7.00

H1

2425

2.25

2.25

Hl

2,25

K3

1.25

1.25

1.25

H3

1.25

H3
1.25

FH13

1.80

1.80

1.R0

1.80

1.80

HH13

1.80

w3
11.3c

11.3¢

11.3¢C

B.6¢

B.6¢

Abb

8.6¢6

xL3

6e19.

AlP A2e 436 SYEPL STEPD
PELTL DELT? CELTS HL1}
+C968  .0047 ,C998 L0136 <0177

~27.7 oL %l 16

0671 .027C .Ca51 «0C%4 ,0115

~19.1 ~1.5 2.9 o 16

«02€3 ,0099 ,C305 +CC4C L0054

~20.6 1.c =4.1 .16

0545 D144 .C544 L0105 L0126

-27.4 ~eb ~5.2 «21

0758  ,0662 ,1580 «0l44 L0345
~28.5 .8 1.3 .21

Alp A2P Adp STEPL  STFpPD
DELT1 DELT2 OnELT4 HL11

+1820  .0595 ,1720 «0347 L0397
~28.1 o1 ~5.6 .21

«£135  .0371 , 2089 « 0407 ,04R3

~28,1 -l 2.4 .21

+C5C0  .0105 ,c495 «0143  ,0160
~37.5 =4 ~2.5 «32

«0978  .0215 (955 <0279  ,0309

-37.9 -7 3.6 «32

«1439 .0400 L1371 .0411 .0443
~h4 B -1,0 .45 .32
Alp aze A3P  STEPU STEPD
UELT1 DELT2 DELT4  HLIL
*1848 0443 .1732 .0528 .0560
-33.0 -6 -10.1 .32

121

HL33

15.927

.11

15.87

o11

15.87
.11

21454

olé

21.54

14

11

HL33

21.54

14

21.54
14

32.31
20

32,31

«20

32.31
<20

z1

HL33

32.31
«20

XKR

J04RY

«4030

+3503

2617

«8732

XKR

«3269

«1740

+2095

+2198

«2782

XKR

+2395

XKT
A}
1.0307

100

9707

+ 065

1.0780

«031

+9918

061

2.0843

<059

XKT
9452
179

«9781

=225

«9891

«050

#9769

097

<9527

0143

XKT
Al
9373

+185

)

7.641

017

7.441

«015

5.455

024

6.9355

+059

CELAUY
6.855

«015

6.A55

<036

5.885

009

5.885

+013

5.885

+010
CELAY

Y4
5.885

020

CELAD
A3
5.900

104

5.900

<0568

5.900

«032

54651

«061

5.651

«160

A3
S5.651

« 185

5.651

«233

5,203

<050

5.203

097

5.203
o146
CELAD
A3
5.203

182

CeLAD
A

CGRAT
A4
+8857

7,021

»8357

-0l4

«8857

<007

«9598

.020

<9698

.018

CGRAT
4
«9698

049

9698
075

1.0R64

. 005

1.086¢
<012

1.0864
036
CGRAT
a4
1.0864

«040



-LST1-

2.25

Hl

2.00

2.00

+€5C9 L0119 .C492 .C34C ,033) 75.40

-110.2 1.3 ~.0 .75 42

+C893  .0169 .C866 .0595 ,0583 75,40

-104.7 o6 =31.1 .75 42

+1183  ,0281 .,1096 .0769 «073R 75,40

-80.1 ~el -31.3 .75 42

.C095 .0016 .C104 ,COO8 0011 9.05
-l4.6 1.1 9.3 .09 .07

AlP A2p A3p STEPU STEPD Il
DELT1 DELT2 OELT4 HL11 HL33

-0248 ,0031 .0279 .0020 .0029 9.05

-14.8 1.1 9,6 .09 .07

«04€0 ,0116 40517 ,0037 .0054 9.05

-14.6 o7 9.1 .09 .07

«0734 .0230 .0766 .0059 .0080 9.05

-15.1 o1 9.6 .09 07

+04€8 ~.0266 .0139 ,0040 .0016 8.56

-17.3 -3 13.0 .09 « 06

.0226 ,0097 ,0235 .Q019 .0028 8.56
~15.3 ~1.2 19.6 .09 .06

AlP A2p A3p STEPU STEPD 11
DELT1 ODELT2 DELT4 . HLIL HL33

+0263  ,0029 ,0297 ,0022 «0035 8.56

-12.0 «5 6.4 «09 <06

<0492 .0085 ,C466 .0042 +0055 8.56

~138.0 5 bt +09 +06

«U111 .0036 .0118 .0012 .Ouls 11.17

22337

+1890

L2438

«1653

XKR

-1254

2524

.3137

*=.56175

- 4287

XKR

.1120

.1728

«3200

«96¢3

081

9701

+N90

<9502

«115

1.0949

.021

XKT

Al

1.1249

.038

1.1255

.063

1.0436

<081

2978

«054

1.0393

.026

XKT

Al

1.1307

.036

9473

057

1.0572

I3

3.882 1.0614

052 .012

3.882 1.0414

091,020

3.882 1.0414

<115 ,025

6.174  ,7959

.022 ,016

CELAD CGRAT

a3 a4
6.174 ..7959
040 ,022

6.174  .7959

<064 .028

6,174  ,7959

-083 .023

5.551 ,755%

.0le ,006

54551 .7555
<030 .014
CELAD CGRAT
A3 Aq
5.551 ,7555%

<039 .019

5.551 .7555

054 .020

5.475 .7878



29

0

RLN

32

-8S1-

34

35

RULN

37

38

39

2,415

2.415

2.415

1.872

1.872

1.872

1.872

1.4¢3

1.463

1.463

1.463

29.84

29.84

29.84

17.93

17.93

17.93

17.93

XL0
1€.95

1C.95

1C.95

1C.95

18.00

18.00

18.00

13.25

13.25

13.25

13.25

Hl

2,00

2.00

2.00

2,00

2.00

1.00

1.00

1.C0

2,00

2.00

FH13
2.00

2.00

2.00

2,00

HH13

2,00

2,00

13,21

13,21

XL3
13.21

9.95

X3
7.5¢C

-14.0 -5 T4
+0310 ,0132 ,0316 .0034
~13.8 -7 7.5
<0544 L0267 ,0552 .co6n
~13.2  -l.s 7.9
AlP A2p A3P  STEPL
DELTL DELT2 DELT4
+0538  ,0128 ,0595 ,Co60
~l4.1 -1.2 6.8
-0118 ,0056 .0114 .oaQle
~20.4 .5 8.8
+0288 ,0036 ,C312 L0043
~21.1 .l 8.9
+0525 .0045% ,0557 .,0079
-20.5 .4 8.3
+0839  ,0344 ,0830 ,0127
-28.2 1.C 7.9
Alp A2p A3 sTEPL
DELTL OELT2 DELT4
<0376  ,0257 ,c279 .007¢
~37.8 -k 7.2
+07¢0 .0295 ,C717 .0160
~22.1 4 14,5
<1114 L0413 ,1044 ,0235
-22.2 -.5 6.9
<1458 L0576 .1339 0307
-22.2 -4 £.5

e11

. 0048

o1l

<0084

o11

STEPD

HL11

«0090

«11

0023

.15

« 0063

.15

<0111

W15

0166

«15

STEPD

HLY)

«0074

$21

«0191

.21

«0279
.21

.0357

.21

.08

11.17

.08

11.17

.08

21

HL33

11.17

.08

15.17

.10

15,17

«10

15.17
.10

15.17
<10

11

HL33

21.16
.13

21.16

<13

21.16
«13

21.16

«13

4275

«4905

XKR

«2376

«4740

«1263

0863

«4098

XKR

6833

+3882

«3707

+3952

017

1.0194

037

1.0145
«051
XKT
Al

1.1068

070

9668

+01R

1.0849

- 040

1.0616
<056

+9896
<081
XKT
Al

W T422

«039

«9439

.075

+9375

«109

.9185

141

«009

T.459

020

7,459
014

CELAY
A2

7,459

040

7.084

012

7.084

.023

7.084

012

7.084

.012

CELAY
6.499

.021

6,499

.015

5,499

.014

6.499

+01n

]_Yﬁ

022

5.475

.039

5675
059
CELAD
A3
5,475

072

54342

-019

5.342

<041

54342

<061

5.342

<091

CELAD
A3
5.130

+040

54130

«079

S«130

114

5.130

146

.015

.7878

017

.7878

016

CGRAT
As
.7878

«030

+8473

.012

<8473

+020

8473

.018

8473

027

CGRAT
A4
+ 9456

. 022

9456

.024

« %456

.033

9456

<042



4C

RULN

42

43

44

-6S1I-

45

RUN

46

47

48

49

«957

957

957

1.020

1.020

1.02C

1.258

1.298

1.298

1.298

1.727

8.63

15.26

7:60

11.20

.67

67

.67

2.00

2.49

2449

4.23

0436 .0020 .C412 .0188 .0195 43.24
-50.2 o7 19.5 «43 .24
AlP A2P A3P STEPU STFPRN 1
DELTL DELTZ DELT4 HLL11 HL33
.0947 .0236 .0926 .0407 ,0437 43.74
-51.5 ) 13.5 43 24
L1277 .0181 L1375 .0549 .0649 43.24
-57.5 -1.1 =6 43 .24
.C950 ,0386 .0867 .0369 .0422 32.60
-32.3 .8 -1.7 .32 .16
L0719 .0260 ,0653 .0279 .0313 32.60
-48.5 -.C .1 .32 .16
.0402 ,0102 .0404 L0156 40197 32.60
-55.2 .2 .6 .32 .16
AlP A2P A3pP STEPU STEPD 21
DELT1 DELT2 DELT4 HL11 HL33
.0339 ,0196 ,0286 .0089 .0104 22.09
-25.2 -3 2.4 .22 .12
.0460 .0062 .0477 .0121 .0172 22.09
-35.0 =-.9 2.8 .22 .12
.0759 .0061 .0789 .C20C .0285 22.09
-37.5 1.3 14.0 .22 .12
.0859 ,0137 .0884 .0226 .0320 22.09
-?25.3 1.4 14.5 22 12
.0250 .,0104 .025% .0045 L0067 14.99
-13.7 -.3 12.9 .15 .09

«0451

XKR

«2494

<1418

<4067

.3610

-2532

XKR

5776

<1346

+U806

.1599

24148

19444
.052
XKT
al
9777

097

1.0766

142

9129

.091

9078

.071

1.0045
«040
XKT
Al
8459

“.031

1.0371

.052

1.0391

079

1.0297

+095

1.0207

.033

4.860
.020

CELAN
A2

4.860

.012

4,860

.050

5.051

.017

5.051

.009

5.051
.008

CELAU
A2

5.858

.009

5.858

.021

5.858

017

5.85%2

. 035

64490

.020

N5

—=a -

4.424
.050
CELAD
A3
4,424

.10?

4,624

.152

4,032

«092

4.032

072

4.032
041
CELAD
A3
4.265

.033

4,265

052

44265

082

4.265

-09¢6

4,631

.034

1.1338
.021

CGRAT
A4

1.1338

.031

1.1338

<047

1.0777

022

1.0777

.022

1.0777

.005

CGRAT
9154

.012

9154

.015

<9154

.016

9154

.027

.7832

.017



RLN
51

s2

53

54

55

RN

=091~

57

58

59

&0

RUN
€1

T

1.727

1.727

2.222

2.222

2,222

2.823

2.823

2.823

2.823

3.224

XLO0

15.26

15.26

25.26

25.26

25426

25.26

40.80

40.80

4C.80

40,80

XL0
53.21

XLl

11.20

11.20

15.15

15.15

15.15

xtl

15.15

19.80

19.80

19.8¢C

19,80

XLl

22.85

1.67

H3

67

10,02
10.03
10.03

xL3

10.03
12.88
12.88
12.88
12.88

XL3

14.7¢

AlP a2p A3P  STEPU
DELT1 DELT2 DELT4
L0531 .0116 .C584 .u095
-19.7 -4 13,3
L0711 .0161 .0772 .0127
-19.7 1.1 .1
.0158 .0069 .0171 .0021

-7.8  ~-l1.5 5.5
.0274 ,0093 .C311 ,0036
~10.5 1.1 -1.0
L0462 0174 .C498 .0061
-17.5 1.1 4.7
AlP Azp A3p  STEPU
DELT1 DELT2 OELT4
.0526 .0235 .C557 .00A9
~-18.0 .5 5.2
.0086 .0033 .0101 ,0009
-14.6 1.3 9.9
.0198 .0119 .C210 ,002¢C
-14.6 1.3 4.0
.0338 ,0097 .0389 ,0034
-15.1 1.6 10,4
.0435 ,0135 .0502 ,0044
-15.1 1.2 3.6
AlpP A2p A3P  STEPU
DELY1 DELT2 DELT4
.0134 ,.0035 .0156 ,.0012
-13.9 -.8 6.9

STEPD
HL11
.0153

.15

. 0202

.15

+0034

.11

.0062

.11

.0099
.11

STEPD
HL1l

L0111

.11

.0016

.08

,0033

.08

+0060

.08

0078
.08

STEPD
HL11

.0021

.07

1
HL33
14.99

.09

14.99

.C9

11.08

11.08

.07

11.08
.07
1
HL33
11.08

.07

8.48

.05

B.48
«05
21
HL33
7.35

.05

XKR

.2187

.2268

4362

«3391

+3765

XKR

L4479

+3789

«5978

2864

»3109

XKR

2645

XKT
1.0984

059

1.0859

-079

1.0839

.018

1,1330

.033

1.0771
«047
XKT
Al
1.0594

.058

1.1706

017

1.0587

025

1.1498

042

1.1535
.053
XKT
Al
1.1665

.018

CELAY
a2
6,690

.02¢

6.490

.033

6.823

.010

5.323

.019

7.013

.013

7.018

.018

7.01¢9

024

7.018

+030

CELAU
7.091

.011

Moo

CELAD
a3
4.43]

ez

4,631

.083

4.515

.019

4.,51¢%

034

4.515
.053
CELAD
A3
4,515

+059

4.565

.019

44565

.025

44565

.044

4.565
056
CELAD
A3
4,583

.019

CGRAT
Ab
«TR32

.015

7832

.022

<7195

006

+7195

.010

L7195
.013
CoRAT
A4

7195

.01a

6850

.013

6850

.010

6850

.015

6850
.018
CGRAT
A4
6723

.008



€2

€3

&4

€5

WN

€6

€7

£8

-191-

&9

70

RUN

‘n

12

3.224

3,224

3.224

3.192

3.192

3.192

24247

2,247

2,247

53,21

53.21

53.21

52.15

xto

52.15

52.15

25.83

25.83

25.83

14,24

22.85 1.67 .67

22.85 1.67 67

22.85 1,67 <67

21.50 1,50 «50

XLl H1 H3

21.50 1.50 .50

21.50 .50 «50

14.65 1,50 +50

14.65 1.50 .50

14.65 1.50 «50

XLl H1 H3

110.30 1.50 50

-7

g /

«$723

015

. 6723

.017

6133
<015
CGRAT
a4
«6133

.009

6133

.007

6534

.007

+6534

. 004

CGRAT
.T247

.007

7247

<011

+T247



4

76

17

78

79

=291~

ec

El

€2

23

1.083

1.083

374

«874

<874

921

«921

«921

1.3¢3

1.3613

6.00

5460

3.35

lees

.50

K3

.50

+50

«50

«50

«25

« 25

25

3.00

3.00

3.00

3.00

.00

~23.1 1.3 10.0 .15 .08
20424 L0133 ,cC4)5 «0151 .0210 26.93
~31.7 -5 4.7 027 #13
<0672 .0185 L0638 <0240 ,0322 26,93
~40.7 .4 =?.4 27 13
Atp A2p A3p STEPU STEPD 21
PELTY DRELT2 DELTS HL11 HL33
1103 ,0395 L1028 +0394 . .0519 26,93
~44,9 ~1.C =-3.2 27 <13
«C494  ,0170 L0432 +0257 ,0285 139,17
~42.7 .1 22.8 «39 .16
«0780  .0138 ,07¢2 «0405 .0502 39,17
~52.1 le4 18,1 +39 .16
«1111 ,023) 1062 <0577 .0700 39,17
-43.3 ~e4 4.1 -39 16
<0575 ,0174 0568 +0277  ,0463 30,28
~35.5 1.4 20.0 «30 .10
Alp a2p A3p STEPU STEPD 21
DELTL DELT2 pELTS HL11 HL33
+6310 ,0055 L0307 +015C  .0262 30,28
~35.6 ~le4 21.1 <30 .10
«C840 .0300 .(w20 +04C5  ,0669 130,28
~35.0 2 20,0 .30 .10
20652 L0253 L0755 «Cl75  .C402 16,87
~17.9 .C 19.9 .17 07
«C4s42 L0164 ,C512 20119 ,0272 16,87
~17.4 ~e3 5.6 17 .07

+3139

$ 2747

XKR

«3582

3436

1773

2082

«3033

XKR

1759

3564

«3879

«3707

»068

9787

«043

«9483
068
XKT
Al
9317

.107

8749

.051

«9771

«077

+9554

«110

«9879
057
XKT
Al
140344

033

+9759

082

1.1572

064

«024

5.175

013

5.175
.010

CELAY
A2

S5.175

014

4.409

019

4.409

008

4,409

.009

4.508
. 005
CELAU
A2
4.508

010

4,508

022

5.469

.019

5.469

012

V.3

—a

076

3.661

043

3.661
069
CELAD
A3
3.661

.109

3.474

045

3,474

«077

3.474

.108

2.666
061
CELAD
A3
2.666

«034

2,666

.083

2.759

.078

2.759

060

.014

. 9628

.008

<9628

.019

CGRAT
24
.9628

026

1.1236

. 009

1.1236

.008

1.1236

.014

«R93¢
<016
CGRAT
A4
«R93¢

.008

8936

.009

+6282
<014

6282

.023



&5

RLN

€e

€9

-€91-

S0

RLN
S1

S2

53

54

S5

1.3¢)

2.1C%

2.1C%

2.1C9

2.588

2.588

3,959

3,356

3,959

XLa

22.77

22.77

22.77

45.69

45.69

45.69

80,22

R0.22

9C.22

80,22

12.60

12.60

12.60

18.40

18.40

18.40

30.92

30.92

30.92

30.92

H3

«25

«25

25

H3

25

KH13

5.00

5.00

5.00

HH13 .

5.00

2.00

Z2.C0

XL3

~5.9C

=5.9¢C

-5.90

-8.42

“8.42

-B.42

22.13

22.13

22.13

22.12

+0265 L0114 .c3c2 .00T)
-17.2 1.4 .6
AlP azp A3P  STEPU
DELTY . DFLT2 PDELT4
+0168  ,0057 ,0260 ,0031
=74 -102 2.3
«0327 .0063 .C543 ,0052
-10.4 1.1 -1.9
«0469  ,0154 .C455 ,0074
=13.0 -1.2 -9,1
<0317 .0013 .C608 .CO34
-10.4 W6 -1.9
£0227 .0043 .0370 .0026
-7.7  -1.5 -4,5
alp a2p 43P STEPY
DELT1 DELT2 DELT4
«0143  ,0044 .0165 ,0016
-12.0 6 ~2.8
«C554  .0457 .C367 .CO036
-10.2 1.5 1.9
+0530 .0162 .0588 ,0034
-3.7 -5 14
#1165 ,0523 ,1206 .ca7s
-8.5 -2 1241
«C449 L0250 ,C433 ,0029
-9.4 1.1 bo4

+«0l61

17

STEPD

HL1L

-.0088

«10

-.0184
.10

-.0154

«10

-.0144

.07

~.008R8

.07

STEPD

HL1L

=+0039

.07

.00133

.06

«0053

+ 06

0109

. 06

. 0039

.06

16.87
.C7
21
HL33
9.97

-.04

9.97

-.06

9.97

=-.04

6.83

-.03

6.83
-.03

1
HL33

6.83

~.03

6450

«05

+4308

XKR

«2849

«1912

+3295

+ 0400

+1824

XKR

«3099

«3244

3067

44690

«5575

1.1386
028
XKT
Al
1.3125

019

1.6602

033

9703

046

1.9180

032

1.5608
023
XKT
Al
t1.1482

«014

6622

+ 044

l.1101

064

1.0350

2111

9649

2042

N9

5.469
<014

CELAY
A2

5.978

003

5.978

<005

5.978

.007

64162

.003

6,162
002

CELAY
A2

6.162

002

7.815

026

7.815

«034

7.815

027

7.315

015

2,759
«031
CELAD
A3
2.804

«02¢6

2.R04

+057

2.804

<048

2.821

061

2.821
037
CELAL
a3
2.921

017

5.600

<047

5.600

«068

5.600

.12y

5.600

048

.6282
.005
CGRAT
A4
-.5136

.003

-+5136

013

~+5136

.011

~«4793

.007

~44793
.005
CGRAT
.33
-.4793

.003

« 7347

.022

«T347
025

7347

«033

<7347

«015



* XEC
JCe TINE = .06 MIN,
LIBRARY ENTRY PCINTS,
LSETUP (CSHM)
NAME ORIGIN ENTRY
MAIN  CCl44 00156
(F2EF) C2117 02307
RSTRTN 1C107 1C400
JOBTM 1C107 10146
EXITVM 1C503 10511
CREAD 10622 10675
(CSH)  1Ce22 10664
(10K) 11345 11610
DCEXIT. 16237 16402
(TEF) 16412 1&515
(BSR) 16412 16510
(EXE) 16555 16564
«PRINT 17450 17554
(STHM) 17450 174063
I (SCHM)} 17450 17472
- ERRCR 20650 20654
o)) (RDC) 21230 21307
K LBUMP 21577 21602
1 MOVIE) 22127 22127
PROGRAN LENGTH = 22504,

THE
RUN

S5

96

s9

1c1

1C3

#M4013=-3529,FFS4RESLLT,1,45,5C0,5C0,

(RTA)

NAME ORIGIN

AKEFC 01622
FTNPM 02117
TIMLET 10107
TIMER 10107
EXIT 10503
JTAPREC 10622
ICHSIZ 11345
.03311 16220
DFWP 16237
(RCK) 14412
(WRS) 14412
(I0U) 17415
JTAPHR 17450
(STH) 17450
LFCUT 17450
(WIC) 21044
(RER) 21230
ATN 21606

LOWEST COMMCA =

{SPEM)

ENTRY
01e27
02145
1C164
10224
10535
10672
14707
1622:
16274
16514
16507
17422
17547
17464
2041C
21123
21243
21¢1C

77461

«22 MINUTES ELAPSED SINCE START QOF JOB

EXECUTICN
T XL0

4.516 104.36

4.516 104.36

4,953 125.53

4.953 125.53

4.953 125.53

FOLLCWING RUNS HAVE BED SLCPE =

ALl

35.49

35.49

39,05

39.05

39.05

H1 H3 FH13
2.00 1.00

2.0 1.00 2.00
2.00 1.00 2.00
2,00 1.00 2,00
2.C0 1.00 2.00

XL3

2.00 25.335

25.35

27 .85

27.85

27.85

(FIL)

NAME D
LSETUP
(F2PM)
KILLTR
(TIME)
.LQOK
(TSHM)
(RTN)
.03310
DFSA
(ETT)
(RS
(TES)
+PUNCH
(SPHM)
.CLOUT
(WER)
SOR
ATAN

AlP )
DELTL
»0327 .0

~6.0

0486 .0

-5.4

.0292 .0

-5.6

«044s L0

5.5

.0175 .0

-B.3

«125C00 AND SIDEWALL SLOPE =

AQUROCIMOS
SQRT cos
RIGIN ENTRY NAME O
02161 C2106 (RCP¥)
02117 02134 (FPT)
10107 10346 STOPCL
10107 10112 END Y4
10622 11035 «SCRNS
10622 10641 (CSHM)
11345 14557 (FIL)
1622¢C 16222 SFOP
16237 1e257 OFAD
16412 16513 (REW)
16412 16506 (1osy
17437 17441 RECOUP
1745C 17530 (SCH)
1745C 17462 (SPH)
17450 20405 +COMNT
21044 21060 (RST)
21333 21337 SQRT
2160¢€ 21610 SIN
1.6CCCO0
2P A3P STEPU STEPD
DELT2 DELT4 HL11
093 .G364 .0018 .0029
.C 6.0 .06
€96 .054¢6 .0027 .0043
-7 4.1 .06
029 .0340 ,0015 .0024
-8 4.6 .05
114 .C493 .C023 ,0035
-7 4.4 .05
050 .C195 .CCO09 .o0C14
-.8 T.4 .05

RIGIN
02117
07511
10107
10503
10522
10622
11345
16237
16237
16412
16412
17442
17450
17450
17450
21170
21333
21735

71
HL33

3.67

04

5.67

«C4

S.15

« 04

04

SIN

ENTRY
03415
07620
10206
10567
11037
10640
14542
16322
16242
16512
16417
17445
17475
17521
17554
21201 -
21337
21750

XKR

«2844

.1970

0990

#2575

«28B62

AT AN

T oNaMe 0

FTNRD
(FRMT)
RSCLCLK
CLKOuUT
«READL
(TSH)
STQUU
DFDP
(TCO)
(WEF)
(TRC)
«SPRNT
(STHD)
(PRNT)
« PNCHL
(RNPM)
EXP{2
caos

1.1642

.033

1.1099

.050

l.1114

-023

V-

RIGIN
02117
10107
10107
10503

10522

10522
11345
15237
15412
16412
16412
17450
17450
17450
17450
21230
21443 °
21735

CELAY
22
T.364

2021

7.864

.017

7.391

«011

7.491

022

7.301

.014

(2

CNTRY
N2144
1N414
102061
11535
1N6735
1056351
116405
16324
1651%
16511
15517
17674
17713
20073
17520
z1324
21447
21737

CeLat
Az
5.618

(40

S.61F

CGRAT
+ 7289

.012

7252

<016

7252

009
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1C4

1c5

1C6

1c7

1C8

RLN
1C9

112

113

RUN

114

4,953

6644

6.644

5.854

5..854

5.854

5.854

52582

52582

5.582

5.582

L0

125.53

225.90

225.90

17541

17541

xi0

175.41

175.41

159.47

159,47

159.47

XL0

159.47

xL1

319,05

52.79

52.79

46439

46,39

XL}

46.39

46439

46..78

46.78

46.78

46.78

2.C0

2.00

H1

2.00

2,00

2425

2.25

1.00

1.€0

1.25

1.25

HHL3

2.C0

2,00

2.00

FH13

2.C0

1.80

XL3

27.32

37.5C

IT.5C

33.00

33,0C

L3
313,00

33.00

35.1C

35.1¢C

35.10

35.10

Alp AZP a3p STEPY
NELTL DELTZ OFLT4
L0173 0101 . C12C .CCCS

=Rel .7 6. R
.0324  ,0064 .C439 .CCl5
~5.9 . h 64 R
<0854 LO01t6 .C974  ,0032
~-7.1 1.C Ta2
.C260 .0144 .0289 .CO11
=2.2 -1.C 1.8
0266 40138 .C267 .COl1
-443 .9 1.4
AlP Azp A3P STEPU
© DELT1 OFBLT2 DELT4
+£5C6 .0175 .C520 .CO022
=28 .2 1a5
.C924 ,0z218 .1018 .C040
-2.3 X 2.2
«C420 ,0016 0477 ,.0018
-6.0 1.5 1.1
+034%1 .0120 .038C ,CO015
-5.7 .4 T
-0410 .0119 .0450 .0018
6.l 1.C o6
AlpP A2ZP A3P STEPU
DELT1l OFLT2 DELT4
0931 .0253 .C989 .CCal

I

sreen
Ll
.Cr13

05

0052

« 04

.C017

.04

0016

o0

STFPD

HL11

«0032

04

+0062

+04

.0027

«05

.0022

« 05

0026

«05

STEPD

HL11

«C056

1

HL33

3.1%

D4

21

HL33

4433

03

r1

HL33

4.06

XXR

RLEE

1672

» 1940

+5545

5177

XKR

3452

.2333

0372

«3511

+2905

XKR

2713

XK T
1.0372

20

l.14273

0a)

141407

« 083

1.1093

031

1.0033
D25
XK1
Al
1.0268

051

1.0902

.095

1.1363

045

1.1151

035

1.0966
048
XKT

Al
1.0627

CELA) CILar
A2 a3
7.491 5,527
D17 L0z
7.95F 5,540
012 047
7.950 5,543
L0120 L1103
7,929 3.:a1
021 032
7,929 5.441
«N03 020
CELAY  Celan
A? Ax
7,929 S.541
D13 W05
7.929 5.041
«014 .109
F.356  €.792
012 051
8,386 6,292
L015  .040
3.396 6.292
<025 .0%9
CELAU  CrLaAp
A2 a3

34385

CGRAT
«7252

«NC3

717

«012

<7171

024

.7200

010

7200

«028

. 7603

013

7503

009

. 7503

«014%

CGRAT

7603
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115

116

117

118

119

12¢

123

RULN
124

5.051

5.051

5.051

4,372

4,372

4.372

3.844

3.844

3.844

5.519

5.519

13C.55

130.55

130.55

97.84

XLO

$7.84

$7.84

75.63

75463

75.63

XL0

155.86

155.86

42.18

42,18

42.18

36.29

XLl

36.29

36.29

3l.68

31.68

31.68

xLl

35.99

35.99

2425

2.25

H1

1.67

1.25

1.25

1.25

1.25

1.25

H3

1.80

FH13

1.R0

1.80

.49

31.7C

31.7C

31.7C

27.33

27.33

27.35%

23.9¢

23,98

23.9¢

25.5C

25.5C

~44.5 ~b o7
0575 .0265 .0572 .0027
-9.4 1.4 2.2
.0353 .0139 ,0375 ,0017
-4,9 .4 2.3
«0749 .0149 ,0820 .CO36
-R.9 .7 1.9
+C470 L0141 .0498 ,0026
5,7 -5 4.2
AlP A2P A3P  STEPU
DELT] DELTZ? DELT4
«0374 ,0127 .C405 ,CO21
-5.5 -.8. 4.6
<0634 .0150 .C675 .0035
5.4 -.9 4.5
«C510 ,0154 .CS41 .CO32
-10.8 .5 .3
«C415 .0119 ,C442 .0026
-4.9 ~e5 .1
<0782 .0090 .C%54 ,0049
=1s1  -1.4 .3
Alp a20 A3 STEPU
DELTL DNELT? DNELT4
20237 ,0077 .0273 .0012
-2.3 -4 1.6
«0294 ,0097 .C343 ,CC1S
-2.4 -4 1.7

» 05

.00136

.05

0024

.05

«0052

.05

<0036

<06

STEPD

HL11

+0030

«06

+ 0049

« 06

0045

.07

«0037

.07

.0071

.07

STEPD

HL11

+0021

.04

0027

.04

1

HL33

6.23

.05

21

HL32

4.20

.03

4.20

.03

«4€0C

«3937

«1993

«2996

XKR

«3399

«2368

«3009

<2874

.1148

XKR

<3247

«3295

+092

9943

055

1.0633

«039

1.0943

<075

1.0610
.049
XKT
Al
1.0834

«041

1.0648

.073

1.0608

051

XKT
1.1530

027

1.1661

+034

VA
L0057 104

3,353

84304
<015

CELAY
a2

3.306

.020

84305

«035

R.24¢

.008

8.24%

. 00¢

8,246
010

CELAU
A2

7.251

.014

7.251

018

6.281

+060

6.7231

040

6.231

. 085

5.259

+054

CELAD
6.259

<042

6.259

.073

6,234

.058

t.234

046

6.234

.089

CEL AD
4.624

«029

4,626

037

.023

« 7637

.013

<1637

.010

<7637

016

+7700
.015
CGRAT
LY
.7700

.008

.7700

.020

«T774

+015

«T774

009

<7774

.018
CGRAT
A4
<6464

007

6464

.010



-/L91~-

128

RUN

129

130

131

132

RLN

134

135

136

5.516

6.13C

6.13C

6.13C

6.946

6.94¢

6.946

7.548

7.548

7.548

1.548

155.86

162.32

192.32

XLO

192.32

246.93

246.93

246.93

291.56

xL0

291.56

291.56

291.56

39.99

44,51

44,51

44,51

50.54

50.54

50.54

54.98

XLi

54.98

54.98

54.98

1.67

H1

1.67

1.67

leo?

1.67

le67

67

2449

2449

2.49

kH13

2.49

2.49

25.50

28.35

28.3%

XL3
28.35

32.15

32.15

32.15

34,95

xL3

34.95

34.95

34,98

.0523 .0127 .Cé6l5 .C026

-2.7 ~oh 8.0

.0226 .0Il5 .0241 .COLQ

~4.3 -1.3 5.9

0247 .0080 .0289 .00ll

AlP A2P A3P STEPU
UELTL DELT2 DELT4
.0425 ,0084 .C511 .0019

.0499 .0125 .C594 .CQ20

-5.7 .1 4.3

.0259 .0ll6 .0289 .cCiC

-Sa1 -5 4e2

.0314 .0113 .C363 .COl2

~4.7 -.1 2.8

+0217 .00RT .0244 ,0008
-1.1 -4 3.0

AlP aze A3P STEPU
DELTYI DELT2 DELT4

.0213 .008> ,C24¢ .COOE

~2.3 1.C 3.t

.0380 .0126 .0439 ,COl4

.04¢8 .0129 .C561 .COLN7

~2.5 1.1 3.4

« 0048

<04

+0017

.04

.0020

04

STEPD

HL11

0036

.04

0037

.C018

.03

«0023

.03

0014

.03

STEPD

HL11

0016

.03

.0025

.03

0032

.03

4.20

.03

3.77

.02

3.77

.02

21

HL33

3.77

.02

HL33

3.05

.02

2429

.5113

+3253

XKR

1966

2503

6467

+3599

4002

XKR

3972

«3315

«2755

1.1764

057

140693

021

1.1709
.027
XKT
Al
1.2029

+C43

1.1892

.050

l.1165

.030

1.1572

031

1.1238
.021
XKT
Al
1.154¢8

<026

1.1554

.039

1.19%9

«052

N-4

—h ¥
T.251 4.624
.02%  Lues
7.266 4,628
.006  .026
7.266  4.628
.012. .031
CELAU CELAD

A2 A3
To26h 4,622
.007 L0813
7.281 4.632
.010 .06l
7.281 4.632
L01% 031
7.281  4.632
.00#  ,028
7.289 4.(34
.00¢  .025
CELAU CELAD

a7 A3
7.249  4.634
L016  .027
7,209 4.634
012 047
7.239 4,634
.024  .059

« 6464

.015

.643G

. 007

L6639
.008
CGRAT
04
L6439

.010

<6415

.010

«6415

.008

+6415

.008

6403
. 004

CGRAT
A4

6403

Vi)

6603

.012

«6403

013
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137

138

RLN

139

140

141

142

143

RULN

144

145

146

147

148

il.22¢

11.226

T

11.226

11,226

8,726

8.726

8.726

7.3C0

7.300

7.3C0

5.033

5,033

644,99

644,98

XLO

644.98

644,98

389.68

339.68

389.68

XLO0
272.73

272,73

272.73

129.65

129.65

73.26

73.26

XLl

73.26

73.26

56.86

56.86

56.86

XLl

47.50

47.50

34.53

34.53

.33

33

H3

.33

.33

H3

.33

<33

.33

«50

4,C3

FH13

4,03

4.03

4,03

4.03

4,03

HK13

4.03

4.03

3.00

36.5¢

36,5¢%

XL3

36.55

3¢.55

28.4C

28.4C

28..4C

23.75

23.75

23.75

20.10

20.10

.C1€5 .uCl3 .u13C .CCC3
-2.4 -l.3 7.8

.0123 ,0015 .Cl1é5 LCCO4
-1.9 =5 T.6

AlP A2P A3P STEPU
DELTLl DELY2 DELT4

.0217 .0031 .C250 .COO6

=242 .6 Re2

.0507 .00486 .C61l1 .0014
-2.1 o1 9.2

«0265 .0148 .C240 ,0C09
=0 -1.¢ 7.2

.0327 ,0016 .C340 .0011
~1.3 -4 7.3

.0546 L0165 .0578 .0019
-2.5 o4 7.8

AlP azp A3p STEPU
DELT1l OELT2 DELT4

.0187 .0009 .C230 .0008
~4.,0 b 4.5

.0288 .0082 .C38) ,0012

A .7 4.6
«0480 .0074 .0566 ,0020
~3.6 ] 4.6
0243 .0096 .0260 .00l4
-5.9 -.0 4.7
.03C9 ,0119 .0332 ,0018

.Cc0C7

.02

.CC09

.Cc2

STEPD

HL11

«0014

.02

.0033

.02

0017

.02

.0024

.02

. 0041

.02

STEPD

HL11

.0019

.03

.0032

-n3

« 0048

.03

<0026

« 04

.0033

1.83

.01

1.83

.01

HL33

1.83

2.35

.01

71

HL33

2.82

.01

21271

«1151

XKR

.1417

1693

»5587

0475

.3030

XKR

.0502

«2839

«1536

3972

+3838

1.2434

011

1.2389
2014
XKT
Al
1.1528

.023

1.2033

<052

+9052

.024

1.0408

+035

1.0587

.055

XKT
Al
1.2329

.020

1.3213

-031

1.1795

.050

1.0704

-N2s

1.0723

64530

004

CELAU
6.530

007

6.530

.012

6.521

.007

6.521

009

6.521

.013

CFLAU
a2
6.511

008

6.511

.013

6.511

2014

6.866

. 009

0.866

013

3.258

017

CELAD
A3
3.258

.026

3.258

062

3.257

.027

3.257

.036

3.257

061

CELAD
A3
3.256

.025

3.256

.039

3.256

058

3.996

.028

3.996

+500¢

.002

«5006

.003

CGRAT
4
.5006

. 005

5006

.009

«5022

.009

5022

009

5022

«014

CGRAT
X3
.5039

.007

«5039

.008

.5039

.009

+5916

.008

5916
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RULN

149

15€C

151

152

153

RLN

154

155

156

157

158

RN

1C.674

10.674

10.674

10.674

9.54¢

9.546

9.54¢

7.360

T.360

129.55

583.07

583.17

583.07

583.07

XLO

4€6.34

466,34 .

466434

277.28

277.28

XLO

34.53

67.52

67.52

67.52

67.52

XLl

60.35

60,35

60,35

46,45

46.45

1.25

1.25

.25

H3

FH13

31.00

5.CC

3.C0

3.00

3.00

5.00

5.00

HH13

XL3

20.1C

30.2¢

3C.25

30.25

30.25

XL3

27.05

27.05

27.0%

20.85

20.85

XL3

~Cat o4 5.3

AlP A2P as3e STEPU
PELFLl  NELT2  [ELT4
+C477 L0151 .(525 .0C028

-b6.6 X Se8

.Clll1 .0035 .C129 .C003

=25 -7 5.9

+0l45 .0035 .0178 .C004

-1.9 -l.6 6.3

+0216 .00L8 .0287 .COO&

.0278 .0065 .C339 .0008
-2.3 -1.C 6.5

AlP A2p A3P STEPU
DELTL DELT2 DELT4

.0123 .0019 .0157 ,.0004

-3.4  -1.0 7.9

+0160 .0053 .0188 .0CO5

=2.7 -9 7.3

.0256 .0066 40319 .0003

-2.5 -1.2 8.0

.0242 .0024 .C222 ,.0010

-5.5 1.2 6.5

.0266 .0044 .0329 ,0011

=5.6 .9 6.3

AlpP A2P A3p STEPU
DELT1 ODELT2 DELT4

«Ca

STEPD
HLll
.0052

.04

.C009

.02

.0012

02

<0019

.02

.0022
.02

STEPD
HL1L

.0012

.02

0014

.02

.0024

.02

0021

+03

«.0032

.03

STEPD
HL1l

.02

i
HL33
4.37

.02

1.86
.01
Il
HL33
2.08

.01

2.08

.01

2.71

<01

2.71

.01

1
HL33

XKR

«3151

«3165

+2395

«0844

«2320

XKR

«1533

-3305

«2573

.1008

1654

XKR

<031

XKT
al
1.1002

048

1.1610

01l

1.2281

<015

1.3236

2022

1.2178
+028
XKT
Al
1.2808

.012

1.1759

016

1.2475

«026

.9188

.026

1.7340

027

XKT
Al

010

CELAL
a2

Eoelnt

.014

64330

003

6330

.005

6.330

<004

64330
007

CELAU
A2

6.326

.003

6.326

« 006

6.326

.00¢8

6.314

<008

be314

«00¢

CELAU
LY

N6

L0258

ciLage
A3
3,990

<054

?.%30

013

2.€30

018

2.730

009

2.P36
+036
CELAD
A3
2.836

016

2.83¢6

.019

2.736

.032

2.835

.023

2.835

.033

CELAL
A3

Qe

CGRAT
a4
.5916

.009

24496

.001

4496

002

4496
.003

4496

.002

CGRAT
<4502

002

«4502

.002

«4502

.002

4523

.005

«4523

+002

CGRAT
A%
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159

1¢C 12,172 758,26

7.360 277,28

1€1 12,172 758,26

46,45

77.04

77.04

1.25

1.25

1.25

.25

5.CC 20.8%5 .C3$7 ,D128 ,C3e2 .CCL7

=52 .9 3.7

5.0 34,5C ,0C%9 ,CCD2 .C123 .Coc2

l.6 =4 4.7

5.C0  34.5C .01%2 ,CC4l .0182 ,C004

~2.¢ -2 4.6

«C037 2.71

«03 +01

0007 1.63

«02 <01

0011 1.63

02 «C1

3227

0228

«2729

09627

<039

1.3871

+009

1.2368

.15

6,314

«010

64333

.NC1

64332

002

2.836  ,6449)

«Cl2 .002

Ja93F ,449)

«019 .0C2



~TL1-

LIBRARY ENTRY PCINTS,

+SETUP

NAME ORIGIN

VAIN
(F2EF)
RSTRTN
JosTw
EXITM
«READ
(CSH)
(1aH)
CCEXIT
(TEF)
(BSR)
(EXE)
«PRINT
(STHM)
(SCH¥M}
ERRCR
{RCC)
LDUNP
MOVIE)

00144
02113
1C103
10103
10477
1C616
10616
11341
16233
16406
16406
16551
17444
17444
17444
20644
21224
21573
22123

PRCGRAM LENGTH =

(CSHM)

ENTRY
00156
02303
10374
10142
10505
10671
10660
11604
16370
16511
16504
16560
17550
17457
17466
20650
21303
21576
22123
2250C0.

«M4013-3529,FVMS,RESULT,»1,5,50C, 500,

(RTN

)

NAME ORIGIN

AKEF
FINP
TIML
TIME
EXIT
.Tap
10HS
.033
DFMP
(RCH
(WRS
(10U
LTAP
(STH
LFOU
(WTC
(RER
ATN

Q
>
FT
R

RD
1z
11

)
¥
)
WR
)
T
i
)

01616
02113
10103
10103
10477
10616
11341
16214
1,233
1¢406
14406
17411
17444
17444
17444
71040
21224
21602

LOWEST COVMMEN =

SPHM)
~
ENTRY
01623
02141
10160
1022¢C
10531
10666
14703
1621¢
16276
1651C
16503
17416
17543
17460
20404
21127
71237
21604

77461

«87 FINUTES ELAPSED SINCE STA<T OF JCB

THE FOLLCWING RUNS HAVE BED SLCPE

RUN

1

40

50

RULN

EXECUTICN
T XL0
2.446 30.63
2,646 30.63
1.4C1 1C.05
1.401 1C.05
1.656 5,71
T XLO

XLl

17.25

ALl

H1

1.75

H1

h3

.75

h3

(FIL)

NAME 0
«SETUP
(F2pPM)
KILLTR
(TIMEY
+LO0K
(TSHM)
(RTN)
«02310
DFSR
(ETT)
(POSY
(TES)
« PUNCH
(SPHM)
+CLNUT
(WER Y
SCR
ATAN

ACURQL IMDS

RIGIN
02075
cz113
101C3
10103
10616
10616
11341
16214
16233
164G
1640¢
17433
17444
17444
17444
2104¢
21327
21602

.125C00 AND SIDEWALL SLOPE =

KH13

2.33

7433

2.33

HH13

XxL3
11.71

11.71

XL3

AlP 4
DELTL
.0360 .0

-9.0

.0551 .0249 ,C8CC .0C64

.C863 .0

-23.0

.1023 .0

2P
DEL
134

270

239

-23.9 1

.C462 L0110

-32.1

AlP A
DELTL

-1

2p
DEL

SQRT

ENTRY
c2102
c2130
10342
1€106
11031
16635
14553
16216
16253
165C7
16502
17435
17524
17456
2C401
21054
21323
21604

.C52000
A3pP STEPU
T2 DELT4
«C542 ,0C42

.7 2.8

.1193 0201

4 2.5

.1636  ,C24C

.C 1.0

.C594 ,Cl68

.5 1046

43p STEPL
T2 DELT4

cos

SIN

NAME (ORIGIN EMTRY
02113 03412
07605 07614
10103 10202
10477 10563
10616 11033
10616 10634
11341 14536
16233 16316
16233 16236
16406 16506
16406 16413
17436 17441
17444 17471
17444 17515
17444 17550
21164 21175
21327 21333
21731 21744

tRCPM)
(FPT)
SToPCL
ENDJCR
«SCRLS
(CSHMY
(FIL}
SFDP
NFAR
(REW)
(10SYy
RECOUP
(SCH)
(SPHY
+COMNT
(BsST)
SORT
SIN

STEPD
HLI1
6093

.10

.0137

.10

N33

.20

0266

.32

STEPD
HL11

71
HL33
10.20

06

10.20

.06

20445

31.99

.17

71
HL33

XKP

«3711

#4511

3127

<2316

2396

XKR

-t

NAME NRIGIN

ATAN

FINBP
(FRMT)
RSCLCK
CLKOUT
+RFEALL
(TSH)
sTQue
DFHP
(vYeo)
{WEF)
{TRCY
« SPRNT
(STHL)
(PRMT )
«PNCHL
(RNPM}
ExXP{2
cns

XKT
Al
1.5055

.038

1.4521

<053

1.34834

+085

1.3908

« 104

1.2359

047

XKT -
Al

E

02113
10103
10103
10477
10610
10616
11341
16233
16400,
16406
16406
17444
17444
17644
17444
21224
21637
21731

CELAU
a2
T.056

07

7.05¢

.019

Gela3

L0179

64147

025

.5.213

<012

CELAU-

a2

¥e(o

EMTRY
02140
10410
10175
1053Y
10671
10645
11601
14322
16512
16505
Té513
17670
17507
20067
17524
21320
el1443
21732

CELAL
A3
4,788

076

4528

« 122

CCLAR
A3

CGRAT
« 3635

.010

4502

.018

4502

014

«5385

.010

CGRAT
AG



-C¢L1-

sC

11

12

RLN

13

14

RUN

18

19

l1.621

"1.823

1.823

2.256

2.21¢

2.29¢

13,65

13.4%

13,68

xLo

17.02

17.02

17.02

17.02

26.98

XLO

26.98

26.98

16,50

wL.se

LY

12.20

12.20

12.20

12,20

16.05

XLl

16.05

164,05

1,78

Y

1.75

1.75.

1.75

.75

75

~
.

w
w

Ze33

2.3Y

FH13

2433

Z2.33

L3

1.54

#4454

10.95

xt3

10,9¢

10,95

«1266 0 L0154 L1587 ,C45¢

-33,0 WA 12,4

.C845 L0154 L6737 .C1C4

=2C.1 1.% .9

WC263 L0168 ,C36T ,CCSC

=19.8 =e s 2,5

+CEE9  ,0C59 992 ,C126

«2C,5 ok RS

.£9Cs  ,C172 ,1231 .C173
~20.7 o7 =3

AlP A2P a3p STEPU
DELT] DELT2 DELT4

.0120 ,0074 ,Ci50 ,.C020

~15.6 - f rleb

.04€2 L,D16R L0671 LCO76

T =17.7 1.2 2.7

.C5%7 L0153 ,CR40 ,L€O091

-14,7 -3 2.7

L074C 0237 L1055 L0121

-14.8 7 .9 3.0
€609 ,0225 .C925 .0076
=152 L7 .7

AlP A2 A3P  STEPU
PELTL DELTZ CELT4
.0493 © ,0210 .0721 .CO61

-14.9 ot .1

«C3Ce  ,0161 ,C421 .,0038

.0703

32

0210
17

«0C33

17

+0264

o17

<0355

.17

STEPD

HL1)

+0M35

.14

#0157

14

0187

el4

«0256

.l4

<0169

o1l

STEPD

HL11

+C132
o1l

.0077

31,97

# 17

16.7¢

.10

16476

.10

16.7¢

.10

16.7¢

.10

21

HL33

14,42

14442

«09

146,42

<09

10.96

.07

21

HL33

10,96

.07

10.96

.1308

«2P76

#4102

+0RrR9

+«1R97

XKR

.6138

3642

28%0

«3207

3699

XKR

24255

#5237

le2¢c1 5,713
W125 .00
14461 £.432
.054 012
1.3906 6,482
«026 ,009
1.4936 6,482
sC6T 006
1.4690 6,482
.090 ,N0¢
XKT CELAU
al a2
1.24°3  6.€9%
011 005
1.4500 6,695
045 .012
1.5020 6,695
.057 .019
1.4790 6,495
.073  .0l6
1.5180  6.995
059 015
XKTY CELAU
Al A2
1.4€29 .995
.048 ,017
1.3695 ¢£.99%

4,21

189

boh2E

.0n0

4obze

.102

hab2¢
o136
CELAR
a3
4,687

010

LotB7

06

b LPT

«ORS

4.6RT

.113

4,771
+U94
CELAD
A3
4.771

073

4,771

«5385

.011

J4loa

.010

CGRAT
«3960

. 004

«3960

.008

«3960

.009

3960

020

.3688

.012

CGRAT
.3688

.008

«3648



20

22

RLN

23

24

-€L1~

26’

RUN

28

29

30

2.296

2.858

2.858

2.858

2.858

2.886

2,886

2,886

2.886

2.252

2.252

26.983

41.82

41.82

41.82

41.R2

42462

42.62

42.62

XL0

42,62

25.97

25.97

16.05

20.50

2C.50

20.50

20.50

22.00

22.00

22.00

22.00

16.60

16.60

Hl

1.75

H1

2.00

2.00

<75

75

1.00

2.00

16,93

1:.77

13,77

13.77

13,77

15.9¢

15.9¢

15.9¢

XL3

15.9¢

12.26

12.26

«Clad

L0210

a1p
n
«CaCe

.C511

«03C7

0213

«Cae7

Alp
o}
.0534

«0428

. 0543

»CC7¢C

=3

L0100
-9.3
£2p
ELT1. 0
152

-9,3

.0178

-9,2

«0149

«0147

-9.3

.0181

-9,1

azp
ELTL D
0147

11.7

.0189

19.2

0172

13.8

o1 7.9
. 0262 ,rp2e
1.1 1.9
+02C2 L0014
-1.C 5.1
«C453 L0011
.C o7
A3P sTEPL
FLY2 180T
«Ch20  L.C04C
-5 7.0
.C7899 ,cos¢
.C 7.¢
.C427  ,C028
-1.3 .8
. 0244 L0019
-9 .6
«Ct91  ,C042
~1.3 -0
A3P  STEPY
ELT2 DELTe
«C34  ,C049
.8 -b
0561 .0052
1.5 2.6
.0786 .C065
1.2 2.6

CN29

]

072

«C9

STEan

L1

.CNY0

0033

09

.0031

.09

. 0087

.09

STEPD

HL11

0102

.09

+0096

12

«01213

12

10,9,

21

HL33

B.30

1

HL33

9.14

+ 0%

12.11

.08

12.11

.08

#5625

20335

+3778

LKR

«3753

3476

«GBS57

6912

<3876

XKR

2767

24410

3174

V-3

638

1.20¢2

XKT
Al
1.5299

«Da0

1.5444

«050

1.3gp2?

<035

1.1459

021

1.6793
047
XK1
Al
1.5243

060

1.3813

<049

1.4491

<065

O30

£ 29N

<011

7.177

010

7177
00

CELAY
A2

Telvr

011

T.177

012

7.6729

002

7629

013

T.620

«014

CEL Ay
A2
74629

028

7.378

027

54535

075

SCLLAR

A3
94538

L0R7

HekbH

067

5e445

.007

024

+3688
«005

«3533

00

«3533

+006

CGRAT
"
+3533

«Cla

<3811

«016

3911
.010

. 3811

.021

CGRAT
Adb
«3811
022

+4004

. 023

4004

.027



=VL1-

RUN

31

35

[N

36

2.252

24252

2,252

1.689

1.609

1.689

1.384

1.384

1.384

25,97

AL0O

25.97

25.97

14,60

l4.60

14,60

16,40

16.60

16,60

16.60

11.60

11.50

11.60

2,00

2.C0

H3

1.00

1.00

1.00

1.C0

l.CO

2.CC

72,00

HK13

?.co

2,00

Z.C0

2.00

12.2¢

12.26

XL3

lz.2¢

12.2¢

8.8S

.€555 ,0178

-13,2 1

<0571 .0182

~13.8 i
AlP AzZpP

DELT1 ULEL
£0237 ,0130

-9.8 -1

€912 .023¢

~14,1

«C334 ,0083

-23.7

20711 .0294

-17,7 1

«1120  ,0394

-17.9 -
AlP A2p

DELTL DEL
«1279 L0416

=17.5 -

«C450 ,0181

-2642

0727 ,022%

-33.,5

«107¢ L0430

=23.9

«C3C0 ,c067

7 2.6

«CR27 L, C069

.2 2.6
A3p STEPY
T2 DELT4
+C311  ,cC29

3 =2.7

«1351 .o0110

o b 2.6

0477 .0058

o1 4.9

.C954 L0123

o1 4.9

<1533 ,0193

o2 -3.6
A3p STEPU
T2 DELT4
<1737 ,022¢

.f 4.2

«C373 .0103

.2 1.3

«104¢  ,018C

X ~4.9

1349 , 0246

] =5.R

0131

.12

<0135

.12

STEPD

HL11

«0051

.12

<0221

.12

.0107

17

.0215
17

0345

217

STEPD

HL11

+0391

17

<0164

23

«0299

23

.0385

23

12.11
.08

12.11

08

1

HL33

12.11
.08

12,11

.08

17.33
o11

17.33

o1l

17.33

.11

21

HL33

17.33

-n

22.9%8

.l4

22.98

ol

22.93

ola

3213

.3185

XKR

«5478

«2584

«2493

4142

3521

XKR

- «3255

4026

+2R64

«3996

T4

—L
1e4425 7,314
068 ,039
le44sB 7,375
070 .040
XKT CELAU
Al A2
1.3081 7,375
.024 ,012
1.4812 7.375
<094  ,0721
1.4270 6,872
«038  ,019
1.3419 6.872
<072 .029
1.3690 6,872
.109 ,022
XKT CELAY
Al a2
1.3586 6,872
«136  .060
1.2731 6,328
.049 ,026
1.3280 6,327
081 .025
1.2531 6.323
.104 .02~

54445

.090

5.445

.093

CELAD
54445

.03¢

5.445

<137

5.266

«051

5.266

. 099

CELAD
5.266

177

5.066

059

5.066

.109

5.066

.139

«4004

.030

4004

.031

CGRAT
+4004

.010

<4004

.016

4412

+013

4412

-019

4412

«4871

.022

. 4871

.024



RN

41

43

44

45

4“6

=€/1-

RULN

47

4R

49

50

51

RUN

1.384

+SC3

+592

962

692

1.385

1.385

1.385

1.385

1.78¢

1.78¢

5.04

9.81

16.33

16.33

XL0

XLl

9.00

13,00

13.00

X1

2.00

H1

2.00

2.25

2.25

2425

2.25

H1

2.25

2425

2.25

2425

2.25

H1

H3

1.25

1.80

1.80

1.80

FH13

XL3

Te.61

10.41

1C.41

XL3

«1221 L0212 .1651 .0281
-33.6 -1.C 6.3
alp Azp A3P  STEPU
DELT1 DELT2 DELT4
.0627 .0152 .0762 .0302
-117.6 1.2 9,7
L0717 .0195 .0B63  .0287
-48.9  -1.C 5.1
.C919 .0313 .1077 .0368
-54.7  -1.2  25.8
L1063 L0152 .1297 .u425
-51.6 1.4 2.3
.C9CO0 .0258 .1162 .C2CC
-30.7 1.2 -7.1
AlP A2P A3P  STEPU
DELT1 DELT2 DELT4
L057¢ .0290 .0674 .0128
-23.7  -1.2  -T.1
L1226 .0334 L1575 .0272
-24.5 -t -6.3
L1651 .0378 .2116 .C3&7
-23.3 1.1 .7
.0348 .0146 .C459 .C054
-17.9 -e4 -2.0
.0645 .0275 .C839 .COS9
-18.1 -3 -2.7
AlP a2p A3P  STEPU

HL11

HL11

«0471  22.9%

«23 .14

STEPD 21
HL33
+0395 48.45

+48 .26

.0368 45,24

45 27

<0459 45,24

o45

+0553

.45

.0305 25.13

.25 .16

STEPD 1
HL33
.0177 25.13

.25 .16

0414 25.13

«25 .16

«0556 25.13

25 .16

.0083 17.40

.17 .12

.0161 17.40

17 .12

STEPD 71

#1725

XKR

2418

+2713

3409

+1430

2853

XKP

«5031°

2729

2291

4204

4260

XKR

P
1.3405 4. S.0606

«l124

XKT
Al
1.2145

<062

1.2034

073

1.1722

+090

1.2204

.118

1.2901
091
XKT
Al
1.1708

056

1.2866

124

1.2816

.163

1.31%3

.038

1.3016

066

XKT

.015

CELAU
A2
4.601

.010

5,044

<014

5.044

.008

5.044

036

64506
020

CELAU
A2

6.504

.023

€504

.032

64504

JO1#

T.2827

.170

CELAD
A3
4.279

2077

4,734

.093

4,734

<116

4.734

«1458

5496

.123

CELAD
A3
5,496

071

5496

163

546496

24334

.088

CEULAD

J4RTL

029

CGRAT
«5659

.008

+5579

.025

«5579

.031

5579

.052

5089

.029

CGRAT
«5089

.016

.5089

.030

.5089

.027

4542

.010

4542

.019

CGRAT



36

RLN

=941~

57

€0

€l

€2

1.7R8¢

2.332

2.697

15.33

15.33

TeH

27.73

27.43

xLo

27,93

41.04

41.C4

41.04

41.04

45,96

13.00

13.00

18,15

14,18

19,19

xtl

12.19

22.70

22.70

22.10

22,70

20,10

2.25

2,25

I
o

~
w

H]1

2425

2425

Hl

1.50

1425

H3

1.25

1.25

H3

450

1.8C

1.0

HH13

1.°0

1.80

1.80

FH13 .

3.00

10,41

10.41

14.09

14.0S

14,06

14,06

17,.3¢€

17.32

17.38

17.38

3
11,88

DELT1 DELTZ DELT4  HL1L  HL33
«€945 ,0425 L1219 L0145 .0234 17.40
-20.1 S -2.9 .17 .12
1194 ,0299 .1632 ,0184 L0313 17,40
-17.3  -1.3 ~2.9 .17 .12
L0479 ,0225 .C642 .CO053 ,0N91 12,46
~11.4 1.1 b .12 .09
L0277 ,0130 ,C375 ,CO3C .ONS3 12.46
-17.4 1.6 -1,.1 .12 .09
.0754 ,0195 .1C95 ,0083 ,0155 12.46
-13.9  ~-1.5 -6 .12 .09
AlP A2P A3P STEPU STEPD 1
DELTL DELT2 DELT4  HL11l  HL33
1111 .0298 L1597 .0122 .0227 12.46
-11.3 5 -1l.1 .12 .09
.058 ,0151 .CB¢6 LCOS1 L0100 9.96
-12.0 ‘9 .2 .10 .07
0557 .0410 .0584 ,0049 .0067 9,96
-10.1 ~1.0 o .10 .07
20349 .0230 .0408 .0031 .0047 9,95
-10.1 -8 1.0 .10 .07
.0186. .0113 ,0235 .COl6 ,LOD27  9.9%

-9.4  -1.0 .8 .10 .07
Atp A2p A3P  STEPU STEPD 1
. OELT1 DELT2 OELT4  HLI1  HL33
.0187 ,0063 .0312 .0019 .0053  7.50
-6.1 -2 6.3 .07 .04

<4506

+2507

<4705

4685

+2586

XKR

«2679

2589

.7358

.6581

«6065

XKR

-3371

Al ;§l;i:£é3

1.2900

<097

1.3663
.133

1.3407

054

1.3557

.031

1.4533
.087
XKT
Al
1.4375

.127

1.4823

« 4070

1.0494

+048

1.1705

+032

1.2607
.019
XKT
Al
1.6661

.020

T7.232

D44

7.282

«060

7.787

.032

7.788

.018

7.788
.039

CELAV
A2

T.788

«061

8.021

<037

8.021

.025

8.021

<014

8,021
009

CELAU
A2

4.712

009

5.734

.128

5.834

172

£.065

.068

5.045

+040

6.065
.125
CELAD
A3
6.045

173

64141

+096

6.141

069

5e141

<049

6.141
.030
CELAD
A3
3.967

«032

45642

. 028

<4542

.039

4186

.016

4186
.010

4186

044

CGRAT
<4186

.048

4031

.030

.4031

.027

«4031
.020

4031

014

CGRAT
+3093

.005



€3

&4

€5

€6

RUN

€7

1}

—LLT-

€9

70

71

RUN

12

13

74

2.597

2.557

2.957

1.957

1.891

1.957

1.957

2.43¢C

2,43¢C

1.431

1.43]1

45.96

19.61

18.30

19.61

19.61

30.23

30.23

XLO

30.23

10.48

1,48

20.10

2C.10

20.10

12.50

XLl

12.G0

12.50

12.50

16.00

16.00

16.00

8.45

8.45

H1

1.50

1.50

1.50

«50

«50

H3

«50

+50

«50

.50

3.C0

HH13

3.00

3.00

11.R¢

11.8¢2

11.8¢9

XL3

9.51

«C3C5  ,0105 .C574 .CC3c
-&,1 -.l 19,3

+C355 ,0122 ,csgs . C035
-5.9 -.? 12,C

«Cles L0112 ,c214 .C016
~9.4 =4 Tt

«C311  ,0126 ,C487 .CCs5C
-1¢6.5 -1.C 21.7

AlP A2p A3p STEPU
DELTL DELT? DELTS

«C2C8  .0CR9 0319 «003s
-13.6 -.C 15.9

«C510  ,0239 0764 0082

-13.1 o4 9.7
.0625 ,0178 ,1cCs .Clcc
~13.8 1.6 Te7
<0267 .0168 .cC3s59 .0032
-11.1 -1.2 12.0
«04C9  ,0207 ,C614 «C051
-11.2 -1.5 24,1
Alp A2p A3p STEPU
DELT] DELTZ DELTs
.0559 .0178 ,G92] «0070
-11.8 ~.8 9.7
<0335 .0100 .cC494 ,0079
-21.9 -.9 T.2
«05C9 ,0187 0731 «0120

0034

.07

-012%

.12

STEPD

HL11l

0037

.12

«CZ00

.12

«C263

12

.007s

STEPD

HL11

0192

.09

-0181

.18

0268

7.50

« 04

12.0¢

.07

21

HL33

12.57

.07

12.Co

.07

12.0¢

.07

HL33

9.42

«05

17.85

.09

17.85

3621

3422

6712

«4053

XKR

«4238

L6717

+2855

«6304

+50%6

XKR

«3175

+2993

«3682

Le7322  ¢,7173 3.3&7 .3093

«N73

1.6750

(41

1.3015

016

1.5643
<034
XKT
Al
1.5365

«020

1.497¢

<049

1.6075

<063
1.3421

.025
1.5013

+ 040

XKT
Al
1.6469

057

1.4740

«034

1.4365

«015

110

54391
« 014
CELAU
a2
€.351

«00¢

6.391

.C13

6.391

017

6.587

«013

5.587
«01R

CELAY
A2

6.587

016

5.9023

«01n

5.908

.055

3.9¢7

«Or g

3.167

023

3.7C%
.050
CeELAD
A3
3.5897

033

3.905

078

3.905

103

3.943

.0219

3.943
063
CELAD
A3
3.943

.098

3.711

«051

3.°11

.012

«3093

<017

«3093

006

+3403
.008
CGRAT
a4
.3444

<006

«3403

.01}

«3403

016

«3209
.009

+3209

.010

CGRAT
A4
«3209

+ 024

«3929

009

+3929



-8LT-

75

16

RLN

17

78

1S

&c

£l

RLN

92

1.431

1.077

1.077

1.077

L0717

3,438

3.433

3,429

1C.48

Se4s

6C.49

HL 6T

xLe

6C.69

3.45

Xl 1

5435

2425
23410
24,10

XLl
28,10

1.50

2425

.50

«50

1.25

"3

- 1e28

1,00

FH13

i.c0

1.20

1,%

71432

21.32

20,6 -t .3
L0743 .0310 1640 ,C17¢
-19,1  -1.3 31,7
J1LET L0137 L1564 L0428
-20,7 -.4 40,7
a1p azp a3 . STEPL
BELTL DELFZ  NELTS
L0836 ,0140 L1117 0301
-37.6 1oz 13.5
.C690 ,0202 ,€9C1 ,0249
-30.3 1.2 1.t
20430 ,O01E2 ,C561  ,C15S

-29.0 -7 5.2

20663 034 LCRT4  ,0C47

-9,.1 -.9 1.1
+C5¢6 ,0267 LOT?1z .0C4C
=11.4 .S 5
AP 420 A3p STEPL
FELTY DELTZ DELT4
«C9z7F 06419 ,1276 ,CCé¢
-17.5 1.3 5.7

18

. 0382

o 18

« 0795

.27

STFPD

HL11

« 0560

.27

«065%

27

.027%

27

0082

.08

.0072

.08

STEPD

nLll

«0120

L

.09

17.45

+C9

27.17

.13

71

HL33

27.17

21

HL33

8.05

.06

6171

.1150

XKR

1675

2930

24240

+5482

6713

4521

053

1.4005

078

1.3173

.120

"1.2594

«042

1.3171

.C70

1.3631

0592

X¥T
Al
1.3723

.09¢

5.157
021

CELAY
A2

50157

.023

5.157

.019

5.157

.015

3.179

042

A.177
031

CELAY
az

3.179

LYS

.075

2.711

£.207

.0929

£.207

«N73

CELAD
5,207

.129

CGRAT
4835

.012

4835

.009

4835

.007

+3929

.012

+3929

«008

CGRAT
+3929

.012



-6LT-

#¥4C13-3529,FMS,RESULT,1,5,50C,500,

LIBRARY ENTRY PGINTS,

«SETUP

NAME ORIGIN

MAIN
(F2EF)
RSTRTN
JosTv
EXTTN
JREAD
(CSH)
(I0H)
DCEXIT
{TEF)
(BSR)
{EXE)
PRINT
(STHM)
(SCHM)
ERRCR
{RDC}
LOUNMP
MOVIE)

CCla4
02117
ic1o07
ic107
16503
10622
10622
11345
16237
16412
16412
16555
17450
17450
17450
20650
21230
21577
22127

PRCGRAM LENGTH =

THE
RULN

€3

g4

gs

ge

€7

RLN

(CSHM)

ENTRY
00156
02307
10400
10146
10511
10675
10664
11610
16402
16515
16510
16564
17554
17463
17472
20654
21307
21602
22127
22504,

(RTN)

NAME O
AKEFQ
FTNPM
TIMLFT
TIMER
EXIT
«TAPRC
[GHS1Z
03311
DFvP
(RCH)
{WRS)
{10u)
«TAPWR
(STH)
«Fout
(WTC)
(RER}
ATN

LOWEST COMM

(

RIGIN
01622
0z117
1107
1c107
10503
10622
11345
1:220
15237
12412
le4l2
17415
17450
17450
17450
21044
21230
21606

N =

SPHM)

ENTRY
0le27
02145
101¢4
10224
10535
10672
14707
16222
16274
16514
16507
17422
17547
17464
20410
21133
21243
z2161¢C

77461

+87 VINUTES ELAPSED SINCE START COF J08

FCLLCWING RUNS HAVE BED SLCPE =

EXECUTICN

T XLO0
4.194 9C.00
4,164 ScC.N0
4.164 GC.00
5.C50 132.58
5.€90 132.58

T XL0

XL1

36.73
.

34,73

34.73

42.52

42,52

XLl

H1 H3 HH13
2.25 1.25 1.80
2,25 1.25 1.80
2.25 1.25 1.80
2,25 1.25 1.80
2.25 1.25 1.80

H1 H3 HH13

XL3

26.2C

26.2C

26,20

21.95

31.95

XL3

(FIL)

NAME
«SETUP
(F2PM)
KILLTR
(TIME)
«LO0K
(TSHV)
(RTN)
.C3310
DFSB
(ETT)
(RNS)
{TES)
«PUNCH
({ SPHM)
CLOUT
{WER)
SQR
ATAN

RCUROLIMOS

ORIGIN
02101
02117
1c1¢7
10107
10622
10622
11345
1622C
16237
16412
16412
17437
17450
17450
17450
21044
21333
2160¢

SQRT

ENTRY
c2106
02134
10346
10112
11035
10641
14557
16222
16257
16513
16506
17441
17530
17462
20405
21060
21337
21610

.125000 AND SIDEWALL SLOPE =

.052000

AlpP a2p A3P  STEPU
DELTL DELT2 DELT4

.0818 .0126 .1280 ,0047
-840 -4 1.3

.0559 ,0160 .C834 .0032
-9.2 .C .6

.0386 L0087 .0604 .0022
-8.6 -.5 1.1

L0363 ,0112 ,.0552 .0017
-6.0 -1.1 4,4

.0326 40122 .0467 ,0015
-5,9  -1.1 4.2

AlP AZP A3p STEPU

cos SIN
NAME ORIGIN ENTRY
{RCP¥) 02117 03416
(FPT) 07611 07620
STOPCL 1C107 10206
FNDJOR 10503 10567
«SCRDS 10622 11037
(CSH¥) 10622 10640
(FIL) 11345 14542
SFDP 16237 16322
CFAD 16237 16242
{REW) 16412 16512
(10S) 16412 16417
RECOUP 17442 17445
{SCH) 17450 17475
(SPH) 17450 17521
+COMMNT 17450 17554
(BST) 21170 21201
SQRT 21333 21337
SIN 21735 21750
STEPD 2 XKR
HL11 HL33
+009R 6.51 1537
« 06 .05
0064 6.51 2264
.06 .05
« 0046 6.51 2244
.06 .05
.C035 5.32 .3086
.05 .04
0029 5.32 23757
.05 .04
STFPD 1 XKR

Vot

ATAN

NAME O
FINBP
(FRM7)
RSCLCK
CLKOUT
«READL
(TSH)
sTouD
DFOP
(1C0O)
{WEF)
(TRC)
«SPRNT
{STHD)
(PRNT )
«PNCHL
{RDPM)
EXP(2
cos

€

RIGINM
02117
10107
10107
10503
10622
10622
11345
16237
16412
16412
16412
17450
17450
17450
17450
21230
21463
21735

XKT
1.5663

.085

1.4910

055

1.5627

.040

1.5207

.N39

1.4336

.035

XKT

CELAV
L.v4
8,282

2022

8,288

.008

R.288

.012

B.360

2017

8.360

017

CELAU

Xp(z

ENTRY
02144
10414
10201
10535
10675
10651
11605
le326
16516
16511
16517
17674
17513
20072
17530
21324
21447
21737

CELAD
A3
6.252

132

t.252

J0R6

6.252

062

6.282

.057

6.282

048

CELAD

CGRAT
A4
.3861

.023

.3861

.015

.3861

.010

.3817

010

«3817

.008

CGRAT



CELT1 DELT2 QELTS HLll HL33 az A3 A%
€8 5.CS0 132.58 42.52 2.25 1.25 1.80 31.95 .0334 ,0142 ,0484 ,COl6 .OC30 5.32 4257 1.64492 3,360 6,287z .3317
-5.9 -1.0 7.5 «05 .04 .032 .000 ,050 .009

€9 5.090 132.58 42.52 2.25 1.25 1.80 31.95 .0541 .0121 .C837 .0025 .CO52 5.32 22238  1.5475 8.340 6,282 3817

=6.1 ~e8 4.1 .05 <04 <055 ,013 ,08¢ .01%

S0 5.566 158.58 46.64 2.25 1.25 1.80 35,00 .C420 .0149 ,C635 .00l8 .0036 4.35 «3539  1.510% 9.3%5 6,292 ,3302

=642 -1.1 2.8 «05 06 2061 4010 .065 .010

Gl 50566 158458 46.64 2.25 1.25 1.80 135.0C ,C530 ,0205 .0772 ,0023 ,0044 4.95 <3867 1.4552 %.335 6.292 .3302

«6.5 =25 2.7 +05 <04 «051 .01 .030 .015

92 5.566 158.58 46.64 2.25 1.25 1.80 35.6C .0339 .0162 .C470 .COl5 .0027 “.35 <4738 1.3354 3.385 4,292 ,3302

| 5.7 -.8 2.2 .05 .04 .032 .010 .049 .010
(W)

g RUN ¥ XLO xtl H1 H3  HH13  XL3 AlP A2 A3P  STEPY STEPD 21 A%R XKT CELAU CELAD  CHRAT
T DELTL DELT2 OELT4 HMLIL  HL33 Al A2 A3 A4

93 5.566 158.58 46.64 2.25 1.25 1.80 35.00 .0612 .0200 .C915 .0026 .0O52 4.35 <3270 '.4938 3,385 6.292 .3302

~5.7 -1.0 2.4 «05 04 <060 .014 .093 .012

84 5,679 165.06 44.97 2.00 1.00 2.C0 322.00 ,0365 .0144 ,.0542 .CO16 .0034 “.o? «3940 1.4869 7.923 5.538 ,.3504

-6.2 ~e5 5.0 «04 .03 «039 ,0192 .056 .010

95 5.675 165.06 44.97 2.00 1.00 2.00 32.00 .0281 .0l4l1 .0398 .COl3 0025 4.67 5001 1.4153 7.923 5.638 .3604

-5.7 -e2 46 .06 +03 030 ,017 .041 .007

96 5.679 165.06 44.97 2.0 1.00 2.00 22.00 .0598 .0167 .G6945 ,0027 .0059 Lob? «2795 1.5801 7.923 5.5638 .3604

~5.6 =.1 7.1 04 .03 «060 .012 ,099 .021

ST 4.979 126.86 39.27 2.00 1.C0 2,00 28,0C .C421 .0013 .C693 .0022 .0049 5.12 <0291 1.6090 7.492 5,523 .3525

-8.5 1.5 3.7 .05 .06 «045 ,010 ,072 .0l4
RULN T xLo XLl Ht H3 HH13 XL3 AlP A2P A3P STEPL STEPD 21 XKR xXT CELAY CELAD CGRAT
DELT1 DELT2 OELT4 HL1l HL33 Al A2 a3 A4

68 4.979 126.86 39.27 2.00 1.00 2.00 28.00 .0257 .0l26 .0438 +0015 .0031 5.12 4256 144779 T.992 5.528 .3625

=5.5 =1e3 43 .05 04 034 ,020 ,046 ,010



-18T-

SS

10

11

1C2

RULN

1c3

1C4

1¢S5

1C6

1¢7

RULN

1c8

19

11¢C

4.979

4.979

4,263

4.263

T

4,263

6573

6.573

6.573

6.216

T

&.216

5.457

12¢.86

12£.86

§3.C0

§3.C0

xLo0

93.00

221.15

221.15

221.15

167.75

XLo

197.75

197.75

154.65

39.27

33.41

33.41

23.41

82.22

52.22

52.22

45.15

XLl

45.15

45.15

39.83

z.c0

2.C0

2.C0

Hl

l1.67

&7

H3

«67

Zl.CC

"~
.

)
o

2.C00

2.CC

22.0C

z2.0¢

23.9C

23.9C

XL3

23.9C

37.10

37.1C

37.1C

28,72

XL3

28.75

28,75

25.4C

WC4T6  LCL0R  LCT5%  .C024
=-3.5 -1.% 3.5
L05EE  LC131 .C710 ,€03C
-f.¢ 1.2 3.5
L0564 .0173 ,0R99 ,CO36
—5.7 =16 6.4
L0363 L0099 ,C566 €022
-12.4 5 [
a1p Azp A3p  STESY
FELTL DELT2 DELT4
L3147 -.2137 .1301 .C188
-5.6  =1.5 6.4
.03C4 L0118 .C4€l  .ECL2
-5.9  -.¢t 7.C
.0253 L0176 .0337 .COLC
6.2 =3 6l
.0612 .0156 .C960 0023
4.8 =5 442
L0371 .0147 .C590 .C016
-5.2 .5 1.9
AlP a2p A3  STEPU
NELT1 DELT2 DELT4
.0211 .0092 .0332 .0009
-4.8 C 6.4
L0572 .0198 .C922 .C025
—4u6 =.3 4.5
L0274 L0121 .C439 ,COl4

L0047
.06

STEPD
HLLl

.0109

. 06

.C0z5%

04

ce1n

+04

€052

« 04

L0041
<04

STEPD
HL11

.0023

.04

.0064

« 04

.0C35

.02

04

6,07

i

7l

HL33

6.02

11

HL33

3.72

.02

3.72

.02

4.22

2276

30728

2715

-.6791

+3R88

6968

#2549

.3971

XKR

43569

+3458

4632

1.5139

«05%

XK Y
Al
.61

<332

1.512F

030

1.3345

024

1.5636

067

1.5923
035
XKT
Al
1.5712

.021

1.6119

061

1.6055

7.940

#0158

7.949

029

7.26"
010

CFLAY
A2

7.2614

007

T.2¢8

o130

S.ha6R

060

5.04°P

036

Set48

+1C0

C=LAD
A3
44023

<035

4.628

.094

4,624

«3425

015

«3025

22

3559

017

+ 3558

012

Civart
« 3058

01

« 358y

12

3595

.009

«3586

.020

«3018

C1l1

C3RAT
<3218

.010



-281-

Sl

112

RLN

115

116

117

RUN
118

119

121

5497

5.497

T.236

7.23¢

7.236

6.997

6.957

6.557

8.616

8.£16

8.616

154.65

154.65

XLO

267.99

267.99

267.99

250.60

25G.60

XL0

250.60

375.91

379.91

379.91

39.83

34.83

XLl

52.6R

52.68

52.68

48.29

48.29

48.29

59.59

59.59

59.59

1.67

1.50

1.50

1.50

67

H3

67

67

+50

H3.

.50

.50

249

FH13

2449

2.49

.00

25.4C

XL3

23.5C

33.50

23.5C

28.0¢C

28.0C

XL3

28.0C

34.50

34,.5C

34.50

-7.0 lo4 Ta6 «04 .03

.0339 .0142 ,C25%¢ .0017 .0C20 4.22

=4.5 -1.3 2.0 04 .03

.C497 .0122 .C820 .C025 .CO6S5 4.22
~545 -6 2.0 « 04 .03

AlP aze 3P STEPU STEPD 21
DELT1 DELT2 PQELT4 HL11 HL33

.0347 L0119 .C567 .0013 .0C34 3.19

-2.3 ~l.2 6.0 +03 .02

.0618 .0228 .C968 .0023 .0058 3.19

-2.7 . R 5.9 03 .02

.C5C1 .0143 .0837 .001S$ .COSO 3.19

<4.9 1.2 6.1 .03 .02

.0253 0136 .C4T0 .0012 .0034 3.12

-5.2 ~e2 2.7 <03 .02

. .0192 .0076 .0319 .C008 ,.0023 3.12

~4.0 ~1.2 R.6 .03 .02

AlP AZP A3p STEPU STEPD z1
DELT1 DELY2 DELT4 HLll HL33
.0310 .0170 .0473 .0013 .0034 3.12

~5.4 .5 3.2 .03 «02

.0076 .0047 .0107 .CO002 .0006 2.53

-6.1 -9 4.8 .03 <01

.0116 .0092 ,.0133 .CC04 ,.0008% 2.53

-1 .1 s.0 .03 .01

.0252 .0159 .0354 .0008 .0021 2.53

. 1.C 4.6 .03 .01

<4374

2459

XKR

3621

3631

+ 2844

4635

<3984

XKR

+5469

6214

+7916

6326

.OZZSZ%;g;

« T29¢€

<036

1.6491
049
xXKT
Al
1.6345

+035

1.5665

«060

1.6697

055

1.6031

028

1.6638

021
XKT
Al
1.5274
029

1.4015
<007

1.1467

-011

1.4057

-023

7.250

2015

7.250
007

CELAU
A2

7.285

-010

7.285

«011

T.28%5
2025

6.906

2009

6.906

011

CELAY
A2
6.90¢

«012

6,921
.003

6.921

.008

6.921

«011

+C45

L.624

<06

“.624

083

CELAD
4,633

060

4.633

102

44633

.087

4,004

<049

4.004

+033

CELAD
4,004

049

4,007

012

4.007

.015

4.007

<038

.007

.3232

. 004

3232

. 009

CGRAT
+3204

.014

.3204

.023

«3204

.017

2923

010

2923

006

CGRAT
«2923

.009

.2911

006

.2911
.005

#2911

.010
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RUN

123

124

6.065 188.23

T XLO

6,065 188,23

€.065 188.23

41,77

XLl

41.77

41,77

1.50

H1

1.50

1.50

3.00

FH13

3.00

3.00

24425

XL3

24.25

24.25

.0356 .0159 .C5T6 L0017

s

1.20R% 6,892

016 011

XKT CELAY
Al A2

1.6999 5.892

022 .010

1.6203  5.392

.034  .011
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. XEQ

JCE TIvE = WCE

MIEN.

LIFRARY EANTRY FCIATS,

«SETLF

NAME CRICIN
MAIN 00144
(F2EF) 0211
RSTRTIN 121C?2
JCBTV 10162
EXITM 10477
SREAL IDELE
(CSHI  12¢€1¢
CICH) 11241
CCEXIT 162213
(TEF) 16436
(BSR) le4Cé
(EXE) 1&¢5)
SPRINT 17444
(STEM) 17444
(SCHM) 17444
ERRCR 27644
(RCC) 21224
LCLNF 21572
FCVIE) 22122
PRCGRAM LENCTH =

(CSv)

ENTRY
CI15¢
cz202
1C2374
1Cl4z
1cets
1C¢171
1J€6C
11e74
16€27¢
1611
16804
lecsc
17¢5¢C
17457
L146¢€
2C€5C
212072
21¢67¢
22122
228CC.,

WV4C1=35299FN S PESLLTp el e 8CC0CCH

{RTN) {

NAME CRICIN
AKEFLC Clelé
FINPM  CZ112
TIMLFT QC1C2
TIvER 1CL1C3
EXIT 1C427
~TAPRD 1CE1€
IoFSIZ 11241
«C2311 1€214
CFrvP 1e223
tRCH)  1eaCe
(WRS) 1€4CE
tIcL) 17411

~TAPWR 17444
(STH) 17444
SFCLT  17¢44
(WTC)  21C4C

(RER) 21z2z4
ATN 21€C2

LCWEST COMMON =

SFEM)

Enlry
Clee?
C2141
1C1eC
1c2:C
1C821
1CEee
1647C2
1621¢
16217¢C
1€£1C
1e5C2
1741¢
17342
174€C
2C4C4
211217
e1z27
216C4

174¢€1

ec1 MINLTES ELAPIEC SINCE START CF Jre

EXECLYICN

THE FCLLCWIANG RUANS HAVE REC /SLCPE = C.

RUA T XL0

1CC  2.C85 48.82

20C 2.C85 43.82

3CC  2.08S5 48.82

4CC 2.534 32.86

50C 2.834 32.8%

X1

25.3¢C

25.CC

25.CC

2¢.ccC

2C.C¢C

1 H3 FF12

2.2% 2.25 1.CC

2.2 2.25 1.0CC

(FIL)

NANE CRIGIAN
SSETLP €2075
(F2PN¥) 02113
KILLTR 1€1C3
(TINE) 10102
SLECK 1C61¢
{TSHM) 1CA1E
(RTA) 11341
£0331C 16214
CFSB 16233
(ETT) 16406
(RCS)  1€4C6
(TES) 17433
JELNCH 17444
[SFHN) 17444
SCLELT 17444
tRER) 21040
SCR 21327
ATAN  216C2

BCLRCCINMCS

SCRY

ENTRY
c21c2
cz2130
10342
1CLoe
11031
1C635
14553
16216
1€283
16507
165G2
17435
17524
17456
20401
21084
21333
21604

ANC SICEWALL SLCPE = 1,25CCGC
AR STEPY STEPD 11

xL3
2¢.CC

2£.CC

2C.CC

2C.CC

AlP a2e
CELT1 DEL
.C642 L0117

~18.5 -

«C249 .0039
-18.7

«C864 LCCeO

-18.2 -

«£71¢ .C255
-2C.¢

«C481 .COl12

=275 1

T2 CEULY4
.C864 JOOE}
.4 ]

+C344 JG020
-0 -a5

«1203  JC069

X -39

«0966 2C072

o5 -3.0

«C660 CO48

.5 =244

cos

NAME QRIGIN
(RGR¥) 02112
(FRY} 07605
STORCL 1C1C3
ENCJCE 10477
+SORCS 1C616
(CSHM) 10616
(FRU) 11341
SFCR 16223
OFAD 16223
{REW} 164C6
L10S) 16406
REQOUP 17426
(SQH) 17444
LSRH) 17444
<COMNT 17444
(BST) 21164
SCRY 21327
SIN 21731

HLLL HE33
«006§ 0:

09 -0S

<0028 0¢
«09 «09

«0096 0l

«09 «09

«00917 (-2}
1991 .11

<6066 04
W11 o1l

SIn

ENTRY
C3412
ClE14
122¢C2
1€562
11€22
1C634
1493¢
1631¢
1€22¢
168C¢
16412
17441
17471
11915
1785¢C
21118
21322
21744

XHR

<1217

<1548

- oCESE

<2562

aC2se

Alin

E

NANE QRIGIN

FINBP
(FR® )
REQUCK
cLualy
«REACL
1138)
£1qQec
CFer
(1¢g)
(wgR)
(1RQ)
«ERRNT
tsIue)
(FRRT)
«PAOHL
(RCRV)
Exmiz
ccs

INT
1.2449

aC84

1.28117

<028

1.3927
<lCC

1.2489
«C71

1.272¢
<CE8%

c2113
1€1C3
1C1¢3
1C477
1C616
1C616
11341
16223
164C6
1€4C6
164C6
17444
17444
17444
17444
21224
21437
21731

CELAU
A2
L3144

<04t

8J:0¢C
Jecs

e.1e0
+C36

14859
J028

14895
J4€2¢

JIE

XF(2

ENTRY
C214¢C
1€4l10
1C175
1€831
1C&71
1€645
11601
16322
16512
16505
18513
1167C
11507
2CC67
17824
2122¢
21443
21733

GELAD
A3
8099

<1C7

8L 04y
«04C

e.C99
d141

. 859
<111

1.899

4075

CGRAY
14999

«047

<4999

<015

4999

4054

45000
+040

«5000
«026
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RUN

6CC

icc

80C

90¢C

10C

RUN

11C

12¢

13¢C

14C

1s¢C

RUN

16C

1.88C

1.88C

1.e8¢

1.47€

l.478

1.47¢

1.052

1.052

2.044

3.044

XLC

32.8¢

18.08

18.ce

18.08

11.18

XLC

11.1¢

11.1¢8

47.42

XLC

47.42

xL1

2C.CC

13.5¢C

£.¢C

S.€C

24.€C

xt1

24,€C

2.25

k1

2.25

F3

2.25

Z2.25

H3

2.25

2.25

H3

2.25

1.0C

HE12

1.CC

1.C0C

1.CC

1.CC

FH12

1.CC

3

2C.CC

12.9¢C

12.9C

£.6C

£.6C

24.60

x3

24,6C

ALF L2F A2F STEFU STEPD 21
CELTI CELT2 CELT4 HLIL HL33
€218 .CG21 .C302 JC022 40030 0e
~18.¢ -1.5 ~1.5 o11 .11
.C445 .C154 .C554 JCCE4 Jeo0eC <
-37.2 =.1 -842 .16 .16
€977  .C419 .1229 .Clal 40177 C.

-37.2 -+l 242 .16 .16

1294 .C44l .1687 .0186 J0243 CJ
-3¢.8 -1 =341 .16 .16
$1439  .0527 .1826 .0289 J63e1 G
-47.4 1.4 -343 .23 «23

AlP A2pP a3p STEPY SVEPC 11
CELT1l CELT2 CEULY4 HLIL
1163 .0328 L1452 J0222 <0292 .

-47.C 1.5 249 .23 .23

.C389 .C032 .0538 .CCY8 .0108 Q¢
-5¢.C =l.4 =-14.4 .23 .23
€871 .C129 113§ JO311 Jo42l 0
-91.9 o3 -1.7 «40 «4C
«1453  .0251 <1929 40519 0689 0.
-79.8 N ~1.6 -40 40
.€135 .C065 .Cl7% .€011F .GOl4 Ce
~18.2 .S 1.8 +09 .09

AlP a2°P A3R STEPY STEPD a1

CELT1 CELT2 CEUTA HLIL HE32
.C25C <.C069 .0332 .C020 .6027 0.
-15.4 -1.3 141 .09 «0%

XHR

(561

s425C

3411

<2656

425117

224

41851

<1126

<4827

XHR

raly

b2 )
Al
1.28¢8

<C2t

e
Al
1.2186

«11¢

1.2022

«C42

bLA)
Al
1.2315

=-C3¢€

JL-2

CERAL
A2
1.865

<CC9

7:4C0
«CI2

1J40C

eCk2

Te4CC
<Cl8

€i736
4C11

CELAU
A2

¢d136
«Clé¢

€e736

«Cl2

54222
<C15

esce7
<€0¢€

CERAL
A2

elce?

<CIS

GELAD
A3
T.859

«C3¢

T.4C0
40¢5

T.4C0

«137

T.4C0
<109

6.73¢8
<2C7
QELAD
43
6.736

<155

6.736

<Cel

5.323

126

$.323

<207

8.087
«02C
CELAD
A3
e.087

<039

CGRAT
«5000
+013

.5000
.025

45000

«044

45000

4062

45000
071

CGRAT
A4
45000
4039

<5000
.021

«5000
.032

+5000

« 0564

<4999

007

CGRAY
+4999
<015



-98T-

17C

18C

19¢

RUA

21C

22¢

24C

25¢C

RLAM

26C

27C

2€C

1.044

2.55¢C

2.55¢C

2.55¢C

1.984

1.984

1.684

1.632

47.42

33.28

33.2¢8

33.2¢

XL0

20.1¢

20.1¢

20.1¢

13.6¢

13.¢¢

XLe
13.65

9.1

24.€C

.18

xL1

14.5¢C

14.5¢C

14.5C

11.5¢C

11.5C

xLl

11.5¢C

E.SC

H3

2,25

2,25

2.25

H3

2.25

1.CC

FH12

1.¢C

1.CC

vF12

1.6C

24.€C

2C. 158

2C.15

14.9C

14.9C

14.9C

11.5¢C

11.5¢C

nz2

11.5C

.C4SC .C181 ,C64C JCO4A0 G052 0e

~18.4 ot 14 «09 +09

«C63& .0260 .08IC :0CE3 J008C Qd

-24,.8 -0 ~1.3 W11 .11

+C45C .C087 .C622 JEO45 .006&2 0d

-17.8% =5 ~1d4 .11 o1l

.Cl72 .0027 .022Y <CO17 <0023 Q¢
-24.2 -.8 4.2 o 11 ol1

alP A2P A3p SYEPY STEPD 11
CELTL DELT2 CEUTA HL1} HE33

€215 .C029 .C30FL 40029 40040 0

-2¢8.1 =1.C -4.3 «15 .13

«C854 .C212 .0929 .0CS3 J0123 04
-30.8 o7 —ALS oI5 .13

JIC11 .C4L5 L1273 <012 <0171 04
-3¢.7 P R TR T |

€862 L0077 .1193 0180 <0208 0¢

~37.4 -5 =741 «2C «2C

«C72C .C294 .0916 JO12%5 J01S¢ 04
=38.1 «C -24% .20 .20

AlP A2P A3R STEFY STEPD 11
CELT1 CELT2 CEUT4 HLIT Ht33

€345 .C183 0411 JC060 <0071 04
-4€.7 1.C ~5.4 .20 «2C

.05?25 LC155 .0899 J0118 JC157 c:

~$2.8 ~1.5 ~140 .25 .29

«1027 €454 L1273 20231 <0266 Ce

«3€5¢

4Ce7

s162¢€

2168

XHR

<1347

#3CE6

<41C4

dcesc

daces

XNR

<$297

«2957

«44]€

1.2€€4

<CSC

l.2722
«C7C

1.282¢

1.2129
«CES
Ny
al
1418C4

«C22

1.232¢

<CS52

1.235%

Y3

e.6e7

JC13

149€7
J4C30

145€7

«C2¢

149€C7
«ClC

CErAy
A2

14513
<C15

14813
<Cl4

71.513

JCL4

73C4e

4C35

14C4¢6
JC12

CERAL
A2

714Ca¢
08

e A7
<09

6477

8.087

<072

1.907

<066

1.907

<075

1.9C7
<031
GELAD
A3
T1.513

<037

1.513

<097

1.513

<l4l

T.046

al45

T1.048
<098
CELAD
A3
T.046

4046

E.417

<073

€.477

44999

«024

5000
.038

«5000
031

+5000
«018

CGRATY
«5000

<016

45000
4020

15000
<044

5000
«061

«+5000

. 025

CGRAT
5000
+01S

+5000
<015

45000
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29¢C

30¢C

RUN

31C

32¢C

33¢

34C

35¢C

RUN

36C

37¢C

38¢C

3sc

1.9¢4

1.964

1.9¢4

l.48¢€

1.48¢

l.48¢

1.082

1.C82

2.985

2.985

13.74

XLe

19.74

19.74

11.30

11.3C

XL0

€.CC

45.74

45.74

£.1C

21.C%

21.C¢

FH12

1.cC

FE12

1.cC

1.CC

1.ccC

G.2C

a3

£.7C

£.7C

21.05

21.C¢

-47.1 -.8 =-14.1 25 «2%
.1273 .0259 .1703 .0286 0383 0l
~48.1 b =14.€ 25 .29
+C695 .0163 .0935 JOICT J0l43 04
-4C.7 .3 ~245 13 «13
ALP AP a3rP STEPE STEPD 21
CELTY ©CELY2 CEUTA HLIL HL33
«C566 .0172 .0795 .0091 6121 Q.
~44.3 =1.5 -849 13 .13
€285 .C097 .C370 .0044 .06057 (R}
~34.4 =.1 =24 s13 .13
«C39C .0098 .CS5I5 .CO6 <G112 C.
~47.6 1.3 -13,.7 .18 .18
«£605 .C174 .Cc798 .0122 .JO173 04
~44,.5 -1.6 =12.9 .18 .18
«1CCC  .0306 <1310 0217 .J028§ 04
~47.1 <1 -13.9 .18 .18
AlP A2p A3R STEPO STEPD n
CELTL CELT2 CGEUT4 HL1T HL33
+047C 40164 .0%594 <0165 <0209 0.
~9C.3 o4 ~13.4 .29 .29
920 L0155 1243 J0323 0436 (2]
~83.9 ~«5 =1l.4 «29 .29
.C435 .,0123 .0581 JCOAI 6053 cJ
~22.2 -1.4 =-3.6 + 08 .08
.€279 .C056 .C342 .C021 JGC36 0.
~22.2 -1.3 -3.6 .08 .08

<2326

<24C2

<2%27

<28EE

«2C&C

<4122

<1686

<1654

«C5S

1.2377

<12¢

1.2435
€78

any
Al
32

1.2222

«CeC

1i2981

«C2¢

1.2222

«C4t

1.316¢C

«CEe

1.21C4
«CS¢
b18)
Al
1.2638

aC4t

1.3514

«CSE

E-;‘l

€14 J164
417 b.477
<38 41658
6676 8.676
4€27 112
CERAL (QELAD
A2 A3
Ei616 6.670
<C14 <093
€i67¢ 6u676
JC08 J042
¢4195 6.195
<C2¢ 42059
4195 64195
<€25 4095
£2195 6.195
<C1¢ J128
CEUAU QEtAD
A2 43
51265 $%.269
<CC9  J0e3
54269 B.269
4CET <135
7.C4¢  T.046
<CC9 4088
TeC4¢ T.046
<CIC J044

049

+5000
«071

<5000

+ 045

CGRAT
4
5000

2017

5000

4016

+5000
<021

45000

{038

345000

«031

CGRAT
45000
31015

45000

+038

14999

+026

44999

4016
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42¢

43C

44C

55¢C

RUN

46C

47¢C

48C

4sC

50C

2.55¢

2,605

2.CCs

2.2711

2.217

1.73¢

1.73¢8

1.14C

1.14C

33.45

33.45

46.32

46.32

26.52

26.52

XLC

15.4¢

15.4¢

15.4¢

17.7¢

XLl

17.7¢

16.6¢

15.65

14.5C

14.5C

1C.6C

1C.éC

IC.¢eC

1.42

Kl

1.42

1.42

1.67

1.42

1.42

1.CC

1.CC

1.cC

1.0C

Fr13

1.CC

1.cC

17.7%

L3

17,75

16.64

15.¢€4

1445C

14.5C

¥e3

1C.€&C

1C.6C

1€.60

€.C0

<C4€S .0240 .0B546 0082 J00¢&2 Cs
=27.1 ~o4 =1e2 «09 =09

AlP aze LEL) STEPO STEPD 21
CELTL DELTZ QEUT4 HLIE HL33

0486 .CO77 .066% 4C0S3 L0078 1]

-28.3 1.1 ~l.8 .09 .09

2€292 .C0564 .C488 4020 JOC4I Q4
=22.2 =.C =247 «0% -07

<6285 0123 ,0348 40029 <G03S 04

<21.9 -5 -240 «07 <07

€3¢S +C264 .C&%16 .00%5 <0057 0.

-25.9 .6 -4.3 .00 .18

€509 .C291 .CS16 JQOV0 20080 04
=31.0 1.5 -849 10 10

AlP A2p A3R SYEPT STYEPD a1
CELT1 DELT2 CQEuUv4 HLIIL HE33

2C855 .0311 .1096 J016% J@201 Qd

=4C.2 =1l.6 -10.3 «13 13

2C509 .0l44 .067% .CCS6 40127 Qs

~4C.9 =1.0 =1%st 213 <13

20366 LCCT1 .0503 .0069 <0095 a4

-43.5 1.2 -1142 13 13

20547 0154 o072 40182 20243 0l

=606 =2 ~-1042 224 .24

«€C68C L0110 .C992 20227 0301 Q4

-A2.C -l =18:4 .24 24

<tlée

XHR

J1SEE

<1882

4871

JE6CS

<8722

XHR

42641

<za2e

<l§138

42814

<161¢

1:1741
«Cé2
¥RV
Al
1.26€8

aCs§

1.2701
«C27

1.22C4
<€28

1.C431
<C3%

1.1318
<047
RY
Al
1.2822

ageg

1.22¢5

<CSg

1.3759
«03€

1.2324

oCSS

1.327¢

aCl4

Y-s

€2943
Jee?

CEuAU
A2

€4543

4c€28

£s536

4€19

¢4536
<€08

€3373
4€13

64373
3611

CERAU
A2

€4102

Jdcaa

€4102
€22

¢d102
<€0¢

54266
€09

£3266

4039

§.943

J085

GELAD
a3
6.943

4078

6.536
4045

6.536
4061

6.3713

2049

6.373
4069
QELAD
A3

6. 1C2

<127

§.1C2
4072

6,102

4055

$.266

Jore

Ev266

a1a1

35000

2026

CGRAY
+5000
4030

44999

-021

44999

4016

5000

<019

45000

4028

CGRAT
«5000

4047

+5000

+018

45000
-016

45000
020

+5000

048
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RUN

51C

52C

T

1.99¢

1.56¢

xLe

20.42

20.432

XNR b1 2] CELAL GELAD CGRAT
Al A2 A3 A4
CILEE 1.2113 ¢€4260 6.260 5000

«C71 JCL8 (0S8 .024

<6464 1.0587 €J260 6.260 45000
«C4% JC1E  JC&3 .024
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APPENDIX C

THE COMPUTER PROGRAM P

UPSTREAM INCIDENT WAVE AMPLITUDE,FT

L

Al = 03/13 2108.3
[ A2 = UPSTREAM REFLECTEL WAVE AMPLITUDE , FT
[ A3 = DCWNSTREAM TRANSMITVTED WAVE AMPLITUDE 4 FT
C A4 = DCWNSTREAM REFLECTED WAVE AMPLITUDE FROM FAR END 4 FT
c AlP a2 TRANSFORMED INCIDENT WAVE AMPLITUDE , FT
[ A29 = TRANSFORMED REFLECTEC WAVE AMPLITUCE , FT
C A3P = TRANSFORMEDC TRANSMITTEO WAVE AMPLITUDE , FT
[+ xtl = UPSTREAM WAVE LENGTH , FT
[ XxL3 = DOWNSTREAM WAVE LENGTH , FT
c DELTAL = UPSTREAM INCIDENT WAVE PHASE ANGLE , RADIANS
4 DELTA2Z = UPSTREAM REFLECTELC WAVE PHASE ANGLE , RADIANS
4 DELTA3 = DOWNSTREAM TRANSMITTED WAVE PHASE ANGLE , RADIANS
4 DELTA4 = DOWNSTREAM REFLECTED WAVE PHASE ANGLE , RADIANS
c XMAXU = UPSTREAM DISTANCE FROM ORIGIN AT WHICH MAXIMA OF WAVE ENVELOPE
[ CCCUR 4 FT .
[ XMAXD = DOWNSTREAM DISTANCE FROM ORIGIN AT WHICH MAXIMA OF WAVE ENVELOPE
c OCCUR , FT
[ XAU = UPSTREAM DISTANCE FROM ORIGIN AT WHKICH SIMULTANEOUS MAXIMA OCCUR
4 X80 = DCWNSTREAM DISTANCE FROM ORIGIN WHERE SIMULTANEOUS MAXIMA OCCUR
(4 PAL = 3.1416
C XK1 = UPSTREAM WAVE NUMBER, (2.0«PAl)/XL1
4 XK3 = DCWNSTREAM WAVE NUMBER , (2.0ePAT)/XL3
4 SUM12 = SUM CF APPLITUDE Al AND A2 , FT
c SUM34 = SUM CF AMPLITUDES A3 AND A4 , FT
[ DIF12 = DIFFERENCE OF AMPLITUDES Al AND A2 , FT
c DIF34 = DIFFERENCE OF AMPLITUDES A3 AND A4 , FT
[+ Ml = UPSTREAM WATER DEPTH , FT
c H3 = COWNSTREAM WATER DEPTH 4 FT
Cc HLll = UPSTREAM DEPTH WAVE LENGTH RATIO
C HL3) = DOWNSTREAM DEPTH WAVE LENGTH RATIO
c HL10 = UPSTREAM DEPTH TO DEEP WATER WAVE LENGTH RATIO
c HL30 = DOWNSTREAM DEPTH TO DEEP WATER WAVE LENGTH RATIO
[ 8SLCPE = CHANNEL BED SLOPE IN TRANSITION
[ SSLCPE = CHANNEL SIDEWALL SLOPE IN TRANSITION
C xte = DEEP WATER WAVE LENGTH , FT
[ DEL12 = SUM CF PHASE ANGLES DELTA1l AND DELTA2
< HH13 = UPSTREAM TO DOWNSTREAM NEPTH RATIO
4 XKR = REFLECTICN CGEFFICIENT
C XKT a TRANSMISSION COEFFICIENT
4 STEEPU = UPSTREAM WAVE STEEPNESS
[ STEEPD = DOWNSTREAM WAVE STEEPNESS
4 21 = DEANS PARAMETER
[ CELAU = UPSTREAM WAVE CELERITY , FT/SEC
[4 CELAD = DOWNSTREAM WAVE CELERITY , FT/SEC
4 CGRAT = GROUP VELOCITY RATIO

READ L , BSLCPE » SSLOPE +E1 ,83

N=0

1 FORMAT ( 4F10.6 )

PRINT 2,BSLCPE , SSLOPE

2 FCRPAT [ 3TH THE FOLLOWING RUNS HAVE BED SLOPE = , F8.6 , 22H AND

1SIDEWALL SLOPE = , FB.6 )
PRINT 1001
1001 FCRMAT(130H RUN T XL XLl Kl H3 HH13 XxL3
1P A2P A3P STEPU STEPO z1 XKR KT CELAU CELA
20 CGRAT)

PRINT 1006

PAGE 1

e
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1C0¢

2Cc2
2cel
1CC4

3

2CC3

22

20

Al = UPSTREAM INCIDENT WAVE AMPLITUDE,FT

FCRMAT(129H

1 DELT1 DELT2 DELT4 HL11 HL33 Al A2

2 A4 )

REAC 2C01 4 H1 , ¥3

FCRMAT [ 2F12.5 )

REAC 3,RUN , ID , XL1 , SUM12 , DIF12 , XMAXU , XAU , SUM34 ,
1 DIF34 , XMAXC 4 XBD

A3

FCRMAT ( A3 , 13 4 3X , F7.3 , 3X , F8.5 , 3X , F8.5 4 3X , F7,3 ,

1 3X 4 F7.3 4 3X 4 F8.5 4, 3X 4 FALS / F7.3 ,F7.3)

IfF ( 1D ) 2002 , 2002, 2003

CALL AKEFQ ( HTAN , HSEC2 , H) 4 XL1 , HL11l , HL1D , HSIN2A )
HL30 = ({(HL10 ) #H3 } / H1

XLO = (1.0 /7 HL30 ) »H3

T = SQRTF (( XLO } /7 ( 5.118 ))

HH13 = Hl / M3

XL3=xL1-2.0

CALL AKEFC ( HTAN 4y HSEC2 4 H3 , XL3 4, HL33 , HLT , HSIN2A )
FUNCL = {( HL33 ) & {KTAN )} - HL3O

FUNCLP = =(HL33 & [(1.0 / XL3 ) ® HTAN 4 ([ 2.0 » 3.1416 = H3}
17 ( XL3 == 2 )) = HSEC2 }}

XL3 = XL3 - (FUNCL)/FUNCLP

TF{ABSF(FUNCL)-0,001120,20,22

CCNTINUE

CALCULATICN OF REFLECTICN AND TRANSMISSION COEFFICIENTS

PALl = 3.,1416

Al = (SUM12 + DIF12 )

7 2.0
A2 = [ SUMLZ - DIF12 } / 2

.0
DEL12 = 1.0 « PAI - 2.0 # (2.0 = PAI / XL1 ) s XMAXU
A3 = (SUM34 ¢ DIF34 )} /7 2.0
A4 = ( SUM34 - DIF34 ) / 2.0
NELTA4 = { 1.0 « PAl ) - 2.0 # (2.0 = PAI / XL3 ) & XMAXD
Rl = { 2,0 « PAI / XL3 ) = XBC
R2 = R1 + DELTA4
R3 = ~COSF( R1 ) « ( A4 / A3 )} = COSF ( R2 )
R4 = SINF { RL } 4 ( A4 / A3 )} & SINFL R2 }

R = { R3 / R& )

ARGL = ((( 2.0 « PAI ) /7 XL1 )} » XAU + DEL12 }

ARG2 = (( 2.0 = PAI ) /7 XL1 ) = XAU

XNUM = { COSF ( ARG 1) + { R & SINF { ARGl 1} - { A2 / Al )
1 { COSF(ARG2) - R « SINF ( ARG2 ))

XODENM = = ( SINF { ARGL 1) ¢+ { R » CCSF { ARGl }) - { 42 / Al

1 ( SINF ( ARG2 ) + Re COSF { ARG2 ))

CELTAZ2 = ATANF (( XNUM) / { XDENM ))

DELTAl = DEL12 - DELTA2

ARG3 = CCSF ( DELTA]l ~ CELTAZ + DELTA4 )

RADY1 =(((A2/A1)#e2)s({A4/A3)0e2)~ 2,00(A2/A1)e(A4/A3)eARG3) +

RAD2 (((AL/A2)ws2)a((AG/A3}us2) - 2.0#(AL/A2)8{A4/A3)#ARG3)
AlP = Al » SQRTF(ABSFI(RAC1))

A2P = A2 « SQRTF(ABSF(RAD2))

A3P = A3 « ( 1.0 - (A4/A3)es2)

XKR = (A2P / AlP )

XKT = ( A3P / AlP )

STEEPU = ( 2.0 = AlP ) / xtl

STYEEPD = (2,0 = A3P ) / XL3

21 = (4.0 » PAL = HL )} / (( XLL ) » BSLOPE )
CALCULATICN OF GROUP VELOCITY RATIO

}

L]

) .

1.0
¢1.0

03/13 2108.3

PAGE 2
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101

210

1¢03

JCB TIME

Al = UPSTREAM INCIDENT WAVE AMPLITUDE,FT

CELAU2 (( 32,2 =« XL1 ) 7 U 2.0 = PALl )) » HTAN

CELAUY SQRTF ( CELAUZ )

XN1L = { 1.0 + ((( 2.0#2,0ePAJeK1)/XL1)/(HSIN2A ))) 7/ 2.0

CALL AKEFC ( RTAN, HSEC24H3,XL3,HL33,HL30,FSINZA}

CELAD2 = (( 32.2eXL3)/(2.0ePAL))eHTAN

CELAD = SQRTF ( CELAC2 )

XN3  ={ 1.0 + {((2.0%2.0ePAI#H3) / XL3)}/(HSIN2A)))} / 2.0

CGRAT = (XN3 # XL3 « B3 )/( XN1 # XL1 = Bl )

HL11=R1/XL1

HL33=H3/XL3

PRINT 101, ID,T,XLO,XL1,H1,K3,HH13,XL3,A1P,A2P,A3P, STEEPU,STEEPD,Z
11y XKRyXKTyCELAUCELADy CGRAT

FCRMAT(1XyI3 91X FOe391X9F60292X9F54292X9F40212X9F4e242X4F40a242XyF5
1e29FT el s FToboFTob FTobyFToly2XsF5.292% F60by2XsFbeby2X4F5.3,2X,F5,
23,FT.47)

PRINT 1003,DELTAl,DELTA2,CELTA4,HL11,HL33,A1,A2,A3,A%

N=N+1

IF{N=-5)1004,210,210

PRINT 1001

PRINT 1006

N=0

FCRMATIS55X)F6e1 12X F541 42X F5e193XyF4.293X1F4.2415X9F5.3,1X4F5.3,1
1X9F5.3,1X4F5.37/}

GC TO 1004

€ND(1,0,0,0,0,0,0,0,0,1,0,0,0,0,0)

CALL AKEFQ ( HTANy HSEC24H1¢XL1lyHL11,HLIO,hSINZA }

= C.11 MIN.

03/13 2108.3
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AlpP

A3

Bl
CELAU2
DELTA2
FUNCL
HL11
HSIN2A
R1
RAD2
STEEPU
x80
XLl
XN3

-€6T1-

811
8IVe

1)

AKEFC
SCRT

AKEFC

EFN
2€02
210

= UPSTREAM [NCIDENT WAVE AMPLITUDE,FT

CEC ccr
810 01452

STORAGE LOCATIONS FOR VARIABLES NCT APPEARING IN COMMON, DIMENSION,

DEC
809
804
799
194
789
784
779
774
769
764
759
754
749
744

ocT
01451
01444
01437
01432
01425
01420
01413
01406
01401
01374
01367
01362
01355
01350

EFN Lcc
1 01336

1C03 01164

DEC
735

gcr
01337

DEC ocy
5 0C00S

6 0C006

ATAN

Al

A4

83
CELAU
DELTA4
H1
HL30
HTAN
R2

R
Sum12
XDENM
XL3
XNUM

SYMBOLS AND LOCATIONS FOR SOURCE

CEC
32561

CEC
808
803
798
793
788
783
778
773
T68
763
758
753
748
743

EFN
8)2 2
8IVE 1006
LOCATIONS
CEC

2) 599
DEC

ATAN 9
{CSH) 1
ENTRY

caos

03713 2108.3

STORAGE NOT USED BY PROGRAM

acry
77461

ocy DEC ocT DEC ocT

01450 A2p 807 01447 A2 B06 01446
01443 ARG1 802 01442 ARG2 801 01441
01436 BSLOPE 797 01435 CELAD2 796 01434
01431 CGRAT 792 01430 DELY2 791 01427
01424 DIF12 787 01423 DIF34 786 01422
01417 H3 782 Clals HH13 781 0l415
01412 HL33 717 01411 HLT 776 01410
01405 10 772 01404 N 771 01403
01400 R3 767 01377 R4 166 01376
01373 RUN 762 01372 SSLOPE 761 01371
01366 SUM34 757 01365 T 756 01364
01361 XKR 752 01360 XKY 751 01357
01354 XMAXD 747 01353 XMAXU 746 01352
01347 21 742 01346

PROGRAM FORMAT STATEMENTS

L0C EFN Loc EFN Loc
01334 813 3 01235 R13S 101 01213
01266 8)1UH 2001 01237
FOR OTHER SYMBOLS NOT APPEARING IN SOURCE PROGRAM

ocT DEC ocT DEC ocr
01127 3) 603 01133 6) 610 01142

LOCATIONS OF NAMES IN TRANSFER VECTOR

ocT DEC ocT DEC ocrv
00011 cos 7 CCQO7 «SETUP 0 00000
ccool (FIL) 4 CCO04 (RTN} 2 00002
POINTS TO SUBROUTINES NOY QUTPUT FROM LIBRARY

+SETUP SIN SORY {CSH) (FIL)

PAGE 4

OR EQUIVALENCE STATEMENT

A3P
ARG3
CELAD
DELTAL
FUNCLP
HL10
HSEC2
PAL
RADL
STEEPD
XAU
XL0
XN1

8ive

SIN
(SPH)

(RTN)

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN Loc
17 C0047
80 01116

TIME SPENT IN FORTRAN..

EFN
1004

1FN
19

«52 MINUTES.

Loc
00056

EFN
2003

IFN Loc EFN
22 C€0113 22

IFN Loc
28 00153

EFN
20

DEC ocrT
805 01445
800 01440
795 01433
790 01426
785 01421
780 01¢l4
775 01407
770 01402
765 01375
760 01370
755 01363
750 01356
745 01351

EFN
1001

Loc
01315

DEC ncT

DEC ocr
8 00010

3 00003

(SPH)

1FN Loc
33 00227

~J
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SUBROUTINE AKEFQ{HTAN,HSEC24A¢ByCyCeE ) 03/13 2108.3 PAGE 1

SUBROUTINE AKEFQ{HTAN,HSEC2yA¢sB,CyCyE }
C = A/B
PAL = 3,1416
ARG = (2.4PAl)eC
HSIN = ARG
21=1.0
IK=11
7 IN=2142,0
6 2J=11+1.0
[F(IN=2J1445,45
5 IK=2KelJ
1=2J
GC TC 6
4 AK=17K
N=ZN
ACDl = ((ARG)esN)/AK
HSIN = HSIN ¢ ACDl
IF ( ACD1 - 0.0001 ) 8 , 8 4, 7
8 HCCS = 1.0
Z1=C.0
IK=21+1,0
13 IN=2142.0
11 1J=11+1.0
IF(IN-2J)9,10,10
10 IK=2Ke2J
11=2J
GC T0 11
9 AX=2K
N=ZN
ACD2 = ((ARG)saN)/AK
HCCS = WCCS + ADD2
IF { ACD2 - 0.C001 ) 12 , 12 , 13
12 HTAN = HSIN/HCCS
HSEC2 = (1,0/HCOS)ee?
D = CeaHTAN
E = 2.0 » HSIN » FCOS
RETURN
END(1,0,0,0,0,0,0,0,0,1,040,0,0,0}

JCB TINME = 0.61 MIN,

e



-S6T-

ACD1
HSIN
K

1)

EXP(2

EXP(2

EFN
7
13

SUBROUTINE
DEC ccr CEC
175 00257 32561

AKEFQ(HTANJHSEC24A4B,CoCyE ) 03/13 2108.3

STORAGE NOT USED BY PROGRAM

ocr
17461

STORAGE LCCATIONS FOR VARIABLES NCT APPEARING IN COMMON, DIMENSION, OR EQUIVALENCE STATEMENT

CEC ccr CEC
174 00256 ACD2 173
169 00251 N 168
164 00244 IN 163

LOCATIONS

CEC ocT CEC
162 00242 2) 150

DEC acr CEC

C c¢cooo
ENTRY

ocT DEC ocy DEC ocr
00255 AK 172 C0254 ARG 171 00253
0025¢C PAL 167 00247 11 166 00246
00243

FOR OTHER SYMBOLS NOT APPEARING IN SOURCE PROGRAM

ocT DEC ocy DEC ocrv
00226 3) 151 co0227 6) 156 00234

LOCATIONS OF NAMES IN TRANSFER VECTOR

ocrt DEC ocrT DEC ocrv

POINTS TO SUBROUTINES NOT OQUTPUT FROM LIBRARY

HCOS
1y

EXTERNAL FORMULA NUMBERS WITKE CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

IFN Lcc EFN 1FN
9 €0053 6 10
23 00132 11 24

TIME SPENT IN FORTRAN.. «26 MINUTES.

LoC EFN IFN Loc EFN IFN Loc
00C56 5 12 00066 4 15 00074
00135 10 26 00145 9 29 00153

EFN
8
12

DEC ocr
170 00252
165 00245

DEC ocrT

DEC ocT

IFN Loc

20 00123
34 00202



=961~

THE COMPUTER PROGRAM P

11

DATA REDUCTICN BY ALAM ANC BRAINARD 03/18 0601.1 PAGE 1
[4 Al = UPSTREAM INCIDENT WAVE AMPLITUDE,F1
C A2 a UPSTREAM REFLECTED WAVE AMPLITUCE , FT
4 A3 = DCWNSTREAM TRANSMITTED WAVE AMPLITUDE , FT
[4 Ad = DCWNSTREAM REFLECTED WAVE AMPLITUDE FROM FAR END , FT
C AlP = TRANSFORMEC INCICFNT WAVE AMPLITUDE , FT
c AP = TRANSFORMEC REFLECTEC WAVE AMPLITUCE , FT
c aA3p = TRANSFORMED TRANSVITTED WAVE AMPLITUDF 4 FI
c i = UPSTREAM WAVE LENGTH , FT
[4 xL3 = DCWNSTREAM WAVE LENGTH 4 FI
c NDELTALl = UPSTREAM INCIDENT WAVE PHASE ANGLE , RADIANS
< DELTA2 = UPSTREAM REFLECTEL WAVE PHASE ANGLE 4 RADIAN>
c DELTA3 = DCWNSTREAM TRANSMITTEN WAVE PHASE ANGLE , RADIANS
[+ DELTA4 = CCWNSTREAM REFLECTED WAVE PHASE ANGLE , RADIANS
c XMAXU = UPSTREAM OISTANCE FRCM ORIGIN AT WKICH MAXIMA OF WAVE ENVELOPE
(% CCCUR , FT
Cc XMAXD = CCWNSTREAM DISTANCE FROM ORIGIN AT WHICH MAXIMA OF WAVE ENVELOPE
Cc CGCCUR 4 FT
c XAU = UYPSTREAM DISTANCE FROM ORIGIN AT WHICH SIMULTANEQUS MAXIMA OCCUR
L X80 = DCWASTREAM DISTANCE FROM ORIGIN WHERE SIMULTANEOUS MAXIMA OCCUR
[ Pat = 3.1416 .
[ XK1 = UPSTREAM WAVE NUMRER, (2.0ePAI}/XL1
[4 XK1 = COWNSTREAM WAVE NUMBER , (2.0ePAL}/XL3
C SUMLI2 = SUM CF AMPLITUDE al AND A2 , FT
[ SU¥34 = SUM CF AMPLITUCES A3 AND A4 , FT
C DIF12 = DIFFERENCE 0F AMPLITULES Al AND A2 , FT
C NIF34 = DIFFERENCE OF AMPLITUCES A3 AND A4 , FT
4 1 = UPSTREAM WATER DE®PTH , FT
c H3 = CCWNSTREAM WATER DEPTH , FT
[4 HLll = UPSTREAM DEPTH WAVE LENGTH RATIO
[ HL33 = DCWNSTREAM DEPTH WAVE LENGTH RATIO
c HL10 = UPSTREAM DEPTH TO CEEP WATER WAVE LENGTH RATIO
[ HL30 = DCWNSTREAM DEPTH TG DEEP WATER WAVE LENGTH RATIO
c 3SLCPE = CHANNEL BEC SLCPE [N TRANSITION
c SSLOPE = CHANNEL SIDEWALL SLOPE IN TRANSITION
c XL0 = DEEP WATER WAVE LENGTH , FT
[+ DELL2 = SUM CF PHASE ANGLES OELTALl AND DELTA2
c HH13 = UPSTREAM TC COWNSTREAM DEPTH RATIO
[ XKR = REFLECTICN CCEFFICIENT
c XXT = TRANSMISSICON COEFFICIENT
4 STEEPU = UPSTREAM WAVE STEEPNESS
Cc STEEPO = DOWNSTREAM WAVE STEEPNESS
(3 138 = DEANS PARAMETER
[ CELAU = UPSTREAM WAVE CELERITY , FT/SEC
(4 CELAD = DCWNSTREAM WAVE CELERITY , FT/SEC
C LGRAT = GROUP vELUCITY RATIO

READ 1 » BSLOPE , SSLOPE ,R1 ,B3

N=20

-

FORMAT ( 4F10.6 )

PRINT 2,8SLCPE 4 SSLOPE

2 FORMAT ( 3TH THE FOULICWING RUNS HAVE BED SLOPE = , FB8.5 , 22H AND
ISIDEWALL SLCPE = , F8.6 )

PRINT 1001
1001 FORMAT(130H RUN T XxLo xL1 H1 M3 HH13 xL3 Al
1P A2P A3P SVEPU STEPD 13} XKR XKT CELAY CELA

20 CGRA1)



=161~

1C06

2¢c2
2CC1
1C04

3

2€03

22

2¢

DATA REDUCTICN BY ALAM AND RRA

PRINT 1006

FCRNMAT[129H

1 DELT1 OELT2 DELT4 HLl1
2 A4 )

REAC 2001 4 Hl , K3

FCRMAT ( 2F12.5 )

READ 3,RUN , ID , XL3 , SUM12
1 DIF34 , XvaxC , XBO

FCRMAT ( A3 , [3 4 3X , F7.3 ,
1 3X 4 F7e3 4 3X 4 FBJ5 4 3X
IF ( ID ) 2002 , 2002, 2003

INARC

HL33

» DIF12 , XMAXU ,

3X , F8.5 4 2X
FB.5 / FT43 4F7.3°

CALL AKEFQ(HTAN,HSEC2,H3,XL3,HL33,HL30,HSIN2A)

HL10=HL30#H1/H3

XLO = (1.0 / ¥L30 } «H3

T = SQRTF ({ XLO )} 7 { S.118 )
HH13 = H1 / H3

XL1=XL3+2.0

A = Xtl

CALL AKEFQ(HTAN,HSEC24H1¢XL1yHL11yHLT ,HSIN2A)

FUNCL=HL11#HTAN-HL10

Al A2 A3

XAU , SUM3G

v F845 4 3X » FT7.3

FUNCLP==-HL11#(1.,0/XL1aHTAN+2.0%3,14162H1/XL1##2eHSEC2)

XL1=XL1-FUNCL/FUNCLP
IF(ABSF(A-XL1)-0.001 )20,20422
CONTINUE

CALCULATICN OF REFLECTICON AND TRANSMISSION COEFFICIENTS

PAL = 3,1416
al’= {suvi2 + DIF12° 1/ 2.0
A2_= (_SUNM12_ - DIF12 ) / 2.
DEL1Z = 1.0 » PAL = 2.0 = (
A3 = (SUM34 + CIF34 ) / 2.0
A4 = ( SUM34 - DIF34 ) /7 2.

3

0
2.0
2.0
! 2.0 =
(2.0 « PAT 7/ XL3 ) -« XBC

= RL + DELTA4
R3 = =COSF( R1 ) + ( A4 / A3 )
R4 = SINF ((R1 ) + [ A4 /7 A3 )

R=TCR3I 7RG i

ARGl = ((( 2.0 = PAI ) / XL1 ) # XAU + DEL12

ARG2 = (( 2.0 = PALl ) 7/ XL1 )

XNUM = ( COSF ( ARGl )) # { R = SINF ( ARGl 1) - [ A2 / Al } =
17U COSF(ARG2) = R = SINF { ARG2 ))
XDENM = = ( SINF { ARGl }) ¢ ( R » COSF { ARGl }) -~ ( A2 / Al ) »

1770 SINF (T ARG2 )+ Re COSF (
DELTA2 = ATANF ({ XNUM) / ( XD

DELTAl = DEL12 - DELTA2
ARG3 = CCSF { CELTAl - CELTA2

RADL =(((A2/AY)%e2) e ((A4/A3)we2)- 2,0#(A2/A1)#{A4/A3)#ARG3) + 1,0
RAD2 = (((A1/A2)#w2)%((A4/A3)ee2) - 2,08({A1/A2)8(A4/A3)#ARG3) +1.0

A1P = A1 % SQRTF(ABSF(RAD1).
A2P = A2 = SQRTF(ABSF(RAD2})
a3P = A3 # ( 1.U - (A4/A3)#e2)
XKR = (A2P / AlP )

XKT = ( A3P / AlP )

STEEPU = ( 2.0 = Al1P ) / XL1
STEEPD = (2.0 » A3P ) / XL3

71 = (4.0 = PAIl « H1 ) 7 (( XL

*= PAL /7 XL1 ) « XMAXU

(2.0 = PAT / XL3 ) = XMAXD

# COSF ( R2 )
* SINFU R2 )

» XAU

ARG2 ))
ENM ))

+ DELTA4 )

1 ) » BSLOPE )

t
H

C3/18 Q6C1.1
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101

210

1co3

CB TIME =

DATA REDUCTICN BY ALAM ANC ARAINARD

CALCULATICN OF GRCUP VELOCETY RATIO

CALL AKEFQ ( HTAN, HSEC2,F1,XL1,HL11,HL10,HSIN2A )

CELAU2 = (( 32.2 » XLL )} /7 { 2.0 = PAl )) « HTAN

CELAU" = SQRTF ( CELAU2 )

XNL = ( 1,0 + ((( 2.0%2.0#PAIsHLI)/XLY}/(HSINZA 1)) / 2.0

CALL AKEFQ { HTAN, HSEC2,H3,XL3,HL33,HL30,FSIN2A)

CELAD2 = (( 32.2#XL3)/(2.CePAl))#HTAN

CELAD = SCRTF ( CELAC2 )

XN3  =( 1,0 ¢+ (((2.082.0ePAISH3) / XL3)/(HSIN2A))) / 2.0

CGRAT = (XN3 » XL3 = 83 )/( XNl # XLl = 81 )

HL1l=H1/xL1

HL332H3/XL3

PRINT 101, IDyT,XLO,XL1,H1,H3,HH13,XL3,A1P,A2P,A3P,STEEPU,STEEPDZ
11 oXKR,XKT,CELAU,CELAD,CGRAT

FCRMAT{IX I3 41X FO.331X4F6.292X3F5.292X9F20292X3F4e292XyF44242X,4F5
1e2 1 FTatyFlat 1 FTa4sFTo4oFTa412XeF50292XeF6.492XF6.442XsF5.392XyF5.
23,F7.4/)

PRINT 1003,DELTALl,DELTA2,CCLTA%4,HL11,HL33,41,A2,A3,A4

N=N+1

IF(N=-5)1004,210,210

PRINT 1001

PRINT 1006

N=0 :

FGRMATISS5X FOe1 92X eFS5e192XsFS5als3XeFea2e3X3F4.2915XsF5.391X9F5.3,1
1XsF5.3,1X4F5.3/7/)

GC TO 1004

ENOD(1,0,0,0,0,0,0,0,0,1,0,0,0,0,0}

0.11 MIN.

03/18 0601.1

PAGE 3
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DATA REDUCTIGN &Y ALAM AND RRAINARD 03/18 0601.1 PAGE &

STORAGE NOT USED B8Y PROGRAM

CEC ccT CEC ocT
814 01456 32561 77461

STORAGE LCCATIONS FOR VARIABLES NCT APPEARING IN COMMGON, DIMENSION, OR EQUIVALENCE STATEMENT

NEcC ccr DEC ocr DEC acr DEC ocy
ALP 813 01455 Al 812 01454 A2P 811 01453 A2 810 01452 A3P
A3 808 01450 A4 807 01447 ARG 806 Cl446 ARG2 805 01445 ARG3
A 803 01443 81 802 01442 83 801 01441 BSLOPE 800 01440 CELAD2
CELAC 798 01436 CELAU2 797 01435 CELAU 796 01434 CGRAT 795 01433 DEL12
DELTA1L 793 01431 DELTA2 792 0143C DELTA4 791 Cl1427 DIF12 790 01426 DIF34
FUNCLP 788 01424 FUNCL 787 01423 H1 786 01422 H3 785 01421 HH13
HL1O 783 01417 HL11 782 01416 HL 30 781 01415 HL33 780 01414 HLT
HSEC2 778 01412 HSIN2A 777 01411 HTAN 776 C1410 1D 775 01407 N
PAl 773 01405 r1 772 01404 R2 771 014C3 R3 770 01402 R4
RAD1 768 01400 RAD2 767 01377 R 766 01376 RUN 765 01375 SSLOPE
STEEPD 763 01373 STEEPU 762 01372 SUM12 761 01371 SUM34 760 01370 T
XAU 758 01366 XBD 757 01365 XDENM 756 Cl364 XKR 755 01363 XKT
XL0 753 01361 XLl 752 01360 XL3 751 01357 XMAXD 750 01356 XMAXU
XN1 748 01354 xN3 747 01353 XNUM 746 01352 1 745 01351

SYMBOLS AND LGCATIONS FOR SOURCE PROGRAM FORMAT STATEMENTS

EFN LCC EFN Loc EFN Loc EFN Loc
81 1 01341 8)2 2 01237 813 3 01240 8)35 101 01216 81v9
8)vB 1C03 C1l167 8)VE 1006 01271 8)1UH 2001 01242

LOCATIONS FNR OTHER SYMBOLS NOT APPEARING IN SOURCE PROGRAM

CEC ccr CEC ocT DEC ocr DEC ocT
1) 738 01342 2) 602 01132 3) 606 Cl136 6} 613 01145

LOCATIONS OF NAMES IN TRANSFER VECTOR

DEC ccT CEC ocr DEC ocrT DEC ocrt
AKEFC 5 00005 ATAN 9 €0011 cos 7 ccco? «SETUP 0 00000 SIN
SCRT 6 0C006 (CSH) 1 oocol (FIL) 4 CCOO4 (RTN) 2 00002 {SPH)

ENTRY PGINTS TO SUBRROUTINES NOT CUTPUT FROM LIBRARY
AKEFQ ATAN coes +SETUP SIN SQRT {CSH) (FIL) (RTN)

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

EFN IFN Lcc EFN 1FN toc EFN IFN Loc EFN IFN Loc EFN
2C02 17 C0047 1004 19 00C56 2003 22 CO113 22 28 00153 20
210 81 01121

TIME SPENT IN FORTRAN.. «39 MINUTES.

R-4

DEC  OCT
809 01451
804 01444
799 01437
794 01432
789 01425
784 01420
779 01413
774 01406
769 01401
764 01374
759 01367
154 01362
749 01355

EFN Loc
1001 01320

DEC oct

DEC ocTt
8 00010
3 00003

{SPH)

IFN Lnc
34 00232



-002-

SUERQUTINE AKEFQ(HTAN,KSEC2,A48,CyChE ) 03713 0601.1 PAGE 1

C = a/B
PAI = 33,1416
ARG = (2.%PA1)#C
HSIN = ARG
21=1.0
k=21
IN=71+42.0
6 7J=11+1.C
IF(IN=7J14,5.5
5 IK=7IK=Z7J
11=24
G4C TO 6
4 AK=ZK
N=ZN
ACDl = ((ARG)w#=N}/AK
HSIN = HSIN + AODDN]
IF ( ACD1 - 0.CO0! } B , 8 , 7
8 HCCS = 1.0
21=C.0
2K=71+41.0
13 IN=21+2.0
11 7J=11+1.0
IF(IN=-2319.,10,10
10 IK=IK*2y
11=23
GC TO 11
9 AK=2K
N=IN
ACD2 = ({ARG)#«N)/AK
HCCS = HCCS + ACD2
IF ( ACND2 - 0.C001 )} 12 4 12 5 13
12 HIAN = HSIN/HCCS
HSEC2 = (1.0/HCOS)»s2

SURRCUTINE AKEFQ{HTAN,FSEC248yByCyCyE ) I)
n:_

~

C = LeHTAN
E = 2.0 « HSIN = FCOS
RETUKRN

END(1.0,0,0,0,0,0,0,0,1,0,0,0,0,0)

-JCB TINME = C.50 MIN.

cn



-102-

ACD1
HSIN
K

1}

EXP(2

EXP{(2

EFN

13

SUBROUTINE AKEFQ{HTAN,HSEC2,A,B,C,0yE ) 3718 0601.1 PAGE 2

STORAGE NOT USED BY PROGRAM

CEC ccrT CEC acT
175 00257 32561 77461

STORAGE LCCATIONS FCR VARIABLES NCT APPEARING IN COMMON, DIMENSION, OR EQUIVALENCE STATEMENT

CEC ccT rec ocY DEC ocr DEC oct
174 00256 ACD2 173 00255 AK 172 c0254 ARG 171 00253 HCOS
169 00251 N 168 00250 PAL 167 00247 21 166 00246 9
164 00244 IN 163 00243

LOCATICNS FOR OTHER SYMBOLS NOT APPEARING IN SOURCE PROGRAM

NEC acT DEC ocT DEC ocT DEC ocr
162 00242 2) 150 Cc022¢ 3) 151 c0227 6) 156 00234

LGCATIONS OF NAMES [N TRANSFER VECTOR

DEC ccr rEc acr DEC ocy DEC act
0 0CCo0

ENTRY POINTS TO SUBROUTINFS NAT QUTPUT FROM LIBRARY

EXTERNAL FORMULA NUMBERS WITH CORRESPONDING INTERNAL FORMULA NUMBERS AND OCTAL LOCATIONS

TFEN Lcc EFN IFN Loc FFN 1FN Lac EFN IFN Loc EFN
9 Cu053 6 10 00056 5 12 €CO66 4 15 00U/« 8
23 00132 11 24 00135 10 26 00145 9 2¢ 00153 12

TIMF SPENT IN FORTRAN.. «21 MINUTES.

-6

DEC ocr
170 00252
165 00245

DEC ocT
DEC  -OCT
1FN 100

20 00123
34 00202
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