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ABSTRACT 

A formal approximate solution is derived for the profile and 
velocity components of a wave with permanent form of finite height m 
moderate water depths. The approximation is carried to the third order, 
sufficiently far to represent all except the very high "design" waves. 
The relationship of the formulas to others found in the literature is 
discussed. 

The wavelengths and the coefficients in the third-order series for 
the wave profile, and the water particle velocities and local acceler- 
ations are tabulated for approximately 2000 waves. The depths, heights, 
and periods for the listed wave conditions vary respectively from 10 to 
500 feet, 5 to 40 feet, and 4 to 20 seconds. The range of applicability 
of the theory is discussed and approximate limits estimated. 

As an aid in calculations, tables of the trigonometric and hyper- 
bolic sines and cosines for integral multiples of the argument are 
included. 

DERIVATION OF FORMULAS 

We wish to construct potential flows satisfying Bernoulli's theorem 
on the free surface y(x)  whose shape is one of the unknowns. The 
problem is one of some difficulty mathematically because of the non- 
linear boundary condition. The usual general theorems of existence of 
solutions for linear problems are not valid and an ad hoc  verification 
of existence of a solution must be made to be sure that the formal 
solution (Stokes, 1847), which can be rather easily obtained, exists. 
The existence proof was first carried out by Struik (1926) following 
the method of Levi-Civita (1925) for deep water waves. Struik also 
obtained formulas for the profile, velocity components, and the necessar; 
auxiliary functions to relate the parameters in these formulas to the 
usual physically observed wave characteristics. 

Unfortunately all these formulas have algebraic errors, as was 
first pointed out by Hunt (1953) and then independently by Tanaka (1953), 
However the results of Hunt and Tanaka do not, at first sight, agree. 
It seemed advisable to make a new and simpler derivation of these result! 
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m a slightly different way, in order to clear up these discrepancies. 
A more recent calculation by De (1955) has checked the results of Hunt 
and extended them to the fifth approximation. 

We introduce the device of a moving coordinate system whose 
velocity, C, is the celerity of the waves.  In this coordinate system, 
the motion is steady and two-dimensional.  It is then convenient to use 
complex variables (Lamb, 1932) and a complex potential to, whose real and 
imaginary parts are the velocity potential 4>  and stream function </», 

w(s) = 4>(x,y)   + i^P(x,y), (l) 

and whose derivative is related to the velocity components vx  and v 

dw  = - vx  + iv . (2) 
dz 

The mathematical problem may be described briefly. We wish to 
construct a function u>  of complex variable z  which has the properties 
that dw/dz  has a real period L, 

d"(z)   = dw(z  4 L), (3a) 
dz dz 

that there is no flow through the bottom, 

Im w  = 0    on    Im z  = 0, (36) 

and that Bernoulli's equation is satisfied 

1 \dw 
2 \dz 

on the free surface 

iS*'  + g  Im z  *  Const., (4a) 

Im *> * IC. (46) 

We will assume that the solution to the problem has the form 

w « C \z  + A 2 &nAn  sin nkz 

where k  = 2m/h.    We note that equations (3a) and (36) are satisfied if 
An  are real. The success of this assumption will presently justify the 
form. We know that Bernoulli's theorem must hold on the line given by 
putting the imaginary part of w equal to a constant IC  in equation (5), 
whose real and imaginary parts are then parametric equations for the 
profile. The parameter is <£, the real part of the potential. We see 
that we will need to invert equation (5) to obtain z  as a function of 
to, in order conveniently to satisfy Bernoulli's theorem, equation (4a). 
It is also necessary to obtain dw/dz  as a function of w.    We will indi- 
cate formally how these steps can be carried out, although to justify 
each step mathematically we would have to investigate the convergence 
of the assumed solution after we have calculated the values of the 
coefficients, An. 

253 



COASTAL ENGINEERING 

Vie differentiate equation (5) with respect to z  and obtain 

22 = C|l + 
dz YL annAn cos nkz (6) 

We assume z as a function of w is given by 

Cz  = w + C -i- Y~ a*fl„  sin II 
^fcn 

few 
(7) 

the justification being that we are able to substitute equation (7) int' 
equation (5) and solve successively for Bn  as functions of An. 

Then we substitute equation (7) in equation (6) and obtain 

*»{w)   - C 1   + Yl °n   Sin " kw 
C 

where C_ are functions of a  and A„. 

We put Im w = IC  in equation (8) and equation (7) and substitute 
in equation (4a). We find 

1 + Z anC-n  cos ** (<£ + tlC) + _££- Im z{4x  + tlC) = Const. . (c 
277C2 

We can also put 

c2 -XIz,«»a9B- C 

since the celerity may be a function of wave height and depth.  Ber- 
noulli' s theorem, equation (9), must be valid for all <£ and a, and we 1 
put the separate coefficients of a" cos m<p  equal to zero. When this ii 
done, the resulting equations may be solved successively to obtain 

At  = 1 

A,  = - 
4(cosh 2k I  -  l)" 

3(cosh 2k I  - 11) 
16(cosh 2kI  - 1)2   ' 

D0 

D* 

sinh kl gL 
cosh kl  2TT 

(2 cosh2 gfcl   + 2 cosh 2kI   * 5)  gL  sinh fel 
4(c'osh 2fel   - 1) 2n cosh AI 

The profile r)(x) is found by eliminating 4> from the real and imaginary 
parts of equation (7), evaluated on w = 4> + tlC. Then we obtain the IT 
water level d by integration: 
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ri(x)dx  = I   + JL o sinh Zkl   , (13) 

and the wave height H  by some algebra, 

H -  T?(|] - 77(0) 

2a sinh kl   *  3a3 4 cosh3 Zkl   * 4:  cos.h2 Zkl   » 1 sinh ^ 
8(cosh Zkl  - 1)2 

Finally, the celerity is given by equation (10), 

rs  . sinh kl 
cosh kl 

I + Z cosh    2H   + 2 cosh Zkl   + 5 
4(cosh 2H   - l) 2T? 

A. (14) 
277 

(15) 

and the particle velocities from minus the real part and the imaginary 
part of equation (6), 

3 cos Zkx vx " " Re P- = " Cll + a cos ** cosh ky  -        * "»»"»       cosh 2*y 
da I 2(cosh 2U   -  l) 

?jl  + a 

3(2 cosh Zkl  - l)  cos 3/kx cosh ^1 (16) 

16(cosh Zkl  - 1)2 J 
and 

v., = Im ^L y dz 
-c[. sin £*  sinh £y 3 sin 

2(cosh Zkl) 
Zkx sinh 2fcy 

3(2 cosh 2H   -  1)   8in 5kx  sinh zk 1 
16(cosh 26Z   -  l)2 J 

(17) 

We can transform back into a stationary coordinate system by the sub- 
stitution 

X    = X ct, 

vx-vx~ c- 
(18) 

and obtain, on dropping the primes, 

vx  = c[a  cos k(x  - ct)   cosh ky -  3 cos Zk [x - ct)   cosh 2k 
|_ 2(cosh Zkl   -  1) 

i\ . (19) 
3(2 cosh Zkl   -  1)   cos 3M;c  _ ct)   cosh 3^- 
16(cosh Zkl  - 1)2 ' 

and 

v    =  - C a  sin *(x  - ct)   sinh /fey  - 3 sin 2fe (*  - ct)     ^ 2)fe y L 2(cosh 2K   - 1) 

3(2  cosh Zkl   -  1)   sin 3fe(jr _ ct)   Slnh 3;fe 
16(cosh Zkl  - 1)2 (20) 
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The set of three equations (13), (14), and (15) have as unknowns 
the three auxiliary parameters a,   k,   and I,    We see that, given the 
wave height, the water depth, and the wave period, they may be solved 
for these auxiliary parameters. The parameter k  has a simple mterpr< 
tation as seen from these equations since 

2?  - L. (2 
k 

Also, I  and a  are related to the depth and height, respectively. 

The equations here given check with those of Hunt and Tanaka. T< 
compare with Hunt and De it is necessary to obtain a as a function of 
/A, which may be done from the equations for the depth and height. It 
is then found that a  is an odd function of fj., 

a  -^V**1 Mn[l\ 

To compare with Tanaka, it is only necessary to identify his par 
meter d with our I. His statement that his d is the depth is mislead 
mg, since clearly his d is not the mean water level. Finally, it is 
relevant to notice that the equations pertaining to the Stokes-Struik 
theory in the Beach Erosion Board Technical Memoranda 1 and 2 are 
incorrect, as is pointed out by Hunt. 

APPLICATION OF THE THEORY 

After a theory is explicitly stated, normally two steps remain t 
be completed before the Engineer or Oceanographer can readily apply t 
theory to an actual problem. First, some procedure must be given to 
overcome the computational difficulties involved m the use of the 
theory, and second, the range of applicability must be indicated so 
that it is possible to determine when the theory should be used. 

COMPUTATIONAL FORMULAS 

The Stokes-Struik theory as presented can be put in a somewhat r 
convenient form for computations as follows. We multiply eq, (13) bj 
eq. (15) and ignore terms containing powers of o greater than the th 
Then we divide both sides of the resulting equation by L g  to obtain 

d    _ tanh kl Ikl   * £l fsinh Zkl   * feMcosh 4kI   *  Z cosh Zkl   +  6)1] 
I 4   L cosh Zkl  - 1 J) gT2 4772    j^ 

Similarly we multiply eq. (14) by eq. (15) and divide by L2g  ignoring 
powers of a greater than the third, and obtain 

256 



THE USE OF THE STOKES-STRUIK APPROXIMATION 
FOR WAVES OF FINITE HEIGHT 

Js J_ . a  tanh kl\      h kl   + a_ 
gT* 2772 8 

sinh kl   (2 cosh 4k I   + 3 cosh 2kl   +  10) 
cosh 2k I   -  1 

sinh 5kl   (3 cosh 4k I   + 4 cosh 2/si   + 2) 
(cosh 2kl  -  l)2 

24 

Normally at the start of the problem, the depth d,  wave height H, 
and wave period T  are known. The sumbols 77 and g  are the mathematical 
constant 3.1415. ...and the acceleration due to gravity respectively. 
Hence kl  and a  are the only two unknown quantities m equations (23) and 
(24), and the problem becomes one of solving the two nonlinear equations 
in two unknowns.  While this is difficult by hand, it can be solved 
easily by iteration on an electronic computer.  Once kl  and a  are known, 
the other properties of the wave follow immediately. An equation for 
the wavelength in same general form we have been using is obtained by 
dividing eq. (15) by gL  and remembering that C = L/T.     Hence 

L 
gfs 

tanh kl 
277 

1  + a 
2 (cosh 4kl   +  2 cosh 2kl   +  6) 

4(cosh 2kl   - 1) 
(25 

The wavelength is thus determined.  The wave profile* and the water 
particle velocities and local accelerations (equations 19 and 20) can be 
reduced to the convenient form 

77 = d + r]i  cos 6  + 172 cos 26  + Vs  cos 58 

vx  = vi  cos 6  cosh ky  + v2 cos 2d  cosh 2ky  + v3  cosh 3$ cosh Zky 
v
y  = vi  sin ^ sinh ky   + v2 sin 26  sinh 2ky  + v3  sinh 58  sinh Sky 

ax  = —_ = a±   am 8  cosh Ay + a2 sin 30 cosh Zky   + a3 sin 3# cosh 5ky   (26) 

By 
-^2-  = -at cos 0 sinh ky  -  a2 cos 2&  sinh 2£y - a3 cos 
at 

sinh 36 y 

where 7it, 7?2, 773, V±, V2, V3,   ax, a2, and a3 are functions solely of L, 
T,  kl  and a, and where 

= 277 , * 
277 

L 

Explicitly 

_ La 
277 

sinh kl   + i_  (9 sinh 5fet   + 15 sinh 5kI   + 6 sinh feZ.) 
64 cosh 2K  - 1 

.,,    „ £a     (sinh 4kl   + 4 syih 2H ) 
2      1677 (cosh 2fc£  - 1) 

•Tour attention is drawn to the fact that the ware height computed from 
E - 77(0)  - T)(TT) may occasionally be slightly different from the initial wave 
height chosen at the start  of the problem.     This discrepancy is due to the 
approximations made. 

(27 
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La3    (3  sinh Ikl   +   15 sinh 5kl   + 27 sinh 5kl   + 39  sinh kl 
25&7r (cosh 2kl  - 1)2 

La 

3 La2 

27  (cosh 2kl   - 1) 

3 La     (2 cosh 2/sl   - 11) 
16f      (cosh 2H  - 1)2 (2 

277V a 

T" 
47W2 

—y- 

67TO3 

As an examination of the equations will show, y/L,  vxT/L,  v T/L,   axT /I 
and a T /L  are all dimensionless and depend only on kl  and a  or in turr 
only on d/gT    and H/gT ,    The same dimensionless form extends to the 
coefficients. 

In all of the preceding formulas, a coordinate system with its 
origin at the sea floor directly beneath the wave crest when t  =  0 was 
used. The x  axis is horizontal and positive in the direction of wave 
propagation while the y  axis i6 positive upwards. 

When the quantity d/L  becomes very large, the hyperbolic functions 
of ky  in the equations become unmanageably large and exceed most tables 
of hyperbolic functions.  In order to avoid these large numbers, a 
different coordinate system is used whenever d/T    >  2.56. This is 
approximately the same as changing the coordinate system whenever 
d/L >  0.5. The new coordinate system has its origin at the sea surface 
directly below the wave crest when t  » 0, and has its y  axis positive 
downward. The x  axis remains the same as before.  The equations for 
the velocities and accelerations assume a slightly different form under 
this transformation. Let y'  be the new vertical axis and y  be the old 
one. Then 

We substitute this into the previous formulas, dropping the prime, and 
obtain vx, vy,  ax,and ay  as: 

vx = i/1e"*y cos 8 + v2e"zky cos 20 + v3e~3ky cos 3& 
(2 

vy • vie'
ky sin 6 + v2e'Zky sin 26 + v3e~3ky sin 3d 
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ax  = axe~ky  sin 6  + a2e
_2fey sin 28  + ase~3ky  sin 7,6 

(29) 
a
y '  ~ °ie~hy  cos 8 - a2e-*ky  cos ZB - ase~3ky  cos 38 

TABLES OF COEFFICIENTS 

Although all coefficients in the equations for 17, v x,  v  ,  a^, and 
a can be stated in a dimensionless form as functions only of d/gT2  and 
H/gT2,   a table of the coefficients versus the three variables, wave 
depth d,  wave height H, and wave period T,   is more convenient for most 
computations. Accordingly, the coefficients for approximately 2000 
different wave conditions are tabulated in Appendix I. Water depths 
from 10 feet to 200 feet are listed in 10-foot intervals, and from 
200 feet to 500 feet in 20-foot intervals. Wave heights from 5 to 40 
feet in increments of 5 feet, and wave periods from 4 seconds to 20 
seconds in increments of 2 seconds are given wherever the Stokes-Struik 
theory is not demonstrably false. In some cases it was convenient to 
measure the elevation y,   from the water surface positive downward instead 
of from the sea floor positive upward and to use equations (29). The 
waves for which y  should be measured from still water level are indicated 
in the tables by a minus sign on the wave period (T). The negative sign 
is used here merely as a convention to indicate the transformation of z, 

A heavy preceding dot has been attached to the wave periods on 
certain waves.. This dot indicates that we do not actually believe the 
Stokes-Struik theory is applicable to those particular waves. However, 
since a frequently used method for computing the velocities and accelera- 
tions m waves for which no theory is available consists of interpolation 
between the several most nearly applicable theories, the coefficients 
for the wave are included in the table even though the theory does not 
apply. 

The position of the decimal point is indicated at least twice on 
each page of the table.  The decimal point for any other number in the 
column can be located by comparison. 

CIRCULAR AND HYPERBOLIC SINES AND COSINES FOR INTEGRAL MULTIPLES OF THE 
ARGUMENT 

To facilitate computation of the three-term series, several auxil- 
iary tables were prepared. Table 1 in Appendix II gives sin 8,   sin 28, 
-sin 3<9, cos 6,  cos 28,  and cos 3(9 as a function of 8  for each degree of 
8  between 0° and 360°, Table 2 in Appendix II gives sinh Ztry/L,   sinh 
irry/L,   sinh 6try/l,   cosh 2-ny/L,  cosh ±-ny/L,  and cosh &rry/L  as a function 
of y/L  in increments of 0.01 from 0 to 1.0.  These two tables reduce 
the labor of looking up the functions for a given computation from six 
entries in a standard table to only two entries. 
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RANGE OP APPLICABILITY 

Our estimate of the range of applicability of the theory is given 
Figure 1. For each value of d/T2  there is a limiting value of H/T2  sue 
that waves will break before H/T2  grows larger. A line connecting thesi 
limiting points is called the breaker index curve.  In Figure 1, for thi 
estimation of the breaker index curve, the modified solitary theory was 
used for d/T    < 0.1 while the results of an unpublished study made by 
J. E. Chappelear were used for d/T2  > 2.0. The position of the line in 
between was estimated and is shown by dashes. This breaker index curve 
is an obvious upper limit to the use of any wave theory. A somewhat 
smaller upper boundary can be developed from the wave profile equation. 
From wave tank studies and from intuition, we are fairly sure that wave 
have only one maximum per wave cycle, i.e., the wave crest. Even more 
stringently, we suspect that the waves do not have any jogs or semi~ 
steps in the profile. This is the same as saying that the wave profile 
should have only one inflection point between the wave crest and trough 
The boundary line between those waves, as computed by the Stokes-Struik 
third approximation, that have three inflection points between their 
crests and troughs and those that have only one is shown in Figure 1 as 
a solid line. Although this criterion strictly is intuitive, it seems 
reasonable to the author. The inflection point boundary and the breake 
index curve cross at about d/T2  =0.7. Hence the inflection point 
criterion is unsuitable for larger d/T    values, and a different criteri 
was developed. 

The percent of the wave height above still water level for maximum 
waves where d/T > 2.0 was known by a previous unpublished study. Grap 
of the percent of wave height above still water level were plotted vers 
H/T2 holding d/T2 at a constant value both for the Stokes-Struik third 
approximation and Chappelear's limiting case. The Stokes-Struik values 
departed from a smooth curve through the points at about H/T = 0.45. 
The point of departure decreased somewhat with a decrease of d/T . Thi 
departure line is shown as a dash-dot line in Figure 1. Reid and Bret- 
schneider (1953, p. 12) estimate the second approximation of the2Stokes 
Struik theory to be accurate m deep water for approximately H/T < 0.3 
Hence the boundary line reaching H/T2 = 0.45 for the third approximate 
is reasonably consistent with their estimate. 

In the preceding work, the basic formulas were derived by Chappele 
while the section on the application of the theory together with the 
various tables were prepared by Borgman. Both authors wish to express 
their appreciation to the Shell Oil Company and the Shell Development 
Company for permission to publish the paper. 
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LIST OF SYMBOLS 

a a mathematical parameter in the Stokes-Struik third 
approximation. The physical meaning is given by the 
formulae. 

An =      expansion coefficients to be calculated. 
ax,a *  horizontal and vertical components of the local 

accelerations of water particles,   i.e.,  ax = Bvx/3t, 
ay = 3i/ /Bt;   (ft/sec2). 

a1,a2,a3      =  Stokes-Struik third approximation coefficients for the 
local accelerations. 

Bn =      expansion coefficients to be calculated. 
C        =  wave celerity, or speed of advance of the waveform 

(ft/sec). 
Cn =  expansion coefficients to be calculated. 
d =  still water depth, or depth the water would assume if th 

waves were calmed down and the water was still (ft). 
Z)2n      =  expansion coefficients to be calculated. 
g =  acceleration due to gravity (nominally taken as 

32.16 ft/sec2). 
H =  wave height, or vertical distance between a crest and th 

preceding trough (ft). 
k = Z-n/L    (ft-1). 
1= =      a mathematical parameter in the Stokes-Struik third 

approximation.  The physical meaning is given by the 
formulae. 

L -      wavelength, or horizontal distance between two succeed- 
ing troughs or crests in the direction of wave propa- 
gation (ft). 
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t -      time measured from the instant when the wave crest was 

above the origin of the coordinate system (seconds). 
T =      wave period, or length of time for two succeeding crests 

to pass a fixed point (seconds). 
vx,v _  horizontal and vertical components of the water particle 

velocities (ft/sec). 
T/I,T/2, a 3  =  Stokes-Struik third approximation coefficients for the 

water particle velocities (ft/sec). 
u(z) =  complex potential, <fi  + i\p 
for T  marked plus - x,y  = horizontal and vertical coordinate axis, 

respectively. The origin is at the sea floor directly 
below the wave crest when t  = 0. # is positive in the 
direction of wave propagation and y  is positive upwards, 

for T  marked minus - x,y  =  horizontal and vertical coordinate axis, 
respectively.  The origin is at still water level 
directly beneath the wave crest when t  = 0. x  is positive 
in the direction of wave travel and y  is positive down- 
wards. 

z  =       = complex variable, x  + %y 
vlx) =    vertical elevation of the wave profile above the sea floor, 

(ft). V  is a function of* or of 6 depending on what 
horizontal measure of distance is being used. 

Th>7?2>7?3 -  Stokes-Struik third approximation coefficients m the 
equation for the wave profile (ft), 

0 =  angular phase position or distance from crest measured 
so as to make 
6  = 0 at the crest and 9 =  180° at the preceding trough. 

In general, 
' 6 "    2,TT(X/L  - t/T),  but usually t   is set to zero and the 

simpler formula 
6 = 2 x/L  is used (dimensionless) 

<p{x,y) =  velocity potential 
4>(x,y)        =  stream function 

APPENDIX I 

STOKES-STRUIK THIRD-APPROXIMATION COEFFICIENTS 
FOR AN ASSEMBLAGE OF WAVE CONDITIONS 

Column Headings: 

d = water depth (ft) 
H = wave height (ft) 
T = wave period (sec) 
L = wavelength (ft) 

^n^zi^a = profile coefficients (ft) 
vx,vQ,va - velocity coefficients (ft/sec) 
a1,a2,a3 = local acceleration coefficients (ft/sec ) 

(The reader is referred to the list of symbols for more detailed 
definitions, and to the text for the mathematical series in which the 
coefficients are to be used.) 

The decimal point position is indicated in the first line of each 
depth group and on the first line of each page. The decimal positions 
of the other numbers in a given column are the same as those where the 
position is indicated. 
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APPENDIX II 

Table 1    Circular Sines and Cosines for Integral Multiples of 8 

Table 2    Hyperbolic Sines and Cosines for Integral Multiples of 
2-nz/L 

The decimal point position is indicated by the vertical lines. 
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COASTAL ENGINEERING 

K>   i i  i  i   i   i  i i  i i  i  i  i  t  i  i  i   i  i  r  i  i   i  i   i  i  i  i  i 
oir*r-iHC»'-^<omoOf~o>-<<-ii-HrH(<ieoooor~'*c eci>>ji.inO'fi'ft't o* <eo-f r- oootoc\.-ft-iF-4i-<oi"-ooiriOi-fo*'-ti'-u"\oo 

H    CO-*r-00<A«-<M(^r-«>OtOOif^P^h-0\0>f*'-tO-*»OtOC»Or~vO-*'M        fM*OI-OOv(00-!fO-*N^&S(n^Oi<0>i)HWOHIf>COS'*(QO 
p*Q'P'0'0*0'0*P^<p<o<p<Of^t^r,~0'Oif'ir>'r>-4"-J'MtT^fvi(M^«i-«0     QrHrHr\jr^<,nrn-4--d:ir*tr\Lri»o1pf--r*-p-cocococpONC'0'g»o\0>0'0\0 

<r> 
m   i  i   t   I   i   I   I   I   I  I   i   I   I   I   I   I   I   I   I   I   I   I   I  I   1   I   I   I   i   i  I   >   I   i   i   i   I   I   I  i   I   i   t   I  I   I   I   i   I   I   I   I   t   i   i   i   i   i   i 

mir»*^eoo*^ooo«om^-H^rHor^oou^v0^oifHi^inoo>o^i^'-t^'-'«Ou^oot--0'-<<-<<-<>-<(,>o)'OOOi*-<'o<op\-tin(r»0 

Q—l'-<fir,JP^^<*;,-4-tf»'''>'r>tO'Ofr-'*~^-g>t0K)g)O>  C»0\0sQH0>0>g0'C(M>0iC'0'0'KIC0C09NhNO'l)iniAin'J-J  men <M N  H HO 

CD 
*i I   I   t   I   I   I   I   I   I   I   t   t   I   I   I 
• <^^Olnwt^)Hn(nrt^(^llnffll^ooooooHn^Hlo^o)t^lc^Oln•(•^>ooo•o^^!^•ON^nno^O'^'W|'>^''lOl^O'^Ooo>o^^f«o 
irf ^i^^o^cocr*.H^r^mo3C\i»oro^oWNomo\^Ci<^Jir»r^c*o^ocNCO*o^csjc^iniHf^eno*'4-<^<j-      ^c^ombHinofvj^^MOso 
«  c^(>0'^0N0'^0'<>0'C'0'0>03cQ0Liqor-i^r^r~O'0>Qv0^^i^^^<r<frf>ffim<sifNjfsir-<r-trHOO     00-HMr-»(Njr-jf\to-i^fg<i-^ytn 

a> 
*f   (^WlftN^oo'0>^ooo*^ + lnc(^f>^o)^«lH^-l«HOooooo(^lDln^J^'-^c'l(^rtlXlmlA^fl^O'*>Olfl(<lroH('llOrt^^|ln(ao^o 
c   ^(^*o»n^rtlfl(^N*lOO)^oo^O'^^<^lC'•*c^cn<oa)(^^^co•o^ltO(n^<^HHoco>il•o•t^c^oo^^<fO'*coOHH(^^fn<^)(^l'0 
to  («loo«^o*^o^^oM>ooNWB)^^^lO(^H•<t^oo3oN<f^ow(^H^lmlA^o^^a3l^Oll^o<oO'C^(rO'03^^l0^l^wNl-lO'a3« 

OO^^rHr^fNiNmmco^<r<ftninif>»rioovo.ot^fr-t>-i^oaqirocoTO«^ON<><>o 

^    I   I   1   I   1    I   t   I   I   I   I   I   I   I   I   l   l    l   I   I   l   I    I   l   t   I   t   I   I    I   I   I   I   t   l   t   t   t    l   I    I   I   I   I   I   I   I   l   l   I    l   t   1    l   l   I   I   I   t   I 

I   1   I   I   I   I   I   I   I   t   I 
CD 

I   I   I   I   I    I   i   I   I   I    I   I   I   I   I   I   I    I   I   I   I   I    I   I    I   I   I    I   I    I   I   I   I   I   I   I   I   I    I   I    I   I    I   I   I   I   I   I   I 

OOOOOi-*i-H<-«r^iHi-H(Nit\ifv|f'^r'jrNicntotnrncncn-4- •fr-fr-fr <f-J" ifitfitfiuMnmin^NO'Oo.o^ *ig iP fr '" *- **" f- 

^h-rtOOif>o\^-comr-r\i'Oi-i>ooir^o^-*cocnr^r«jsOrHino>d-&'^cofriNfNJ'OF-tinO'9"0^ 

2- 

o omo'4-ON(ricurMr^>-i«ootno<<4-cotoGO<Mh-i-H>j 

.  HN(o•tlA*^rao^OH^gm*u^^o^(0{^OHNM*l^^i0^coC'OHN^>*lfl*^•o3<^OH^|(^l*ln'0^•^ol^OHN(<)4'ln•o^o3 0^o »(OC00303»«)a3»0>OiffiO>OvOiaO>(M>OOOOOOOOOOHHHHHHHHHrtN(v|'MNIMNNIV(\Mni'lWM(qmM(OWW* 
r-trWww>-l>-4rH>-lrH>-(i-Hi-1i-trHr-li-li-Cf-tf-4CVjrMr>jrM(NJ  [S|fM<MCMCgC»iCsJIMr\l<\ir*J<M<NIN<\l<\lf\JO\J  (Sj(>JC\jr\J(NJt\JM<NfMCg(\lf\JN(\lfv)<M<\ir'J 

**? I I I I  I I I  I I  I I  I I t  I I  I  I I  > I I I  1 I I  I  I I  I 
io >om r^r^^^<oinoof^o<H>^r4rHm(0^oorb^ouot^u%mo^^^^wo^^ooocom^rHrHi-toi^ooLrs>Or-t<>'Hr->n>oo 
o o*c» pf-«rtnto««noN*ooN«)*oiftOin o« o tft o *n      inoKio«OinomO'*(DMOo*hOM>»o>rtmi(\iOMOOiO'0 
O o^o* cicotO'O'OimmtoPf-hr-'O'OUMfiifxt-tcnw^NHHO     OiHr-tcgcjc^rt-4-.jmmm o <o f-f-r*-cocococop>o.p%p>c'cnotr^o 

CD 

*** miA^-OieOO-*N 00>BM«rtHrtrtOf-Ori«>0 r^ChrHr-ift^OOvOin^-^^rHsOinOOf- 0<-l'H*H'-<mcO\OOOf--* oooo* -a-irimO 
w N*^o^(0|^(o«sto*^o*(^^n^(^a3*HnmHlno^•4'<oo(D•t^o3l^ll-^mnrt<o<lO(^^m^(^Ol^-*o*,oalOvo)^'0*N 
S momoiAOi'>0"nO'*«)N>ao*NoiOM)ChH(nin\OM»eoo(MMOhiouM<iHoi\omDN*o,ONj)<fOinoiftoino>'ioin 

CD 
CM I   I    I    I    I    I    I    I    I    I    I    I    I    I 
„> irw r"000<tv ^*ow«Aeoo«o0,|£inf',',0O'C>*oo«or-  *inoo*•cor-ftTi^r^mr-toooooochooin<Nr»-<-4<rtff>rHCorniA»o-tfO 

4* <om of,--*or-'*or~moom      c^voomt-o-*f,-o-»r*-o<T>00(MiA(niH-a-«oo H^<omo(\4'M}iiDO>r4N(niA>oNNcoao>»^o 
•t^^wwffi <SL<M NHHHQQ     OQ^^^Nrsir%iminro^^^^if>^^o^^o>oh-t^Nr-tocococococoo.otov(>0'0>o«ONC'0'ONC'0 

CD 
(si f I   I  I   I   I   I  I   I   i   I   I  t   i   i  i   i  t  t  i   i  i   I   I  I   i   i   I   i   I   I   I   I   I   i   I   i   I   I   I   I   I   I   I   I  I   I   i  i   I   I   I   I   i  I   I   I   I  i 

o«a> inrji- •nrnd'HcocniriiO* O'**0m<n(r>i-«m(ni-«r'-fMineoc*©oo©oo>-<cni—>-ttt>r- corMO> oiA-*r-ooo«oo\ o* *o <^ IA to 0* O 

£i coo* •HfMtntft>o^-r-ooo^a>o>e»ocC'0*0'a)f^r^NOtrt(^rg-*c>»o-!j-<MOOO*o-*rHO'0 •*>-«<oi«c\j©«0moP-'* or---* o I*- <** o * m 
""^ '^ftftn•«•n.n,^l1.ftft.ftol^ftn,^n.ftftr^l>•^^an,mmmff^^l(l;^^^^•|^^lo^lalf||r^^nlf^^<t<^fflfflWl^ll^|^lrirtHOy 

*° I I   I   I   I   t   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I    I   I   I   I   I   I   I   I   I   I   I   I   I   I   I    I   I   I    I   I   (   I   I   I   I   I   I   I   I   I   I   I   I   I 
. ooi *(M'Oa)0!Nm«H-ioi,-Hn'*Hr-OHO>o o<\iONomo>o^oioniniiMMiOMftH«im c»co>»t-<»ocof-fOir\ m t\> <o « ^ <o o 

5 «o> •*o»mNHift(hWiCO'N>fh-airimtf^Ncoeoo ^ceowi—*o-*fy-H«<omor^mo>irsfH>Of-ttf\0'*«><H-*t^o'N<f\or-eoo o* © 
O r-tc4 <tiOMDO'iW'*iniOO)9iOrtn'*WvON((ioi OMfMifl^ifxr-ciXh&ortNiMin en-* <^m»Osof-i*-f-coeoeoc>0\ o^oo> ^o>o>o 

\t\tf\ tf^lft^l^^'0<)0'Oo•o^^^^^^•^^N^^^ODoa(D<ocwo)a)^ocoo'(^o.(^o(^o^(^o^^o^o^c^^o•o^l^^o^c|^<^0'l^O'yo 

CD 
— Nor- owooortOi^«^*rn^f^o^>Ha>mf^eooo*cNi*oo*ooo5iAO*or^r^»o*ooo^ooj^o^co*o<f<^Oi^rj(DrnOiiftO 
v» m-* <*»r\i,^oo*o&r^*^^(0«^o*cox0^4-•^ooo^in*r>j«H©co*«r><'i<Nio^t^^*<NOC'r*»n^r^^ 

| 
^ H» **HCl«4H(o*mH(l)^o(<lHco•omoeol/l«^o«)lnmocl3lf1^lo^l'^'^l0^l'^NO^,•4<^lO>^4<^lO'^•t^lO^<o•trtO'*'*rt 
e •^w 4*<oo>H<f\lft^lDONml^^o»o^l^'-(l^(^rt|^l^<ooooHf^|lfl^o)o<^l•J•l(^^(^H^^>o^(^HW^loa)0'^^^^ln^fflo^l^ 
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THE USE OF THE STOKES-STRUIK APPROXIMATION 

FOR WAVES OF FINITE HEIGHT 

3>*r-oo«oco(fi>-(t-irHf-ioi*-oo'AO<-<0''-t(^ifi'0 vOln^H^H*ulOO^UMrtHH|ll^^'OOU^,^'CID^l'^'ll\l'\^J"|»''JU'lllU'll'u>J'u^«l'l'-lr'l^'-'^Jl~^JUllllur•vlrll-lll^, 

" * - - —   -^~t\omo<fo)fsjloo,*r-0(^oo''-<«iu^ior-coo>0' 

o <o * -t m i«i 

      '-•Q 

> 
,   I   t   I   1   I   t   I   I   J   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   1   I   I   I 

i co<rr~-comr-t<^c^i-t>o{oONi--<^r^o-o»h--4-o-**0(Oo>eoik-o-s-(M      CM-* «o t*- co o> co 
! o»o*cnr-*om<^'H(>«0(nor~--*o*orMo^-oiAoirioioOL'»oin      m o »A o *n o m 

as 
ro    I   I    •    I    I    I    I    I    I    I    I    I    I    I    I    I    >   <    1    I    I    I    I    I    I   I    t    I    I    I    •   I    I    •    I    >    I   •    •   '    >    '    <    I   >    I    <    *    I   •    t    I    I    • 

(J5 inoino'A<.»if>(**ino>s-corM^o-*i^ocrioo^"-'frii'>'or~ooo>o>oo>o> raN\ou\(nHoijimoN'*o>ON(0'*oinoiftO 
OHHNiMt^fi'J'j-uMn^^vor-r-f^ajtccicoo'O'O'O'g'^O'O'OO'O' c-t>OQ'0'0'CQco<ocDr*-r-i^-\0>otnif>in'J--JrA(n 

CO 
A.     I    I     I     I     I     I     I     I     I     I     I     I     I     1 

,cfocnoi^-*or~'tfoi,-c^ooco.      msoo<nr~o*^o*t^OM*0«•^<o^^ochiH*^cooN*oeo<>iHwntrjoi^F^<D^cAc>cr> 

c& 
CJ  t   I   I   I   I   I   I   I   I   I   I   I   I   I   I   I   t   I   I   I 'I   1   I   I   I   t   I   I   I   I   I   I   I   I   I   I   I   1   I   t   I   I   I   I   I   I   I   I   1   I   I   I   I   I   I   I   I   I   I 

£   N03WN0''-ti-(O(04'O'*^0iO0''~4O*(0OHH0>M'10i)Nv0C00i  iMD ^> M O -t  C^CJinf"-C*C^O0^C0»0-a-<>J0iinr-ir-(rieri<*a>.d' 
(/) {Doi«-tM^mi£>t^-i^-ooi>CT'^o\oo>oiovocor-f-«om<^rMrHoa)*-ifM oeo«o-*>-<i?-0'*>-icomi\io>£irfiof~--*or^--3-of^tr>0'OTfi 

OO^^ON^o^a)^mmHHo^Hm•JH^C'HCl-ao^go^•ooJO>05,oa)nlAlnr^^>o^lnH(«l(l1^l(n^rt'Oco^-ln((^ln^ll0^o4co 

OHrg-jmr-<DOHrvj^in^co^OHM^ifiiot^ro*oHNm<fin<)h-o)oi(>o^WNm(^>tinw«>o^^r-oD03030i^oi^o<c^ 
»-'.__._..._._-___  -ifl1o,jii^|^^[^|^f^[^[^f^g)(00)g)(OCo(ocoajg)a)giO'0'0^i>0'0'0'0'iTiO'Q'g'0'g'0' p\ o pi ON O' c QIIMH 

I   1   I   l   l   I   I   l   l   I   I   l   l   I   I   l   l   i   l   l   l   l   l   I   l   f   I   I   I   I   I   I   t   I   I    t   l   I   I   l   l   I   I   I 
• orgO'DOr-icr--i-''*iTirHf«-o<-<'-<cn(nr-a)co>oM»ooiC>o(0'^ o -* IOM'-'O'J'O'OO'J O »O\C 
IG  ^^a>a>r-vo-*(^i-'C*r--*(*J(>«o<\i^'n»Hh-mCT'-*(?'iAo-*0'<-cti<NOo<rcx><Niino oj ui co i-i tn 
iNHC0'tDr-<0«lJ-mHO0t0i0ifl-fNHOC0Mfl-*INHOa>'0if\mNO<M-iA^NOChMn-*N 

I  I   i   I   i   I   i   i   I   I   i   i   I   I   i   I   I   I   I   I   i   I   I  i   I  I   I   I   f   i   I  t   I  I   I   f   I   I   i  i   I   I   i   I   I   I  I   I   I  I   t  I  I   i   I   I   i   I  i 
_^c<~-orgO'DOr-icr--i-''*iTirHf«-o<-<'-<cn(nr-a)co>oM»ooiC>o(0'^ o -* IOM'-'O'J'O'OO'J vocoo\ooNco*o-tfr\jo*'A(v'cocoo>ir> 

DO  ^^a>a>r-vo-*(^i-'C*r--*(*J(>«o<\i^'n»Hh-mCT'-*(?'iAO-*0'<-cti<NOo<rcx><Niino NUM»Htnr-o<1>'OCT>H<t^OiN-jr- 
•  -    -   —      - •- ..__.  __--._____.     .     ..     -  jNOOl^. |(,Moio(Oi(iiftnH 

  'rtH  .H ^OOOOQ 

^CN^ct)rn^rMOrHino^^ma>c\i^-i^>OrHUNO*^mcorNJr^i^OOtr\c^^O^MCO<N^^ 
' m o to m m c coin<rictoif>(Noi^-in'Nioii-tf\rgor--*^o>r^-*<MOvr-<J1 H^o-JH^yo-tHON'omHcoiomHKvomi-'roindiocoin 

mr-eoci(Ni-3'ifiri-c>r-irgj''Ocoo\i-*(<>m'Ocoo<^Jtntfil*-coof,J-*ir>r-C' H(\i^1o<oo>i-tr'iin'OCOoN«inNo<o i\j-t>fl^OHm<tvO 

TnTnuSiFririirririinifitfiin^ 

i    i   I   I   I   i   i   i   I   I   I   I   I   1   I   1   I   I   I   t   I   I   1   I   I   (   I   I   I   I 
3CP-*Wc0OO>Ti,*C^C0O'*f^OO>0Ci(^!-!!-Hi-H^O^OOU\iD>-*0'>--<r»-inv0O 

,  •^ . - w ....-.,- „wW., -,-.,-„. ~- . - „ u^ wwv«or-»o-*oj      <M -* >o r- co o co*o-*o-*f-c»o^r~ rnr-o»cr)«o<Hm(Ttt-«incoi---d-«)o 
'  oc> coi*--oif\t»>—<m«o(nor--*o*ocMco*totnoinomomom      ><»0'noi'>oinoino-»»'M<io*>on-oo'H(iiinvON(o^o'0 
' c*c oog-0'0\0'Cocococoi-r-r^^)>o^iriiA-i<--j-<f)tni\jfsji-< rip     QHHiMiMnw-j •j-tntniri>oot--r-i*-cocococooNC'<>C''CAO--0'0'0 

mm 4(^ltlo*^oO'Oalnrtl-lHrto^ool'^OHt^l-<^-fllOOl0^fi^Hl^HlOlnoo^OrtHl-^Hm(nooo^itoo't^>tll^nO 

;    .A A IA   A in  n .A   i-i in   n  ..*-  AA n,i  .n   A    ^  h_   n « .A  ».  _•  nn  .n   . A  ».    m  n   ,*.*-. r     •^.•>"--0»nrrl<-<(7»Otr10l*-<tO'-0'NO.-d'Olrt0lfiOU'lOl^Oiri 
> c p' to KI or tt r-F~-r—'Q'a'ritntf>-J<frff't^fsJfM—'—'O 

3inomoinoJfflNioo*fionioc>HniinoM3(iia,oi;C'ii^<oii 

.,    I  I   I   I   I   I   I   I    I   l   <   I   I   I    I   I    l   l   I   l   l   I   I   I   I    l   t   l   l   I   I   l   I   1   <   l   t   I   l   l    I   i   I   l   i    I   l   l   t   I    l   l   l    l    l   l   <   l   l   ( 

«5 ooi r-ir\(M^-9-o\(n\ococr»o^co^'M(t'cnr- c^HMOco•!ro•*^ff'C)v'^^•*o•^ttooHH(^^wcl)N^co(^(^co^ow<^v^(^Mlf^o o  o 

****   tfMfi in O O O O r- 1^  [^ r^ 0? a? CO  CO CO Q  O' fr fr C> ON CA ^  ON i> »  (t   P%  O C^ CN C> 

as 
AJ I I I I < I t        f < I I I I        I I I I I I I I I I I I I I I I I 
"   oooooH«^H(n^c^n^o>oln*^>DOO•0(^(^'0(Mi«coo'Oc,Kllf^WlOl^c^^ooo^o^^lnoO'^^loD^coH^mrtOooooa 
E  coo oicoo<rio^'*0'Ninr-o>o^oo'Ovo-*'\jtMAHr^mo.'*oi^      <t o -s- ON <<i r- >-* in o M'f voiooioc oiNinmuiitoM^iooKM^cjio 

cooo»h~r^r^i^^^\0'Otnifitfiin-d--j-d-iTit^p'i[NfNjfvji-<rHfHOo     oOi^t^^f^NrNj(^wc^^.».d-intniriifto%po<oi^r-.r--ts-opcoattP 

c&   l  f   I   I   l   l   I   I   l   l    l   l   l   I   l   l   l    I   I   I   1   l   I    I   l   t   I   l   l 
„»  MiTi o4^^^^^rooo4^<u(^0 0'co^o^^^l(^l(^l^lffl'1lC'l^lOlnl^mQ3rglfll^'^l<r•0(0(^oDlOlO•Jo^OO'*,fl^^,''•;'cl'>fflC 
S ^CN^cof\JOo^corginc^njincoi^ii'if"--0('ri*oo>i-H-3-i^o*'Nj.d-r-      r--3'(\icit---*'-i^^o<^or^->r\i-icr)in<NJo>iAfvico<-o»o'NTO4-0'-*o 
O   COO inWIMO^Mf>*(\lo^MP>l,NOO'MA(,\(,JO»<|lIM'lr-l        ^^mtf^^OCOOIMf(>l/l^(^C^i'd•lr(SO^OI,l  .+ ,« i> n A M n in ,n m  A 

-3--J-J--J-  ^4mWW WWWrgNNfMNNrtHMHHHQOOOO       QOOOQHHrtHHHNIN'MNftlf  J-T-T-TPIl'innimniNWOjININ'MHHMWHriOOOOO QUmJOrl H  H rt  ri  H l\ f) IV IN IM  II   W n   PI I1) I'll1!  VT N   -J   sr  sr  ST   m 

I   I   I  I   I   I   I   I   I   I   I   I   I   •   I   I  I   I   I  I   I   I   I   I   I   i   i   I   i   I  I   I   i   i   i  i   i   I   i   i   i  I   I   I   I   i   I   f   i   i   I   I   I  I   r  i   t   i 
ocofllnl(^N*^«Hm<^»m^rt^oo5^WlrlUllN^^^woc^^^o^llA^nm^ra^OH<}mc^mt'>^^ll^^.'ONlf\li^w<Do^ 
HCDvO(^lolvl^o^lnHlOHlno>J•(»H^^ol^l•t<l^coc^(^r)c^l^co^>0'*No^'J'^cl•i)•OlnH^rtlno^(ll^o"l'OD)H(^J^yo 

i5iO»oH(NiMffim<fifiin'OiOM-'h-cocotDO'CM>oa>oo>o,<. o o o- c> ON <? co\cotocoh-i>-r--iO'Oiriin-*mrri(\rMHOCha'tDNio 
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COASTAL ENGINEERING 

APPENDIX H 

TABLE 2. HYPERBOLIC SINES 8 COSINES FOR INTEGRAL MULTIPLES OF t»*/L 

i/L 

010O000O0 
020000000 
0301-00000 
0403000^0 
050000000 
060000000 
071000000 
080000000 
O9C000000 
inoooooo 
11000000 
12000000 
13000000 
14000000 
15000000 
160000O0 
17000000 
leoooooo 
19000000 
20000000 
21000000 
22000000 
23000000 
24000000 
25O00000 
26000000 
27000000 
28000000 
29000000 
300000O0 
31000000 
32000000 
33000000 
34000000 
35000000 
36000000 
37000000 
38000000 
39000000 
40000000 
41000000 
42000000 
43000000 
44000000 
45000000 
46000000 
47000000 
48000000 
49000000 
50000000 
51000000 
52000000 
53000000 
54000000 
55000000 
56000000 
57000000 
53000000 
59000000 
60000000 
61000000 
62000000 
6300OO00 
64000000 
65000000 
66000000 
67000000 
68000000 
69000000 
70000000 
71000000 
72000000 
73000000 
74000000 
75000000 
76000000 
77000000 
78000000 
79000000 
80000000 
81000000 
82000000 
83000000 
34000000 
85000000 
86000000 
87000000 
88000000 
89000000 
90000000 
91000000 
92000000 
93000000 
94000000 
95000000 
96000000 
97000000 
98000000 
99000000 
lboooooo 

Sinn 2TTJ/L 

0 
(062873200 
112599470 

18961375 
25398165 
31935255 
38598460 
45414095 
52409075 
59611035 
67048400 
74750550 
82747900 
91072030 
99755820 
1)883357 
11834110 
12831599 
13879762 
11982736 
15144381 
17370783 
13665286 
2)033500 
2 1480830 
23012989 
24636031 
25356363 
2)180782 
3)116488 
32171131 
3*352819 
3)670176 
3 5132343 
41749055 
41530639 
47488076 
5)633055 
5 5977985 
5 7536090 
61321405 
6 5348890 
65634450 
7*195005 
7 5048560 
84214295 
85712605 
95565.205 
O|l79520 
0842720 
1 548740 
2 300367 
3100570 
13552508 
14359548 
15325269 
16 353488 
17 948262 
19113918 
20355055 
21576580 
23)83706 
24581995 
26177359 
27376105 
29584934 
31510996 
33561894 
35345725 
38171119 
40 547253 
43283912 
46391501 
49)81116 
52 264555 
55 554400 
59 264020 
63107700 
67 200585 

1558865 
6 199735 
1141535 
6 403760 

10 

92307225 
97|974035 
104 52775 
111)9348 
11829792 
125)6955 
13413863 
142J3747 
15210037 
161 (6395 
172*6714 
183 55144 
195 56099 
208 24285 
22174708 
23612704 
251*3947 
267 74489 

Cosh 2nZ/L 
1(0000000 
13019746 
13079061 
1)178130 
15317494 
1)497553 
13719068 
13982915 
11290134 
11641140 
12039721 
12435049 
12979682 
13525574 
14124880 
1*779968 
15493423 
15268065 
17106952 
13013394 
13990976 
2)043555 
21175290 
2 2390648 
23694431 
23091785 
2 5538231 
2 3189677 
?590'449 
31733303 
33630439 
3 5778711 
3 3009233 
4 33P9854 
42929985 
45639652 
A 3529551 
51611105 
54896475 
5B398640 
62131435 
65109590 
7)348820 
74865875 
79678570 
8*80 5945 
S3268215 
96086985 
1M228520 
10888736 
11591954 

340949 
13138681 
13588298 
14393158 
15356833 
16303129 
17976098 

140059 
379604 

9634 

12 

23105356 

71 

4602327 
26196453 
27394036 
29701773 
31626809 
33676744 
35359671 
38184216 
40 559552 
43 295462 
46102348 
49)91302 
52 274125 
5!563380 
59 272460 
63115620 
67208025 

565855 
76206295 
81147695 
86 409550 
92)12655 
97 579135 

"33254 
111)9798 
11830215 
125)7352 
13414236 
14234097 
15210366 
16156704 
172*7004 
18355416 
195 56355 
20824525 
22174933 
23612916 
25144146 
267 74676 
Vertical lines 

Sinn 4nZ/L 

12599470 
25398165 

598460 
52409080 
67048400 
82747905 
99755e25 
l|l834111 
13379762 
15144881 
13665236 
21430830 
2 4636031 
23180782 
32171134 
35670179 
41749059 
47488091 
53977990 
61321410 
6 5634455 
75048570 
89712615 
10|179521 
11548741 
13100571 
14359550 
16353490 
19113920 
21576532 
24581997 
27376107 
31510999 
35345728 
40 547261 
46)91510 
52264565 
59264035 
67 2006O0 
76 199750 
86 403730 
97J974045 
11139349 
12556956 
14283749 
161963=8 
18265148 
20S24290 
23(12708 
26174495 
30359644 
34424344 
39034376 
44251125 
50137745 
569)7930 
64527960 
73158315 
82955615 
940J74785 
1066 7148 
1209 
1371 
1555 

5488 
5083 
1544 

17633910 
19995105 
2267 
2570 

2465 
3326 

5464 
6195 

1690 
8260 

7025 4,520 
79661655 
9032)8410 
10242 346 
11613B06 
131689 
149322 
169316 
1919EB34 

907 
224 
665 

21769 
24684 
27989810 
31737646 
35987 
40806 398 
46270080 
52465 
59490 850 
67456 740 
76489195 
86731 
983445,90 
11151*4 
126444*4 
14337Spi 

indicate the decimal 

557 
525 

Cosh 4rrE/L 

llooooooo 
10079061 
13317494 
10719068 
11290134 
12039721 
12979683 
14124881 
15493424 
17106952 
18990976 
:1175290 
2 3694431 
26588231 
2 9902449 
3 3689492 
•8009236 
42929989 
48529556 
5 4896480 
£2131440 
73348825 
7 9678580 
9B268225 
13228521 
11591955 
1-138682 
1'893160 
16BP3131 
1'. 140061 
21699636 
24602329 
27894038 
31626812 
35B59674 
40659560 
46102357 
52274135 
55272475 
67208040 
76206310 
36409570 
97H79145 
J1109799 
12597353 
14234099 
16196707 
18-65420 
20!24530 
23(12920 
26174682 
30359809 
34424989 
39034504 
44261238 
50187845 
569)8020 
64528040 
73158385 
82965675 
94074835 
106517153 
12095492 
13715087 
15551547 
17633913 
19995108 
22672467 
25703328 
2915)693 
33053993 
3747 5947 
42493541 
481E9129 
5464 1690 
6195 3260 
70254520 
79661655 
9032|3410 
10242346 
11613306 
13168507 
14932224 
16931365 
19198334 
21769557 
24684525 
27989310 
31737646 
35987351 
40806 398 
46270 380 
52465545 
59490 850 
67456740 
76489 195 
86731190 
98344590 
111511(04 
12644464 
143375)71 

point position 

Smh6rrZ/L 

4927C 
59490 

Cosh6iri/L 
llooooooo 
13178180 
13719068 
11641940 
12979682 
14779968 
17106952 
23043555 
23694431 
23189677 
33689489 
43389858 
43529551 
5S398640 
73348820 
8 4805945 
io|228521 
12340949 
14393158 
17 576098 
21399634 
26196456 
31526809 
38184216 
46102348 

563380 
208030 

81147695 
97|979135 
lie 30215 
14234097 
172 47006 
20E24525 
25144148 
303 59803 
36657358 
44261234 
53442390 
64528025 
77913165 
940|l4815 
11353891 
13715085 
1656 3028 

42493533 
51314075 
61»!3240 
7481)350 

67 

9032 
1090W 
131683 
15900 548 
191933 
231812 
279897 
33795 766 
40806)98 
49270549 
59490 350 

315 
268 
783 

100 
190 

718311 
8673111 
10472193 
126444 64 
15267333 
184342 52 
22258110 
26875133 
32449S02 
39181C20 
47308427 
57121655 
689705 40 
832772|55 
100551!4 
1214091B 
1465932) 
17700137 
213716S5 
25804873 
31157605 
37620697 
4542444 3 
548468! 3 
662238?5 
799607! 5 
9654723B 
11657413 
14075536 
16995256 
20520600 
24777234 
29916802 
36122511 
43615442 
52662690 
63586570 
76776470 
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