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AESTRACT

The current-depth dispersion eqtratlon is an analytically lntractable
equation whlch frequently occurs in computational models of wave-current
interaction. Conventiopal techniques for the solution to this equation
lnvolve an iteration process which can be computationally time-consuming.
An alternativp quicker $ethod involving interpolation in look-up tables is
described in this report, fhe method ls shown to predlct the soLutlon to an
accuracy of 0.5% 4nd ls sbout three times faster in computational tine than
a method based on iteration.
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1 INTRODUCTION

Computational models of nearshore hydrodynamics often

need to be run repeatedly for nany input wave and

current conditions, especially when long-term

processes are invest igated. In these circurnstances,

computational efficiency can become a major

considerat ion.

A necessary calculation in such models is to determine

the wavenumber, k, by solving the current-depth

dispersion equation (Eq 1). The conventional

technique involves an iteration method such as

Newton-Raphson, but this is computationally

tlme-consuming and can contribute significantly to the

total run-time. A method of interpolation in a

look-up table of values is a possible, and potentially

quicker, alternative. Because there are two

independent variables, a two-dimensional table is

required. The number of values required for the table

is therefore of manageable proportions, a few thousand

at most. The aim of the work descrj.bed in this report

is to construct such a table enabling the

current-depth dispersion equation to be solved by

interpolation with acceptable accuracy for praetical

purposes, and with significantly less denand on

computing ti-me than a method based on iteration. An

accuracy of 0.5% is regarded as suff i .c ient for

practical purposes, bearing in mind the uncertainties

in the input quantities such as water depth. In order

to avoid confusion between tables in this report and

the look-up tables, the lat ter wi l l  be referred to as
' rL - t ,ab les t r .

A shortened version of this report has been published

in Reference 1.



2 THEORY

The current-depth dispersion eguation is

ut" - Uk Cgs (6 - cr) = (gk tanh kh)%

This bquation is solved for the wavenumber, k, in

Lerms of known values of the absolute wave angular

frequency uru, the current speed U, the current

direction 6, the wave orthogonal direction cr, the

acceleration due to gravity g, and the vrater depth h.

Angle quantities are defined in Figure 1.

Equation I can be written in non-dimensional form as

A - Bx = (x tanh x)% (2)

in which

(  1 )

x=kh

hu r
4= - -ao

(eh ) ,

-  U Cos(6-a)
!l = -------T-

(eh)  o

(3 )

(4 )

(s)

There are two independent variables A and B. The case

B = 0 corresponds to the depth-on1y dispersion

relat ion. There are analyt ical  solut ions to

Equat ion 2 in deep water ( tanh ;  = 1),

1 + 2AB - (1 + 4AB)Nx =  -  - - - -  \ -  ' - ' - '  
fo r  B  r  0

282

x = A 2 f o r B = 0

and in shal low water ( tanh ;  = X),

( 6 )



A
d

v = -
t + b

Equation 2 can be regarded as

f (x) = g(:t)

in which

f ( x )=A -Bx

g(x) = (x tanh x)%

Graphs of these two functions

and the solution to Equation

where the graphs intersect.

ident i f ied:

( 7 )

(B )

(e)

(  1 0 )

are shovn in Figure 2,

2 occurs at values of x

Four cases can be

(  11 )

4 ,

'I
! .

2,

x  _ .  =  xn + l  n

where F(x)

B > 0. One solution

B = 0. One solution (equivalent to the

depth-only dispersion relation)

Bc < B < 0. Two solutions. B. represents the

cr i t ical  s lope where f(x) is a tangent to g(x).

For reasons of continuity in B, the smbller of

the two solutions is the correct one.

B < B . No solutions. This corresponds to the
c -

situation where the component of current veloci.ty

in the direction of k opposes, and is greater

than, the vave phase velocity.

In the Newton-Raphson method for solving Equation 2,

successive approximations are made to the correct

solution for x by,

F(xn)
_ 

rT(x fn

= A - B x - ( x t a n h x ) % (  12 )



F'(x) is the derivat ive of F(x) given by

F' (x) -  -  B -  x(1 -  tanhzx) +-. tanhx

2(x tartu')%
( 13 )

CONSTRUCTION

THE LOOK-UP

TABLES

3.L Range of A and

B values

The subscript n denotes the nth approxination. The

initial trial value of x must be chosen small enough

to ensure convergence to the correct (ie smaller)

solution in Case 3. This can be achieved by putting x

initially-to zero, but a closer approximation can be.

4ade by setting the initial x to the higher of the

deep ir4ter and shallow water approximations (Eqs 6 and

7),  For popit ive B, and smal l  negat ive B, three or

foirr iterations have t1pica11y been found necessary to

obtain convergence to within 0.f%. For larger

negative valires of B near the critical value, more

iteratiohs are resuired.

Ttre range6 of A and B values for the look-up tables

are chosen as

0 < A < 4

a n d - 4 < B < 4

In practical applications to either prototype or

laboratory situations it is very unlikely for A and B

to 1ie outside these ranges. In the rare event of

this occurring the full iteration method can be used.

The range of B at the negative end vi-1I be curtailed

when the critical slope is exceeded. An expression



for the pairs of values of A and B at which this

occurs can (in principle) be obtained by eliminating x

between the equat ions F(x) = 0 and F'(x) = 0, but this

is analytlcally intractable. However, two sufficient

conditions which together cover most cases can be

establ ished.

The flrst condition is given by the gradient of

g(x) = (x tanhx)% ut x = 0. The value of this

gradient is one, corresponding to a value of B = -1.'

For higher x the gradient decreases monotonically

(Fig 3) and therefore it can be concluded that if

B < -1, tfere will be no solution, whatever the value

of A. The second condition arises from considering

the function g(x) = *% (i" putting tanhx = I in the

previously considered function). The value of >! at

any x is larger than the value of (x tanhx)% at the

same x (Fig 3). This implies that those pai-rs of A

and B which give a gradient I'hich exceeds the critical

gradlent for the function g(x) = y! wiLL also exceed

the critical gradient for the function

g(x) = (x tanhx)X, thur"by resulting in no solution to

the dispersion equatJ-on. Putting tanhx = I into the

equat ions F(x) = 0 and F'(x) = 0 results in two

eguations from which x can be elirninated analytically.

Performing this calculation gives the condition

AB < -0.25 for no solut ions. Hence i f  ei- ther of the

conditions

B<- t

and AB < -0.25

(  14 )

(  1s)

are sat i .sf ied, there wi l l  be no solut ion to the

di-spersion equat ion. There wiI l ,  in addit ion, be a

(relat ively sma1l) further range of pairs of A and B

values where no solution exists. Thi-s is shown



1n3 ,2 Intervals

A a n d B

graphically in Figure 3 where no solutions exist for

the range of gradients, f .

The basic procedure for constructing the L-table of x

values and then testing the accuracy of the

interpolation procedure is as follows. First1y, the

fulI tabie is constructed using the Newton-Raphson

rnethod witfr what appears initially to be reasonable'

values of intervals in A and B so as to give a

rnanageable total number of tabulated values (not

exceeding five thousand). A second L-table of x

values at the mid-points of the first table j-s then

conFtructed by two methods, using Newton-Raphson

iteration and by interpolation between the four

adjacent values in the first table. The differences

between the two methods indicates the errors involved

in the interpolation method.

In construct ing the ini t ia l  L-tab1e of x values, i t '

was found that a more even spread of error differences

was obtained if the table was split into three smaller

tables. lhe first table consisted of positive and

zero values of B, and all values of A. Intervals in

both A and B were initially taken as 0.1, giving a

total  of  41 x 4L = 1681 entr ies. Error di f ferences in

this table showed a regular but small increase with

increasing A. The variation with B was also regular,

but much larger, giving errors at B = 0 of around

L-2%, while at large B errors vere typically about

0.05%. I t  was apparent that a di f ferent funct ion of B

should be used in order to produce a more even spread

of error di f ferences. A nev var iable

c- 1+B
(  16 )



was def ined, ranging between 0.2 and 1.0 inclusive at

intgrvals of 0.02 (corresponding to the B range of 4

to 0, and wj"th the same number of di-visions, 41). The

form of this function of B is suggested by the shal-low

water approxination for x, Equation 7, and the effect

is to produce finer intervals at small B and coarser

intervals at large B. Using this new function a more

even spread of error differences was obtained although

st i l l  wi th a regular,  but much smalIer,  increase in

error difference towards lower B (higher C). Error

differences were now within 0.5% everywhere.

L-tabl-es 2 and 3 are for B less than zero. The need

for two L-tables arises from the two different

criteria for no solution, Equation 14 and Equation 15.

A natural  div is ion occurs at A = O.25. For A greater

than 0.25 the no-solutj-on condition given by

Equation 15 will be reached first as B decreases from

zero, while for A less than 0.25 the condition given

by Equation 14 will be reached first. L-table 2 was

constructed for values of A between 0 and 0.3, whi le

L-table 3 covered the range of A from 0.3 to 4.0. The

divis ion was chosen at 0.3 rather than 0.25 because A

was divided into intervals of 0.1; the exact choice of

the division is not critical since around A = 0.25

there are a relatively large number of no-solutions

not covered by criteria Equation 14 and Equation 15.

From these two cri.terj-a, the logical choice of the

B-variable in t-table 2 is sirnply B (ranging between 0

and -l) and in L-tab1e 3, AB (ranging between 0 and

-0.25).  These ranges make maximum use of the

avai lable table space, avoiding as far as possible

table entr ies corresponding to no solut ions.

L-tab1e 2 was initially constructed vith four values

of  A  be tween 0  and 0 .3  inc lus ive  a t  in te rva ls  o f  0 .1 ,

and 50 values of B between 0 and -0.98 i-nclusive at

i -ntervals of 0.02. I t  was found that error



differences for values of B lower than about -0.6

increased rapidly until the no-solution region was

reached. Accordingly values of B less than -0.6 were

not tabulated, and the saving in table space was taken

up by using a f iner interval  in A of 0.05, giv ing a

total nurnber of table entries of 31x7 = 2L7. The

boundary of 0.5% errors followed an approxinate

straight line vith equation

L-table 3 cohsisted of 38 values of A between 0.3 and

4,0 Lnclusive at 0.1 intervals,  and 25 values of AB

between 0 and -O.24 inclusive at 0.01 intervals giving

a total  of  950 table entr ies. A11 error di f ferences

for A greater than 1.45 and for AB greater than -0.23

were feund to be within 0.5%. For values of A below

1.45, the boundary of the 0.5% error di f ference

roughly followed two straight lines with equations,

B=0 .4A-0 .61

Beyond thls limiting B value the

ias used to deternine the correct

if there is no solution.

AB =  -0 .04A-0 .L72  fo r  0 .7<A<1 .45

and AB = -0.2714A-A.01 for  0 .3<A<0.7

These equations, along with

AB=-0 .23  f o r  A>1 .45

(  17)

fulI iteration method

solution or indicate

(  18 )

(  le)

(20 )

were used to define the region within L-table 3 where

interpolat ion could be used to an accuracy of 0.5%.

Outside this region the ful1 Newton-Raphson method

would be enployed.



3 .3 Progranrning

detai ls

The range and intervals of A and B are sunnarised in

Tab le  1 .

The prograruning structure is shown as a flowchart in

Figure 4 and the names and purposes of the subroutines

are listed in the appendix. To increase the

computational speed, the IF-THEN-ELSE structures used

to choose the relevant table are nested in such a way

as to minimise the number of lines of program actually

executed for any given values of A and B. This can be

seen from the fragment of pseudocode in Figure 5.

L-tables 1, 2 and 3 are shown in Tables 2, 3 and 4,

Percentage differences of the mid-point, values

(between the interpolation and iteration methods) are

shown in Tables 5, 6, 7 according to the forrrula:

% difference = (Iter - Interp) /Tter x 100% (21 )

Tests on computing speed were carried out separately

for L-tables 1, 2 and 3. These tests involved

generating the fuII set of mid-point values of each

t-table using the iteration and interpolation methods.

The iteration rnethod was set up to give the same

accuracy (0.5%) as the design accuracy of the

interpolation nethod. The factors by which the

interpolation method is faster than the iteration

method are sholrn be1ow.

L-Table No Tirne taken to generate
mid-points (s)

Iteration Interpolation

162 .7  0
13 .01

L49.37

62 .50
7  . 24

54 .00

Speed
Factor

2.6
1 .8
2 .8

1
2
3

These times were obtained by running the L-table

generation programs on a Compaq Deskpro 286 personal



coNcLUsloNs

computer running at 12 MHz. It can be seen that the

time taken to generate t-table I is similar to that

for L-table 3 using both methods, although the latter

table is.eonsiderably smal ler.  In the i terat i -on

nethod, this is because the number of iterations

required in the Newton-Raphson iterative process is

greater in L-tab1e 3. For the interpolation method,

the reason is that there are some entries in L-table 3

that cannot be gener4ted by interpolation and which

therefore require iteration, whereas in L-table I

there are no such entries. L-table 2 takes much less

time to generate because of its smaller size.

As can be seen from the above table, the interpolation

method is approximately three times faster.

In cornputational models of wave-current interaction

solutions'are required to the current-depth dispersion

eguatien, Equation 1. The conventional method

involves an iteration technique which can invoLve

considerable computing effort. A different approach

has been presented in this report which involves

interpolation in look-up tables. A total of 2848

entries are needed in these tables, and the method is

accuraLe to 0.5%, quite adequate for pract ical

purposes. Time tests indicate the rnethod is about

three times quicker than one based on iteration.

10
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TABLE I Limits and intervals of the independen! variables A
and C ln the L-tables.

Lower Upper
Limit Interval Linit

L -Tab1e  1 :  A  0 .0  (O . t )  4 .0
168l entries

c  0 .2  ( 0 .02 )  1 .0  IC  =  I /  ( 1  +  B )  ]

L -Tab Ie  2 :  A  0 .0  ( 0 .05 )  0 .3
217 entries

C  -1 .0  ( 0 .02 )  0 .0  [C  =  B ]

L -Tab le  3 :  A  0 .3  ( 0 ,1 )  4 .0
950 entries

c  -0 .24  (0 .01 )  0 .0  . [ c  =  AB ]

Total number of table entries = 2B4B



Tabte 2a L-Tabte 1
A jw . Iw .w .w .M .w .w .7M .W

.m
| .zn

-! ', (A

.zff i

.zff i

.w

.3n
aAta

-.J.#u

.3ffi

.389

.M

.4ffi

.w

.4ffi

.Affi

.w

.5m

.5M

.56g

.580

.ffi

.6m

.w

.668

.6ffi

.7ffi

.7n

. 7M

.7ffi

.7ffi

.ffi

.Bm

.848

.866

.884

.w

.gff i

.gM

.gff i

.gffi
t .M

.w .8M .MW .8W .gf f i  .LW -Lnl  . rML .16f i1

.w .gzn .a4M .66ff i  .g1ff i  .Lrw .L32L .1541 .L762

.w&l .6:48 .Blffi .A7-fi .E.qFJj . 12fi1 .1441 .1S82 .1923

.w .82ffi .85ffi .67ffi .L648 .1S1 .1562 .1823 .ffi84

.w .82ffi .85ffi .gAg .L],zL .1481 .1682 .1963 .2245

.w .8w .8w .6w .LnL .Lff iz .1803 .2]f,5 .2487

.w .fr3n .6&E .r]gff i  .  1281 .Lff iz .L924 .2246 .2569

.w .g3M .f/6ff i  .Mzt . 1361 .1793 .m45 .2388 .2731

.w .63ffi -97ffi .M,3t .1442 .1803 .2166 .25ffi .2891

.w .63ffi .67ffi . 1141 .1522 .LWJ4 .2287 .2672 .3058

.w .w .gff i  .Lff i \  .1603 .m5 .24g'9 .2815 .3222

.w .g4m .E}M .1261 .1683 .2L96 .2531 .2958 .3386

.w .w& .88ff i  . t322 .r7U .2m8 .2653 .31frr .3552
.w .94ffi .?/92t . 1382 . 1845 .2ffi9 .2776 .3245 .3718
.M .Wffi  .8s61 .t442 .L926 .241L .2899 .33S .388s
.w .frw .Lff ir  .1563 .m7 .2s13 .ff i22 .3535 .Ms3
.w .s\ff i  .1Mr . 1563 .W88 .2615 .3146 .3681 .4222
.w .8w . M81 .L624 .216s .27L8 .3278 .3828 .4392
.w .s5ffi .1L21 . 1684 .22ffi .28ffi .33s5 .3976 .4563
.w .65ffi .1162 .1745 .2332 .2924 .3521 .4L24 .4736
.w .gff i  .Lnz .]f f i6 .2414 .ff i27 .3M7 .4274 .4gM
.w .@6ffi .L242 . 186? .2496 .3131 .3773 .&24 .5086
.ffi .aw .L282 . 1928 .2578 .3235 .3W .45?6 .5263
.w .9664 .1323 .1989 .26ff i  .3W .4g.28 .472s .W2
.w .r,6ffi . 1363 .ffiM .2743 .M4s .4t57 .4883 .5623
.w .67W .LM1 .zttt .2826 .355fi .4287 .5638 .5ffi7
.w .97ffi .L4M .?.L72 .2ffi9 .3656 .MrV .5195 .5992
.w .E7M . 1484 .2234 .2992 .3763 .4W9 .5354 .6180
.w .876L . 1524 .2295 .ffi76 .3878 .4682 .5514 .6371
.w .678L .1565 .2357 .3168 .3978 .4815 .56?6 .6564
-w .6ffi1 .1695 .2419 .3244 .4g.86 .49ffi .5W .67ffi
.w .682L .1&6 .24ff i  .3329 .4196 .5086 .W6 .6969
.w .6uL .1687 .25/.3 .3g,L4 .4ff i6 .5224 .6L74 .71&
.w .6861 -L727 -2ff i5 .3#s .44L6 .5363 .6345 .737t
.w .g,881 .1768 .2667 .3585 .4528 .5583 .6519 .7582
.w .6wJL . 1869 .27ffi .3671 .4W . s645 .669s .7798
.w .ggzt . 1856 .2793 . 3?58 .4754 .5789 .6874 .ffiLg
.w .fr94t .L3Wi .2856 .3845 .4868 .5935 .7056 .8245
.w .9961 .1s31 .2s1s .3s33 .4sU .6083 .7242 .8476
.w .9982 .L972 .2982 .Mzr . 'LW .6233 .7432 .8715
.w .Iwz .nLs .ff i46 .4L19 .5218 .6385 .7626 . 8960



Table 2b L-Tabte 1
A

.m
L .zru

.2M

.zffi

.zffi
.w
.3m
.w
.3ffi
.3ffi
.ffi
.4m
.a&
.4ffi
.4ffi
.w
.sffi
.vg
.56E
. s80
.ffi
.6m
.w
.660
.680
.7W
.7m
.7M
-7W
.7ff i
.ffi
.8ff i
.w
.8m
.880
.w
.9m
.g&
.960
.gffi

1 .W

.rff iz .m3 .zzu .24ss .2ff i6 .2ff i7 .W9 .3211 .3413

.1983 .zru .2425 .2647 .2868 .3691 .3313 .3536 -3?5s
-zLM -24r'5 .2U7 .2889 .3L32 .3375 .3618 .3862 .4t96
-2345 -2ff i8 .287fl .3133 .3396 .36M .3925 . tW .4456
-2527 .zBLg .3693 .3377 .3662 .s947 .423g .452t .4ffi8
-27L9 .3613 .3318 .3623 .3929 .4236 .45g4 .4853 . s164
-2893 -32t7 .3543 .387s .4L97 .4526 .4857 .518s .5522
-ff i76 -U22 .3?69 .4118 .4468 .4819 .5L72 .5527 .5884
-32ff i  .3627 .39s6 .4367 .4746 .5114 .5491 . s86s .6251
.3445 .3834 .4225 .4618 .ff iL4 .54L2 .5812 .6216 .6622
.3631 .M2 .4455 .4872 .5291 .5713 .6138 .6566 .6998
.381? .425L .468? .5127 .557s .ffi77 .il6? .6922 . ?381
.4tr.5 .446L .492L .5385 .5853 .6325 .6ffi2 .7283 .??69
-4194 .4673 .515? .5645 .6139 .663? .714L .78W .8166
-4384 .4887 .5395 .59S9 .fH;28 .69M .7486 .ffi24 .8578
.4575 .5L92 .5636 .61?5 .6722 .72?s .?83? .3496 .8983
-4768 -53n .58?9 .6445 .7frm .7ffi3 .8194 .8795 .e4ff6
.4962 .554'8 .6125 .6719 .?323 .?936 .856ff .9194 .sBM
.5158 .5762 .63?4 .6997 .?631 .8276 .8s33 .96g3 t.s285
.5356 .5986 .662? .72W .?945 .8624 .s316 L.W23 L.o714
.5s56 -62L4 .6884 .?568 .8266 .89?9 .9?98 L.WV 1.1218
.5?59 .6445 .7L45 .7861 .8593 .9343 !.BLL? t.gw L.t7g7
.5964 .6679 -74Lr .8160 .8929 .97L7 1.6527 1.1359 L.22L4
.6171 .6917 . ?681 .8466 .9272 7.AL82 1.6956 1 . 1836 !.274L
.6381 .7158 .?95? .8??g .9625 r.rH;gg t.\M L.23ff i  1.3289
-6594 .7& .8239 .9699 .9989 r.frwT 1.18ff i  L.2f/.4 1.3862
.6811 .7655 .8527 .gg.29 1.6363 \.L332 1.2337 1.338g 1.4461
.7631 .7911 .8822 .9?6? L.g?ff i  L.1772 1.2835 1.3941 1.56s1
-7255 .8L72 .9125 L.r116 1. 1156 t.2229 1 . 3355 L.45ff i  1.5?54
-74U .uM . 9436 t .W77 1 . 1565 L.27s6 L.3W 1 . 5149 1. &155
.77L7 .87L4 .9?56 L.@8W 1.  1gg8 L.3M t .M72 L .5W 1.7199
-7955 .8995 L.ff i87 t.L237 r.2&g L.3727 1.56?6 1.649? 1.?9g1
.8198 .9284 L.r/.29 1.1639 L.29ff i  t .4278 1.5?16 1.7236 1.S838
-8M7 .9582 L.8783 1.ff i59 1.3415 1.4866 1.6395 L.ff i?. '  1.s?4g
.8762 .9889 1. 1151 t.2497 1. 393? 1.54?6 L .7L21 1.8873 2.s733
.8965 L.8n7 1.1534 1.2958 1.4488 1.6134 L.7W 1.g?8g 2.Lf f iL
.9235 1.8536 1.1934 1.3443 L. f f i74 1.683? ! .8716 2. f r7w 2. ' j968
-9514 L.g87B 1.2353 1.3955 1.5698 1.?5g4 1.9651 2.L872 2.4253
.9891 L.LZA 1.27W 1.4499 1.6368 t .UL4 2.8M? 2. f f i6g 2.5677

L-Wgg t -Lf f i7  1.3259 L. f f i f f i  L .76gt  1 .93@8 2.1743 2.4399 2.727L
1.04 '68 1.1997 1.3?52 L.5762 L.7874 2.g289 2.296\  2 .58fg 2.wj73



Tabte 2t  L-Tabte 1
A

I .W r .W 2 .W 2-1M z .T f f i  2 .W 2 .M 2 .W 2 .W

.m

.2n
| .zq

.2W

.zffi

.ffi

.3ffi

.w

.366

.3ffi

.ffi

.4ff i

.w

.4ffi

.4ffi

.ffi

.6m

.w

.sffi

.sff i

.w

.6ff i

.w

.660

.686

.7ffi

.7ffi

.7&

.7ffi

.7ffi

.w

.8W

.w

.8m

.888

.w

.gffi

.gM

.966

.989
1 .W

.3615

.3982

.4351

.4723

.ffi97

.5475

.5857

.6243

.6634

.7g3L

.7434

.7843

.8261

.868?

.9123

.9569
t.w28
L.Ws7
1.6981
1. 1481
1. 1998
1.2535
t.ffi92
L.3672
t.4278
1.4914
1.5581
1.6284
L.7g.28
1.781?
1.8657
1.9556
2.9522
2 .1565
2.2696
2.3931
2.5287
2.6788
2.8l,63
3.43E.9
3.2498

.3818

.4m6

.4596

.4gs

.5387

. s788

.6193

.6604

.78n

.7443

.7873

.8311

.8758

.9215

.9683
1.9163
1.9657
1.  1165
1.  1691
L.2234
L.2797
1.3382
1.3992
1.46S
1.5298
1.5999
1.6739
L.75m
1.8350
1.9233
2.8L77
2.  1191
2.22'84
2.3468
2.4758
2.6173
2.7733
2.9468
3 .L4L4
3.36n
3 .6152

.MzT

.Mffi

.48g.2

.5258

.5678

.6M2

.6531

.6966

.74g,8

.7858

.8315

.8783

.92ffi

.9749
t .s25t
1.4766
L.L297
1. 1846
L.24L3
L .W2
1.3613
L.42ffi
1 .4916
1 .5613
1.6346
1 .7118
1.7934
1.8799
1 .971s
2.6782
2 .1756
2 .2891
2.41t9
2.5454
2 .6913
2 .8519
3.g.297
3.2283
3.4522
3.7fr75
4 . f f i 27

.4224

.4655

.5089

.5527

.5969

.&117

.6871

.7331

.7799

.8276

.8762

.9259

.9768
L.6289
L.g,826
1. 1378
1. 1!148
1.2538
1.314s
1.3785
L.444V
1 .5138
1.5862
1.6623
L.7423
1.8269
1 .9165
2 .6L t7
2.LL33
2.2221
2.33WJ
2.4653
2.ffi23
2.7516
2.gr54
3.0961
3 .2971
3.5224
3.7776
4.97fi4
4.41L3

.&27

.48ffi

.5336

.5796

.6262

.6734
-72L2
.7698
.8193
.8697
.9213
.s7M

L.fi281
1.9836
L .LMg
1. 1999
L.2ffi9
L.3242
1.3899
1.4584
1.5298
L .W6
1.6831
1.7656
1.8528
L.94WJ
2.Wff i
2 .L473
2.2589
2.3787
2.ffi77
2.&73
2.79gg
2.96ffi
3 .1474
3.3493
3.5?46
3.8282
4.  1168
4.4r'.gg
4.&86

.4631

.5105

.5583

.ffi67

.6556

.7652

.7555

.ffi67

.8589

.gLzz

.9667
L.8226
L.67s9
1. 139CI
1. 1g9g
t.262.8
1.32ffi
1 .3957
t.4662
1.5397
1.6166
L.6972
t.78ffi
1 .8714
1.96s9
2.666t
2.L728
2.2866
2.49,85
2,5396
2 .6811
2.8345
3.ff iL7
3.1848
3.3867
3.6L67
3.8615
4.14ff i
4.4692
4 -8455
5.2ffi3

-4835
.5331
.5832
.6338
.6851
.7371
.7W
.8439
.8988
.9556

1.9L26
L.g7L6
L.1324
1. 1950
1.2597
1.3266
1.3961
1.4684
1.5438
L.6225
L.Wffi
1 .791?
1.8830
1. g7g4
2.68L5
2 .7W
2.ffi56
2.429L
2.56L7
2.7945
2.8589
3.9266
3.m97
3 .4M6
3.6327
3. B7g9
4.1574
4.4724
4.8343
5.2568
5.7ff i7

.ffiAfi

.5557

.6881

.6610

.7t47

.7692

.8247

.8812

.9390

.9981
1.8588
L.t21L
1. 18t4
1.2516
L.3ffi2
1.3913
1.4652
r. i l22
t.6228
L.7667
1. ?950
1.8879
1.9859
2.9896
2- 1995
2.3L64
2.MLz
2.5748
2.7L83
2.873L
3.94g,8
3.2232
3.4226
3.6421
3.8859
4. 1563
4.4618
4.ffi98
5.21!7
s.683S
6 .2W

.1ZM

.5784

.6336

.6883

.7444

.ffiL{

.8595

.9188

.9795
L.g4L6
L .MM
1. 1711
1.2389
1.3689
1.3815
1.4568
1.5353
1 .6171
r.7626
L.7923
1,8865
1.9858
2.8.987
2.ff i t7
2.3L97
2.{453
2.5795
2.7233
2. B7B1
3.04.52
3.22M
3.4239
3 .W2
3.8787
4.1433
4.4395
4.7742
5.15?6
5.ffi18
6. 1256
6-7f f i



Tabte 2d L-Tabte 1
A

2.7W 2 .W 2 .W 3 .M 3 . tW 3 .W 3 .W 3 .4M 3 .W

.m
r-2m" .24n

.2ffi

.zffi
.ffi
.3m
.3M
.3W
.380
.4W
.4m
.49
.4ffi
.4ffi
.w
.sru
.w
.560
.580
.ff i
.6ffi
.w
.66E
.680
.7ffi
.7ffi
.7M
.7ffi
.7ffi
.ffi
.8n
.ua
.8ffi
.8ffi
.w
. 9W
.gM
.960
.9Bg

7 .W

.w9

. f f iLz

.6589

.7L57

.7742

.8338

.8946

.956?
L.AnZ
1.0854
1. 1525
L.2216
L.29ffi
1 .3668
1.4435
L.5232
t.ffi62
1.6936
1.7838
1.8792
1.9795
2.8853
2.L972
2 .3158
2.4J19
2 .57U
2.7m2
2.8745
3 .W7
3.2m4
3.4155
3.6285
3.8621
4 .L f f i L
4.M72
4.7293
5.g.944
5 .5136
6 . f f i zL
6 .5826
7 .2W

tr 'Cq.q.

.6239

.5831

.7432

.ffi42

.8664

. g29B

.9947
L.E,6L2
1. 1296
1. 1999
L.2725
1.3476
t.4254
L.ff i62
1.5963
1 .6781
1.7699
1.8661
1.9673
2.@738
2.L862
2-ffi53
2.4316
2.5669
2.7e.95
2.8631
3.g.28L
3.nf f i
3 .3985
3. ffi78
3.8366
4.0,8ffi
4 .3662
4 .67e
s.o253
5.4222
5.8794
6.4147
7.qtu5
7 .UW

.5861

.6468

.7@83
-7787
.8343
.89W
.9652

L.83ffi
L . Ig25
L .L7M
t.2477
1 .3239
r .4g27
1.4845
1.5695
1.6582
L.7ffi8
1.8478
1.9495
2.9565
2.1693
2.2886
2.4L4s
2.5491
2 .6919
2.81'46
3 .W$L
3 . t $M
3.3737
3.57s3
3.ffi32
4.g4al
4 .3178
4 .6167
4.9ffi7
5.3274
5 .7571
6 .2s41
6.8385
7 .5411
8 .4LW

.w67

.6697

.7335

.7984

.8M5

.9319
L . f f i 8
L.fr7L5
T .TMI
1 .2188
1.2959
1.3757
1.4583
L.54d'2
1.6336
L.7268
L.8244
1. g26s
2.fr339
2. 1469
2.266L
2.3922
2.525s
2.66ffi
2 .8195
2.9814
3 .1551
3.3419
3. il38
3.7627
4 .WL?
4.2628
4.5512
4 .8714
5.2299
5.6353
6.8992
6.637s
7.2V35
8 .W22
9 .W

.6273 .&180 .6687 .6895 .7163

.6926 .7156 .7386 .7617 .7849

.7588 .7U2 .8696 .8351 .8ffi7

.8262 .854A .8819 .grw .9381

.8948 -9252 .9558 .98& 1.sL72

.9ru9 .998CI 1.0313 1.6M7 1.6983
1.6366 L -fr726 t.L687 1. 1451 1. 1816
L.LL82 L. t492 1.1884 L.2278 L.2674
1.  1859 1.22f f i  7 .27W 1.3130 1.3559
1.2639 1.3894 1.3551 L.MlL t .4475
1.3445 1.3935 t.4428 1.4924 L.5424
L.4279 1.4806 1.5337 L.5872 1.&L8
1.5145 1.5711 L.6282 1.6857 L.7437
L.W5 1.6653 1.7266 1.7885 1.8568
1.6s82 1.?635 L.82gts 1.8s58 1.9628
1.7s62 1.8662 1.9369 2.ff i82 2.6Wt
1.8s87 1. g?38 2.0d;96 2.Lzff i  2.msz
2.rg/62 2.6867 2.L679 2.2499 2.3326
2.LLg2 z.mv 2.2925 2.3W 2.46WJ
2.2383 2.3ff i7 2.4239 2.5181 2.6tff i
2.3W 2.46ff i  2.5629 2.6637 2.78.54
2.497L 2. f f i3L 2.7191 2.8181 2.gZ7L
2.6382 2.7518 2.8665 2.s822 s.6gW
2.7884 2.916t 3.83ff i  3. 1571 3 .2822
2.s486 3.g7gt  3 .2189 3.W 3.4782
3.  11ss 3 .z f f i  3 .Mt4 3 .W2 3.6883
3.3638 3.4542 3.ff i62 3.7596 3.9145
3.5818 3.6636 3,827L 3.9921 4.1588
3.71ff i  3.8W)2 4.0663 4.2M2 4.4239
3.9485 4 . 1365 4.3266 4.5187 4.7L28
4. f f i22 4.4055 4.6113 4.8194 5.8296
4.4ff i6 4.76t2 4.9245 5.1565 5.3791
4.78ff i  5.928L 5.2715 5.51?g 5.7672
5.LW 5.3926 5.6588 s.s287 6.mm
5.5138 5.ff i23 6.8952 6.3924 6.6937
5.948s 6.267s 6.5922 6.9217 7.2563
6.4481 6.8036 7. 1657 7 .5342 ?. SBs
7.8295 7.4298 7.8382 8.2547 8.6?90
7 .7L93 8. 1758 8.&29 9 .Lff i3 s. f f i79
8.5577 9.0875 9.6314 tE.L8g2 Lfr.7ff i9
g.6tw Lfr.24W 16.8W L1.5W L2.2W



Table 2e L-Tabte 1

A

.m
. .224
L .zM

.zffi

.zffi

.w
3m
.3M
.3ffi
.3ffi
.M
.4m
.w
.4ffi
.4ffi
.w
.54
.w
.566
.589
.ffi
.6m
.w
.666
.6ffi
.7W
.7n
.7M
.7ffi
.7ffi
.w
.Bm
.8M
.866
.8ffi
.w
.9m
.94.9
.gffi
.g&

I .W

3 .W 3 .7M 3 .W 3 .W 4 .W

.7312 .752L .77ff i  .7939 .8149

.8081 .8313 .Bg7 .87ff i  .WJ14

.8864 .9121 .9379 .9638 .g8g8

.9663 .g%:7 L.9231 1.6516 t.@ffiz
L .64BL  L .E7g2  r .LM3 1 .1416  L .L7 f f i
1  .Lsm 1.  1659 1.  1999 L.ZUL L .2684
1.2183 L.2552 1.2922 1.3295 1.3668
L. f f i72 1.&72 1.3875 1.4279 1.4686
1.399 r .4 / .24 1.4866 1.5299 L.574&
L.Agt t  t .Mr$ 1.5882 1.6357 1.6834
L.5927 1.6434 1.6944 1.7456 1.7972
1.6953 1.7499 L.ff i49 1.86g1 1.9158
L. f f izL 1.8689 L.gmL 1.9797 2.93s6
1.9136 1.9769 2.W6 2.LM6 2.1691
2 .9ffi3 2.9982 2. 1667 2.2355 2.ffi48
2.1525 2.2255 2.29ff i  2.372s 2.4473
2-2ff i9 2.3592 2.43ff i  2.5173 2.597L
2.4159 2.4999 2.5W 2.6695 2.75f f i
2 .5583 2.&183 2.7389 2.BW 2.92L7
2.W87 z.ff isl  2..w'22 2.sg98 3.0981
2.8679 2.97L2 3.s752 3.1798 3.2851
3.036s 3.1475 3.2589 3.37t6 3.4838
3.2L67 3.3352 3.4546 3.s747 3.6956
3.4sM 3.5355 3.6635 3.7923 3.9219
3.6135 3.7498 3.88?1 4.fr254 4. 164s
3.8336 3.gf f i  4 .L275 4.27f f i  4 .4255
4.fr766 4.22ff i  4.3866 4.5463 4.7s72
4.3269 4.49ff i  4.6672 4.8393 5.9L27
4.6851 4.78f f i  4 .9724 5.1582 s.3454
4.9fi88 5. 1966 5 .ffiW s .ffi72 5 .7499
5.24n 5.4565 5.6729 5.8s13 6.1115
5.6181 5.8434 6.8791 6.3170 6.55?8
6.6194 6.2744 6.5321 6.7924 7.8552
6.4787 6.758? 7 .84L9 7 .3281 7 .6174
6.9991 7.ff iU 7 -6215 7.9383 8.2588
7 .5s57 7.939s 8.2888 8.6{.22 I .W
8.2896 8.6762 9.6686 9.4667 9.8783
g. 1116 9.5505 9. gg74 M.45L5 Lg .9127

19. 1956 L8.6L32 LL.LW 11.65?3 12. 1936
11.34& 11.9454 12.5579 13.1838 13.8228
L2.9W 13.6W L4,4M L5.zLW L6.W



T abte 3
A

L-Table 2 inctuding out  of  fange err0r  denoted by 99.9999

.w .g1w . lw . lw .M .2w .w

.w . 1258 .2569 .W5 .57Eg .ff i71 99.9999

.w .1197 .2437 .3776 .5ff i7 .7253 1.CI935

.w -LL42 .2319 .3576 .4979 .666? .906s

.w . La92 .2273 . 33gB .4699 .6ffi8 . 8143

.w . Lr'46 . 2116 .3239 .4456 .58S . 7493

.w .Lw3 .m27 .3S96 .4247 . 55fi9 .6s86

.w .0964 .1946 .2966 .4fj48 .52:ffi .6574

.w .fi9.28 .L872 .28g7 .3875 .4984 .62L7

.w .8895 .1803 .2?38 .3718 .4765 .5911

.w .E$M . 1739 .2638 .3574 .4567 .5&1

.w .6835 . 1688 .2545 .3443 .4388 .5&L

.w .6wB .L624 .2459 .3321 .4224 .5184

.w -6782 . 1573 .2378 .3ffi8 .M74 .4987
,w .a759 .t524 .2ffi3 .31E4 .3935 .4ffi7
.w .fr7s6 .1478 .2233 .W6 .3866 .4&1
.w .6715 .1436 .2167 .2915 .3686 .4488
.w .6695 .1395 .21,j.5 .2829 .3574 .4346
.w .fr676 . 1357 .ffi46 .2748 .3469 .4214
.ff i  .6659 .t32L .1991 .2673 .33?1 .MWJ
.w .6MZ .L287 .1938 .ZffiL .3278 .3974
.w .g'626 .LaV . 1889 .2533 .3191 .3865
.w -a6L6 .L223 .rwz .2469 .3168 .3762
.w .0596 . 1194 . 179? .2@l8 .ffiffi .3665
.w .a582 . 1166 . 1755 .23W .2956 .3573
.w .6569 .1139 .17L4 .229s .2885 .3486
.w .@556 . 1114 . 1675 .2243 .2818 .3g:64
.w .6544 . 1689 . 1638 .2193 .2754 .3325
.w .r.532 . 1966 . 1603 .2145 .2693 .32ffi
. f f i  .6s2L .1944 . 1569 .Mgg .2635 .3179
.w .6sL8 .19.22 .1537 .m\s .25ff i  .3111
.w .@w .twz .1566 .mt3 .2s26 -ff i46

- .w
f  - .58s
-.  - .562

- .w
- .5m
- . f f i
- .4ff i
- .4ff i
- .w
-.4ff i
- -M
-.3ff i
- .3ff i
- .w
- .s f f i
- .w
- .z f f i
- .zf f i
- .2M
- .2n
-.m
-. 1ffi
- .  169
_ .LM
_.Lf f i
_.Lff i
2.6ffi
- . f i f f i
- . gM
- .gm
.w



Iab le 4a L-Table 3 inctuding out  of  range err0rs denoted by 99.9999
A

.w .4M .w .w .7W .W  I .W L . IW

- .2M
r - -21ffi'  - . zzg

- .zLq
- .2W
- .LW
-. 1Bg
- .L78
- .LW
-.t f f i
_ .LM
_.Lf f i
- .Lm
- . L16
- .Lf f i
- . 6W
-,gff i
- .676
- .6W
-.frffi
- . f lM
-_8W
-.fiffi
* . 8M
.w

1 .9521
1.68A9
1.5334
L .42g r
L.3479
I " 2813
L.2248
L . t757
L.1324
L.9937
1.6587
L.0,268

.9975

.97g4

.9453

.9219

.8999

.8793

.8599

.8415

.824r

.ffi76

.7918

.7769

.7626

2.7ff i2
1.  BB71
L .  ( J O l

1.6265
1 .5392
L.467@
1.46.54
1 .3518
t.ff iM
1 .2618
L.2233
1. 1882
1. 1559
1.Lzff i
1.0983
L.8724
L .M1L
t.g2s3
T.ffi38

.9835

.s6/.a

.9459

.9285

.9118

.8969

2.M59
2 .1746
2 .W22
1 .8751
L .7745
1 .6912
L .6M
1.5588
L .W5
1.4558
1 .4118
1.3718
1.335fi
1 .3011
1.2696
L.24g,2
1 .2L27
1. 1869
1. 1626
1. 1396
1.  11?8
1.4972,
L.6775
L-9587
L.gMg

2 .87m
2.5434
2.3341
2.Lff i4
2.9593
1.9596
1 .8751
L. f f in
7.7377
1.6ffi4
1.6288
1 .5819
1.5399
1.4995
1.4629
1.4289
1 .39?1
1.3673
1.3393
1 .3128
t.2878
1.2641
t.24L6
L .zMI
1. 1997

3.3993
2.9944
2 .73&
2.5475
2.39s2
2.2777
2 .1752
2.r.868
2.ffi.94
L .WE
1.87W
1.8231
1.7722
1.7255
1.6823
1. &23
1. M49
t.578t
1.53?3
1.5665
L.4774
1.4498
L.4237
1.3g8g
1 .3752

sg.sssg 99.9999 99.9999 9g.s9s9
gg.9999 s9.g9g9 99.9999 1.58s4
99.9999 99.9999 1.4W ! .4WL
99.9999 9s.gsss L.22L7 1.2843
gg .gg99  1 .1981  1 .1069  1 .1993
g9.gggg 1.9116 t .82f f i  1 .1317
99.gsgg .w7B .96fi9 L.6755

.9W .8338 .gIB2 L.9274

.79fr.5 .7759 .8633 .98s4

.6986 .72e4 .8244 .%82

.6329 .6882 .7W .9t47

.5818 .6533 .7592 .8844

.wat .6227 .73L4 .8566

.5fi51 .5954 .796L .8311

.47ffi .5798 .6829 .ffi75

.4488 .986 .6615 .7856

.4257 .5282 .&L7 .7651

.&ffi .5096 .6232 .74ffi

.3865 .4923 .ffiffi .72ffi

.3697 .4764 .5898 .71LA

.3544 .4615 .s746 .694s

.w .4476 .5M3 .67s7

.3275 .4346 . g68 .6653

.3156 .4225 .sW .6515

.w6 .4LLfr  .5218 .6385



Tabte  /+b

A

L-Tabte I  inc luding out  of  range err0fs  denoted by 99.9999

L .M  l . f f iW  1 .4M I .W \ .W t . 7M I .W 1 .W 2 .W

- .2M

c --2w
- .2n
_ .2L8
- .M
- . tw
_.Tf f i
- . LW
- .169
_.Lf f i
- . L4@
-. \ f f i
- . tn
_. IM
-  -LW
-.gw|
-.6ffi
- .979
-.@ffi
-.gff i
- .aM
-.gff i
- .8m
- .916

.ff i

4.913r
3 .5218
3 .m77
2 .9774
2.7967
2.6488
2.5243
2.4173
2.3237
2.zMs
2.t667
2.6s97
2.6388
1 .9831
1 .931?
L.BUz
t .&ff i
1. ?987
L.7ffi1
t.7239
1.6897
1.6574
1.6268
1.5978
L.5762

4.6983
4.  1155
3 .741 I
3 .4659
3.2495
3.9722
2.9229
2.7945
2.6823
2 .5831
2.494:3
2.4L43
2 .3416
2.275L
2.214fi
2 . t576
2.1fr52
2.85e4
2.6L47
1.9679
1.9276
1.8897
1.8538
1 .8197
L.7874

5.4455
4.7664
4 .3291
4.tr,66
3.7525
3. 5439
3.3689
3 .2165
3.g,84,9
2.9667
2 .8619
2.7673
2.68t4
2.ffi28
2.sffi7
2.464-8
2.M22
2.3447
2.2s1fr
2.2@,6
2.1933
2.L487
2.Lfr68
2.0668
2.6289

6.2ffi2
s.469s
4.966fi
4.594.2
4 .W7
4.g,594
3.8555
3.6797
3.5258
3.3894
3.2673
3.  15?1
3.4579
2.9654
2.88L2
2.ffi34
2.73L3
2.6M2
2.ffi15
2.5427
2.4875
2.4356
2.3865
2 .WL
2.296L

7.ILLL
6.2225
5 .MW
q,  toq . t

4.8984
4.6149
4 _ 3818
4.Lff i7
4.W44
3.8481
3.7979
3.5814
3.4662
3.3699
3.2639
3.L744
3.69t2
3.0138
2,9415
2.8737
2 .?LW
2.7W
2.6934
2.6398
2.58W

8.8278
7.6245
6.3769
5. Bg82
5 .5198
5.u,83
4 .W7
4 .7171
4.5t74
4.34g'2
4 .1813
4.8376
3.9669
3 .78?1
3.6769
3.5749
3.4ffi3
3.3921
3.3096
3.2323
3. 1596
3.6912
3.8265
2.9653
2.Wi73

9 .W L8 .9277  11 .  1111
7.8751 8.7745 9.7224
7.1491 7.9655 8.8269
6.6123 7.3673 8.  r f f iz
6.1880 6.8945 7.6393
5.8386 6. f f is2 7.2g79
5. g2B 6. 1?55 6.8426
5.2873 5.8907 6.5278
5 .6632 5. 6469 6.2ffiL
4.8&1 5.4189 6. f f iAL
4.6856 5.2198 5.7833
4.524L 5.0396 5.5836
4.3778 4.8755 5.&L7
4.2423 4.725L 5.2349
4.1182 4.5865 5.68L2
4.ff i33 4.4583 4.9389
3.8967 4.3391 4.ff i67
3.7972 4.22ff i  4.6833
3-7842 4.L2M 4.5679
3.6176 4. f r2M 4.4596
3.535CI 3.9346 4.3576
3.4576 3.Uf f i  4 .2615
3.3845 3.7662 4.L795
3.3154 3.6887 4.gW
3.2498 3.6152 4. f f i27



Tabte 4c
A

L-Tabte 3 inctuding out  of  range err0rs denoted by 99.9999

2.1wf f i  2 .M 2 .W 2 .4W 2 .W 2 .W 2 .7M 2 .W z . { f f i

12.2499 L3.4444 14.6943 15.9999 17.3689 L8.7775 ffi.2497 21.7774 23.3M,6
ls .7189 11.7641 12.8s?g L4.W2 15.1912 16.4388 L7.7L9l  19.Os59 n.ML3
s.7ff i7 10.6795 LL.6724 12.7gi95 L3.7W7 r{.gLff i  16.6854 L7.zgw 18.5567
8.9999 9.8776 10.7959 11.7551 t2.755L 13.7959 L4.8776 L6.W 17.1633
8.4223 9.2435 Lg.Lgzg LL.W5 11.9363 12.9t63 13.9225 14.9731 16.8617
7 .gE,67 I .7215 g. 5324 M .3793 tL .2623 12 . 1813 13 . 1363 L4 .1273 15 . 1544
7.5439 8.2795 9.04.93 9.8533 1@.6915 11.5639 12.4796 13.4114 14.3865
7.t9ff i  7.8976 8.631s 9.3988 19.1984 LL.sff ig 11.Bgg L2.79?.8 L3-7229
6.8W6 7.5625 8.2656 9.W 9.7656 10.5625 11.3{M6 tZ.zW L3.LM6
6.61s4 7.2&8 7.W2 8.6457 9.3812 Lg.L467 16.9422 rL.7677 L2.6233
6.3768 6.9977 7.eg.82 8.3278 9.A362 9.7736 19.5398 11.3350 12.1591
6. 1558 6. ?559 7 .3840 8 .gMt 8.?24L 9.4359 L@.L757 lCI.9435 11.7391
5.9551 6.5357 7.L433 7.77f f i  8 .4396 9.1283 9.U^f r  10.5867 11.3563
5.77L2 6.3338 6.9226 ?.53?6 S.1789 8.8462 g.53gB M.2596 1'L.gfi .55
5.6616 6. t477 6.7t92 7.3L62 7.9385 8.s863 9.2595 9.9581 L6.682t
5.4.447 5.9754 6.5309 7.1111 ?.7161 8.3457 9.W 9.67S 19.3827
5.2988 5.8153 6.3558 6.9u5 7. f f i92 8.12f f i  8 .7588 9.4196 t6.LW
5-L627 5.6659 6.1925 6.7427 7-3L62 7-9L32 8.5337 9.1775 9.8447
5-A\ tu 5.52f f i  6 .6397 6.5762 7.1356 7.7L79 8.32f f i  8 .gs8g 9.WL7
4.9158 5.3947 5.8961 6.4199 6.9669 7.53H.4 8.L252 8.7382 9.3735
4. f f i33 5.2712 5.?610 6.2728 6. f f i& 7.3618 7.93{M 8.5379 9.1587
4.6s71 5.1546 5.6336 6.L3M 6.6557 7.1988 7.7632 8.3489 L9559
4.5967 s. r4.43 5.5136 6.W27 6.5133 7.M47 7.s971 8.1?r .2 8.7&'2
4.s016 4.s3s8 5.3987 5.87S3 6.3783 6.8s87 7.43s6 8.W8 8.5825
4.4113 4.84s6 5.2WJ3 5.7f f iL  6.2W 6.7W 7.2W 7.Uf f i  8 .4LW

- .244
r  - .Z f f i'  - .zm

- .2L4
- :M
_ . IWJ
_.Lf f i
- . t 79
- . tw
_.Lf f i
- . 149
_.Lf f i
_ .Lf f i
_ . LM
- .LW
- .6W
-.gff i
- .676
-.6ff i
- .gff i
- .646
-.8ff i
- .gn
- . 6M
.w



T able 4d
A

- -246
f  - -Z f f i
-  - .2m

-.21fi
- .M
- .LW)
_.Lf f i
- . L74
- .Lf f i
_ .Lf f i
- -t4s
_.Lf f i
- . t f f i
- . LM
_.Lff i
- . 6W
-.6ff i
- .676
-.gff i
- .8ff i
- .w
-.8ff i
- . frf f i
- . 6M

.f f i

L-Tabte 3 inctuding out  of  range err0rs denoted by gg.gggg

3 .W 3 .1W 3 .W 3_W 3 .4W 3 .W 3 .W 3 .7W 3 .W

24.9994 26.6937 28.4436 W.2W 32.1111 U.8278 36.W 38. f r278 M.L l lL
2L.B7U 23.3580 24.BBg3 26.46s2 28.9977 29.7748 3t.W5 33.2748 35.6978
19.8586 2L.M5 22.5946 24.A289 25.W72 27.8297 28.5963 ff i .m7L 31.8619
18.3673 19.6122 n.89ff i  22.2245 23.5918 25.W 26.MW 27.g3BB 29.4694
17.1885 18.3535 19.5567 m.79ff i  22.8776 23.3954 24.75L4 26.1456 27.5779
16.2176 17.3168 t8.45m 19.6232 m-8ff i7 22-874L 23.3535 24.6689 26-6M
15.3957 16.4392 17.5169 18.6288 19.7749 M.gssz 22.1698 23.418s 24.7614
14.6856 15.6819 t6.78,9E 17.7696 18.8629 1g.g887 2L.L473 22.33& 23.5622
L4.6625 15.9156 L6.W L7.s156 18.6625 L9.LM6 n.2W 2t.3WJ6 22-5624
13.5889 L4.4245 15.3761 16.3458 17.3514 18.3871 19.4528 m.5485 2L.6742
13.812L 13.85141 LA.WS t5-7447 16.7133 17.71fi9 18.73?5 19.7929 m.8772
12.5626 13.4141 14.2s35 t5.mB 16.1368 17.69s1 r8.6WZ L9.Wsz m.L5ff i
t2.L5ff i  12.9768 L3.8275 14.7952 15.6E99 16.5416 17.W 18.4861 19.4989
tL.7775 12.5758 L3.ffi2 L4.2ffi8 15.1276 16.frffi6 16.9597 17.9158 18.89&
11.431s L2.ui63 13.ff i t ls 13.8321 14.6831 15.5595 16.4614 17.3886 LB.ULT
11.1111 11.8642 Lz.Mm t3.4M r4.27L6 15.1235 L6.W 16.9612 17.8272
19.8133 11.5462 t2.ff i31 13.AUL 13.88S1 14.?181 15.5711 L6.4di82 17.3493
16.53s4 LL.24g1 11.9869 12.7478 13.5321 14.3398 L5.L7M 16.6255 16.9634
19.2753 16.9717 11.6919 12.4331 13.19ff i  13.9858 L4.79& 15.6298 16.4861
t8.gsLL Lg.7Lg9 11.4131 12.1376 12.8843 13.6534 L4.W7 15.2584 1S.6943
s.ff iLz 16.4655 11.1516 11.8594 12.5891 13.?g;95 L4.1!37 L4.9gi87 15.7254
9.5&12 M.2338 M.WJ47 11.5969 L2.3t64 L3.r4.52 13.8613 L4.5787 15.3??4
s.3791 L8.frL48 \A.67t3 11.3487 L2.M6g 12.76ffi 13.565s 14.2666 L5.gg.82
9.1846 9.ff i71 M. ff iL 11.1134 11.7s71 L2.W1s 13.2259 13.9?68 L4-7362
s.w g.6Lw L6.24ff i  1@.8W LL.sff i  12.2W Lz.gW 13.6W L4.44ff i



Tabte 4e L-Table 3 inctuding out  of  range err0rs denoted by 99.9999

A
3.W 4 .W

,  - .2M
,  S_.Z f f i- .2m

- .2L6
- .m
-. 1{U
_ .L f f i
- . 176
- .L f f i
_ . L f f i
- . LM
_ .L f f i
- .Lm
_ .LM
_.L f f i
- .8W)
- .gf f i
- .476
- .6f f i
- . 6W
-.EM
-.6f f i
- .8m
-.f iM
.w

42.2W 44.44M
36.9693 38.BBgs
33.56M 35.ff i4l
31.MgB 32.6531
29.8485 30.5573
27.4879 28.8315
26.9186 27 .3743
24.8186 26.L877
23.7656 24.999s
22.8ff i  24.6L58
2L.gW5 23.1326
2r.2ffi8 22.3336
u.5386 2L.ff i54
lg.wL ffi.9379
19.3192 f f i .3227
18.7778 19.?531
L8.2744 19.2236
l.7.ff i48 18.7296
17.3652 18.2671
16.9525 L7.83ffi
16.5&!A L7.4243
16.1974 t7 .fr386
15.8506 16.673s
ts.lzffi 16.3282
L5.zLW L6.W











T abte 5e

A

% di f fe rences for  L-Tabte  1

+  3 .6588  3 .7599  3 .8500  3 .95AA
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

.ZLA  +
,  . 236  +
-  . 25A  +

.27A  +

.298 +

.316  +

.336  +

.350  +

.374  +

.396  +

.4 lA  +

.438  +

.458  +

.6222  .A23L  .A24A  .8248

. f 4237  .A245  . 9254  . 6262

.8259  .A259  .9267  . s275

.4263  .9271  .6279  . f r2g7

.9275  .6283  .gzgL  .9298

.9287  .9295  .8342  .9389

.6298  .@36s  .93L2  .6319

.9349 .63L6 .8322 .8328

.9328 .9326 .4332 .6337

.8339 .A335 .6341 .8346
,6349 .8345 .8358 .6354
. f r359  .0355  .  @359  .6363
.8364  .  s364  . 6368  . 9372

- f r 393  . 6396  .  g3gg  .@482
.4497  . 9467  .A4Lg  . 84 t2
.64L9  . 842L  . 9424  . 8426
.4433 .6436 .6439 .644I
.6449  .A452  .A455  . s458
.4468  . 847  t  .A474  . 9477
.6489 . f r492 . f r496 .856U
.9513  .A5L7  . 652 r  .A526
.854L  .9545  .6558  .8555
.9573  .6578  .A584  .BsgA
.a6L@ .6617  .A624  . 8631
.9654  .9662  .8678  .9678
.8796  .9715  .9725  . f r734
.8767  .4778  .6789  .68 f r9
.aB4L  . 6853  . 8867  . 988g
.6929  .9944  .9969  .8975
. t 937  . 1056  . 1975  . Lgg3
.LL7E  .1194  . L2L7  . 1249
.1339  . 1368  . 1397  . t 426
.1556  . 1593  . 1631  . 1668
. t 844  . 1893  . 1942  . 1992
.2237  . 23A5  . 2373  . 2441
.2843  .298 I  . 2999  .3997
.3656  . 3865  . 3956  . 4198
"5961  . 5312  . 5569  . 5832

.47 f l  +  .937 t  . 8374  .a378  . f i 38 l

. 494 -  +  . 8382  . 9385  .  O38B  .A39 t

.SLB  +

.530  +

.550  +

.576  +

.596  +

.510  +

.63O +

.65O +

.676  +
-690  +
.7 t6  +
.734  +
-754  +
.774  +
.796  +
.816  +
.B3A  +
.850  +
.878  +
.896  +
.916  +
.936  +
.950  +
.976  +
.99O +



Table  6 % d i f fe rences for  L-Tabte
99.9999.  Sot id  l ine denotes

. 4531  . 4873

.3969  -4222
.5766  . 7534  1 .2369  4 .3398

2 inc lud ing out  o f  range er ror  denoted by
boundary  o f  05% er rors

3  .7844
.4s84  |  . 5gSB
.3676
.3L26
.26gg
.2357
.2U77
.  1846
.1651
.1486
.  1345
.1222
.1116
.1623
.694L
.0868
.g1a3
.9744
.4692
.8645
.4603
.4564
.8529
.9497
.6467
.9444

A
+ . 8254 .n756 .  r25A .  L75A .2256 .2758

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
- .596  +

- - . 57@ +L- .  sso +
- . 534  +
- . 51O +
- . 498  +
- . 474  +
- . 45O +
- . 438  +
- . 4L4  +
- . 39O +
- . 374  +
- . 350  +
- . 33Q +
- . 3L8  +
- .29 f r  +
- . 278  +
- . 25 f r  +
- . 234  +
- -216 +
- . 196  +
- . L74  +
- .  156  +
- . L36  +
- . 1L4  +
- . 494  +
-  - f r76  +
- .ASE  +
-  -A3E  +
- .A lA  +

. s269  . 56?5  . 6862 _  9 7 1 9  1 . 9 4 1 9  9 9 .  g g 9 g

. 6953  .  BB38  L .8932
.6734  1 .  1138.3498  . 3689

.3 t09  .3248

.2762  . 2875

.2472  . 2561

.2223  . 2292

.2E46 .2862

.1818  . 1863

.1653  . 1689

.L548  . 1537

. t386  .1484

.L266  . 1286

.1165  .  1181

.L975  . 1988

.6994 .  rgg5

.@gz l  .@93@

.0855  . 0863

.9798  .9863

.9742  . 9748

.  E6g3  . 0698

.u648  . 6653

.a6s3  . 961L

.957  L  . s574

.  0536  . 6539

.65@5 .A597

.s476  . s478

.4449  .8451

.6425  .8426

.4 I3L

.3577

.3L26

.2754

.2443

.2 t84

.  1957

.  1765

.  1598

.  1453

. t326

.1215

.1116

.  LAzB

.0956

.@879

.gBT6

.9764

.8768

.8662

.  o619

.a5Bg

.9544

.@5L2

.9482

.9455

.4429

.4193

.3579

.3694

.2762

.2381

.2 tL4

.  lBBg

.  1697

.  1533

.  1392

.  1268

.  t 16g

.  Lg64

.698@

.89A5

.  OB3B

.6778

.8723

.8674

.4639

.  EsBg

.4553

.6s19

.4488

.9469

.9434

.3836

.3288

.2732

.2364

.2663

.  LBZE

. L628

.  1451

.L3AB

.1186

.  LAS6

.  o988

.a907

.  g836

.9772

.67  L6

.  o665

.q628

.4579

.854 t

. gsg7

.o477

.8448



Table 7a % di f  ferences for  L-Tabte 3 inctuding out  of  range ef  rors
denoted by 99.9999.  Sot id  l ine denotes boundary of  0.5% err0f  s

sffi .4W .5W .6W .7W .8W .9W I .AW t . tw

- . 235

r  - .225
-  - . 215

- .m5
- .  195
- .  185
- .  175
- .  165
- .  155
- .  145
- .  135
- .125
- .  115
- .M5
- .@95
- .985
- .975
- .065
- .455
- .945
- .935
- .925
- .4L5
- .w5

99.9999 99.s999 99.s999 99.9s99
99.999s gs.9999 99.9999 1.613?
99.9999 9s.g9g9 2.6493 .9195
g9.9gg9 9s.g9g9 1.3169
gg.g99g 3.6849 .8916
s9.9s99 1.8s68 .6813

.6676

99.9g9g 1.2688
5.1846 .9397
2.8W .7363

1.9524 L.4Lt7
.g|ffi .82]-,j
.6669 .6145

1.2995 1.2292
.7878 .7473
.6013 .5746

L.75ff i
.6843
.52ffi

1 .9283
1.3914
T .Mgz

.gLM

.&.47

.4243

.3518

.2961

.2534

.22M

.1967

.1791

.1668

.1591

.4987

.4241

.3665

.32LA

.2847

.2554

.2316

.2L23

.1966

.1839

.t737

.1657

.1595

.1548

.4675

.MsL

.3577
3u,6
.2913
.2666
.2465
.2298
.zLV
.u32
.1929
.1841
.1766
.L7g'2
.1648
.1693
.1564

.4543

.3974

.3s52

.3228

.2965

.27ffi

.2569

.24L6

.2296

.2L8t

.nTg

.1991

.1915

.1848

.1789

.1736

.1689

. t&7

.16M

.4535

.3994

.3597

.3291

.ffi47

.2815

.2677

.2532

.2497

.2298

.2ff i2

.2115

.n37

.L977

.1913

.1854

.Lf f iL

.1755

.L7L3

.1675

.449L

.3926

.3576

.sff iL

.ffi78

.2892

.2735

.2599

.24ffi

.2375

.228L

.2198

.2L22

.nM

. 1991

.1933

.1879

.1832

.1795

.1752

.4397

.3965

.3625

.33el

.3150

.2974

.2816

.2683

.2565

.2461

.2368

.2283

.2.n7

.2L37

.m73

.mLA

.1960

.1910

.1863

.LBN

.4848

.4285

.3885

.3583

.3354

.3153

.2987

.2W

.27L9

.2M,8

.2ffi8

.2418

.2337

.2262

.aLgt

.zL*J

.n72

.mL7

.1967

.1919

.1875

.4432

.395s
s6n
.3374
.3176
.ffizs
.2884
.27ffi
.2655
.25ffi
.2473
.2395
.2323
.2256
.zlgt
.2136
.ngL
.m1t
.1983
.1938
.1896



Tabte ?b % di f ferences for  L-Tabte I  inc luding out  of  range errors
denofed by 99.9999.  Sot id  l ine denotes boundary of  0.5% err0rs

L.zW L .3W t .AW L .sW r .6W L .7 f f i  t .8W L .gW z .sw

- . 235

I  - .225
-  - . 215

- .m5
- .  195
- .  185
- .175
- .  165
- .  155
-. 145
- .  135
- .L25
- .  115
- .M5
- .695
- .985
- .875
- .66s
-.8,55
- .%5
-.0.35
- .s25
- .6L5
- .w5

r.6887 1.04s9 1.9193 r.WL7 .9887 .9783 .9697 .s625 .9562
.62L2 .5748 .:r/128 .52gL .ff is7
.4636 .4L52 .3823 .3669 .g&67 .3363 .3277 .3189 .3125
.3895 .3415 .3668 .2837 .2681 .2566 .2476 .2M2 .2339
.u7t .w6 .2649 .2M .2237 .2LL8 .ffi26 . 1951 . 1888
.3197 .2754 .2393 .2136 . 1966 . 1835 .L74t . 1665 .LffiL
.w3 .2586 .2226 . 1966 .L775 .1645 . 1548 .L476 .r4pj,6
.285s .2466 .21L7 . 1839 .I&7 .I5L8 .L4M . 1331 .t267
.273s .2374 .m29 .1753 .1554 .14L2 -Lff i3 .L228 .1162
.2632 .2ff i2 .1967 .1691 .1486 .1339 .1231 .1149 .1982
.2555 .2247 .Lgff i  .rW .L4U .t282 .LL72 .L687 .t6W
.247L .2186 .1881 .1669 .1396 .1239 .tr25 .1s38 .4979
.2397 .2L49 .1850 .1581 .1366 .Lffi, .t887 .CI999 .9929
.2332 .2M2 .LBn .1559 .LUz .1178 .M,57 .9s67 .9896
.2272 .nsg .Lff i [  .1538 .L324 .1157 .t933 .gW .6868
.2216 .n22 .L775 .1s21 . t3M .LLM .L6t3 .6s18 .6W
.zLU .1986 .r7V .1515 .1296 .L127 .A997 .6W .8825
-2LL4 .1952 . t7U . tW .1291 .1114 .0985 .9885 .6WB
.29/67 .Lgn .1715 .I4W .L28t .rtw .6974 .9872 .s7gl
.m22 . lBBg .1696 .1479 .L274 .LLA3 .69ff i  .6861 .@782
.1980 .1858 .1678 .147A .1268 .1095 .Agff i  .6851 .9772
.LW .1829 .1660 .L4ff i  .1263 .1Ct91 .0953 .AU:8 .876r
.twJz .twL .LMz .1451 .12s8 .LA87 .ggL:8 .6839 .67s8
.1865 .L773 .1625 .L442 .LzU .L6U .gg4 .8BA .4749



Tabte 7c

A

% di f ferences for  L-Tabte 3 inc luding out  of  fange er fors
denoted by 99.9999.  Sol id  t ine denotes boundary of  A.5% ef fofs

z .LW z .ZW 2 .3W 2 .4W 2 .5W 2 .6W 2 .7W 2 .8 f f i  2 .9W

.s5s8 .9461 .g4U .9383 .9351- .9322 .9296 .9272 .9256

.4718 .46?1 .4639 .4594 .4562 .4534 .4ffi9 .4486 .4465

.ffi74 .nffi .2989 .2953 .292L . 2893 .2867 .289'5 .2824

.2289 .2246 .2n7 .2L72 .2L26 .WJ96 .m74 .nV .WJ33

.1834 .1786 .L746 .L799 .L677 .1&19 .1627 .1608 .1589

.LM7 . rW .1459 .L423 .1391 .1362 .1337 .1314 .LzgL

.1352 .1305 . IzU . t227 .1196 .1167 .1141 .1119 .1998

.L2L2 .1165 .1123 .L987 .1055 .L927 .1ff iL .8979 .0958

.tL68 .Lfrffi .tgLg .9983 .0951 .8922 .9897 .9874 .g,ail

.L927 .Agffi .0939 .gwiz .6BW .s%z .6816 .679/t .9773

.agw .6916 .8875 .9839 .9ffi7 .9778 .9753 -973L .A7tg

.6913 .0866 .9824 .9788 .A756 .6727 .8792 .6679 .CI659

.6872 .6824 .6783 .9746 .s7r4 .9686 .66ffi .6638 .g,6L7

.6838 .9789 .A?48 .@?tL .fr6ffi .0651 .6626 .gM3 .4582

.gjLg .976L .A7L9 .6682 .n6ffi .9622 .9597 .9574 .0553

.678s .s736 .6694 .66s8 .A626 .s597 .ss72 .A#g .4528

.a765 .97t5 .8673 .9637 .8W .9s76 .fi5ffi .9528 .g.W7

.9748 .A697 .0655 .9618 .8586 .6558 .6532 .sffig .8489

.@732 .fr682 .6639 .9ffi2 .65W .AMz .0516 .ud.93 .W73

.67L9 .0668 .A625 .9588 .CI556 .8527 .6ffi2 .9479 .W5g

.4788 .6656 .6613 .9576 .@V3 .8515 .rg.89 .@.67 .CI446

.6698 .s646 .Affiz .@56s .s533 .6ffi4 .8478 .g4.56 .gd.35

.6688 . 0636 .0593 .6555 .9523 .gqgt .e4.68 .W6 .r/'25

.0686 .9628 .A\U .8547 .95L4 .@.85 .84ffi .g4.37 .W!6

- .23s
- .225
- .zLs
-.f f i5
- . 195
- .  185
- .  175
- .  165
- .  155
-. 145
- .  135
- .L25
- .  115
- .L65
- .695
- .o85
- .a75
-.g,65
- .g.55
- .w5
- .935
- .925
-  -gL5
- .w5



Table 7d % di f ferences for  L-Tabte 3 inc luding out  of  fange ef rofs
denoted by 99.9999.  Sot id  l ine denotes boundary of  0S% ef f0fs

3.Ayi lZ 3. twn 3.3W 3.4W 3.5W s .6W 3.7W 3.8 f f i

.9n)6 .9m .9188 .9177 .9168 .9159 .9151,  - .235
r -.225
'  - . 215

- .n5
- .  195
- .  185
- .175
- .  165
- .  155
-. 145
- .  135
- .L25
- .  11s
- .M5
- .695
- .085
- .@75
- .065
- .455
- .645
- .g.35
- .925
- .sLs
- .w5

.4447

.2ffi6

.nL5

.L572

.L275

.tgffi

.gw

.6835

.8755

.0691

.aw

.0599

.g5u

.0535

.g5LA

.wgg

.M7g

.84g

.o4M

.W4:28

.wL7

.ws7

.8398

.MWj

.2789

.1998

.1541

.1258

.1063

.9923

.6818

.67s8

.@675

.8624

.4582

.4547

.6518

.w93

.w72

.w&

.w37

.w23

.MIL

.bqw

.639t

.6381

.4415

.2774

.1983

.1525

.L243

.tw7

.gw7

.s f f i3

.9722

.9659

.0,ffi8

.9566

.8532

.9ffi3

.w78

.g457

.w38

.w22

.wog

.8396

.0385

.4375

.0366

.4ML .4388 .4377 .4366 .4356 .4347

.27ffi .2747 .2736 .2125 .27L5 .27U6

.1969 .1956 .1945 .1934 -L924 .1915

.1514 .LW .1492 . ] [82 .L472 .1463

.L232 .L223 .1213 .11S .LLff i  .LL7g

. t6u .1621 .tmg .0999 .6988 .A979

.aggt .0881 .0869 .0859 .gAg .6839

.9789 .9776 .6765 .g7V .g7M .6735

.6769 .O696 .s684 .6674 .g664 .O65s

.aM6 .0633 .962L .8619 .AW .0591

.a\w .s582 .6578 .CI559 .g&9 .6W

.@553 .EW .9528 .O518 .gW1 .@98

.8518 .@ffis .14.93 .f4.83 .W173 .g4M

.w89 .W76 .ad.65 .WM .W44 .@]5

.wu .M\t .wM .w29 .wLg .s4M

.w43 .Wffi .W8 .W8 .CI398 .0389

.M24 .WLZ .6M .0389 .6379 .9374

.wtg1 .9396 .g3u .8373 .6363 .8.3M

.9391 .0381 .A378 .A359 .g34g .g3M

.9382 .0369 .8357 .gU7 .9336 .9328

.837L .0358 .AU6 .CI336 .o.325 .93L7

.6361 .s348 .9336 .A326 .6316 .6m7

.8352 .0339 .fr327 .9317 .gW7 .4298



Tabte ? e

A

% di f ferences for  L-Tabte 3
denoted by 99.9999. Sot id l ine

3.95/m

inctuding out  of  range ef rors
denofes boundary of  05% efrors

- .235
-.225
-.2L5
* .n5
- .  195
- .  185
-. 175
-. 165
- .  155
- .  145
- .  135
- .L25
- .  115
- .  10s
- .@95
-.Z,85
- .975
- .665
-.CI55
- .845
- .935
- .925
- .9t5
- .w5

.9143
=556',-

.2697

.TWJ7

.L4V

.1164

.4974

.o831

.4727

.0646

.9583

.4532

.ww

.4455

.Z426

.w\

.43ffi

.8362

.au6

.8332

.0319

.a f f iB

.4298

.4289
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B <A  ? A  <  9 .3  ? B  <  8 .44
-9 .61  ?

A  <  4 .6  ? AB  >  -6 .23 A  <  6 . 7  ? AB < -6 .274
-4 .6L  ?

A  <  1 .45  ? AB  < - f r . 844

A  <  4 . 9  ?

Fig  I Flowchart  of  prograrn sf ructure



xca l c  (A ,B , x ) ;

x  -  A ;

i fB<8 then
i f  A  <  8 .3  t hen

i f  B  >  E .4A - f r . 6L  t hen
eva lua te  x  us i ng  Newton -Raphson  i t e ra t i on ;

e  I se
eva lua te  x  us i ng  i n te rpo la t i on  i . n  L - t ab le  2 ;

end  i f  ;
e  1se

i f  AB  >  - f r . 23  t hen
i fA<g .7 then

i f  AB  <  -9 .27 I4A -g .A I  t hen
eva lua te  x  us i ng  Newton -Raphson  i t e ra t i on ;

e  1se
eva lua te  x  us i ng  i n te rpo la t i on  i n  t - t ab le  3 ;

end i f :
e l se

i fA<1 .45 then
i f  AB  <  -A .@4A-8 .L72  t hen

eva lua te  x  us i ng  Newton -Raphson  i t e ra t i on ;
e  1se

eva lua te  x  us i ng  i n te rpo la t i on  i n  L - t ab le  3 ;
end  i f

e  I se
i f  A  <  4 .A  t hen

eva lua te  x  us i ng  i n te rpo la t i on  i n  L - t ab le  3 ;
e  l se

eva lua te  x  us i ng  Newton -Raphson  i t e ra t i on ;
end i f ;

end  i f  ;
e  l se

eva lua te  x  us i ng  Newton -Ra .phson  i t e ra t i on ;
end  i f  ;

end  i f  ;
end  i f  ;

e  l se
i f  A  <  4 .9  t hen

eva lua te  x  us i nE i  i n t e rpo la t i on  i n  L - t ab Ie  1 ;
e  I se

eva lua te  x  us i ng  Newton -Raphson  i t e ra t i on ;
end  i f  ;

end  i f ;

end ;

Fig  5  Pseud0c0de showing p f0gfam s t ruc lure
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APPENDIX

The main conputational subroutine referred to in this

text is called XCALC. Its purpose is to determine

which look-up table to use for given values of A and

B. The other subroutines and functions called are as

fo l lows:

TABFND - (SUBROUTINE) locates the lower limit of the

intervals in A and C in which x lies.

FNTERP - (FUNCTION) performs a bivariate

interpolation between the four values which

surround the required value in the look-up

tab Ie .

XFIND - (SUBROUTINE) performs Newton-Raphson

lterations to find x for given A and B.

Used for values of A and B which give errors

of greater than 0.5% with XCAIC.






