Numerical Analysis with Numerit

Solving Systems of Nonlinear Equations

This program (denosnl e) demonstrates how to interact with the Numerit function
snl e which solves a system of user-defined nonlinear equations. The algorithm used in
this numerical method is described in the book Numerical Methods for Unconstrained
Optimization and Nonlinear Equations by J. E. Dennis, Jr. and R. B. Schnabel.

The problem solved by this example involves the conversion of geocentric coordinates to
geodetic coordinates. The mathematical relationship between geocentric declination d,
geocentric distance r, geodetic latitude f and geodetic altitude h is given by the following
system of two nonlinear equations:

(c+h)cosf - rcosd=0
1)
(s+h)sinf - rsnd=0

where
r

c= S
V1~ (2 - £2)sin’t

s=c(1- f)2

In these equationsr,, is the equatorial radius of the Earth and f is called the flattening
factor of the Earth. The flattening factor is an indication of the oblateness of a planet.

The syntax and arguments for the snl e function are given by

function snle(n, x, fvec, tol, info)

" solution of a systems of nonlinear equations

1 ==> inproper input paraneters

2 ==> nunber of calls to userfunc has reached
or exceeded 200 * (n + 1)

3 ==>tol is too small. no further inprovenent
in the approximte solution x is possible

4 ==> jiteration is not maki ng good progress

i nput
n = nunber of equations in nonlinear system
X = initial guess for solution vector
tol = solution tol erance
© out put
X = final solution vector
fvec = nonlinear systemevaluated at x
info = solution information flag
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The snl e function requires user-coded function which contains the source code for the
problem to be solved. The format of thisfunctionis as

function nane(n, x, fvec, iflag)
user -defi ned system of nonlinear equations
i nput

n
X

nunber of equations in system
current argument vector

out put

fvec
iflag

= system of nonlinear equations evaluated at x
= indicator flag

< 0 ==> user termnation

>= 0 ==> no action

where nane isthe actual name of the user-coded function. The function parameter list
should be as defined here.

The main program uses "rerouting” to tell the snl e function which function to use when
calculating a solution. For this example the code is

snl efunc -> geosnl e

The following is a source code listing of the user-defined system of nonlinear equations for
this example.

function geosnle(n, x, fvec, iflag)
user -defi ned system of nonlinear equations
i nput

umber of equations in system

=n
= current argunent vector

n
X
out put

fvec
iflag

= system of nonlinear equations evaluated at x
= indicator flag

< 0 ==> user termnation

) >= 0 ==> no action

Nunerical Analysis with Nunmerit

"unl oad" current argunents

lat = x[1]

alt = x[2]
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conput e geodetic factors

cfactor = %eq / sqrt(l - (2 * %lat - %lat~2) * sin(lat) *
sin(lat))

sfactor = cfactor * (1 - %lat)"2
eval uate system of nonlinear equations
fvec[1l] = (cfactor + alt) * cos(lat) - Wmag * cos(%lec)
fvec[2] = (sfactor + alt) * sin(lat) - %Wmag * sin(%lec)
Notice how the Earth's equatorial radius % eq and flattening factor % | at are passed to
this function via global constants. Thei f | ag argument in this function allows the user to

terminate the iteration in case of a problem evaluating any of the components of the
nonlinear system, etc.

The program will prompt you for the geocentric declination in degrees and the geocentric
distance in kilometers. The declination can be any number between + 90° and the
geocentric distance should be a positive number larger than the equatoria radius. The
snl e function requires an initial guess for each variable. This program uses the
geocentric declination as the initial guess for the geodetic latitude and the difference
between the geocentric distance and equatoria radius as the initial guess for the altitude.

The following is atypical example output created with this program.

function snle - systemof nonlinear equations
sol ution

geodetic latitude (deg) = 45.18025787925662

geodetic altitude (km 429. 7429698080186
nonl i near system at sol ution

fvec|[ 1]
fvec| 2]

0
0

solution information
info = 1

solution tol erance
tol = 1e-10

The convergence criterion is specified in the source code statementt ol = 1e- 10 and
can easlly be changed by the user.
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