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A new simple numerical method for solving nonlinegstems

Deko Dekov

Abstract. In this paper we offer a new simple numericathud for solving
nonlinear systems. The method is described fartfire in the paper [1] as a
numerical method for solving a problem from geodé#sre we note that the method
could be applied to any system of two equationk wito unknowns. The method is
designed for use in high schools and colleges.
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In this paper we note that the method, first désctiin [1], is applicable to any
system of two equations with two unknowns.

The method is as follows. Suppose that we havelt@ ¢he following system:

Alx.y) =0
Sz, =0

where f(x,y) and $(x,y) are continuous functions. We define f(x,y)f#£x,y)| + |&(X,y)|.
Suppose that a root of the function f(x,y) is withihe rectangle [a,b] x [c,d]. We divide
the segments [a, b] and [c, d] by N equal partasigg the points x0 = a, x1, x2, ... , XN
= b, and y0 =c, vy1, y2,... ,yN = d. Then we evaduigx,y) for each x in {x0, x1, ...,
xN}and y in {y0, y1, ...,yN}, and we select the minainof these values. We use the
minimal value as the center of a new rectangle,sslgides have 10 times smaller length
than the previous rectangle. The process is repeattl the root is found. The method
works well, if N> 100, but in many cases it is enough we to setlemyl

The described numerical method has the followingaathges. The method is
fast, provided we solve a system of two equatioith two unknowns.. We receive the
answer for less than 1 second, if we use a degk¢oponal computer. The method is
universal: We can solve also systems with transsstadl functions, which in many cases
cannot be solved by using algebraic methods. Tkeritieed method is simple, so that the
school students could understand and use it. Hetheemethod is suitable for high
schools and colleges as a numerical method folirgplsystems of two equations with
two unknowns.
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The described method is fast, because it needs sarabers of iterations. Since
each iteration adds one true digit to the answerneed only 100 iterations to receive an
answer with 100 true digits.

The method is simple, so that it allows a simplplementation. | have created a
simple computer program by using PHP.

Below we give an example.

Example. Given three circles: circle A with center (x1,ydd radius rl, circle B
with center (x2,y2) and radius r2, and circle Chwienter (x3,y3) and radius r3.
Construct circle that is externally tangent to ¢gfneen three circles. Solve the problem for
x1=8,yl=5r1=25;x2=15,y2=1,12=1x8=15,y3=6,r3=1.

Solution. Denote by k the desired circle, and by (x,y) atd center and radius.
Denote by d1, d2 and d3 the distances from theeceritcircle k to the center of circles
A, B and C, respectively. Sincer=dl1-rl=d2=d3-r3,we have d1-d2-rl1+r2=
0 and d1-d3-rl+r3=0.Hence, we have teestine following system:

l‘/(x—m t(r-1) ~JG )t -y —R+r =0
J

(x—x)+(y-n) —\/[x —xx)t(y-y3)-n*r=0

We will solve the above system by using the compptegram. Each of the
equations of the system defines y as an implicitfion of x. Graph these functions, e.g.
by using the Ivan Johansen’s computer program GrAply intersection point of the
graphs is a root of the system:
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From the graphs we see that the system has onewbih is within the square
[3, 4.5] x [3, 4.5] (the red square at the abowdyse). We use the computer program to
find the root of the function f(x,y) = |f1| + |f2§here f1 and f2 are the left sides of the
equations of the system. Set N = 15. We requirgrd® digits after the decimal point.
The answer is as follows: x = 3.6195014038, y 2843157768, so that we obtain r =
2.0344577679.

We could record the calculations, made by the cderpudhe file containing
record of calculation in the above Example is aldé for download as supplementary
material.
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