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Abstract

Misection and regular flse position eethods ae widely used to find o root of A non-alpebraic or Irnscencental equation. The zim of thi
paper is 1o find o new algonithm fwosolving ranseendental egpualions using three peinds (fa emd moints of b micrval 2nd their mid-poin
10 inlerpolate an eywivabend guadiatic polyromial, peomestnically wiich represents o parabola, One ol Lthe mots of this quadratic polynoms

will be an appmozinste ot of the given ranscendentnl equation.
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Intrueduciivn

I fixy is a real and conlinunes function in an interval
a<c<h, and fiep and FiF are of opposite signs,
(Balagurusamy 2004} ie fu)- f(B) =0 then thers s at
Teast one real oot in the interval betwesn o and F Tt us
alsn define another point ¢ o be the midpoint letween a
and &, L& c=ia+b)/ 2. Tking Mewton's Interpolating
pulynomal fror three points {a, Fla)), (o, Fel), (b B
wi can form a quadratic polypomial g(x) which is an
approximatinn of f(r) on the interval [2.6]. A solution of
plx) - 0 will he an approximate root of () =0.

Formulation Tsing Newton's Forward Diflerence
Formulky

T find Lhe equivalent quadratic cxpression of fix) we nsc
the: Turward difference formula (Sastry 1999).

Table I: Forward difference table

X ¥ A A
i fla)  fleh-fla)  Fia)-2fic)+ i)
c={a+b)/ 2 fiy -
b Sy

Bow, [rom Newlon's forward differcnce formula we pel

PLe_D 4

2!

2LX)} = ¥ + paw, + (1}
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whizg
Py flady Fle)-fla)

Ay, = [(a) =270+ Fib)
and gix) is the equivelent guadratic polyovmaal of ).
S0 erpuign (1) takes (he form
(fig)  fla)ix—al
¢ oa
: (=2 b+ FibDe - alx )
Me—a)
Therelpre, the above quadratic polynomial gix) @5 a
approximation of F{x) in the interval Lo, b1, A solation o
gix) =0 will be un approximate rool of la) =10.
The quidiratic eguation g (x) =0 can be written as,

(fla)-2f(e)h 1 Fibpx" - lal fla)—4fc)+37 (B}
BTl —4 (e} | FbNx+a’ FiB1+E flu)

gix)= Fla)+

{

rabl flal—4f(c)+ fibn =0 (2
Sulving the quadratic equation {3} wi have the solutions
_:L] =M |:d
!
and x, = h—ty i
5
where

P =a(f(a) -4 (c) 1 301 b5 Fla)—4f{c)+ fED)
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fota th{r:}f +16([ () +(F(B))°

) =2 f{a) fBy -8 fla) e} =B () fic)
=40fla) 2/(d+ Flby

Since f{w) and fi{b) have the opposite signs, =0 o) axd
gib}) must have opposite signs. Therefore, gix) will
ubviously infcréec) the x-axis into two dislingl points.
Conseguently, the soluions x and x, will always be
distinet amd real. Ome of the (wo solutions will he the
apposimale oot of Fl=0. I a<x =f then &, <a or
xy =0 and rowall be the approximate oot of F(x) 0. TF
sy el then n<g or x=b and r, will be the
apprnxirmile root of (1) =0. By checking these eondilions
in ull iterations, we have v identify the formula which we
have to vse. Chousing the resull fron [irst iteration, replace

il with o of the end points & o b on the basis of the sign
ol 1 [unctional vialoe.

We cin establish an algieithms whose itcrations give beller
approxdmation than thil of Regular False position or
Thgection method for the oot of Fix) =0, whereas the
procedure is interpreted poometrically. The computation is
perfurmed by the help of the package Motherneiz.

Algorithm

To fnd a soluiicn w F{x) O given the conlinuoos
function f on the inferval . [g,b] where fla) and [ik)
havee appesile signs: (Burden et ol 2001)
THTUIT epdpoints a, & ; tnlerance TOL; maximum number of
itcrations m
OUTPUT approximite solution x, o message of Gilure
Atep | SeLi=1
Step 2 while fZ2m do Step 3 to Seep R
Beepd o= alh
Srep d Rl
A el M) =4 flek+ 30000 B3 Ma) -4 {c)+ fibh
P = thtan“ 6L + ()

', = (=)

i) MR -8B Fla) fic) BB )

F=4(f(ad-2flc)+ Fib))

H PR
hith and x, =—1—=
’ E
Slep 3 IF a2 x < then s Xy =X
I:|.5.'.-5-E:t.1q -,

Step G TF (ol fix,) =0 then zct & — a

clszset fr— i,

472200

F.Tr:[}'.'-'ll".a—bl < TOL then

QUTPTIT { &) (Procedure compleled successfully
Y L
SepBScti—in |

Step 9 OUTPLUT (Method failed aficr m iterabions]

{Provzedure completed unsuccesiully)
ATOT

Working Rule With Example

T find & vowst of the function {Buarden g gl 2001

S =" +27" tonsx -0 o
over the inferval using our present micthod we nesd La
inilial approsimations @ and Bso len fig)<0 anc

RO ETI
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P
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w5
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1.F :;.._.__l.-r'l' z r.s H :
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Fig. I: Graph of Fix)

Since (1) =-224142 and [{3) = 132705 5o, we choose

o+

a- Lifr=3 jmd o 2. MNovw wsing gomition (21 we

gel the cquivalunt quadratic cguation of ([x) 15

426660 2" —0.33564 x 1 242757=0 (7
Salving equation (T) we pet the values x = 0363151 and
X =189, Since x; =1.R249 lies between 1 and 3 so

- 0363150 is rejected hore. As & resull x, =1 8249 is
the first opproximation. Yince the functional walme for
&y =1.H249 is posilive so we replace the valee &, = [.R249
in stz of the value of . Again we have to find aur a
quadratic cprition and it soluwtions.  Continuing  this

procedur: we can [ind a root of the anscendental equation
(6.

eometric Inlerpretation

We know that the quadratic eqpeition represents a parabola.
Tn the cuse of our new spprosch, the parabola will pass
through three poines like (o, ((ad), (o, fled) and (5, F{00)
und cut the X axis near the zero of ({x). Using the culting

povind we can find apain the new approximation and s on.
The fullowing figures in the Table 1L shows the parabolas

- passing through the points given in Table 11
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“ahle T1: Itcrative upproximations for (be present melhod with tolerance (WAL

Moy, of iberalign i b Approsimale root Fipl .
L LOG0OO00000N0000 3, 0000000000000 13248951407 165 0, 23032966084
2 1O0UOO00OOONO0GN 1.8248951407165 1.7744830550321 -00LATS0ATRD 4
1 15248051407 163 1.7744830530321 1777182978454 333128 105=107"
4 1.7744530n 5032 | 1777189784546 1. 7771822745408 2 B52000 14 1077

Tahle T11: Geomelri: interpretation of the iterations of the present method

M. of iteration Graph of f{x) with quodratic approimation
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Tuble IV: Comparison of the result with (he biscction method and fulse posttion method with tolerance 00001

Mo, ofitcration  Kepular false-positicas method Bircetion method " Present metlwonl
| | 2R00IE4806410 2. DO0000000000 1.R24895 1407165

2 | ARTRETI00U263 | SOO00OO000000 1.77448305503521
3 |.6041635463171 1.7 SOO0OON00000 1777182978454
4 |L6TT2743547939 L ETS0000000000 L.77/1822745408
5 1201273020210 LB 125000000000

8 174481 36044470 178 1250000KH0

v |7 SSEED03E5T1T 1. 7636250000000

8 1. 7668664201911 177343 75000000

i 1.7713722534102 L FT7343 7500000

10 LIT391 22908661 LITS39062 50000

11 177534261 13893 LITG3GTIET5000

12 1776147257975 1. 7TORSS4GETS00

13 L.7766003365261 17770996095 750

14 1.77685501 B4306 1777221676575

13 1.7769982475R04 L777160G4457513

16 L77TU7R7923973 L7779 162 100s

17 LT7T124085 1260

1% LT771405540650

19 1,7771638755616

Comparison

Taking two em] points @ =1 and b=3 with wlerunce
(LOODL in the three cascs we observe that the false position
roethod takes 19 demiuns the biscction methud takes 16
iterations and onr present method takes only 4 jlerations to
reach the resuli with desired toleramec.

Conclusion

The preseat method provides bettor appeoxiosiion than the
regular  false pusition and  hiscction  method  [or a
tramscendental  eguation.  Acmally  repular  [ilse-position
mizthyd works with straight line and guadratic [ulse-position
methud work with a parahola (s bending line) so that the

roat ix achieved carlicr. Furhermore biscotion methisd
wiorks wilh mid-point and hire we also use the idea of mid
prinl. 5o this method is o combination of regolar [alse-
position method and bisection method.
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