
23/7h 

inel inel the eal ot oh the equohion 

x x+| - 0 bu Regua- Falsi Meho 

cn Let f) x-3tl O 
f)= 1-9+1 
(2) 8-9(2)+1 -9<0 

f(3)=_3- 9(3) +| 10 

ince(2) and f(3) ane. o opposie Ag 
he uot dies bw aand 3 

So taking X2f6)3 

X= 3 f(1)= 
SRega Falsi Method we have 

X-(X-z0),{a))

-(3-a)x()
I+9 

&9 
f(z,)=(2-9-9(2-9) +)_ 

-0EH 0 
huthe 10t lies b/uo 2:9 and 3- 

So taking X 2.9 X3,fa)=-0.H- 

Ihen Xo- -X,) {(XD))_ 
fa)-flxXo) 

B-a.) (-0.941) 
+0:TH 

294 1 
f(3)(2.916)- -3(2.941s)41 

-0.026AKO 



Thus the soot ie blo 9416 &3 

ak ing X- 2:9416 3 f(Xo)=-0: 0207 

y 9416 3- 91) (- 0-0209 
+00209 

R94 8 
x) = (2 s4 28) -(342)+ J 

-0.000 3 <0 
Thu he rodt Jies b/w 2.9428 23 

aking Xo= 2.9428 X, = 3 ,fo) -0.003ftr)=) 
Z 2.9428-(3-.94 (-0-TMB) 

+0.CIO 3 
2.94281 

Hence he vrot Corec ed to goun decimal 

plaes ox iven eam iz 2.3422 

Fimnd he eal aso the euatim 
-22-I= b dies Ww |and 3 cacrect 

uto thyee_decimal blace 

fCa) -21 -1 
f(1)= -2(1)-1 =-2 

03)=3-2 (3)-1= 2 

lou By Regula falsi Methor we haye 

- )(7) 
4)-f(7) 

-3-1) (-2) =1+2 
2+2 



x)2-2(2)-1 

The ot Jies b 2 and3 

X 3 , f(o) - -1f ()=2.- 

Ka 2- 3-2) (-1) 
2+1 

2.3333 
) .333-2(2.33 

E-0.2223 < 0 

The ot ies b/o 2.3333 23 

Zo 2.3333,X=3 f(6) -0:2223. 

yE 2.3333 32.3333)(-0-2223 
+02223 

2.3333+ 666 

4)-2(3.4)- 
5.9-4.- 

-6.0 y o 

laking ,2.4,2,23 fu)-0-0 
2 

2.4 (3-2.4-0-04) 
(I+6.04 

2.4+6. DI8 2:41188 
f(5) 4118 2 (2.408)- 



Taking X R»41)8 ,X 3,{(xo) 000 68 

4l8 +2 41E) (0«0068) 
A+0.0068 

2.4118 +6.0o19 
4132 .414 

fa)=.4139-2 (a.413?) - 1 

0.601S 

laking Xo 2.4132, X:3 1 f(x%) = -b: GOI'S akin 
(1)2 
a 2,413 (3-2.4139)_0.60IS 

2+0OD1S 
2413 tO ood43. 

R141&2414 

4)=(2.441_2 (2.4141) = 
-0.O03 

kin Xe 2.41, X=3,f7)= E0.003)a)=2 

3 4141 3-2.4141 (0.co3 
0.003 

2.1S8 
The 0t given eqm hap an abbroximae 

volue bto thvee dedmal places 2414 



3.5.1. Rate of Convergence of Secant Method: 

By Regula-Falsi method, we have 

Ax) t-x- 1 
a+1*n fxn)-fan-1) ..(1) 

Let be the exact root of the equation ftx) = 0 and let E- 1, En and e, +1 be the 

rrors corresponding to the approximation , - * and xn +1 respectively. Then 

fE)=0 ...(2) 

n-1+En 1 
n+E 

n+15+En +1 
... (3) 

Substituting the values of - *, and x, +1 from (3) into (1), we get 

+1=5+e,-S*) +,--e,- +En+15+Enf+E,)-fG +En -1) 
En-En-1)fG +E,) En +15EnfE+E)-f +En -1) 

or .4) 

Equation (4) may be rewritten as 

En-1f +E)- E, +E,-1 
En +1 f+E)-fG +En -1) 

...(5) 

Now expand f+E,) and fi� +E, -1) by Taylor's series, we get 

2 
En 

fG+E,)=fE) +E, f)+f)+... 
2 

E,f(E)+ fE)+ )=0 

Similarly, fi+E-1)=Ez-1ft) +f"E)+. 
Putting the values of fAG +E,) and fG +En - 1) in (5), we get 

n-1f+f)+--1f)+f"©)+.. 
En +1 

f)")+. 1ft)+r)+..| 

n-1 Gn Eg -1) f") +.. 

e-E-1)fG)+ -e-fE)+.. 

En +1 Ignoring e -1 and e, and their 
EnEn-1)fE) 

higher power terms 



or 

En+1En1E, k, where k=) 
f'E) 

or 

Let m be the rate of convergence of the method. Then 

E -1,where k is a constant 

Eliminating e, - 1 between (6) and (7), we get 

e+mn 
n 

En+1 k 
n+1+l/m) k 

(h)m 
or 

En +1 k 
Now eliminating en + 1 between (8) and (9), we get 

From (7), 
. 

E k=e+ 1/m)k 

k Ee+1/m). 
or 

k+1/m) 
Now choose k and ky such that 

k=(e)+1/m) 

Then from (10), we get 

m =1+ 

m m-1 =0 

1t V5 
or 

m= 

2 or 

Taking positive sign (as m > 0), then

1+5 3250 _ 1618 1-62. 
2 m= 

2 
Hence the order of convergence of secant method is 162. 

SOLVED EXAMPLES 

Example 1. Determine the root of the equation fix) = co8 x - xe" = 0 using th 

secant method upto four decimal places. 
...1 Solution. Since fx) = cosx -xe" = 0. 

Taking the initial approximations as xo = 0, *1=1 

fr) =f0) = cos 0 -0 (e) =1 

fr) =f1) = cos 1 - 1 (e) =- 2.1780. 
Then 

and 

By secant method, we have 

1-0fx) 2*1fa)-f*o) 



1-0 = -2178O-T-21780) 

= 1-21780 31780l-0 6853 
t2 =03167. 

fxa) = f0 3147) = cos (0 3147) - (0 3147) 3147 Now 

- 09509- 04311 05198. 
From (1) 

The second approximation to the root is given hu 

fag)-fa) t2) 

03147-1(05198) 05198+21780(05198) 
= 0-3147 

0-3147 +03562 =04467. 

fxg) f0-4467) 
269780.4467. 

Now, 
cOs (0 4467) - (0 4467) e0 4467 

= 090190 6983 0 2036. 
From (1) 

The third approximaon to the root is given by 

g-2 *4=*3 fxa)-f2) 

0-4467-04467- 03147 (0.2036 
0-2036 0-5198(2036) 

= 0-4467 +0.0269 = 04467 * 0-3167 
0-5318 

fxa) =f0-5318) Now, 
= cos (0-5318) - (0-5318) e5318 
= 0-8619-0-9051 = -0-0432. 

From (1) 

The fourth approximation to the root is given by 

T43 
54 fxa)-fxg) f*a 

= 0-5318-05318 -0-4467 
-0-0432-0-2036 X (-0.0432) 

0-5318_.0037 

0-2468 
= 0-5318-0-0150 = 0-5168. 

fag)= f0-5168) Now, 
= cos (0-5168) - (0-5168) 05168 From (1)) 
= 0.8694- 0.8665 = 0-0029. 

The fifth approximation to the root is given by 

5-4 fxs) 6*5 fxg)-fx4)



05168-05318 05168 
0 0029+ 00432 0 0029 

061684 0000435 

00461 =05177. 

Now, g)=/106177) 
cOs (06177) - (06177) .06177 

= 08690- 0 8688= 00002. 
The sixth approximation to the root is given by 

From (1) 

fxs) 

0-5177-U6177-05168 

0-0002-0 0029 X 0-0002 

0-5177 +0:00006 =051776. 

Hence, the root of the equation cos * - ae* =0 correct to four decimal places is 

05177 
Example 2. Find a root of the equation x-e"" = 0 correct to three decima 

places by the secant method. 
r)=* - e* = 0 

f0)=- 1 
Solution. Let ..1) 
Then 

f1)=1-e=0-6321 

0, 11. 
Applying secant method, the first approximation to the root is given by 

1-0 
*2*1f)- faa * fr) 

and 

Taking 

=1-1-0 
0-6321 +1 X06321 

=1-16321 6127. _06321 

Now, ftg)=f06127) 
= (0-6127)-e- 06127 
= 0-6127 0-5419 0-0708. 

The second approximation to the root is given by 

[From () 

2-1 3-*2 fxz) -f) fxa) 

0-6127 0-6127-1 x00708 0708-0-6321 X 0-0708 

0-0274 0-6127 0 05613 

= 0-6127- 0-0488 0-5639 
xg) = f0 5639) = 0-5639-e05639 

0-5639- 05690 = - 0-0051. 

Now, From (1 



m 

The third approximation to the root is given by 

*3 ftg)-fx) a) 3-2 

= 0 5639 05639 0 6127 
C 0051 - 0 0708 (-0 0051) 

= 0 5639 , 000025 
00759 

= 0 5639 +0 0033 = 0 5672. 
f04) =f00 5672) = 0 5672-0 5672 

= 05672-05671 00001 

Now, IFrom (1 

The fourth approximation to the root is given by 
4-3 

fxg)-fa)a4) 

05672-5672-0 5639 
00001 +00051 X 0 0001 

= 0-5672 000063 0 5670. 
Hence, the approximate root correct to three decimal places is 0-567. 

EXERCISE 3 
1. Find a real root of the following equations by secant method:

i) ++x+7=0 (i)-x=0 
) --3-1= 0. 

2. Using Regula-falsi method, compute the real root of the following equations 
) -4x -9 0 Ci)--3-1=0 
Gi) xe= 2 (iv) cos x = 3x -1 

(v)-X- 4 = 0. 

3. Find a real root of the equation 3x + sin x-e" = 0 by the method of false position correct 
to four decimal paloes. 

4. Find the root of the equation xe* = cos x in the interval (0, 1) using Regula-falsi method 
correct to four decimal places.

5. Find the root of the equation tan x + tanh x = 0 in the interval (16, 3-0) correct to three 
decimal places by Regula-falsi method. 

6. Find a real root of the equation x logjo X = 12 by Regula-falsi method correct to four 

decimal places. 

7. Apply False-position method to find smallest positive root of the equation x - e = 0 
correct to three decimal places. 

8. Solve the following equations by Regula-falsi method: 
)+x-1 =0 near x =1 ii) 2x-log1 X = 7 in (3-5, 4) 

ii)+-3x -3 = 0 in (1, 2) (iv)-3x +4 0 in (-2,-3) 
(v) -5x - 7 =0 (vi) -x-2=0 
(vii) x = tan x (vii)- --3=0 

(x)+-7-x + 5 0 in (2, 3) ix) (5-x) e = 5 near x = 5 



(xii) +x -3 0 (xi)-x- 2 6x-4 = 0 

(xiv) x-4 0. (xiii) x- 5x +3 0 

9. Using False-position method, find x when -9=0. 
10. Find real cube root of 18 by Regula-falsi method. 

ANSWERS 
1. (i) - 2-0625 ii) 0-6190 (ii) 1-404 (v) 1-7963 

7.0-567 
(v) 2.7473 
(x) 2-0608 

2. (i) 2-7065 ii) 1-404 (ii) 0-853 iv) 0-6071 

3.0-3604 4.0-5177 5. 2-365 6. 2-7406 

Civ)-2.1958 

ix) 4-96511 

8. (i) 0-6823 (ii) 3-7892 (ii) 1-7321 
(vi) 16956 (vii) 4-4934 (vii) 1-5018 
(xi) 273205 (xii) 1-2134 (xiii) 0-6566 (xiv) 1-7963 

9.3 10. 2-62074. 
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