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Numerical Techniques

15.1 INTRODUCTION -

In this chapter, we shall deal with the methods for solving the equations. Sometimeés, a
rough approximation of a root can be found by graph and more accurate results by. the following
methods -: ;

(i) Newton 'Raphson method or successive substitution method.
(if) Rule ‘of false position (Regula falsi).
(iii) Tteration method.
15.2' SOLUTION OF THE EQUATIONS GRAPHICALLY
Step 1. Find a small interval (a, b) between which the root of the equation lies.

Let fo) =0~ : )
and f(@ = -ve and f(b) = +ve ' :
then the root of the equation (1) lies between a and b.

For example f@) =22+x-15=0

f(2)=8+2-15=-5=—ve
“f(3) = 18+3-15= +6.= +ve
.. The root of thc equation lies between 2 and 3.
'Sté‘p 2. Write the equation f (x) = 0 as ¢ (x) = ¥ (x)
[For example 22+x-15=0 or 22=15-x
Step S: Prepare two tables for y = ¢ (x) and y =y (x) taking- values of x between a and

Step 4. Plot these points and join them_ to get smooth curves.

Step 5. Note down. the abscissa of the point of mtersectlon of the curves y = g (x) and
y = ¥ (x). This is the requn‘ed root of the equation f (x) =
_ Note. Sometimes we do not wnte f (x) =0as ¢ (x) = u,l (x). We adopt the following
method :

(i) Find a small interval (a, b) between which the root lles f (a) and f (b) are of opposite
sign.

(ii) Prepare a table of the different values of x between a and b, for ¥y =r.

(iii) Plot these points and join them to get smooth curve.

(iv) The real root of the equanon F)=0iis the abscissa where the curve cuts the Xx-axis
‘Note it.

982
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Example 1. Find graphically the positive root of the equation.

¥ —6x—13 =0, i
Solution. 70
fx) = ®-6x-13=0 ) 60

£ 50

f@)=271-18-13=-4 = —ve .
F4) = 64-24-13 = 27 = +ve =
The root of (1) lies between 3 and 4 as f(3) and o[
. f (4) are opposite in sign. 10k
(1) is written as x> = 6x+ 13, y= P

O30 32 84 36 38 40 X
and y = 6x+13 ‘ :
" 'Let us draw two curves for y = x> and y = 6x + 13.
y=x
3 3.2 34 3.6 . 3.8 4.0
27 328 39.3 46.7 549 64
y = 6x+13 |
% = il 34 3.6 3.8 4
y 31 322 334 346 35.8 37

Let ‘the origin be (3, 0).
‘The graphs of y = x> and y = 6x + 13 are sketched in the figure. The abscissa of the
point of intersection of two curves is 3.2. : '

The root of the given equation is 3.2. Ans.

Example 2. Solve graphically the equatwn x -1 = sin x.

Solution. x -1 =sinx

We take two equations y = x — 1 and y = sin x. Let us ‘find out the absassa of the pomt
of intersection of the line y = x = 1 and the curve y = sin x and gwe a rough est1mate of the
‘root. : - ¢

. For the stralght line y - x — 1, we have the table

R SRR e : 0 = SO
. For the sine curve, we have the. following. table :f,’_b ' e _b e
g 0 - w4 w2 | g
“y=sinx |- 0 011 1.00° o7 e
On the samie axes, and with the same scale censtruct Y 5
the graphs ofy -1 andy-smx : o8k et Z{.
From the graph, we_ get x = 1.95 radians approximately. o T
; Ans. 2 2
i 0.8}
¥
Y
/ &
o \
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 EXERCISE 15.1

1. Draw the graph of y = and y = — 2x + 20 and find the approximate solution of the equation
O+2x-20=0. , Ans. 247
2. Solve graphically £-2x-5=0 Ans. 2.099
3. Solve graphically * —x—-2 = 0. _ Ans. - 02
4. Solve graphically e - 54 =17 = 0. _ Ans. 1.04

5. Draw the graph of y=¢*~" and find graphically the values of the root of the equation3 —x = €™\,
Ans. 1.44

153 NEWTON-RAPHSON METHOD OR SUCCESSIVE SUBSTITUTION METHOD

By this method, we get closer approximation of the root of an equation if we already
know its approximate root. :
Let the equation be  f(x) = 0. i <G
L;ét 'its_ approximate »root' be a and better approximate root be g + h.
Now we proceed to find h. .
fla+h)=0 approximately [asa + h, is the root of f (x) = 0] (2)
By Taylor’s theorem . .. ¢ : ‘ ;

: g
@ik = f@+hf @ +5 7 @+

or i fa+h) = f@+ht @ -3
Since h is small, we neglect the K2 and higher power of h.
- From (2) and (3), we have

07=.f(_a)+h-f’:(a) or h=- fla)

(@
f(a) ~ 5 :
or cath=a-= =a . [First approximate root = a]
f (a) 1 P
: iR e
Second approximate root @ = @~
e
el S e e f(@)
Similarly third approximate Toot, a3 = d2= ",
: ' f' (@)

"By repeating. this operation, we get“clbsef approximation of the root. »
Note. (1) In the beginni»ng,fwe‘gues_s two numbers b and ¢ such that f (b) and f (c) are
of opposite sign. Then the first approximate root a lies between b and c. ;
(2) If £’ (x) is zero .or nez’irly zero, this method fails.
Example 3. Srarting _wjth Xo = 3, find a root of B -3x-5 = 0, correct to three decimal
places. Use Newton-Raphson method. ' s
Solution. f(x) = ¥-3x-5=0, f' ()= 32-3
' © @) =21-9-5=13 f'(3)=271-3=24
X; =X o) =3 0 =3 7 3-0.5417 = 2.4583
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£ £(2.4583) 24812 Sz W
% =" 24583~ f—ﬁ———(z D) - 2458315 oor = 24583~ 0.1640 = 22943

2.2943) 0.1939
= 22043 L&) _ 59943 = 22791
e f22943) 127914
£(2:2791) = 0.0010
Hence the required root = 2.2791 £t Ans.

Example 4. Find the real root of the followzng equauon, correct to three decimal places,
using Newton-Raphson method.

X=-2x- 5.",_‘ 0
Solution. ¥*-2x-5=0 : e ; i (1)
Let f) =3-2x-5 : :

f@2)=8-4-5=-1
f(25) = (2.5P-2(25)-5 = +5.625
Since f(2) and f(2.5) are, of opposite sign,. the root of (1) lles between 2 and 2.5 ;
f(2) is near to zero than f(2.5), so 2 is better appropriate root than 2,5 i
ey =32-2 7 @) =12-274710
Let 2 be an approximate root of (1). By Newton-Raphson method
ay = a-— L—L & = 2—— = 2:1
@ f 2 10
f@) = @1)-20. Iy~ 5= 9261—42 5 = 0.061
fr@n =312~ 2 = 1123 A

2.1 0061 _ e
- L&h. .o 2.1-0.00543 = 2:
7T R TF RO518 = SRS

£(2.09457) = (2:09457)° -2 (2.09457) -5
= 8.80558 — 4.18914—5 = - 0.38356
F*(2.09457) = 3 (2094577 -2 = 13. 16167' 2 = 11.16167

f(2.09457) _ -0.38356
a3 = 2.09457 - 7.(2.00457) - 20945? ——-—11 16167 — 209457 +0034364 =2 128934
i (2 128934) = 9.649095 - 4. 257868 - 5-= +0.391227

f2. 128934) = 32 128934)2 -2=13 59708 2 =11 59708

2 £(2.128934) - _ 10391227 _ ..
ay = 2128934 <70 8954) = 2.128934— 77 59708 2.1289340.03373 =2.09461

. : Ans.‘
Example 5. “Find an mterval of length I in whlch the root of

f()=3x°~4x? —4x~7=0lies. Take the middle point of this.interval as the startmg approxi-
matzon and iterate two times, usmg the ‘Newton- Raphson . method

Solution. f(x‘) =35-4x2-4x-7=0 : w1
f(2) = 24-16-8=1 S
f(3) =81-36-12-7 = +26

The root of (1) lies betweeh 2 and 3 as f(2) and f(3) are of opposite sign.
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The middle point of this interval is 2.5.
: f(2.5) = 46.875-25-10-7 = 4.875
By Newton-Raphson method
a) = a—ﬂ,ﬂ and f'(x) =9x*-8x-4
f' (@
56.25-20-4 = 3225
2.5) 4.875
cof il o0 A8 o5 Giss
¥ @25 32.25 i
f(2.35) = 38.93-22.09-9.4-7 = 0.44
f'(2.35) = 49.7-18.8—=4 = 269
2.35 0.44
=335 @3 _ 545 =235-0.016 = 2.
7@235) 269 S
f(2.334) = 38.14-21.79- 934~ 7 = 0.01 :
Hence the required root is 2.334 - ' Ans.

Example 6. By itsing Newton-Raphson s method, ﬁnd the root of x*—x— 10 = 0, ' which
is near to x = 2 correct to three places of decimal.

Solution. f® =X-x-10=0, f'(x) =4°-1
f@) =16-2-10=4
Fefed-1=31
By Newton-Raphson’s method
a,.=a—f-ﬂ(—L) _ f*,ﬂ(—z% 2—3—1-—2— 29 = 1.871
£(1.871) = (1.871)*— 1.871-10 =-12.25— 1.871 - 10 = 0.379
£/ (1.871) = 4(1.871° -1 = 4x6.5497— 1 = 25.1988

1871 - L8,y ggy 0319 _ 491200150 = 1.856

f.25)

. dig P2 7 25.1988 |
£(1.856) = (1.856)* - (1.856)~ 10 = 118662~ 11.856 = 0.0102
F7(1:856) = 4 (18560~ 1 = 4x 64623~ 1 = 24.8492

ay = 1.856- 10859 1856 3; 5305 = 1856~ 0.00041 = 1.85559

£7(1.856) 24.8492
£(1.85559) = (1.85559)4— 1.85559— 10 = 11.85572 - 11.85559 = 0.00013

f7(1.85559) = 4 (1855597 ~ 1 = 4 6.389193927~ 1 = 24.55677571
i £(1.85559) 0.00013  _ 2
as = 1.85559- 7 (183559 = = 1.85559- 7= cm = = 1.85559-0.00000529
= 1.85558471 Ans.

Example 7. Determine the root of x* +x>—7x*—x+5 = 0 which lies between 2 and 3
correct to three decimal places.

Solution. f) =2#+3-7x2-x+5=0
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or

or

or

(@) = 1648-28-2+45 = ~ 1
f(3) = 81+27-63-3+5 = +47.
Root lies between 2 and 3.
Taking x, = 2 as first approximate root.

o R [f‘(x)’:4x3+3'x2—14x-1]
X = X ¢

) f @ f@2) =32+12-28-1=15
4 2-’1—51 = 211—5 = 2067
flx) ' 2.067
X = =2.067 -
Bk f @061)
: ~0.0028 _
=308r-= o 2.067+0.0001519 = 2.0671519 Ank

Example 8. Using Newton-Raphson method evaluate to two decimal figures, the root of

 the equation ¢* = 3 x lying between 0 and 1.

SO

or*
" and

Solution. fx) =e&=3x=0
fO =1 -
f@) = el =3 = -02817
The middle point of the interval (0,1} i5:0.5..
 fl08) =R = 3(05)—1649—15—0149
fam=ie— 3, (0.5 = €3-3 = 1.649-3 = - 1.351

By Newton-Raphson method a; = a-—‘L,(g)- '
f'(a) . '
0.5 . 0.149 .
0 ﬂ—L 0'5" ——= = 0.5+0.11 =0.61
s f(0.5) . -1.351

f(O._6l)=e 3(061)=184 1.83 = 0.01
£/ (061) = 961-3 = 184-3 = - 116

a = 061-LOSL _ o461 - 001 _ 0,61 400086 = 06186

, £ (061) L
£(0.6186) = 05183 (0.6186) = 1.8563 - 1.8558 = 0.0005
: T T R ' Ans.
-Example 9.  Compute the real'roo't‘ of xIOgmxr.—-I.Z =.0 :

Solution xlogpx-12= ‘0
foi 5 f(x) = xloglox 12 or f(3) 310g,03— 1.2
f(3)-— 3x04771- 1. 2 = 14313 12 = +0.2313
f@2) = 2x03010 1.2 = 0.6020 -~ 12 = —0.5980
“ f(3) is +ve and f(2) is —ve, so the root of the glven equauon lies between 3 and 2.
f) = xlog,ox— 1.2 = 04343 xlog. x— 1. 2
f’(x) = 0.4343log, x +0.4343 = log|0x+04343
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Takirg x; = 3 as first approximation, we have

X =X fx) (By Newton’s method)
i (x1) :

: "3logp3-12 02313 _ s

i = 3-0.2538 = 2.7462
s 103103+04343 V7 Rl nontes gk

b 27462 1og,027462 12 00048

s = 27462~ 2202 _ v ;
i Togia 2.7462 +0.4343 7708730 sy

Example 10. Write the Newton-Raphson procedure for finding AN, where N-is a real
number. Use it to find N1 ‘]_ 8 correct to 2 decimals, assummg 2:5as the initial approxtmatzan

Solutlon Letx—r =X =NorxX*-N=0

Letf(x)—r"N 0=:'f(x)-'3x2 ; 5 =
By Newton — Raphson Method, x,.1 = x,, - %’%
x,.+|= "‘;".-'z x;’,3x2N = in:;NV, 'n_=0,'1,, i
Let N = 18, x = app. cube root of 18 = 2.5 : 3
x = %27(52% = 2.62667 ' |

“Repeat this method.:

Exercise 15.2
Solve the following equations by Newton s method: g
L £-2x-5=0 S Ans. 2.0946

2 P-2x+405=0 i 4 Ans. 02578
3. 3°+824+8x45=0 L st o “Ams. -167
4. ©#-5x+3=0 o S Ans. 06565
ke e R NS L Ans. 18955
6. x&=2=0:. . B s : Ans. 0853
7. R—4sinx =0 e : Ans. 19337 =
-8. Apply Newton-Raphson method to find an approximate solution of the equation e*—3* = 0 correct ¢

i

upto three significant figures (assume x = 0.4 as an approximate: root of the equation). Ams. 0.619

9. Determine approximately the root of the equation x + log;o x = 3 375 correct to two-significant figures.

Ans. 2911
10 Determine ar proxxmately the smallest positive root of the equation x> +2x—2 = 0, correct to two
algmﬁcant ﬁgures usmg Newton-Raphson method ‘ ; Ans. 0.7482

11. Design a Newton- Raphson iteration to compute thc cube-root of a positive number, N. Perform two
iterations of this method to compute (2)'? starting from xp = 1. Ans. 1.264
| e
12. A root ot the equation ¢* = 1 tx+ T+

NPwton-Raphson method. ' : Ans. 2.364

is close to 2.5. Eind this root to three decimal p‘aces, using
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154 RULE OF FALSE POSITION (REGULA FALSI)
Let f(x)=0 (1)
Let y =f (x) be represented by the curve AB. :
The curve AB cuts the x-axis at P. : [
The real root of.(1) is OP. ’
The false position of the curve AB is taken as the chord A
AB. The chord AB cuts the x-axis at Q. The approxlmate root o
of f(x) =0is 0Q. ) » ,
By this method, we find OQ : [a. f(a)]
Let A [a f(a)], B[b,f(b)] be the extremities of the chord ,LY- :

(b, f(b)]

AB.
.The equatxon of the chord AB is :
y-f@ = ag%_z:u O (Tovor st foum)
To find 00, put y = 0, ~f(a) = LO=L@ (g |
£ ' N -—gb.—.a!_[ga! o = (a=b)f(a)
G =t . )
_af()-bf(a) :
B -f@ _ | *

Repeat the above rule.
Example 11. Find an approximate value of the root of the equation L+x-1 =0 near
x = 1, using the method of false positibn (regula falsi) two times.
~ Solution. f(x) = B+x-1=0" :
Sf()=1%1-1=+1
e f(5) = (5P+(5)-1=-375
2 The root lies between 5 and 1.

Let. 08 and. m=1 : :
e _nfe)-nfe) o _ 05f(1)-1f(0S5)
fx)=f(x) . (=05

0'5 - 1(-0‘375) '
140375
Now f(064) = —00979*ahd f(I) q
‘Root lies between B4 and'1. VRS
X| = 064 xz =1-

= 0.64 : : ],

# 064f(1)—lf(064) 0.64(1)-1(-00979) _ 06
FO)=F0.64) 14 00979 -
Now f (0.672) = - 00245 LT '
e 0672 and x =1 i y

_ 0672/ (1)~ 1£(0.672) _ 0672+0.0245 _

(1) =f(0.672) 1+0.0245 SO -
£ LS
7 X
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Example 12. Find the root of the equation 2x —logjg x = 7 which lies between 3-5 and
4, 'Qorrect_tq five places of decimal, using method of false position.. . : ;

- Solution. 2x—logiex =7 or 2x—logox—7 =0
. f(x) = 2x-logix~7 o
f(4) = 8-log;p4-7 = 1—0.60206 = 0.39794
(3.5 = 7-l0gio3.5-7 = ~0:54407
" The root X3 hes between 3 5 and 4. ' S
By False position method Ei B
_ nf)=xfn) _ 35f@)-4f3.5)
FOp)—f(x1) f@)-f@3.35)

_ 3.5(039794) ~ 4(=0.54407) _ 1.39279+2.17628 _ '3.56907 _ , 7&@
0.39794— (—0.54407) .- ... 094201 .. 094201 > 5078

£(3.78878) = 7.57756—0.57850—7 = —000104 g PEAT e e
Again applying False posxtwn method: . - . I R e SR LS R

_ 3.788781(4) - 4£(3.7887 J 378878 0.39794 4 x (—0 00104)

f(4)—f(3.78878) 03979-(- 0.001047) . -
_ 1.50771+0.00416 - 1.51187 _ Fiht :
=T heme T -

Example 13, Fmd by the method . of Regula: Fal.w a root of the equatzon
X34 x2'= 3x— 3=0 lying between 1 and 2.

Solution. f(x) = ¥ +x~3x—3 =0 i~ g
f(l)—1+1 -3- 3——4-—,—ve :
f(2) =8+4-6-3 =+3 = +ve:i:

The root lies between 1 and 2 as i (l) is —ve and f (2) is +ve.:

By Regula Falsi method: :

>1f(2) 2F(1) +-1%B~ Bk

St 1 A i CRRES: X

&) = = = =157

1T i@ @ T R
ALSTY) = (LSTIP+ (1L5THR-3(15T1=3 . - 0 assiar

= 3.877+2.468—-4.713-3 == 1.368 = —ve
The root lies between 1.571 and 2 as f (1.571) is —ve and f @) is #ve. i wifv b
1.571£(2)~2f(1.571) . L

XZ=

FRY=JQASHY . . ¢ 1oagw 05
_ 1571x3 - 2x(-1.368). 47i3+2736 21765
= -(-1368) 4368 :
£(1.705) = (1.705)3 +(1.705)% -3 (1 705) 3= '4960+2908 5 15-3
= —0.247 = - ve. - "8

The root lies between 1.705 and 2 as f (l 705) is ~ve and f (2) is +ve.

_ 1705/ -2f(1.709 _ 1.705%3 - 2x(——0247)
£(2) - £(1.705) 3= (-0.247)

= 1.727

Ans.
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Example 14. - Find the approximate value, correct to three places of deczmal.; of ‘the
real root which lies between — 2 and — 3 of the equation x° — 3x+ 4 = 0, using the method of
false position three times in succession.

Solution. f(x) = X2 - 3x+4 0

5=2,%=-3
f(x.) =f(=2) = (-2P-3(-2)+4=-8+6+4 = 2.
f) =f(=3) = (-3P-3(-3)+4=-27+9+4=~14"
o o L@ mRf0)  22f(3)-CFEY) | 2(19-(-3) (@) _ 28+6 34
fed-fa)y = _ICIIE2 . -14-(2) =0 . =16
-2.125 - e :
5 el ‘f(—2 125)""4 (=2.1253 -3 (-2.125) +4 = - 9.596+6.375+4 = +0.779
f( 3)==14 and f(- 2125) = +0.779
Root lies between — 2. 125 and-~3.
(-- 2 125) f(~3) = (=3 f (=2 125) (=2.125)(=14) - (- 3)(0.779) -

e f(—3)—f(—2125) (- 14) - (0.779)
29 7504:2. 337 ;-3 087 _a 171 -
BT .
f(- 2171)_( 2171)3 3~ 2171)+4_—1022+6513+4-_+293
e R CF(S3) =S 14 and £(=2.171) = +0.293

~  Root lies: betweeu ~ 3:and - 2. 171 _
& (—2 l7l)f(- 3) = (= f(- 2. 171) L 2.171) (- 14) - (—- 3) ¢ 293)

f(~3)-f(-f L A . = 14-.299 ‘
30494+ 879 23k 2?3**; s AT
= T 14293 14293 2188 : f LR g el g o

Exalpple 15, The negative. root of the equation 3 x° + 8.1r2 +8X+5="0is to'be deter-

mmed. Fmd the. root by Regala Fals; method Stop tteranon -when il (xz) <0.02
| (A M.LE., Summer 2001

Solution. f(x)-3x3<l-x&x3-&8x+5 o $
f(= 1)_-3+s-es+5\-4»2
fE=15) = 3(~1.5P+8¢~ 15)2+"s = 15) 5% =10:125+18 = 12+5 = 40875
f(=16) =3(-1.6P+8(=1.62+8' + —"12288+2048 12.8+5 = +0.392
S f(-1T) = 3(- 17)3+s( 17)2+8( 17)+5 _,—14739+2312 13.6+5 = -0.219
Slnce fe- 16) and f( J.‘lj are of opposne sxgns 50 the root hes between -1.6 and’

-1.7..
«By Regula Falsi méthod: G2 s & .
f -l6f( 17)—1( 17)f( 16) _—1.6(—0.219)—(—1.7)(03392)'

2T D f(-10) -0219-(0392)
_ 0.3504:+0.6664 _ _1.0168
e e

f(-—l664) =‘3( 1.664)° + 8 (— 1.664)*> + 8 (- 1.664) + 5
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1l

f(-1.664) = 0.017<0.02
Hence the negative root of the given equation is — 1.664
Example 16. Determine the root of
e -72-x+5=0
which lies between 2 and 3 correbt to three decimal places.

Solution. fay =2 +2-T2-x+5=0
f@ = 16+8—-28- 2+3°= -1
Q)= 81+21-63-3+5 = +47

f(2) = -1 is nearerto zero than + 4.

Root is near to 2.
Let-us try on 2.1.

Numerical Techniques

- 13.822+22.151 - 13.312+5 =0.017

Ans.

1) = 1 +@1) - 7(21)2—(21)+5-19448l+9261—3087 2.1+5 = +0:7391.

Now the root lies between 2 and 2.1.
By the method of False position :

2(0739) <2.1(=1)

fb)—f(a) Cf@2) —f(z)
= 2.0576

_ 14782421 - 3.5782
1739 .1 739

£(2.0576)

1l

“af®)-bf@) _ 2fQ.1)=2.1£() _

0739 -(-1)

(2.0576)" + (2.0576)* — 7 (2.0576)* = (2. 0576) +5
| 17.9244 +8.7113 - 29.6360— 2.0576 + 5 = - 0.0579
_ 2.0576f(2.1) - 2.1 f(2.0576) _ 2.0576 (0. 7391) — 2.1 (= 0.0579 %

15208401216 _ 16424 -
s - e Rl

F12: 0607) = (2 0607)* +(2.0607)* 7 (2. 0607)2 - (2. 0607) +5

18.0326 + 8.7507 — 29.7254 - 2.0607 + 5 = - 0. 0028

£(2.1) - £(2.0576) 07391 (-0.0579)

. 2.0607f(2.1) -2.1£(2.0607) _ 2.0607 (0 7391) -2.1(-0.0028 )

il 5231 + 0. 0@39 1:5290
53k " 0Jals - 200,

£(2.1) - £(2.0607) T 0.7391 - (—0.0028)

The root of the given equation is 2.0609. Ans.
Exercise 15.3
Solve the followmg equations by Regula Falsi method : :
1L ©-2x-5= Ans. 2.0946 2. £-102+40x-35=0  Anms. 11975
& x’+x2+3x+4 =0 . Ans. —122248 4. xS-x*-x*-1=0 Ans. 1.4036
5. x—9x+1=0 (Root between 2 & 3) Ans. 2.9416 6. P-5x-7=0 Ans. 2.746
7. Pex=1=0 : ; Ans. 1315
8 32-5+3x-5=0 Ans. 1.6629
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9. The smallest positive root of the equation x = ¢ is to-be determined. Show that the root lies in
(0, 1). Using the Regula Falsi method, find the root correct to three decimals.

Ans. 0.6065
. Obtain a root of the equatlon x’ 4x — 9 = 0, correct to three decimal places using the method of
false position. : Ans. 2.7064
. "Use the method of false pbsition to find the root of the equation x> - 18 = 0, given that it lies between
2 and 3. Write down three steps of the procedure. Ans. 2.621

. Find the root of the equation tan x +tanhx = 0 which lies in the interval (1.6, 3.0) correct to four
= significant digits using any one of the numerical -methods. Ans. 2.365 app.

15 5 ITERATION METHOD
Let ; 7&)=10 (1)
(1) can be written as x =g (x) - Q)
where | ¢’ (i<l o Letﬁi‘sf approximate root be x; = a

st

-Second Approximatlon x; -
* Putting x = xj in R, H S. of (2), we have xz = ¢(x|)
Similarly x; = ¢(x2)
By repeatmg this method, we get the better approxxmatxon of the root.

Example 17. Use the method of zteratlon to solve the equation x = exp (—X), starting
with x = 1.00. Ferjorm four iterations, takmg the readmgs upto four dec:mal places.

‘Solution., x = .e-"“" SRR Sy AR - X0
s =t o’ @WEnet g @l=et
' ek % - 3679 <1
Putting x = 1 in (1) we get xl = e =0.3679
Putting x = 0. 3679 in (1) we have/ n=e -0361 = 0,692
Putmig x =0, .692.in (1), we obtam »= %205

i _,‘P‘uttmgx 05in )y weget xi=€% = 06065 : - Ans.
ey Exhﬁiple 18. Fmd a real robt of the equatton x 22— 1=0 by the method of iteration.
. Selution, Fo) =A+2=1 _ D)
e  F(07) = 034340491 = —0.167 = —ve :
£(08) = 0.512+0:64~ 1240152 = +ve

 As f (0 7) and FQ. 8) are of opp031te s1gn, Ys) that ro6t lies between 0.7 and 0.8. Let the
first approxnmate root be 0.7.

Btal-l = 0 or x’ =1~ x2 _
S E=@-R x=e@)  wheres() = (1-3)%
| (D)= T3<1 - i
n=0-(7%=(1- .49)’4= (0.51)% = 0.799
x = [1-(0.799)2)% = (1-0.63840)% = (0.316)# = 0.712

I '.




