Solution of Algebraic and
Transcendental Equations



3. Newton - Raphson Method
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~ Procedure of Newton — Raphson Method:

szen x —3x 5 O

Find £ (x) and (s .-
in the step 1 | ‘ |

(x) 3x —3><1 0
. _ 3 x _3
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Procedure of Newton — Raphson Method: M the 0y,
S[e P b
Lo 7))

Step 2 : Choose , two real numbers a and b suchthat, f (a)x f (b)<O0

e fx)=x"-3x-5
L f(a)=a3—3><a—5 “fory-b=3 ()b 3xb 5
POy e o * f(b)=h —3xbh-5
—8_11=-3<0 =20 N D )

Ok FD) =IO (1323020

Since, f(a)=1(2)1snegativeand f (b )=1(3)1s positive, So at least one real root lies
between 2 and 3.
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Step 3 : Find the follwing equation (1) by Newton — Raphson formula.

we know that from Newton-Rapshon formula,

J (%)

e (1)
b
J (%) A
J x,)
o x* —3x —5
s

Newton —
Raphson formula

T iy 8
s f(x)=x’ -3x -5

D pilny=37 -3
L) =3 B
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Step 4 : Let,theinitial value ,x = x, €(a,b) and putting the value,n=0 in the above equation (1)

we are capable to find the successive improved approximations are as follows:

3
X X =3x =5
X x i '( o (1) X =X S (1)
f ('xn) 3x H -3
puttingn =0, and
let the initial value , x = x, inequation (1) For, n=0and x =x,=2(say) in equation (1)
X e o
Xo+1 = X fr( O) Xo41 =X0 T o 23x0 ?
1) 3% —3
e
e f'(x,) Putting , n=0 and then take Joa
initial value and then find L X o %%
. o o 1 LT O
first approximate value. 3 XZO =
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L al
J (x,)
putting n = 0,let the initial value , x = x, in equation(l)
Xor1 = Xo f,(xO)
J (%)
e f'(xo)
I (%)

Putting , n= 0 and then
take initial value and then
find first approximate
value.

Step 4: Remain part

X', —3x,—5
3x%, -3

SX =X

For x =x,=2(say);|[From interval (2,3)]

t 3¢ 5
i 03x2 —03
0
3_ TSR
s
3x2°—3
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Step 4: Remain part

J (x,)
. et (1)
J (%)
putting n = 1,let the initial value , x = x, inequation(l) xS (1)
xn—l— :xn .......
o e e
il £(x) Again, puttingn =1, x = x, inequation(1)
3 A sk
e Xy =X, f,(xl) Xy =X @ 23361 5
/' (x) e
Forx=x=2.333
3
Similarly X, =X, et
find the others 3x° -3
approximate value. Fa33y a5 33% o
e i) s g

3%x(2.333)* -3
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Let seethe abovedata by the following table :

Step 4: Remain part

No. of lterations,

n B X —=3x —5 x3n—3xn—5
xn+1 xn 3x2n_3 xn—l—l :xn 3x2 _3
3 3
x0—3x0—5 2 —3X2—5
_ v o—x X = 2 ~2.333
n O 1 0 3x20_3 1 3)(22_3
_ > _3x -5 333)° —3x2.333—
- RO b 23y (2333 23x2333-5 )
332 3 3%(2.333)% =3
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Similarly ,

Step 4: Remain part

.

7 (x)
s e
e s

No. of :
Iterations, x3n —3x -5 B X 3Xn -5
n Kpp1 =Xy — 2 _'xn o)
3X n _3 3)6 n _3
3 3 _ _
n=2 |y =x -2 —23?62 —O |y = 2.2806—(2'28(3)? > 2382(62)'2226) > ~2.2790
3x*, -3 (2.
3
_ X ,—3x,—3 3 _ _
n=73 X, =X, 3 : 3 X, = 2.2790_(2.2790) 3><2.2279O 5:2.2790
3x°, =3 3%(2.2790)" -3
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Step S :  We shall continue this iterative process until the value of two successive
approximation are approximately equal.

Thatis . x =x .oy [(x )=0

Since X=X thatis , X, =X, {rom the above table (slide no 10)

So the Newton - Rapshon method gives no new values of x

Therefore , the approximate root 1s correct to four decimal places.

Hence the require root 1s 2.2790 .
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How to solve Newton —Raphson Method by using Calculator

NQW ot Raff/\/mv\ Mo o di

O De [,

| o

CASIO

fx-991ES
NATURAL DISPLAY
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Problem 1: Find the root of the equation Xsin(x)+cos(x)=0 using
Newton-Rapshom method.

Solution : Giventhat, xsin(x)+cos(x)=0 Sep

Let, f(x)=xsin(x)+cos(x)

—
(e x sm‘(x) cos (x) sin (x)=v




Titia e SRR el S S st e S S S B I R AR R R e S e s R S S S AT R AR S R S S i e e e R S S SRl R A L

. L —— Sm X) i COS (X) |

o d

o f (x) x cos (x) + s1n f{x) = sm (x) o
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Hints: Calculator must be in radian Mode.

Step 2 :
V' f(x)=xsin(x)+cos(x) " f(x)=xsin(x)+cos(x)
for,x=2,then f(2)=2sin(2)+cos(2)  Jor,x=3.then f(3)=3sin(3)+cos(3)

=1.40>0 =—0.56 <0

Since £ (2) and f (3) are of opposite sign so at least one real root lies between 2 and 3.

Step 3 :

we know that from Newton-Rapshon method ,

e 1 (x) " f(x)=xsin (x)+cos (x)
eClin aie - f(x,)=x,sin (x,)+cos (x,)
i X, sm(x,)+eos(x,) () 0
x, cos(x ) < f (x)= xcos(x)

A F0 )= 1 cos ()
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Hints: Calculator must be in radian Mode.

No. of

Iterations ,n X Y —=x x, sin (x,)+cos(x, )
T x, cos(x, )
O X, =2.79 (say) X, =2.79 2.79s1m(2.79)+cos (2.79) 5 7084
2.79¢cos(2.79)
1 ¥, =2.7984 X, =2.7984 2.7984s1n (2.7984) + cos (2.7984) 5 79834
2.7984 cos(2.7984)
: x, sin (x,)+cos (x,)
X, Sin (x,)+cos (x, ) ¥ oy 1 !
Xo11 = X0 x, cos(x;)
X, Cos(x,)
: i o sin (x, )+cos(x,)
X =270 2.79s1n(2.79)+cos(2.79) e ¥, cos(x,)
2.79co0s(2.79) 1 7oga _ 2:79845in(2.7984) + cos (2.7984)
—2.7984 . 2.7984 cos(2.7984)
=2.79834







W9 (9 (9 (9 (O (U (O /9 (9 (9 (9

You have to do mode
on radian to your
calculator

Problem 02: Find the real root of the equation x* —4sin(x)=0 correct to four decimal
places using Newton-Rapshon method. Solution

d

Solution : - —n
dx
Giventhat. x° —4sin (x)=0
: ( ) .'.dix2 =2 x> =2x
X

let, f(x)=x" —4sin(x) . ;
;l—af(x) —a—J(x)-af ()
% dx
d d - -

]N(?C)Zd—xx2 —$4Sin (x) .‘.a4sin (x):4gsin (x) =4cos(x)
S fi(x)=2x—4cos(x)

% sin (x)=cos (x)

dx
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L f(x)=x" —4sin(x) W f(x)=x" —4sin(x)
forx=a=—1,then f(a)=a” —4sin(a) for x=b=-2,then f(b)=b" —4sin (b)

o f(=D=(=1)" —4sin(-1) =-2.36 <0 5 f(=2)=(=2)* —4sin(-2) =0.36 >0
Since f (-1) and f (-2) are of opposite sign , so at least one real root lies between -1 and -2.

we know that from Newton-Rapshon method ,

o)
n+l  n '
J (x,) " f(0)=x"—4sin(x) 7 f'(x)=2x—4cos(x)
Sfle )= —dsinte) o i ¥ =0x - dcos{y)

X

x> —4sin(x)

2x, —4cos(x,)
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Now Putting n=0 and Let, the initial value , x =—1.9 inthe above equation of (1)

we are capable to find the successive improved approximations are as following table:

No. of . L x> —4sin(x )
Iterations, n n+1 n+l T n 2x —4cos(x.)
= —1.9)” —4sin(-1.
o W x°, —4sin(x,) Eoag (=1.9) sin(—1.9) . i
2x,—4cos(x,) 2(—=1.9 )—4cos(-1.9)
2 _4 b s S : L
1 x1+1:x2:x1_x1 sin (x,) x2=—1.93—( 1.93)" —4smn(-1.93) 19338
2x, —4cos(x,) 2(—=1.93 )—4cos(-1.93)

For,n=0, letx, =—1.9

. L, 4
Oy diou )

LRt 2_ 1 o
.'.xlz—1.9—( 1.9)" —4sin(—1.9)

2(=1.9 )—4cos(-1.9)

s

For,n=1, and x, =—1.93

- x* —4sin (x,)

X=X
L o e ()

et 2_ - =
i, e L ) gy
2(—=1.93 )—4cos(—1.93)
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From the above table , we get ,

x1:—1‘93 and x2:—1.9338

The approximate root is correct to two decimal places.
Hence the require root 1s -1.93
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Algorithm for Newton-Raphson method:

Steps
01
02

02
03

04

05

Task
Define {(x)

Define , f'(x)

Re ad theinitial value , x,

Set , n =0
n=n+l

Calculate ,

X

n+1

==X

n

J (x,)

f(x,)
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Algorithm for Newton-Raphson method:

Steps Task
06 It 1x —x ,[=0.0001
Then goto step 8
elseif
n=n+l
Gotostep?s.
07 Print X the desired root
08 Stop



Find the root of the following equation by using Newton — Raphson

/R /R /B /R /R /R /R /R /B /R 'R N

______

=i

=i

=i

iy —1In x+7 cOrrect to4 ,Idecimal places
- 2.3x+sinx=e correct to3 decimal places.
3. cosx=3x—1 correct to 3decimal places.
4. e”tan x =1 correct to 3 decimal

5.3x=In,, x+7 correct to4 decimal places

method :






