Solution of Algebraic and
Transcendental Equations
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Procedure of Newton — Raphson Method.:

Step 1 : The given function = f(x) and find f'(x)

Given, x> —3x-5=0

let, 1 (X):X3 —3X—5 Find f(x) and
f'(x) Inthestepl

fe0=x 3x-5
.'.if(x):ix3 3 ; X—i5
dx dx dx  dx
“f () —8x 3410
— 3% 3




VUV UVLVLULVLuUVY

iy
Procedure of Newton — Raphson Method: zbbf;:’:f ;allll‘e,.pal
steﬁg’b)
Step 2 : Choose , two real numbers a and b suchthat, f (a)x f (b) <0
flx)y-x 3uoh f(X)=x>-3x-5
. forx=a=2, f(a)=a®*-3xa->5 .. forx=b=3, f(b)=b"—3xb-5
f(2)=2°_3x2_5 ~ f(b)=b*-3xb-5
8 11 9.1 =278 -5-13 >0

“fa)xf(b)=f(2)x f (3)=(-3)x13=—-39 <0

Since, f(a)=f (2)isnegativeand f (b) = f (3) Is 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,

T (%)
T (X,)

: Xn+1 Xn f (Xn)
L %)
. x> —3x -5
* 'h+l N 3X2n _3

Newton —
Raphson formula

o F0)=x—-3x-5
S f(x)=x —-3x -5

- £/(x)=3x2 -3
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Step 4 : Let,theinitial value, x = x, e (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:

F(X) x* _3x -5
Xn+1:Xn ' ntl = “n ; 2 -
f (Xn) 3X n_3

For, n=0and x =x,=2(say) [From interval (2,3)]

puttingn =0, and

s . : In equation (2
let the Initial value, X=X, Inequation (1) q (2)

3
v T (%) Xos1 = %o ak _23)(0 o
0+1 0 f’(XO) 3); 0—3
L i T (%) el G XO_23XO_5
K =X £ (x) BXh =5
Putting , n = 0 and then take S iny 23 —3x2-95 =9 93399
initial value and then find : duol 5

first approximate value. n
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Gl f,(X”) ........ (1)

putting n =1, letthe initial value, x=x,

Inequation (1)

T (%)
(%)
T (%)
(%)

X1+1:X1

X=X

Similarly
find the others
approximate value.

Step 4: Remain part

x> —3x -5
n+1 n 3X2n _3
Again, putting n =1, X = x, Inequation (2)
x>, —3x, -5

3x°, —3

X, =X

For x =X, =2.3333
X, —3X,—5
3x°, —3
(2.3333)° —3x2.3333-5
3% (2.3333)? -3

X, =X

=2.3333 =2.2806




Step 4. Remain part

Let seethe above data by the following table:

3
No. of Iterations, X3n —3X, —9 _ X _3Xn —
n Xn+1 :Xn_ 3 2 3 Xn+1 _Xn 3 9 3
X — X —
X —3x —5 2° _3x2-5
— =X, ——> 0 = 2 =2.3333
n O Xl 0 3X20_3 Xl 3)( 22 _3

| B 3 Ay 3 _
; n=1 X, = X 23X1 5 X, = 2.3333 (2.3333)° —3x 2.23333 5:2.2806
3X°, —3 3%x(2.3333)° —3
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Similarly,

T (%)
T (X,)

X3 =X,

100

Step 4. Remain part

Xn+1:Xn f’(X )
n
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No. of

3
lterations, x> —3x -5 B X", —3X, =9
N Xn+1 =X, — 2 Xn+1 o Xn 2
3x* —3 33X, —3
3 g _
n=2 « =y X273 =0 |y 22806 2:2806) 3X(2'22806) > _ 22790
3 — 2 3X22 _ 3 3x(2.2806)° -3
3
_ X"y —3Xy =9 3 _ _
n=3 |y _x_Xs=%% (= 22790 (2210 ~3x22190-5 ) .,
3x%, -3 3% (2.2790)° -3
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SEP 5 ©  We shall continue this iterative process until the value of two successive
approximation are approximately equal.

Thatis,x =x_ . or f(x. ) =0.

Since X=X that I1s , X, =X, from the above table (slide no 9)

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

Therefore , the approximate root Is correct to four decimal places.

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

‘ New#ow Raffm@\f\ Mefdro do

@De

|23 ‘ﬂ

CASIO

fx-991ES
NATURAL DISPLAY




Problem 1: Find the root of the equation XSin (X) + cos (X) =0, using Newton-Raphson
method.

Solution : Giventhat, xsin (X)+cos(x) =0 otep |
Let, f (x)=xsin (x)+cos(x)
X=U
f’(x)=ixsin(x): : COS (X) sin (X)=Vv
dx dx

VOLVLOLUVUVUVUVLOLUVU
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f/(X)=

d . . d
X —sin (X) +sin (X) — X
7o (X)+sin ( )dx

+ g COS (X)
dx

f/(x) = [xcos () +sin (x).1]—sin (x)

o F'(X)= xcos(x)+sin(X) —sin(x)

= X COS (X)

Step 1.

d d d
—(Uv)=u—V+V
dx dx dx

isin (X)= cos(x)
dx

—d——x |
dx

icos(x):—sin (X)
dx

U
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Hints: Calculator must be in radian Mode.

oStep 2
.o f (X) —xsin (X) 1 COS (X) il (X): X SIn (X) + COS (X)
for,x =2,then f (2)=2sin (2) +cos (2) for,x =3,then f (3) =3sin (3) + cos (3)

14024 >0 —_0.5666 <0

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

Step 3
we know from Newton-Raphson method ,
R f(X,) -+ £ (X)=xsin (X) +cos (X)
n+l  “'n ' :
f'(x.) s f(x )=x sin(x )+cos(x )
= X, SIN(X,) +COS(X;) 1) |
X COS(X ) . T(X)= xcos(X)

ST )= X e0s{X )




Step 4 .

Now Putting n = 0 and let, the initial value, X,=2.5 Inthe aboveequationof (1)

Siep

~ we are capable to find the successive improved approximations are as following table:
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Hints: Calculator must be in radian Mode.

X SIn (X )+cos (X )

No. of X Y =X
Iterations, n n n+o X_ €S (X )
N — O X =25(say) | x=25-2°8N(29)+C0S(23) ;g4
2.5c0s(2.5)
2.8470sin (2.8470)+cos (2.8470)
— —2. X, =2.8470 =2.7992
n=1 X=284/0 : 2.8470 cos (2.8470)
2.7992sIn (2.7992) +cos (2.7992)
— =2. X,=2.7992 =2./984
N =2 %=21/99 3 2.7992 c0s (2.7992)
N — 3 x=27984 X, =2.7984 2.79845sIn (2.7984) +cos (2.7984) _ 5 7984

2.7984 cos(2.7984)
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From the above table , we get,

S, =27984 and L X, =<4 fY04

The approximate root Is correct to four decimal places. Hence the require root is 2.7984.
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Problem 02: Find the real root of the equation
places using Newton-Raphson method.

Solution :
Giventhat, x* —4sin (x)=0

let, f (X)=Xx" —4sin(X)

d B
() =—x® ——4sin(x
(X) dx dx (X)

s (x)=2x—4co0s (X)

You have to do mode
on radian to your
calculator

x? —4sin(x)=0 correct to four decimal

d d ,
aft=a_—fig=af(x

i4sin(x):4isin(x) =4c0S(X)
dx dx

isin (X) =c0s (X)
dx
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o f (X)=x° —4sin (x) -+ £ (X)=x% —4sin (X)
for x=a=1,then f (a)=a® —4sin (a) for x=b=2,then f (b)=b" —4sin (b)
~ f(Q)=@0)" —4sin(l) =-2.3659 <0 - £(2)=(2)% - 4sin(2) =0.3628 > 0

Since f(1) and f(2) are of opposite sign , so at least one real root lies between 1 and 2.

We know from Newton-Raphson method ,

e )
e f'(x,) o f(X)=x% —4sin(x) - f'(X)=2x—-4cos(X)
) =00 4sin(x) . i x ) =2x —dcos (X))

2 e -
v ix X —a4sin(x,) 1)
2X —4cos(X.)




Now Putting n = 0 and let the initial value , X,=1.5 In equation (1)
we are capable to find the successive improved approximations are as following table:
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No. of ¥ X° —4sin(x )
lterations, n N Ay A
2X —4Ccos(X,)
2 ik -
n=0 yioqE el e il PRI R Ly
: 2(1.5)—4cos(1.5)
2 15 -
n=1 X, =2.1404 o dding TR NG A0 5gsin
2(2.1404) —4cos(2.1404)
2 fie -
n=2 X, =1.9520 T L el e
2(1.9520) — 4 cos (1.9520)
2 e -
n=3 X, =1.9339 el I
2(1.9339) —4cos(1.9339)
2 s -
n=4 x, =1.9338 % igdag il BRI L o

2(1.9338) —4c0s(1.9338)
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From the above table , we get,

X,=1.9338 and x.=1.9338
* X% —X,| =0
XX

The approximate root iIs correct to four decimal places.
Hence the require root Is 1.9338.
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Algorithm for Newton-Raphson method:

Steps | Task
01 Define f(x)
02 Define f'(x)
03 Read the initial value x,
04 Setn =0
f(X,)
05 Calculate X .,=X
(X,
It |x —xn_l‘ ~(0.0001
Then gotostep8
06 elseif
n=n+1
Gotostep 5
Endif
07 Print x,,, the desired root
08 Stop
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-
Lm = LSS S e e —————

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

1. 2x=In x+7 correct to4 decimal places

2. 3x+sin x=e” correct to3 decimal places.

3. cos x=3x—1 correctto3decimal places.
4. e * tan x =1 correct to 3 decimal
5. 3x=log,, X+ 7 correct to4 decimal places




