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n7mimnna~ f(x) hian solve alum7  f(x) =  0

2.1  %hwi47nua~ f(x)

Slope  M e t h o d s :  1) %?DFIJ~?k-%lti&  (Newton-Raphson(NR) Method,

2) %?LiillAU~ (Secant(SEC1 Method)

2.1A  Slope Hethod Strategy

al~%l  x, b&4  current approximation 885~ifGa4n~4~a  jz

G Pk 1 M7W  (X,,Y,)  lsla?l y,a ?
= f (X,.)

mk 3b u non-zero number knu slope 1189  curve 8 = f(x)

near the point P,

X *+1 t 4 U x- intercept  na4k~uRs47ti~n  Pk  44;  s lope m,

\
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Algorithm: Slope Method (Special Cask.:  NR and SEC)

Purpose: To find a root X of J”(x), that is, to solve J(x) = 0 for X.

{ initialize]
GET Muxlt,  (maximum number of iterations]

NumSig,  (desired number of accurate significant digits1

x0 [an  initial guess of X)
Xprev +- x,,; Yprev + f(x,); RelTol+  10mNU’*Si~

( iterate)
DO FOR k = I TO Maxlt UNTIL termination test is satisfied

BEGIN
{form Slope) Slope +- (formula involving Xprev and Yprev)
DeltaX  * - YprevLSlope
X + Xprev +m  DeltaX; Y t f(X)
O U T P U T  (,k, X,  Y, DeltaX)
(update) Xprev +X; Yprev + Y
[termination test: lDeltaXl  s RelTol*lXj or Yprev = 0)
END

IF termination test succeeded
THEN OUTPUT (X approximates X to Nut&g  significant digits.)

ELSE OUTPUT (Muxlt iterations failed to yield a suitable X.)

‘itI  2.1-Z  %%t~aud~~?u  Slope Method

2.1B  ?~IIaJ~‘k-¶‘&&  (Newton-Raphson Hethod): m =mk-b  lr)

. . - (2)

1

1

n"l f ’ ( X )  mi1rn"

PI * = tangent slope +8 Pk(xb,f(xk))
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X
*+1

= Xk t AXk  -i&d  AX* = -(x~"-c)/nx~"-l . . . (5)

b. unu  n = z Yu (5)

X = xI‘+* t t AXk 'Id AXk = (c-xk2mxk . . . (6)

7ln (6) ‘tdy  c = 78.8 llar dlb@lL~U~U~~i;  x =0 14

k = 0: AX, = (78.8-14')/2(14)  1 -4.185714;
Y ::
awu x, = 14 - 4.185714 = 9.814286

k = 1: AX, = (76.8-x1=)/2x,  A -0.892587;
u ::
RJUU x, = 9.814286 - 0.892587 = 8.921699

k = 2: AX, 2 (78.8-xE2)/2x,  A -0.044650;

ihEld x, = 8.921699 - 0.044650 = 8.877049

k =3: AX3 q (78.8-~~~)/2x~  _' -0.000113;
Y ::
RJUU x4 = 8.877049 - 0.000113 = 8.876936

OR 205 4 1
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the number  of accurate decimal  places(roughly)

doubles with  each iteration once xk gets close to P

0 1 . 3

I 1 . 2 9 2 7 1 6 7

0.50329644E2

0 .  I 4 4 0 3 0 2  I E - 4

- 0 . 0 0 7 2 8 3 3

-0.oooo2l0

1.29271b7

1.2926957

0 4.7123890 0.89832910E-2 0 . 0 0 8 9 0 3 3 4 . 7 2 1 2 9 2 3

1 4 . 7 2 1 2 9 2 3 0 . 4 6 2 9  lb0 I  E - b O.OONOO5 4 . 7 2 1 2 9 2 8

4 4 O R  2 0 5



2.1D  %L$URU~  (SEC Method): B rzE-

%Gha&~u-47J~u  m, lu general slope method formula

X = xkc+*  k t AX* -hd  AXk = -f(x,)/m k

iie  exac t  s l ope  fu  :W P,(x,,yk)

uaGawt2  f’(x)  uaadwafu  mtan  = f’(xk)  150137n  f(xk)

?lUli~~R~~il~~“l~~l~l

m I-c = [f(X,)-f(X*_I)I/(X,-X,_,)  = (y,-Y,_,)/AX,_,

OR 205 45



I,  = r,,  + Ar,.  Are  =
-f(xo)  Ax- 1-__-. \ \  \

1’0  - .I-  ,
-/(x,)Ax,,

Y,  -Y”

hX_, = x,  - x-, =  1 4 . 0  - 1 4 . 1  =  - 0 . 1  r’171RY

k=O: AX, = -y,AX-,/(y,-y-,)

=  -117.20(-0.11/~117.20-120.01)  L - 4 . 1 7 0 8 1 8
Y ::
fi+t&M X, = X,tAX, = 14.0-4.170818  = 9.829182

4 6



k=l:  AXI = -YIAX,/(Yl-Y,,)

= -17.81262(-4.170818~/~17.61262-117.20)

I -0.747521

s, ::
fig,& X, = X,tAX, = 9.829182-0.747521  = 9.061661

k=Z: AX, = -Y,AX,/(Y,-Y,)

= -3.676567(-0.747521)1(3.676567-17.81282)

L -0.194416

= X,tAXE = 9.061661-0.194416  = 6.687245

k Xk Yk =/(a)
A.xk = -yk h-t xk+,  = .u + Ax,,

Yb-Yk-1

-1 14.1 120.01
0 14.0 117.20 -4.170818 9.829182
I 9.829lS2 17.81282 -0.747521 9.081661
2 9.081661 3.676567 -0.194416 8.887245
3 8.887245 0.183124
4 c8.di7054, 0.002b8X- -

4 7



‘dBJ  f(x)  = e-I  - cos x

\ -I I.2 -0.61 16354E.-  I

0 1.3 0.5032964&2 - 0.007603 I I .2923969
I I .2923969 -0.2052559E--3 0.00029x0 1.2926949
2 I .2926949 -0.5943326C6 0.0000(X)X I .2926957

.- I 4.8123890 - 0.9 I 705OoE- I
0 4.7123890 0.898329 I E-2 0.00892 I9 4.7213109
1 4.7213109 -O.l826462E-4 -O.OO'Ml81 4.7212928

4 8 OR 205



/Xk.* - Xk(  :: C /Xk  - Yk-II1.ela  , C = Constant

(a) uar cb,ri?n!ubu%?r  t a n g e n t  l i n e  i P,(x,,f(x,))  tzawak  ui?i

kzjullu?47u  (horizontal) [i.e.,  m. = f’(x,)  * 01 waikuu7AQa

x-intercept (x1)  -4ea$mm49  x0 ibas S; ikaw74

OR  205 4 9



2.‘lG Bracketing Methods
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;II 2.1-8 % Bracketing

IF sign(YI=sign(L)  THEN replace (a,L)  by (x,,,~,Y)

E L S E  tsign(Y)=sign(L))  r e p l a c e  Cb,RI  b y  (xcmsc,Y)

OR  2 0 5 51



_-

Algorithm: Bracketing Method [Special Cases: BIS and FPJ

Purpose: To find a root X of f(x) in an interval [(I, 61 for which L = f(a)  and
R = f(b) have opposite sign.

GET 0, 6. Maxlt,  NumS’ig
L - f ( o ) ;  R  - f ( b ) ;  RelTo/*  lO-Nu”=Q
IF sign(l) = sign(R) THEN STOP (method cannot be used)

Xprev + 6 (this ensures that the initial DeltuX  f 0)

[iferofe:  Repeatedly form X (= xtesl)  in the open interval (0, b)]

DO FOR k = 1 TO MaxIt  UNTIL termination test is satisfied
BEGIN
(form X)  X - (formula for xtest  involving CZ, 6, L, R)
DelraX  * X - Xprev; Y - f ( X )
OUTPUT (k. X,  Y, DeltaX)  (i.e., k. XL. yk,  Ax~-~J
(update1
IF sign(Y) = sign(l)

THEN [move a)  BEGIN (I+ X; L+ Y END

E L S E  [ m o v e  61 BEGIN b-X; R  +- Y  END
Xprev +- X
[termination test: lDeltaXI  G RelTol*IXI  or Y = 01
END

IF termination test succeeded
THEN OUTPUT (X approximates X to NumSig  significant digits.)
ELSE OUTPUT (Maxlt iterations failed to yield a suitable X.)

X = xt.ma* lid = (atb)/Z ( B i s e c t i o n  (BIS)  Hethod)

MT&I Interval Halving Method

X*as+, = XFP = (bL-aR)/(L-R) (False Position (FP) nethod)

%!?a Regula  Falsi Method

5 2 OR  205



f tx)  = x2 - 70.8 ,a = 6, b = 12

Solut+ion  911’119  2 . 1 - 4  n7%k&iTt3a~~  (a) B I S  ttaa  cb) F P  h&I

a = 6, L = f(a)  = -42.8 (Sign of L is 0) f(x)  = xp - 78.8
b =  1 2 ,  R=J(b)=  6 5 . 2 (Sign of R is 0)

(a) Bisection Method

b

I 6. 12.0 9.0 2.2
2 6. 9.0 1.5 -22.55
3 7.5 9.0 8.25 - 10.7375
4 8.25 9.0 8.625 -4.409375
5 8.625 9.0 8.8125 - 1.139844
6 8.8125 9.0 8.90625 0.5212891
7 8.8125 8.90625 8.859375 -0.3114746
8 8.859375 8.90625 8.882813 0.1043579

- 1.5
0.75
0.375

0.1875
0.09375

-0.046875
0.023438

(b)  False Position Method

k
bL-aR

a b -“=  L-R y = f@k) A+,  = .q - xk-,

I

2

3

4

5

6

7

OR 205 ’

6.0

8.377778

8.800436

8.865450

8.875217

8.876679

8.876898

8.87693 I

12.0

12.0

12.0

12.0

12.0

12.0

12.0

12.0

8.377778 -8.612840

8.800436 - 1.352323

8.865450 -0.2037901

8.875217 -0.3051934E-1

8.876679 -0.456626OE-2

8.876898 -0.6831018E-3

8.87693 1 -O.lOii884E-3

8.876936 -0.15286758-4

-

0.422658

0.065014

O.CQ9167

0.001462

0.000219

o+ooOo33

o.ooOo05
5 3



Accuracy and Rate of Convergence

Robustness
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%qiiu  SIXANT  LiBw7Y7nBa9  f(x)  Sws%i+b$uaufi  61wi~~ald~B*

%U 2.1A
00100 c * * * l * * * * * CALSEC l * * * * l * l * * * *

00200 C INTERACTIVE CALLING PROGRAM FOR SUBROUTINE SECANT
00300
00400
00500 c
00600
00700
00800
00900
01000
01100
01200 c
0?300
01400 c
a1500
01600
0170@
01800
01900 c
02000
02100
02200

EXTERNAL F3
DATA IU,.  IR, MAXI1  15, 5, 201

WRITE(IU,l)
1 FORflAT('OE!tTER DESIRED # SIGNIFICANT DIGITS, IOUT (0 - 2)')

READ(IR,*)  NIJMSIG, IOUT
WRITE(IW,2)

2 fORMAT("  ENTER TWO INITIAL GUESSES (SECOND  CLOSER IF POSSIBLE)')
READ(IR,*)  XPREV, X

CALL SECANT(F3,  NUMSIG, MAXIT,  KPREV,  X, Y, IOUT, IEXIT, IU)

STOP
CND

FUNCTION F3(X)
FOR EXAMPLE OF SECTION 2.1E

i3 = SIN(X)/COS(X)  - X*EXP(-X*X)
RETURN
FND

5 5



00100 SUBROUTINE SECANTCF,NUMSIG,MAXIT,XPREV,X,Y,IOUT,IEX!T,IU~
00200 c--------------------------------c

00300 C THIS SUBROUTINE FINDS ROOTS OF F(X) USING THE SECANT METHOD. C
00400 c C
00500 C IN THE PARAMETER LIST, THE USER PROVIDES: C
00600 C F = NAME OF SUBPROGRAM FOR FUNCTION F(X) C
00700 c NUMSIG q DESIRED NUMBER OF SIGNIFICANT DIGITS C

00800 C MAXIT  =
00900 C XPREV, X =
01000 C IOUT =
01100 C
01200 C
01300 C
01400 C THE SUBROUTINE
01500. C x =
01600 C Y=
01700 C IEXIT  =
01800 C
01900 C
02000 C

MAX NUMBER OF ITERATIONS
TWO INITIAL GUESSES
0 TO SUPPRESS ALL OUTPUT (TO DEVICE IW)
1 TO OUTPUT FINAL RESULTS ONLY
2 TO OUTPUT DETAILS FOR EACH ITERATION

RETURNS:
CURRENT X WHEN TERMINATION OCCURRED
F(X)
1 IF A ZERO SLOPE UAS ENCOUNTERED
2 IF A ZERO FUNCTION VALUE WAS ENCOUNTERED
3 IF CONVERGENCE APPARENTLY OCCURRED
4 IF CONVERGENCE DIDN'T APPEAR TO OCCUR C

C02100 c
02200 C SUBPROGRAM NAME F MUST GE DECLARED EXTERNAL IN CALLING PROGRAM C

02300 c-------..----------- VERSION 1: 511181  - - C

5 6

02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
06100
06200
06300
06400
06500
06600
06700
06800
06900

C INITIALIZE:
RELTOL = lo.**<-NUMSIG)
YPREV = FCXPREV)
Y = F(X)

C
IF CIOUT .GT. 1) WRITECIW,S)  XPREV, YPREV, X, Y

5 FORMATC'  SECANT METHOD XCO)=SECOND  INITIAL GUESS',/,
8
B

:O-K',6X,'X=XKt,10X,'Y=FCX)',8X,'X-XPREV'J,
1 ',F12.7,4X,E12.5,  / ,' 0 ',F12.7,4X,E12.5)

C
C ITERATE (SECANT METHOD):

IEXIT  = 1
DO 100 K=l, MAXIT

C
C **FORM DELTAX = -Y/SLOPE (PROVIDED SLOPE IS NOT ZERO)

SLOPE = CY-YPREVIICX-XPREV)
IF (SLOPE .EQ. 0.) GOT0 200
DELTAX = -Y/SLOPE

C
C **UPDATE X AND Y

XPREV = X
YPREV = Y
X = XPREV + DELTAX
Y = F(X)

C
IF CIOUT .GT. I) WRITECIW,6)  K, X, Y, DELTAX

6 FORMATCI3,  1X, F12.7, 4X, E12.5, 3X, E12.5)
C
C **CONVERGENCE TESTS

IF CY .EQ. 0.) IEXIT  = 2
IF CAGSCDELTAX)  .LE. RELTOL*AESCX))  IEXIT  = 3
IF CIEXIT  .GT. 1) GOT0 200

100 CONTINUE
IEXIT  = 4

C
200 IF CIOUT .EQ. 0) RETURN

IF (IEXIT  .EQ. 1) WRITECIW,l)  x
IF (IEXIT  .EQ. 2) WRITECIU,Z)  X
IF CIEXIT .EQ. 3) WRITECIW,3)  X, NUMSIG
IF CIEXIT .EQ. 4) WRITECIW,4)  MAXIT

1 FORMATC'OSLOPE=O  WHEN X=',F12.7,'.  ITERATION DISCONTINUED')
2 FORMATC'OCOMPUTED  FC',F12.7,')  = ZERO. ITERATION DISCONTINUED')
3 FORMATC'OX=',F12.7,'  APPEARS ACCURATE TO ‘,Il,‘S’)
4 FORMATC'ODESIRED  ACCURACY IS NOT EVIDENT IN',I3,'ITERATIONS')

RETURN
END

!ti  2.1-12 ?h+iU  SECANT



2.2 nl5ul4lIInaJ  Real Polynofiials:  %awuhTn~

(Bairstow’s  Method)

2.2A  nl4an$laJ  Real Polynomials 4aan1¶9~~?~¶anau~l~5~a~

(Quadratic Factors)

real quadratic q(x)  = (‘x-u-io)(x-atip)

4 /
9103

= (X-a)Ptp* L U r e a l f a c t o r  p(x)

k;au”  real polynomial Q(x) &‘llG p(x)  = q(x)&(x)

‘1148; Q(x) ; dsegree  =  [ d e g r e e  PBJ p(x)1 - 2

Luda  n>=3  5VILURilOJ  rea l  po lynomia l  p(x)  07W7

7AfffIl%~ii  Quadratic deflation algorithm ZJ~

Algorithm: Quadratic Deflation

Purpose: To rfind  all t-oats  of a real polynomial p(x) = 0,~”  + -f n,,x + a,+~

(initialize)
GET n,  (I,, , on,, In,  f 01

(iterate)
DO WHILE II  3  2

B E G I N
(factorJ  Find a real  quadratic y(x)  such that p(x) = q(x)Q(x)
(solve) Final the two roots ~1, rS  of q(x)  by the quadratic formula

OUTPUT (Roots: r,, rz)
( d e f l a t e )  BECGIN  p(x) - Q(X);  n  *-  n  - -  2  END

END

IF n = 1 THEN BEGIN La.stRoot - -az /(I,;  OUTPUT (Root: LmfRoor)  END
.__

;L1  2.2-l %~db&ud~?u  Quadratic Deflation

OR 205 5 7



2.2B  nl7Hl7UUU~~LR7lr~  (Synthetic Division) n”M  q(x)

n”7  p(x) =  aIxntaexnM1t...tanxta~+,  ( a ,  f 0)

psi6ha  real quadratic q(x)

7RSnd  q(x) = x2-rx-s

M%&EI  Q(x)  $9; degree=tn-2)  \\a~ Remainder R(x)

$9;  degree <=  1

. . . (1)

. ..(Z)

ii& p(x)/q(x)  =  Q(x)  t  R(x)/q(x)

&I p(x)  =  q(x)Q(x) t  R(x) . ..(3)

ptx)=(x’-rx-s)(b  xn-atbexn-3t...tbn_pxtb”-~)tb”(x-r)tb”,*
- d

q(x) r--
‘LA

R(x) . ..(4)

Power of x Equated Coefficients

x ” a, = 0,
x-1 ap  = by - rb,
x 11-2 aa  = 63 - rb,  - sb,
x n-3 a4 = b,  - rbd  - sbi

Solving for bi

b,  = a,
b2 = oe + rb,

bd  = a3  + rb2  + sb,
b,  = (I,  + rb + sbz . ..(5)

x

constant
a,, = b,, - rb,,-,  - sbn-z

an+l==  “+Ib - rb, - sb,-,

b,,  = (I,, i- rb,,-,  + sb,,-o

b n+l  = aReL  + rb,  + h-l

5 8 OR 205



r

2x6  - 4x5 -t  x3 - 40X
= (2X” - 2x3 - 10x2  - X + 39) +

3(x- I)- 153
. l e(6)

x*-x+4 x2-x+4

(a)

Xr> I
I

xs> ,
-A

(b) 0,‘s)
1

Xl> ~
X(-4)> ;

b,‘s  >

2 -4 0 I 0 -40 0

2 -2 -10 -I 39 3
-8 8 4 0 4 -156

2 -2 -10 -1 f39 +3 -153

0, hi 63 6, bn-, bn n+,b

iti 2.2-Z Quadratic Synthetic Division: (a) p(x)/(x’-rx-s)

!b) (2x6 -4x5 +x3  -40x)/(x2  -x  t4)

2.2C  %IaWuki@~  (Bairstow’s Wethod)

1

. ..(8)

OR 205 5 9



X-J  2 R”$d-iid”aa  U~&I~QI~I b_ uav  b_,, ~&~~&h~aa~  (r,s)

t7?‘w’I#  total  d i f ferent ia ls  BBJ  bn ~a::  b,+l L&WM!X~~ZUXM

bn  ua::  b,+l

0 = b_cF,S, = b,(rtdr,stdsf R bnir,s)t(abn/ar)drt(abn/as,ds

. . . (9a)

0 = bn+, tF,1) = b,,% (rtdr,stds)  hr b_+l(r,s)t(ab_+l/8r)dr

t(ab,+l/as)ds . . . (9b)

w-i  (8) rk+I  = r, t dr, uas  sk+,  = s, t dsk

~177~~ iiudi~I7311t~ne~ 5 ua= .5 Ginii r, ria:: s,

. . . (10)

b, b, b, . . .

x r1 tc,r tc,r

x s tc,s

+c”-,r

tc,-,s

C* C e c, . . . C” not needed . . . (11)

ua”a  partial derivatives 1u  (9)  alaw‘I~a7n

ab_/ar  = c,-~ , ab,/as  = cm_, , ab_,,/ar  = C_  ,

uaa a b,+p  = c,-% . ..(12)

3711  (12) UQI  (9) ~777=~&~‘1  d r ,  liar:  d s ,  ‘lu  (10)  Hilii7in

n77u~7auu~un77~~Ji~~~~~~~

6 0 OR 205



C __,dr  tc:,-,ds  = -b_

c,dr +c:,-  I ds = -b,+l

G&d  d r k = (bnC,_,-b,,,c,-,)/(c_CD-p-C__,Z)

uar dsk = (bn+lc__,-b_C,)/1c,c__2-C__12)

. . . (13)

. ..(14)

. ..(15a)

. . . (15b)

OR 205 61



Algorithm: B&stow’s  Method *

Purpose: To find a quadratic factor q(x)  = x2 - rx - s of an nth degree polynomial
p(x)=Qlx”+~~~+Q”x+a”+l(a*fO).

(inifialite)
GET n,  al,  a2,  , o,,+~. (parameters of p(x))

Maxlt, NumSig, (termination parameters)

r-0,  SO (initial guesses of r, s]

bl - 01; Cl + b,; r- ro; s t so; To/  + 1o-NUmSlg

(iterate)

DO FOR k = 1 TO MaxIt  UNTIL termination test is satisfied
BEGIN [get remaining b’s and c’s by quadratic synthetic division)
&  - a2  -t b,r; c2 - bz  + c,r
DOFORi=3TOn+l

BEGIN
bt - at  + rb,-l + sbi-s
c,  + br + rcr-1  + scte2
END

{solve]

Det  - c~c”-~  - c’,-,
dr - (b,c.-, - b,t,c,-z)/Det
ds - (b,+lc,-,  - b,c,)/Det
r+-r+dr;  s+s+ds
OUTPUT (r. dr,  s, ds)

[This is (5))
[This is (12))

[This is (14))

[This is (10))

[termination test: ldrl  G TO/  * max(1, Irl) and IdsI  d To1  * max(1,  IsI))

END

IF termination test succeeded (i:e.  (Jp,/  or I+ S 7bl)  and ((p,/  or [es1  S Tel))
THEN OUTPUT (q(x) = x2 - rx ~ s is a factor of p(x), and

Q(x)  = b,x”-f  + + b,-zx + b,-, i s  p(x)/q(x).)
(In this case the p(x) - Q(x) step of Quadratic Detlation is simply)

I DOFORi=2TOn-  1 at&b< I
ELSE OUTPUT (Convergence is not apparent in Muxlt iterations.)

-
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P(X)  = xzi - 4.5~~  t 4.55x'  t 2.675~'  - 3.3x - 1.4375

. . . (16)

r, = -C(-3.3)/2.6751  = 1.233645 uaa

S 0 = -C(-1.4375112.6751  = 0.5373832

ai’s:
x1.233645>
1X0.5373832>

1 -4.5 +4.55 +2.675 -3.3 -1.4375

t1.233645 -4.029522 +1.305025  +2.744540  +0.016057
+0.537383 -1.755284 +0.568477.  +1.195538

-1 -3.266355 +I.057861  +2.224740  +0.013016  -0.225904

+I.233645 -2.507643 -1.125576 +O.C08414
+0.537383 -1.092344 -0.490308

I -2.032710 -0.912398 )C06820 -0.468877

dr ~(O.O13O16)(O.oO682O)-(-Oo.2259o4)(-O.912398)~-O.2O6O261~~O,48,6435
0 (-0.468877)(-0.912398)-(0.006820)2 0.4277564

ds ~(0.006820)(-0.225904)-(-0.468877)(0.013016)~+0,0,066556
0 -0.4277564

r, = r, t drO = 1.233645 - 0.4816435 = 0.752001

S1 = s +0 ds, = 0.5373632 t 0.01066556 = 0.5480488
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___--~~
k A r

0 -
I -0.4816435
2 0.1478756
3 0.523493 1
4 -0.0828045
5 0.6070840
6 -2.8041133
7 -0.1514431
8 0.766207E-2
9 0.3797788-3

10 0.2628-6

A S

0.0106656
0.2232268
0.1512589

-0.7647468
0.3324581

-0.6506271
-0.0790732
-0.9905908-2
-0.640298E-3

0.3218E-6

r s

1.233645 0.5373832
0.752001 0.5480488
0.899877 0.7712756
1.423370 0.9225345
1.340565 0.1577877
1.948274 0.4902458

-0.855840 - 0.1603809
- 1.007283 -0.23945 12

0.999620 -0.2493600
-l.oooooo -0.25OOC03
-1.KKKWO -0.25OOOCKI

timiwri%  p(x) w”as  q(x) =  x2  t  x t  0 . 2 5  3a‘lii

8,‘s)  1 - 4 . 5 t4.55 t 2 . 6 7 5 - 3 . 3 -1.4375

X(-l)) -1.0 t 5 . 5 - 9 . 8 t5.75 0

x(-0.25)> - 0 . 2 5 t1.375 - 2 . 4 5  t 1 . 4 3 7 5

b,‘s> 1 - 5 . 5 +9.&l - 5 . 7 5
I

0 0
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r 0 = -19.8)/C-5.5) 5 1.781818

uat:  s, = -(-5.75)/(-5.5)  5 - 1 . 0 4 5 4 5 5 . . . (19)

til r0 u a a  s,, 716  (19) ~7H~u2~j~aaJuu:11A;~u  Q(x)  &a

-lMRlwiaKd

RuJEM  q(x) = x2 -(3)x-(-2.3)  = (x-1.5)’  to.05 . . . (20)

q(x)  iI~v-tuihwid+~R  (complex  c o n j u g a t e  r o o t s )  1 . 5  ipi

~1%  p(x) ~4?naA!Ilawi?  Ci.e.,Q(x)  ?u (38)l A”?8  q(x)  ‘Iu  (20) ‘l;i

uaidib  x - 2 . 5

- 0 . 5 ,  - 0 . 5 , 1.5tfii, 1.5-Fi,  2 . 5

OR  205

. . . (21)
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2.1 Let ftx)=x5-6x1+9x3,  x=0,  x,=-O.3 and for (SEC)x-,=-O-4

(a) Find xi, x,,  x, and x, by (NR).  Verify that the

COnVergenCe  t0 X iS linear (i.e., AX* I:  CAXkf,

tb) Repeat part a)  for x1, x,,  xJ, and x, obtain.

using (SEC).

2.2 Do (a) and cb)  of Exercise 2.1 uith f(x)=x5-6xbt9x3  again,

but with y=3, x,=3.06  and for (SEC) x-,=3.1.

2.3 Perfore two iterations of Bairstou’s method as

indicated.

(a) p(x)-xd-5x3+6.5x2-6xt2)  r,=l, s,=O.

(bj p(x)-2xdt5x3-5x’-5xt3,  rO=-3,  so=-3.

Given r, =-2.5 and s, =1.5 find Q(x)  then roots of

p(x)  =  0 .

(c)  p(x)=xJtxd-14.8x3t23.4x2-12.6xtZ, r0=2, so=-2.

(d) p(x)=xd-x3tx2t2,  r,=2, s,=-I.

Given r7 =2 and s, =-2 find Q(x)  then roots of

p(x)  =  0 .

2.4 The polynomial p(x)=x*-10x3+35x2-50x+24  has roots

x = 1, 2,,  3, 4

(a) Starting with r, = 3.2, s, = -2.2 Cto find

q(xI=tx-1)(x-2)1  Use Bairstou’s method to find

I‘, and s, until successive iterates agree to 3s.

Deflate p(x)  and find the error in the roots of the

deflated p(x)  (whose roots, if exact would be 3

and 4).

6 7



(b) Starting with r, = 7.3, s, = -12.3 [to find

q(x) = (x-3)(x-4)1  Use Bairstow’s method to find

r L and s, until successive iterates agree to 3s.

Deflate p(x)  and find the error in the roots of the

deflated p(x)  (whose roots, if exact would be 1

and 2).

X* Xe X3 x4

2.1 (a) -0.205714 -0.139956 -0.094650 -0.063731

(b) -0.234046 -0.178752 -0.136971 -0.104386

X* x&? x3 x4

2.2 (a) 3.03086 3.01566 3.00769 3.00396

(b) 3.03882 3.02410 3.01506 3.00936

2.3 (a) 413 -l/3 -1,12397 -0.332415

cb) 1.93099 -1.29774 1.84501 -0.937337
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