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Numerical Analysis (10th Edition)

Problem

Repeat Exercise 2 using Miller’s method.
Reference: Exercise 2

Find approximations to within 1075 to all the zeros of each of the following polynomials by first
finding the real zeros using Newton’s method and then reducing to polynomials of lower degree to
determine any complex zeros.

a.f(x) =x*+5x3 - 9x2 - 85x - 136

b. f (x) = x4 - 2x3 - 12x2 + 16x - 40
c.f(x)=x?+x3+3x2+2x +2
d.f(x)=x3+11x* - 21x3 - 10x2 - 21x - 5
e. f (x) = 16x* + 88x3 + 159x2 + 76x — 240 f.
f(x)=x*-4x2-3x+5

g f(x)=xt-2x3-4x2+4x+4

h.f(x)=x3-7x2+14x - 6

Step-by-step solution

Step 1 of 85

The relevant theory to solve the given problem is provided below.

Muller’s Method: It is similar to that of secant method. But, the secant method uses a line
through two points on the curve to approximate the root. Muller's method uses a parabola
passing through three points on the curve for the approximation.

Comment

Step 2 of 85

The derivation of Muller’s method begins by considering the quadratic polynomial called the

parabola of the form P(x)= a(,\—_ P, ): +b(x = p,)+c that passes through the points
(Po-f(Po))-(p1+f(2)). and (p,.f(p,)) respectively. The constants a,b, and c are
obtained by applying the following conditions.

I(p)=a(py=p.) +b(po=p:)+e.

f(p)=a(p - pz)2 +b(p, - p,)+c, and

I(py)=c

Comment

Step 3 of 85

By solving the equations the following situation arises
_— ([70 . I’:)[:f(l’x )'.f(l’: )]+(17: ~ P )I:f(Po)'f(l’:)]
(I’(n_l’l)(l’x =P )(”:_l’n) ’
([’l _[’2)2 [f(l’o)_f(l’;)]_(l’; _l’n): [»f([)l )‘f([?:)]
(I)I) - )(/)1 -P: )(pl - pl))

b= , and

e=/(p.)

To determine the next approximation p, the quadratic formula
=P - 2—( is applied
T basgn(b)Vb - 4ac

Comment

Step 4 of 85

Once the approximation p, is found, the procedure is reinitialized by using

Py» P, and p, to determine the next approximation p, and the method is continued until a

satisfactory approximation is obtained.

At each step, Muller’'s method involves the radical |/p? _ 4 , S0 the method yields

approximate complex roots when /5> _44¢ <0

Comment

Step 5 of 85

a. Find the approximations to within 1(* to all the zeros of the polynomial
f(x)=x"+5x" =9x* —85x 136 Using Muller's method by applying Maple

as shown below.

Find the first real zero:

> fr=x=at 458 - 9.7 —85-x—136:

> p0:=3:pli=4:p2:=5:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):

> c=2:

_ (pl =p2)- (W —f2) = (p0—p2)-(f = f2)) .

(p0 = p2)-(pl = p2)-(p0 —pl) ’
> e Lp0=p2P (/1 = p2) = (p1 =p2)*-(W—2))
(p0 — p2)-(pl — p2)-(p0 — pI)

2.¢
> p3 = evalf| p2 - Z€
b 2
+ [ o )-squ(h —4-ac)

p3:=4.116630055

Comment

Step 6 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) :f1 = f(pl) : f2:=f(p2) :

> g= UL =p2) (O —f2) = (p0—p2)-(f1=/2)) .
(p0 = p2)-(pl = p2)-(p0 — pl) '

> o Lp0=p2)*-(f1 = 2) = (pl =p2)*- (0~ 2))
(p0 = p2)-(pl = p2)-(p0 — pI)

2-¢

+ [meqn(b 4-a (‘)

pd = p3 —

pd :=4.123064569
Continuation of the above

> p0:=pl:pl:=p2:p2:=p4:

> 0= f(p0) :f1 = f(pl) : f2:= f(p2) :
> = f2:

> g UpL=p2) (D =P2) = (p0—=p2)-(f1=P2)) ,
(p0 = p2)-(pl — p2)-(p0 — pI) '

> o L0 =p2P (/1 =) = (p1 =p2)* (0 =p2))
(p0 = p2)-(pl — p2)-(p0 — pI) '

2-¢

b . 2 a
h+[m)-sqn(b 4-ac)

s P35 =pd—
p3:=4.123105612

Comment

Step 7 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=p5:

> 0= f(p0) < f1 = f(pl) : 2 = f(p2) :

> ci=f2:

_ (pl=p2)-(W—f2) = (p0—p2)-(f1 =)

(p0 = p2)-(pl = p2)-(p0 = pl) '
> e Lp0=p27 (/1 = f2) = (p1 =p2)-(W—=2))
(p0 = p2)-(pl = p2)-(p0 — pI)

2-¢

b R
b+ [mJu\qn(b 4-a (‘)

5 P6 = ps—

P6 :=4.123105626

Result: Thus, the real zero approximationis |p, =4.123105626

Comment

Step 8 of 85

Find the second real zero:

> fi= ot 450 —9% —85-x— 136
> p0:=-45:pl :=-42:p2:=-4:

> f0:=f(p0) : f1:=f(p]):f2:=f(p2):
> =42

> g UpL=p2)-(D=P2) = (p0—p2)-(f1=P2)) |
(p0 = p2)-(pl = p2)-(p0 — pl) ’

> e Lp0=p2) (/1 = f2) = (p1 =p2)-(W—2))
(p0 = p2)-(pl = p2)-(p0 — pI)

2.¢
5 P3= evalf| p2 — b Z€
5
b+ [m)-sqn(h' —4-a-c)

p3 = -4.124260968

Comment

Step 9 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=p3:

> 0= f(p0) 1 := f(pl) :f2 = f(p2) :

_ (pl =p2)- (W —f2) = (p0—p2)-(f1 = f2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) .

> oo (20 —p2) (1 —f2) = (pl —p2* (=)
(p0 = p2)-(pl — p2)-(p0 — pI) ’

2-¢

h S 2_ e
b+ [m]u\qn(b 4-a c)

s p=p3—

pd = -4.123109076

Comment

Step 10 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=pd:

> 0= f(p0) : 1= [f(p]) : 2= f(p2) :

_ (pl =p2)- (W —f2) = (p0—p2)-(f1 = f2)) .
(p0 — p2)-(pl —p2)-(p0 —pl) .
> o L0 =p2P (1 = 2) = (pl =p2* (0 =p2))
(p0 = p2)-(p1 = p2)-(p0 — pI) :
2-c

J -sqn(bz - -l-u-v)

5 P35 =pd—

b
b+ [ abs(b)

p5 = -4.123105622
Result: Thus, the real zero approximation is
Find the conjugate complex zeros:
> fi=x—at 4500 9.7 —85-x—136:
> p0:=-3:pl =-25:p2:=-2:
> 0= [f(p0) :f1 = f(pl) : /2= [(p2) :
> g UpI=p2)-(W=f2) = (P —p2)-(f1 = 12))
(p0 = p2)-(pl = p2)-(p0 = pl)
> e Lp0=p2 (/1 = f2) = (p1 =p2)-(W—2))

(p0 = p2)-(pl —p2)-(p0 — pI)

= ol _ 2-c
> p3 = evalf| p2 B 3
b+ (m)-sqn(b —4-ac)

p3:=-3.07130 + 1.350211

Comment

Step 11 of 85

Continuation of the above
2-c
+ [L ) ~\'qn(h: —4d-a-c)
abs(b) )

S pd= p3—
pd:=-2.36916 + 1.763701

Comment

Step 12 of 85

Continuation of the above
2-¢c

J qun(bz —4-ac)

pS = pd —
> b
R [ abs(b)

pS = -2.37934 + 1.216081

Comment

Step 13 of 85

Continuation of the above

2-¢

b (72 — dome
+ [m):\qn(b 4-a (‘)

5 P6 = ps -
p6 = -2.56792 + 1.208981

Comment

Step 14 of 85

Continuation of the above
2-¢

)«sqn(bz —4-a-c)

p7 = p6 —
> b
bk [ abs(b)

p7:=-2.57068 + 1.361811

Comment

Step 15 of 85

Continuation of the above

2-¢

* [ﬁ)'sqn(bz —4-ac)

> p8 = p7 —
p8 = -2.47638 + 1.359711

Comment

Step 16 of 85

Continuation of the above
2-¢

’ [ﬁ]‘wr‘(bz —4ac)

B pY = p8 —
p9:=-2.47848 + 1.308751

Comment

Step 17 of 85

Continuation of the above

2-¢

+ [ abs(h) ]-.\qn(h 4-a ()

> pl0 = p9 —
pl10:= -2.50853 + 1.309231

Comment

Step 18 of 85

Continuation of the above
2-c

b+ (ﬁ]lwn(hz —4-a-c)

S pll = pl0—

pll:=-2.50828 + 1.328011

Comment

Step 19 of 85

Continuation of the above

2-¢

s p12:=pll = b
+ (m)-sqﬂ(h: —4-a-c)

pl12:=-2.49693 + 1.327761

Comment

Step 20 of 85

Continuation of the above

2.

" ("I’:T)Isqn(hz —4ac)

> pl3 = pl2—

pl3:=-249709 + 1.321011
Continuation of the above

2-¢

> pl4:=pl3— b
+ (m)-sqn(h: —4-a-c)

pl4:=-250113 + 1.321091

Comment

Step 21 of 85

Continuation of the above
2-c

o (‘“’:)T)Isqn(hz —4-a-c)

S pls = pl4—

pl5:=-2.50109 + 1.323541

Comment

Step 22 of 85

Continuation of the above

2.¢

s Pl6:=pl5— b
+ (m)-squ(h2 —4d-a-c)

pl6 := -2.49959 + 1.323511

Comment

Step 23 of 85

Continuation of the above

2.

b+ ( ab:;h) )-squ(hl —da)

S pl7 = pl6 —

pl7 = ~2.49963 + 1.322621

Comment

Step 24 of 85

Continuation of the above

2.

> p18 = pl7 — 5
+ (m)-sqﬂ(h2 - -hl-t)

pl18:=-2.50017 + 1.322621

Comment

Step 25 of 85

Continuation of the above

2.

h (ﬁ)'wﬂ(hz —d-ac)

S pl9:=pl8 —

pl19:=-2.50013 + 1.322971
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Chapter 2.6, Problem 4E

Continuation of the above
2

" (#{h))'s‘lﬂ(b2 —4-a-c)

p20 := pl9 —
P20 := -2.49993 + 1.322941

Comment

Step 27 of 85

Continuation of the above
2-c
b+ (L)-sqn(h: - 4~a-c)
abs(b)

S p2l = p20 —
p21 = -2.49995 + 1.322831

Comment

Step 28 of 85

Continuation of the above
2-c
+ (L)-sqn(h2 —4-a-c)
abs(b)

> p22 = p2] —
p22 = -2.50003 + 1.322851

Comment

Step 29 of 85

Continuation of the above
2:c
)-squ(h2 - 4~a-c)

> P23 :=p22— 5
o+ ( abs(b)

p23:=-2.50001 + 1.322881

Comment

Step 30 of 85

Continuation of the above
2-c
+ (o )l — )
abs(p) )4

> p24 = p23 —
p24 = -2.49999 + 1.322861

Comment

Step 31 of 85

Continuation of the above
2:c
b+ (—b )-sqr\(h2 ~4-ac)
abs(b)

> P25 :=p24 —

p25 = -2.50000 + 1.322881
Continuation of the above
2-c
h S 2 - &ac
+(nbs{h) )-sqn(h 4-ac)

> p26 = p25 —

P26 := -2.50001 + 1.322881

Result: Thus, the conjugate complex zeros are given by

[ P2 =(~2.50000) +(1.32288) |

Comment

Step 32 of 85

2 Bookmarks

b. Find the approximations to within 1(* to all the zeros of the polynomial

f(x)=x"=2x" —12x" +16x - 40 Using Muller’s method by applying Maple

as shown below.

Find the first real zero:

> fi=x—at =28 122 +16:x - 40:
> p0:=-4:pl :=-35:p2:=-3:

> f0:=f(p0) : f1:=f(pl]) :f2:=f(p2) :
> c=f2:

> go= A2L=p2) (0 —f2) = (p0 —p2)-(f1 =) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

> o L0 =p2P (/1 =) = (p1 —p2* (0 —P2))
(p0 — p2)-(pl — p2)-(p0 — pI)

[ . ZIC ]
pz b 5
b+ (m)-sqn(b —4-ac)

p3 = -3.54701

S p3 = evalf

Comment

Step 33 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) :f1:= f(pl):f2 = f(p2) :

> = f2:

> gi= UpIL=p2) (W—f2) = (p0—p2)-(f1=/2)) ,
(p0 = p2)-(pl = p2)-(p0 — pl)

> o (PO =p2)*(f1 = 2) = (p1 = p2)*(W=2)) .

(p0 = p2)-(pl — p2)-(p0 — pI) ’
2-c
)~sqn(b: —4-u~c)

s pd=p3— b
+ [ —=—
b [ abs(b)

pd = -3.54824

Comment

Step 34 of 85

Continuation of the above

> p0:=pl:pl=p2:p2:=pd:

> f0:=f(p0) :f1 = f(pl) : 2= f(p2) :
> e=f2:

> gi= WP =p2) (O —f2) = (p0—p2)-(1=/2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) '
> o (PO =p2)*(f1 = 2) = (p1 = p2)*(W=2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) '
2:c

)-sqn(bz - 4-u~c)

>p5:=p4—h+[ 5
abs(b)
pS = -3.54823

Result: Thus, the real zero approximation is | p, = —3.54823

Comment

Step 35 of 85

Find the second real zero:

> fr=xmat =28 - 122 +16:x—40:
> p0:=5:pl:=45:p2:=4:

> f0 = f(p0) :f1 = f(pl) : 2= f(p2) :
> c=f2:

> g U1 =p2)- (W =f2) = (p0 =p2)-(f1 =12)) .
(p0 = p2)-(pl = p2)-(p0 — pI)

> o L0 =p2 (11 =2) = (p1 —p2* (D =p2))
(p0 — p2)-(pl — p2)-(p0 — pI)

p3 = evalf| p2 — 2c
> b 2
b+ (—abs(h) )-sqr\(b —4-a<c)

p3 :=4.38440
Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0): f1:=f(pl):f2:=f(p2):
> c=f2:

> g W21 =p2)-(0=12) = (p0 = p2)-(f1 =f2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) '
> o L0 =p2 (/1 =2) = (p1 —p2* (D =p2))
(p0 = p2)-(pl — p2)-(p0 — pI)
2-c

)u\'qu(b: - 4-a~c)

>p4:=p3—h+[ 5
abs(b)

p4:=438113

Comment

Step 36 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p4:

> 0= f(p0) : f1 = f(p]) :f2:= f(p2) :

> c=f2:

> g UpI=p2) (O —=f2) = (p0—p2)-(f1 =f2)) .
(p0 = p2)-(pl = p2)-(p0 — pI)

> e Lp0=p2)(f1 = f2) = (p1 =p2)-(W—=2))
(p0 — p2)-(pl — p2)-(p0 — pI)

2-c

o+ (G ) et 49

> pS = pd —

pS=438111

Result: Thus, the real zero approximationis |p, =4.38111

Comment

Step 37 of 85

Find the conjugate complex zeros:

> frmxaat 2.8 122 +16-x—40:

> p0 = 0.6:pl = 0.5:p2 = 04:

> 0= f(p0) /1 = f(pl) :f2 = f(p2) :

> ci=f2:

((p! =p2) (O —f2) = (p0—p2)-(1=/2)) .
(p0 = p2)-(pl = p2)-(p0 — pl)

> e Lp0=p2)* (/1 = p2) = (p1 =p2)*-(W—2))

(p0 = p2)-(pl = p2)-(p0 = pl)

5 P3 = evalf| p2 — 2:c
b 2
b+ (m)sqn(b —4d-a-c)

> gi=

p3:=0.611194 — 1.611231

Comment

Step 38 of 85

Continuation of the above
2-¢

() el 400

L pdi=p3—
p4 :=0.449612 — 1.504271

Comment

Step 39 of 85

Continuation of the above
2-¢

)-sqn(b2 - -l-u-c)

> pS = pd — i
b+ [ abs(b)

p5 =0.566117 — 1.359941

Comment

Step 40 of 85

Continuation of the above
2-c
b 2 s
- [ abs(b) )~squ(b 4-a c)

> p6 = p5 —
p6:=0.722568 — 1.465001

Comment

Step 41 of 85

Continuation of the above
2-c
)~sqn(b: —4d-a-c)

>p7==p6—h+[ 3
abs(b)

p7 :=0.603192 — 1.622481

Comment

Step 42 of 85

Continuation of the above
2-c
b -
+ [ abs(b) )~sqn(b 4-a c)

> P8 = p7 -

p8:=0.467144 — 1.503421

Continuation of the above

2-c

)~sqn(b: —4-ac)

>,)9¢=p8—h+[ 73
abs(b)
p9 :=0.568100 — 1.376011

Result: Thus, the conjugate complex zeros are given by

[P, =(0.568100)+(1.37601),]

Comment

Step 43 of 85

c. Find the approximations to within |(* to all the zeros of the polynomial

f(x)=x"+x"+3x" + 2x+ 2 Using Muller’s method by applying Maple

as shown below.

Find the conjugate complex zeros:
> fimxa Pt 8 #3820+ 2:

> p0:=-0.6:pl :=-05:p2 :=-04:

> 0= f(p0) :f1:= f(pl) : f2:= f(p2) :
> c=f2:

_ ((pl =p2)-(0—f2) = (p0 —p2)-(fI = f2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

> oo (20 —p2) (/1 —f2) — (pl —p2)* (=)
(p0 — p2)-(pl — p2)-(p0 — pI)

p3 = cvalf[ p2 - 2:c ]
> I b ot 12 — d-a-
b+ [ abs(b) )Aqﬂ(b -lat)

p3 = -0.373754 — 0.7380341

Comment

Step 44 of 85

Continuation of the above
2-c

>p4:=p3— N

b+ [ﬁ)&m(b‘ - 4~a~c)

p4 = -0.327521 — 09134861

Comment

Step 45 of 85

Continuation of the above
2-c
)*sqﬂ(b: - 4~a‘c)

> pS = pd — N [ 5
abs(b)
pS = -0.522649 — 1.012291

Comment

Step 46 of 85

Continuation of the above
2-c
h 2 -_&a-
+ [ abs(b) )'M]ﬂ(b 4-a c)

5 P6 = ps -
p6 = -0.558026 — 0.842283 1

Comment

Step 47 of 85

Continuation of the above
2-c
+ [ L)‘sqn(b: —4-a-c)
abs(b)

> P7=p6—
p7:=-0.488129 — 0.8352871

Comment

Step 48 of 85

Continuation of the above
2-c
b 2
+ [ abs(h) )'M]ﬂ(b 4-a c)

5 P8 =p7—
p8 = -0.480512 — 0.8729291

Comment

Step 49 of 85

Continuation of the above
2-¢

) ~sqn(bz - J-ar)

s P9 =p8— N [ n
abs(b)

p9 = -0.503922 — 0.8773451

Comment

Step 50 of 85

Continuation of the above
2-c
b 2 K
+ [ abs(h) ]usqn(h 4-a ()

5 P10 = p9 —

pl0 = -0.506358 — 0.8637201
Repeat the above process and terminates at the following step
2-c
b .
+(nbs{h) )-sqn(h 4n¢)

> p26 = p25 —

p26 = -0.500001 — 0.866028

Result: Thus, the conjugate complex zeros are given by

[ P2 = (~0.500001) £ (0.866028)

Comment

Step 51 of 85

Show all steps: ( JTon

7/8/2019, 12:58 PM



Solved: Use Steffensen’s method to find, to an accuracy of 10—4... | Che...

30f5

Chegg’ StUdy Textbook Solutions ~ Expert Q&A

https://www.chegg.com’/homework-help/Numerical-Analysis-10th-editi...

Q @

Chapter 2.6, Problem 4E 2 Bookmarks
Digits :== 6
=t 4P 43P 2 x 2
=+ @ 3 4 2x 42
> factor(f)
(P +x+1)(F+2)
>g= P42
q::.\'Z +2
> solve(g=0,x)
W2,-1y2
> evalf(%)
1.414211, -1.414211

Result: Thus, the conjugate complex zeros are given by (0)i(|.4|42|)i

Comment

Step 52 of 85

d. Find the approximations to within (- to all the zeros of the polynomial
f(x)=x"+11x* =21x" =10x* — 21x — 5 Using Muller’s method
by applying Maple as shown below.
Find the first real zero:
> fimxo® + 114 =218 — 102 —21x—5:
> p0:=2:pl :=25:p2:=3:
> f0:=f(p0) :f1:=[f(p]) : 2= [(p2) :
> ec=f2:
((pl =p2) (W —f2) = (p0—p2)-(1=/2)) .
(p0 = p2)-(pl = p2)-(p0 — pI)
> e Lp0=p2) (/1 = f2) = (p1 =p2)-(W—=2))
(p0 = p2)-(pl = p2)-(p0 — pI)

N _ 2-¢
> p3 = evalf| p2 b z
+ [_abs(h) )-sqr\(b - 4~a-¢-)

> gi=

p3 =228500

Comment

Step 53 of 85

Continuation of the above

> p0:=pl:pl=p2:p2:=p3:

> f0:=f(p0) : f1 = f(pl) : 2:= f(p2) :

> o= f2:

> gi= UL =p2) (W —f2) = (p0—p2)-(f1=/2)) ,
(p0 = p2)-(pl — p2)-(p0 — pI) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W=2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

2:c

’ [ﬁ)'ﬂlﬂ(b: —4-ac)

5 pd=p3—
p4 :=225699

Comment

Step 54 of 85

Repeat the above process and terminates at the following step
2-¢

" [ﬁ).m“(bz —4-ac)

> p7 = p6 —

p7 :=2.26009

Result: Thus, the real zero approximationis |p, = 2.26009

Find the second real zero:

> fi= x4 11 =218 =102 = 21x =5
> p0i=-1:pl:=-05:p2:=

> 0= f(p0) : 1= f(p]) : 2= f(p2) :

> c=f2:

((p1 =p2)-(0=12) = (p0 =p2)-(f1 =2))

(p0 — p2)-(pl — p2)-(p0 — pI) '
> e Lp0=p2 (/1 = f2) = (p1 =p2)- (W —2))
(p0 = p2)-(pl = p2)-(p0 — pI)

5 p3 = evalf| p2 - 2
b 2
b+ (m)-s‘qn(b —4d-a-c)

> gi=

p3 = -0.320686

Comment

Step 55 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) :f1 = f(pl) : 2:= f(p2) :

> c=f2:

> g UpI=p2) (O —=f2) = (p0—p2)-(f1 =12)) .
(p0 = p2)-(pl = p2)-(p0 — pI) '

> o Lp0=p2) (/1 = f2) = (p1 =p2)-(W—2))

(p0 — p2)-(pl — p2)-(p0 — pI)
2-c
)«sqn(b2 —4-a-c)

>p4:=p3—h+[ A
abs(b)

pd = -0.256458

Comment

Step 56 of 85

Repeat the above process and terminates at the following step
2-c
b 2 dine
- [ abs(b) )u\qﬂ(b 4-a c)

> P6 = ps—

Pp6 = -0.250237

Result: Thus, the real zero approximationis |p, =~0.250237

Comment

Step 57 of 85

Find the third real zero:

> fim xod + 1t =218 — 102 =215 —5:
> p0i=-13:pl ==-12:p2 :=-11:

> 0= f(p0) : f1 = f(pl):f2:=f(p2):

> ci=f2:

> gi= UpL=p2) (O —f2) = (p0—p2)-(f1=/2)) ,
(p0 = p2)-(pl — p2)-(p0 — pl) '

> o (PO =p2)* (1 = 2) = (p1 = p2)* (W= 2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) ’

> P3 = evalf| p2 — 2:c
b 2
b+ [ e )-sqr\(b —4-ac)

p3:=-12.5999

Comment

Step 58 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=p3:

> 0= f(p0) : /1 = f(pl) : 2 = f(p2) :

. Upl =p2)- (0 =f2) = (p0—p2)-(f1 =f2))
(p0 = p2)-(pl = p2)-(p0 — pl) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W=2)) .

(p0 = p2)-(pl = p2)-(p0 — pI) ’

2-c

5 pd=p3— i N

+ [m)\qn(b —4d-a-c)
pd:=-12.6128
Comment

Step 59 of 85

Repeat the above process and terminates at the following step

2-¢

’ [ﬁ).m“(bz —4-ac)

>p5:=p4—

pS = -12.6124
Result: Thus, the real zero approximationis |p, =~12.6124

Find the conjugate complex zeros:

Show all steps: ( JTon

By using Maple technology the conjugate complex zeros are obtained as shown below.

> Digits :== 6

Digits :== 6

> fi= 1t =218 =102 —21.x =5

fi= #1184 =218 — 102 —21x—5

> h = solve(f=0,x) :

> evalf(h)

2.26009, -0.198710 + 0.813313 1, -0.250237, -12.6124, -0.198710 — 0.8133131

Result: Thus, the conjugate complex zeros are given by

[(~0.198710)+(0.813313),

Comment

Step 60 of 85

e. Find the approximations to within |(* to all the zeros of the polynomial
£(x)=16x" +88x" +159x" + 76x — 240 Using Muller’s method

by applying Maple as shown below.

Find the first real zero:

> fi= x=16" + 882 + 159-2 + 76-x — 240 :

> p0:=0:pl =05:p2:=1:

> 0= f(p0) :f1 = f(pl) : f2:=f(p2) :

> =42

((pl =p2)-(f0—f2) — (p0 —p2)-(f1 = f2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W—12)) .
(p0 —p2)-(pl — p2)-(p0 — pI) '

2.
> p3 = evalf| p2 — £C
b 2
b+ ( Bs(0) )-sqn(b —4-ac)

p3 :=0.836600

> gi=

Comment

Step 61 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):

> c=f2:

> q= W21 =p2) (W—f2) = (p0—p2)-(1=12)) ,
(p0 = p2)-(pl — p2)-(p0 — pI) '

> e L0 =p2) (/1 = f2) = (p1 =p2)- (W —2))
(p0 = p2)-(pl = p2)-(p0 — pI)

2-c

b+ [ﬁ)ﬁqﬂ(bz - 4~a~(‘)

S pe= p3—-
p4 :=0.846613

Comment

Step 62 of 85

Repeat the above process and terminates at the following step
2-c
)u\'qu(b: —4d-a-c)

>p5:=pl—h+[ 5
abs(b)

p5 :=0.846742

Result: Thus, the real zero approximationis | p, = 0.846742

Comment

Step 63 of 85

Find the second real zero:

> fi= x—= 162" + 8- + 1592 + 76-x — 240 :

> p0:=-4:pl :=-35:p2:=-3:

> f0:=f(p0) :f1 = f(pl) : 2:= f(p2) :

> ec=/2:

> g= WP =p2) (W —f2) = (p0—p2)-(1=/2)) .

(p0 = p2)-(pl = p2)-(p0 — pl)

> e Lp0=p2) (/1 = f2) = (p1 =p2)*-(W—=2))

(p0 = p2)-(pl = p2)-(p0 = pI)

p3 = evalf| p2 — 2:¢
> b 2
b+ [m)sqn(b —4d-a-c)

p3 = -3.36741
Continuation of the above
> p0 = pl:pl = p2:p2 = p3:
> f0:=f(p0) : /1= f(pl) : 2= f(p2) :
> =2
> g= W21 =p2) (W —f2) = (p0—p2)-(1=/2)) ,
(p0 = p2)-(pl = p2)-(p0 — plI)
> e Lp0=p2) (/1 = f2) = (p1 =p2)-(W—=2))
(p0 = p2)-(pl = p2)-(p0 = pI)
2c

)~sqn(b: - 4-u~c)

>p4:=p3—h+[ 5
abs(b)

pd = -3.35820

Comment

Step 64 of 85

Repeat the above process and terminates at the following step
2-¢

’ [ﬁ).m“(bz —4-ac)

> pS=pd —

pS = -3.35805

Result: Thus, the real zero approximationis |p, = -3.35805

Comment

Step 65 of 85

Find the conjugate complex zeros:

By using Maple technology the conjugate complex zeros are obtained as shown below.

> Digits :== 6

Digits :== 6

> fi= 164" + 8- + 1592 + 76-x — 240

f:=16x" + 885 + 1597 + 76.x — 240

> h = solve(f=0,x) :

> evalf(h)

0.846743, - 1.49435 + 1.744221, -3.35804, - 1.49435 — 1.744221

Result: Thus, the conjugate complex zeros are given by

(~1.49435) +(1.74422)i

Comment

Step 66 of 85

f. Find the approximations to within 1(* to all the zeros of the polynomial
f(x)=x"-4x" =3x+5 Using Muller's method

by applying Maple as shown below.

Find the first real zero:

> fimxor =42 —3x+5:

>p0:=0:pl :=05:p2:=1:

> 0= f(p0): f1 = f(pl):f2:=f(p2):

> g= UpL=p2) (O —f2) = (p0—p2)-(f1=/2)) .
(p0 = p2)-(pl = p2)-(p0 = pl) '

> oo (PO =p2)*-(f1 = 2) = (p1 =p2)*(W—2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

p3 = evalf| p2 — 2:
> b )
+ [_abs(h) )-sqn(b - 4-a-¢-)

p3 = 0.874492

Comment

Step 67 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> ci=f2:

((p1 =p2)-(0=12) = (p0 =p2)-(f1 =2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’
> e Lp0=p2) (/1 = f2) = (p1 =p2)-(W—2))
(p0 = p2)-(pl = p2)-(p0 — pI)
2-c

! [ﬁ)'m(bz —4ac)

> gqi=

> po= p3 -

pd :=0.860872
Repeat the above process and terminates at the following step
2-c
b+ [LJ-sqn(bz —4-ac)
abs(b)

>p5:=p4—

p5=0.861173

Result: Thus, the real zero approximationis |p, = 0.861173

Comment

Step 68 of 85

Find the second real zero:

> = = =4 —3x+5:
>p0:=2:pl:=25:p2:=3:

> f0:=f(p0) :f1:= f(pl) : 2= f(p2) :
> ci=f2:

> gie WP =p2)-(W=2) = (p0—p2)-(f1 =)
(p0 = p2)-(pl — p2)-(p0 — pI) :

> e Lp0=p2)* (/1 = f2) = (p1 =p2)-(W—2))
(p0 = p2)-(pl = p2)-(p0 — pI)

> p3 = evalf| p2 — 2
b 2
b+ [ prw ) )-sqr\(b —4-ac)

p3 :=2.08889

Comment

Step 69 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> ci=f2:

> g UpI=p2)-(W—=f2) = (p0—p2)-(f1 =12))
(p0 = p2)-(pl —p2)-(p0 — plI) '
> oo (20 =p2) (/1 = f2) = (pl —p2* (P —2)
(p0 — p2)-(pl — p2)-(p0 — pI)
2-c

’ [ﬁ)ﬁ‘qﬂ(b: —dogc)

s pd=p3—
p4:=2.06276

Comment

Step 70 of 85

Repeat the above process and terminates at the following step

2-¢

’ [ﬁ).w“(bz —4-ac)

5 P7 = p6—

p7 =2.06932

Result: Thus, the real zero approximationis |p, = 2.06932

Comment

Step 71 of 85
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Chapter 2.6, Problem 4E
Digits :== 6
> = f 4P -3x+5
= -4 -3x+5
> h = solve(f=0,x) :
> evalf(h)
0.861174,2.06932, - 1.46525 + 0.8116721, ~1.46525 — 0.8116721

Result: Thus, the conjugate complex zeros are given by

2 Bookmarks

g. Find the approximations to within (- to all the zeros of the polynomial

f(x)=x"=2x" —4x” + 4x + 4 Using Muller’s method
by applying Maple as shown below.
Find the first real zero:

> fi=xot —20-4- 2 4 4x+4:
>p0:=1:pl:=15:p2:=2:

> f0 = f(p0) :f1 = f(pl) : 2= f(p2) :

> o= f2:

> gi= UL =p2) (O —f2) = (p0—p2)-(1=/2)) ,
(p0 = p2)-(pl — p2)-(p0 — pl) '

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W=2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) ’

> P3 = evalf| p2 — 2:c
b 2
b+ [ o )-sqn(b —4-ac)

p3 = 140280

Comment

Step 72 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> c=f2:

> g UPL=p2)-(D=P2) = (p0=p2)-(f1=P2)) |
(p0 = p2)-(pl = p2)-(p0 — pl) '

> o L0 =p2P (11 =2) = (p1 —p2* (D =p2))
(p0 = p2)-(pl = p2)-(p0 — pI)

2-¢

" [ﬁ).w“(bz —4-ac)

5 pd=p3—
p4 = 141391

Comment

Step 73 of 85

Repeat the above process and terminates at the following step
2-c
b 2 A
- [ abs(b) )'M]I’l(b 4-a c)

> p5 = pd —

PS5 =141421

Result: Thus, the real zero approximationis |p, =1.41421

Comment

Step 74 of 85

Find the second real zero:

> fi=xot —28-4. 2 4 4x+4:

> p0:==-2:pl :=-15:p2:=-1:

> f0:=f(p0) :f1:= f(pl):f2:= f(p2) :

> ec=f2:

> go= M2L=p2) (0 —f2) = (p0—p2)-(S1 =) .
(p0 = p2)-(pl = p2)-(p0 — pl) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W=12)) .

(p0 = p2)-(pl = p2)-(p0 — pI) '
2:c
> p3 = evalf [ p2— 5 " ]
b+ {—abs(h) )~sqr\(b —4-ac)

p3 = -0.876125

Comment

Step 75 of 85

Continuation of the above

> p0 = pl:pl =p2:p2:=p3:

> 0= f(p0) :f1 = f(pl) : 2 := f(p2) :
> e=f2:

> gi= UL =p2) (O —f2) = (p0—p2)-(1=/2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) '
> o (PO =p2)*-(f1 = 2) = (p1 =p2)*(W=2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’
2:c

' [ﬁ).w“(bz —4-a-c)

5 pd=p3—

pd = -0.758152
Repeat the above process and terminates at the following step
2-c
b 2 -_&a-
+ [ abs(h) )~sqn(b 4-a c)

> p7 = p6 —

p7 = =0.732050

Result: Thus, the real zero approximationis |p, =-0.732050

Comment

Step 76 of 85

Find the third real zero:

> fi=xoxt —20-4. 2 4 4x +4:

> p0:==-15:pl :==-14:p2:=~13:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> ci=f2:

o Upl =p2)- (O =f2) = (p0—p2)-(f1 =f2)) .
(p0 — p2)-(pl — p2)-(p0 — pI) '

> o (PO =p2)*(f1 = 2) = (p1 = p2)*(D—12)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

>a

s p3= evalf| p2 — 2
b 2
b+ (m)sqn(b - 4-1‘-(‘)
p3 = -1.41408
Comment

Step 77 of 85

Continuation of the above
> p0:=pl:pl:=p2:p2:=p3:
> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> c=f2:
((pl =p2)- (0 =f2) = (p0 —p2)-(f1 =/2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) '
> e Lp0=p2)(71 = f2) = (p1 =p2)-(W=2))
(p0 — p2)-(pl — p2)-(p0 — pI)
2-c

b+ [ﬁ)«mn(bz —4-a-c)

> =

s pd= p3 -

pd = -141421

Result: Thus, the real zero approximationis |p, =~1.41421

Comment

Step 78 of 85

Find the fourth real zero:

> fi= o =284 2 +dx+4:

> p0:i=2:pl =25:p2 =

> f0:=f(p0): f1:=f(pl):f2:=f(p2):

> ci=f2:

> q= W21 =p2) (W —f2) = (p0—p2)-(1=/2)) .
(p0 = p2)-(pl = p2)-(p0 — pI)

> e Lp0=p2)* (/1 = p2) = (p1 =p2)-(W—2))

(p0 = p2)-(pl = p2)-(p0 — pI)

5 P3 = evalf| p2 — 2c
b 2
b+ (m)squ(h —4d-ac)
p3:=271267
Comment

Step 79 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=f(pl):f2:=f(p2):
> ci=f2:

> gi= U1 =p2) (O —f2) = (p0—p2)-(1=/2)) ,
(p0 = p2)-(pl — p2)-(p0 — pI) '

> o L0 =p2)*-(f1 = 2) = (p1 =p2)*(W=2)) .
(p0 = p2)-(pl — p2)-(p0 — pI) '

2-c

o [ﬁ)‘ﬂqﬂ(bz —darc)

N pd = p3 —
p4:=2713150

Comment

Step 80 of 85

Repeat the above process and terminates at the following step

2-¢

’ [ﬁ).w“(bz —4-ac)

S PS=pd—

pS5 =273205

Result: Thus, the real zero approximationis | p, = 2.73205

h. Find the approximations to within 1(* to all the zeros of the polynomial

f(x)=x"=7x" +14x -6 Using Muller's method

by applying Maple as shown below.

Find the first real zero:

> fi=xol =T+ 14x—6:

> p0i=2:pl=25:p2 =

> 0= f(p0) : f1:=f(p]):f2:=f(p2):

> ci=f2:

> qi= UpIL=p2) (W —f2) = (p0—p2)-(1=12)) ,
(p0 = p2)-(pl = p2)-(p0 — pI)

> e Lp0=p2) (/1 = f2) = (p1 =p2)*-(W=2))

(p0 = p2)-(pl = p2)-(p0 — pI)

> p3 = evalf| p2 — 2c
b 2
+ ( abs(b) )~sqn(h - 4~a-c)

p3:=3.

Result: Thus, the real zero approximationis | p; = 3.00000!

Comment

Step 81 of 85

Find the second real zero:

> fi=xol =T P+ 14x—6:
>p0:=0:pl :=05:p2:=1:

> fO0:= f(p0) :f1 = f(pl) : f2 = f(p2) :
> c=f2:

_ pl =p2)-(W—f2) = (p0—p2)-(f1 = f2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W—12)) .
(p0 = p2)-(pl — p2)-(p0 — pI) '

> P3 = evalf| p2 — 2:c
b 2
b+ ( Bs(0) )-sqn(h —4-a-c)

Pp3:=0.582844

Comment

Step 82 of 85

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0): f1:=f(pl):f2:=f(p2):
> e=f2:

> gi= UL =p2) (O —f2) = (p0—p2)-(f1=/2)) .
(p0 = p2)-(pl = p2)-(p0 —pl) ’

> o (PO =p2)*-(f1 = 2) = (p1 = p2)*(W=2)) .
(p0 = p2)-(pl = p2)-(p0 — pI) '
2-c

" [ﬁ).w“(bz —4-ac)

5 pd=p3—
p4:=0.585770

Comment

Step 83 of 85

Repeat the above process and terminates at the following step
2-¢

) ~:«;ﬂ(b2 - 4-a‘c)

> P6i=p5— r.+[ 5
abs(b)
p6 = 0.585788

Result: Thus, the real zero approximation is | p, =0.585788

Comment

Step 84 of 85

Find the third real zero:
> fi=xaP -T2 +14x—6:
> p0:=31:pl:=35:p2:=4:
> f0:=f(p0): f1:=f(pl):f2:=f(p2):
> c=f2:
> q= UpIL=p2) (W—f2) = (p0—p2)-(1=/2)) ,
(p0 = p2)-(pl = p2)-(p0 — pI)
> e Lp0=p2) (11 = f2) = (p1 =p2)-(W—2))
(p0 = p2)-(pl = p2)-(p0 — pI)
2-c
S p3 = evalf [ p2— b " ]
b+ {—ahs(h) )-squ(h —4-ac)

p3:=342571

Continuation of the above

> p0:=pl:pl:=p2:p2:=p3:

> f0:=f(p0) : f1:=[f(pl]) :f2:=f(p2) :
> c=f2:

> g UpL=p2) (D =12) = (p0=p2)-(f1=P2)) ,
(p0 = p2)-(pl — p2)-(p0 — pI) ’

> oo (20 —p2) (/1 —f2) = (pl —p2)* (=)
(p0 — p2)-(pl — p2)-(p0 — pI)
2-c

b+ [ﬁ)sqﬂ(bz —4-a-c)

> P4 = p3 -
pd:=342322

Comment

Step 85 of 85

Repeat the above process and terminates at the following step
2-c
)~sqn(b: —4d-a-c)

> p9 = p8 — N [ b
abs(b)
p9 :=341419

Result: Thus, the real zero approximationis |p, =3.41419

Comment

Was this solution helpful? (4]

Recommended solutions for you to review

Show all steps: ( JTon
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