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Numerical Analysis (10th Edition)

Chapter 11.2, Problem 6E Bookmark Show all steps: (_TToNT Post a question
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Problem 9

Enter question
a. Change Algorithm 11.2 to incorporate the Secant method instead of Newton’s method. Use fp =
(B-a)b-a)andt; =ty + (B~ y(b, lp))/(b~a).

b. Repeat Exercise 4(a) and 4(c) using the Secant algorithm derived in part (a), and compare the
number of iterations required for the two methods. 15 questions remaining

Continue to post

Reference: Algorithm 11.2

Nonlinear Shooting with Newton’s Method
My Textbook Solutions

To approximate the solution of the nonlinear boundary-value prc

¥ = fleyy), fora <x <b, with y(a) = o an

. . O i
(Note: Equations (11.10) and (11.12) are wriiten as firsi-order s. Ch;?nairs‘;iy
INPUT  endpoints a, b: boundary conditions a, 8; number of s
ance TOL; maximum number of iterations M. Numerical Organic The Design
. . . Analysis Chemistry of...
5 R o o8 5 pea s
OUTPUT  approximations w ; to y(x;): wz; to ¥ (x;) foreach Loth Edition 7th Edition e Edition

that the maximum number of iterations was exceeded.

Step 1 Seth = (b—a)/N:
k=1;
TK = (B —a)/(b—a). (Note: TK could also be

Step 2 While (k < M) do Steps 3-10.
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Step3 Setwig=e: right now
unpo =TK;
up =0

Joanna

uy =1 Georgia Tech 1277

Step 4 Fori=1,....N do Steps 5 and 6.

(The Runge-Kutia method for systems is | .
Annie
| University of Birmi... 1017

Step5 Setx=a+ (i— 1)

Step6 Setkyy = hwa;_1;
kyz = hfrwywaig);
kay =h(wy g + ko)

kay =h(wy g + kao):

kap=hf(x+h/2wii+ o wi+ 3k,
ket = h(wai1 4+ k32):

kiz=hf(x+hwi 1 +kay, w1+ kaa):
wy;= w1+ kg +2ky; +2k3y +ke1)/6:
wai = wai-1 + (k2 + 2kap + 2k3z 4+ ka2)/6;
ki = hua

iy = hlfy(xwii wiim

Ryan
University of Sout... 510

F vl owiiowioDml:
kyy = hluy + gkio):
Kpy =h[ A+ /2w wyi) (n + 5k )
+he B 2owy g owag ) (un + Sk )
Kiy = k(w2 + 3k )
Koy =h[fc+h/2owiirwyi) (n + 3k5,)
e+ R 20wy owag ) (un + Lk 5)
k_;_l = h{ur + ki.’z);
iy = [ At + howiiwai) (i + k)
+ x4 hawnionwai) (2 + k) s
w =y glk]y F 2K+ 2K+ KD
uy =z + Hkia + 2k + 255 + K5 5],
Step 7 If jw;y — #| = TOL then do Steps 8 and 9.

Step8 Fori=0,1,....N
setx = a+ i
OUTPUT (x, wy, wa,).

Step 9 (The procedure is complete.)
STOP.

Step 10 Set TK = TK — “’“’:‘—_‘B
1
(Newton's method is used to compute TK.)
=k} 1:
Step 11 OUTPUT (*Maximum number of iterations exceeded”
(The procedure was unsuccessful.)
STOP.

Reference: Exercise 4(a)
a Y=y -y, I=x<2.31 =1y =L useh=0.1;actual solution y(x) = (x + )"

Reference: Exercise 4(c)

e Y=y+2y—-hxn*-x"', 2<x<3y2) =%+In 2.¥(3) = 31+m3:useh=0.l;aclua]
solution y(x) = x~! + Inx.

Step-by-step solution

Step 1 of 22

(@)
Write the nonlinear boundary value problem " = f(x,y,y'),a < x £ b with boundary conditions
y(a)=a andy(b)=p.
The modified Nonlinear Shooting algorithm to incorporate the secant method with
ty=(p-a)/(b-a) and t=1,+(B-y(b.t,))/(b-a) is as folows:
INPUT endpoints a,b; boundary conditions ¢, f#; number of subintervals N > 2;
Tolerance TOL; maximum number of iterations M.
OUTPUT approximations w,, to y(x,): w, to y'(x,) foreach i=0,1,2,....N ora
message that the maximum number of iterations was exceeded.
h=(b-a)/N:
Step1 Set k=2
TK1=(B-a)/(b-a).

Wi = Q5
Step2 Set
w,, =TKI.

Step3 For i=1,2,...,N perform Steps 4 to 7.
Step4 Set x=a+(i—1)h.

ky,=h-w,,

Ky =hef(x,w,w,, )i

Step5 Set k,, =/,‘(".1 i +/‘|_.z}
2, 2 2

h k ki
ky, = l:~f[x+5,w”,, +%,w,k, +'7)

Comment
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Continuation of the algorithm:

Step6 Set

ks,
kq, =h-(wzﬂ +?]:

k,,=h- f(x +g‘ Wy kW, kg, )

Wi SWm +l(kl.l +20ky, + 20k +ky, );
Step7 Set 6

Wi = Wain

1
Jfg(/r,_2 +2kyy +2kyy +hy )

(ﬂ_ "'l..\')

(b-a) -

Step9 while (k < M) perform Steps 10 to 17

Step8 Set TK2=TK1+

wyo =TK2;

Step10 Set
HOLD =w, .

Comment

Step 3 of 22

Continuation of the algorithm:
Step11 For i=1,2,3,.... N perform Steps 12 to 15
Step12 Set x=a+(i-1)h.

ky,=h-w,,

k= ll~f(x.w,',_,.w3.1 ,);

Step13 Set &, =,,‘(“.’ , +kl_.z):
2, 2 2

h k. ki
k,, =h'f[-"+5’“'u,.4 +%,“,2H + 12 J

Step14 Set

-

2= h-[[.\'%—g‘w,kl ki wy, +k,_z).

Comment

Step 4 of 22
Continuation of the algorithm:

W, =W +l(k“ +2-ky, +2-ky, +ky, );
Step15 Set 6

Wy, =Wy, + é(ku +2:kyy +2-ky, Ky, )
Step16 If |"'...~ - /1| < TOL then perform Steps 17 and 18
Step17 If i=0,1,2,...,N thenset x=a+i-h;

OUTPUT (x,m;,,mw,,)-

Step18 STOP -
— (wx —B)-(TK2-TK1) |
(w,y — HOLD)
Step19 Set TK1 =TK?2:
TK2=TK;

k=k+1.
Step20 OUTPUT (‘Maximum number of iterations exceeded.’);
STOP.
Comment

Step 5 of 22

(b)
4(a)

Write the Nonlinear boundary value Problem " = _‘y‘ —',1 < x <2 with boundary conditions
y(1)=1/2 and y(2)=1/3.

This is of the form y" = f(x,y,)") for a<x<h with y(a)=a and y'(a) =t.

Choose the parameter ¢ =1, such that }iﬂy(b.l‘)=,\"(b)=ﬁ where p(x.7,) denotes the

solution to the initial value problem involving a parameter ¢ with ¢ =, and y(x) denotes the

solution to a nonlinear boundary value problem.
The actual solution is y(x)=(1+ ,\»)” .

Choose j;=0.1, then N =10,70L =10, and M =100.

It is required to approximate solution to the following initial value problem involving a parameter ¢
with ¢ = A

" =y" =, 1<x<2 with boundary conditions y(1)=0andy'(1)=1,.

AN AR

and )" (@) for 12x<2 with z(1)=0and='(1)=1.
=(3y*-y)z-y

Comment
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Apply the Non Linear Shooting with Secant method Algorithm with Maple code as follows:

> restart :
> # NONLINEAR SHOOTING WITH SECANT METHOD ALGORITHM
>#
> # To approxi the solution of the nonli boundary-value problem
>#
># Y= FXY.Y), A<=X<=B, Y(A) = ALPHA, Y(B) = BETA:
>#
> # INPUT: Endpoints A,B: boundary conditions ALPHA, BETA: number of
># subintervals N: tolerance TOL: maximum number of iterations M.
>#
> # QUTPUT: Approximations W(l,1) TO Y(X(1)): W(2,1) TO Y'(X(1))
># Jor each 1=0,1,....N or a message that the maximum
># number of iterations was exceeded.
Comment
Step 7 of 22

Continuation of the above maple code:

> print( "This is the Nonlinear Shooting with Newton's Method.”) :
> print("Input the function F(X,Y,Z) in terms of x, y, z.") :

> F = scanf("%a’)[ 1] : print("F(x,y.2) =) : print(F) :

> FY:=diff (F,y) :

> FYP:=diff (F.,z) :

> F == unapply(F,x,y,z) :
> FY := unapply(FY, x,y,z) :

> FYP = unapply(FYP, x,y,z) :

> OK:= FALSE :

> while OK= FALSE do

> print( “Input left and right endpoints separated by blank.”) :

Comment

Step 8 of 22

Continuation of the above maple code:

> A == scanf( "%e")[ 1] : print( Left endpoint =) : print(A) :
> B := scanf( "%e")[ 1] : print( "Right endpoint = ") : print(B) :
>ifA = Bthen

> print(Left endpoint must be less than right endpoint.”) :

> else OK == TRUE :

> fi:

> od:

> print("Input Y(A).") :

> ALPHA := scanf( "%e’)[ 1] : print("alpha = ") : print(ALPHA) :
> print(“Input Y(B).") :

> BETA = scanf("%e")[ 1] : print(beta = ") : print(BETA) :
> TK == (BETA-ALPHA)/(B-A) :

> print("'TK := ") : primt(TK) :

> print(“Input new TK? Enter 1 for yes or 2 for no.”’) :

> AA = scanf("%d")[ 1) : print(“Input is °) : print(AA) :

> ifAA =1 then

> print("Input new TK’) :

> TK = scanf("%f")[ 1] : print("New TK = ") : print(7K) :

Continuation of the above maple code:

> fic

> OK = FALSE :

> while OK= FALSE do

> print("Input an integer > 1 for the number of subintervals.”) :
> N = scanf("%d")[ 1] : print('n = ") : print(N) :

> if N < 1then

> print( ‘Number must exceed 1.”) :
> else

> OK:= TRUE :

> fi:

> od:

> OK := FALSE :

> while OK= FALSE do

Comment

Step 9 of 22

Continuation of the above maple code:
= print( "Input Tolerance.”) :
= TOL = scanf ("% )[ 1] : print( "Tolerance = ") : print(TOL) :
> if TOL < 0 then
= print( "Tolerance must be positive.”’) :

> else

> 0K = TRUE :
= fi:

> od:

> 0K = FALSE :

> while OK=FALSE do

= print("Input maximum number of iterations.”) :

> NN := scanf( %d") [ 1] : print( " Maximum number of itevations = ) : print(NN) :
> if NN < O then

> print( "Must be positive integer.”) :

> else

> 0K := TRUE :

= fi:

> od:

Comment

Step 10 of 22

Continuation of the above maple code:

> if OK=TRUE then

> print( "Choice of output method:”) :

= print( 1. Output to screen’)

= print( 2. Output lo text File) :

> print( Please enter | or 2.") :

> FLAG = scanf( "%d ) [ 1] : print( “Input is ) @ print{ FLAG) :

> if FLAG =2 then

= print( Input the file name in the form - drive:\\name.ext’) :

> print( “for example A:\\OUTPUT.DTA") :

> NAME = scanf{ %s")[ 1] : print( "Ouipui file is °) : print{ NAME) :
> OUP = fopen| NAME, WRITE, TEXT) :

> else

> OUP := default :

> fi:

> fprintf (OUP, 'NONLINEAR SHOOTING WITH SECANT METHOD\n\n") :
> fprintf(OUP,” 1 X(I)  WI)  W2n'):

Comment

Step 11 of 22

Continuation of the above maple code:

> # Step 1
> H:= (B-A)IN:

>K:=2:

> # TK is already computed.

> OK = FALSE :

> # Step 2

> while K < NN and OK= FALSE do
> #Step 3

> WI[0] := ALPHA :

> W2[0]:=TK:

>Ul=0:
>U2:=1:

> #Step 4

> # Runge-Kutta method for systems is used in Steps 5 and 6
> for /2from | to N do

> # Step 5

>X:=A+(I2-1)*H:

>T:=X+05*H:

Comment

Step 12 of 22

> # Step 6

>KI1 = H*W2[I12-1]:

H*F(X, Wi[12-1]), W2[12-1]) :

H* (W2[12-1] + 0.5*K12) :

= H*F(T, WI[12-1] + 0.5*K11, W2[12-1] + 0.5*K12) :
> K31 = H*(W2[12-1] + 0.5*K22) :

> K32 :=H*F(T,WI[12-1] + 0.5*K21, W2[I12-1] + 0.5*K22) :
> K4 H*(W2[12-1] + K32) :

> K42:=H*F(X+ H WI[I12-1) + K31, W2[12-1] + K32) :

> WI[12) = WI[12-1] + (K11 +2* (K21 + K31) + K41)/6:
> W2[12] = W2[12-1] + (K12 + 2% (K22 + K32) + K42)/6:

Continuation of the above maple code:

>KI1l:=H*U2:

> K12 := H*(FY(X,WI[12-1], W2[12-1])*UI + FYP(X, WI[12-1], W2[12-1])*U2) :

> K2l :== H*(U2 +0.5*K]2) :

> K22 = H*(FY(T, WI[12-1), W2[12-1]) * (Ul + 0.5*K11) + FYP(T, Wi[12-1), w2[I2
1])*(U2+0.5%K21)) :

> K31 == H*(U2+0.5*K22) :

> K32 := H*(FY(T, WI[12-1), W2[I12-1]) *(UIl + 0.5*K21) + FYP(T, Wi[12-1), W2[I2
1])*(U2 4+ 0.5*K22)) :

> K4:= H*(U2 +K32):

> K42 = H*(FY(X + H WI[12-1], W2[12-1])* (Ul + K31) + FYP(X + H, WI[12-1],

w212~

1])* (U2 + K32)):

>Ul:=Ul+ (KIl +2*(K21 + K31) + K41)/6:

>U2:=U2+ (KI2 +2* (K22 + K32) + K42)/6:

> od:

Comment

Step 13 of 22

Continuation of the above maple code:

> # Step 7

> # Test for accuracy

> ifabs(WI[N]-BETA) { TOL then

) # Step 8

>12:=0:

= fpringf (OUP, "%3d %13.8f %13.8( %13.8fn" 12, A, ALPHA,TK) :
= for {2 from 1 to N do

>Je=12+1:

>Xi=A+ 2%

> fprintf(OUP, "%3d %13.8f %I13.8f %13.8fn " 12, X, WI[J-1], W2[J-1]) :
> od:

> fprinif(OUP, "Convergence in %d iterations\n ,K) :

> fpring (OUP, "t = %d4.7eln’, TK) :
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> # Secant method is applied to improve TK
> TK = TK-(WI[N]-BETA) /U1 :

>K=K+1:
> fi:

> od

> Step 11

= # Procedure completed unsuccessfully.

> if OK = FALSE then

= fprintf(OUP, "Method failed after %d iterations\n \NN) :
= fi:

> fi:

= if OUP +# defaulr then

> felose| OUP) :

> print("Output file ", NAME, " created successfilly”) :

= fi:

Comment

Step 14 of 22

To debug the maple code, keep the cursor near the restart command and hit the enter key. The
maple response will be in the form of a pop-up and follow the instructions below the pop-up to
enter the relevant maple commands as shown below:

This is the Nonlinear Shooting with Secant Method.
Input the function F(X,Y,Z) in terms of x, y, z.
F(xy,z) =

Y — yz

Input left and right endpoints separated by blank.
Left endpoint =

|

Right endpoint =

2

Input Y(A).
alpha =

0.5

Input Y(B).
beta =
0.3333333333

Comment

Step 15 of 22

Continuation of the above:

TK =

-0.1666666667

Input new TK? Enter 1 for yes or 2 for no.
Input is

2

Comment

Step 16 of 22

Input an integer > 1 for the number of subintervals.
n=

10

Input Tolerance.

Tolerance =

0.0001

Continuation of the above:

Input maximum number of iterations.
Maximum number of iterations =
100

Choice of output method:

1. Output to screen

2. Output to text File

Please enter 1 or 2.

Input =

1
NONLINEAR SHOOTING WITH SECANT METHOD
I X(1) W1(1) W2(l)
0 1.00000000 0.50000000 -0.24999738
11.10000000 0.47619079 -0.22675486
21.20000000 0.45454606 -0.20660913
3 1.30000000 0.43478349 -0.18903352
4 1.40000000 0.41666781 -0.17360875
51.50000000 0.40000140 -0.15999765
6 1.60000000 0.38461703 -0.14792664
7 1.70000000 0.37037226 -0.13717184
81.80000000 0.35714500 -0.12754863
9 1.90000000 0.34482998 -0.11890365
10 2.00000000 0.33333597 -0.11110866
Convergence in 4 iterations

t=-2.4999738e-01

Comment
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Compute the actual solution by using the Maple technology as follows:

> for x from 1 by 0.1 to 2doy = eva{/( )end do;

l14+x
y, = 0.5000000000

v, | = 04761904762
v, 5 = 04545454545

v, 5 = 0.4347826087
V) 4 = 04166666667
¥, 5 = 0.4000000000
v, ¢ = 0.3846153846
v, ;= 03703703704
v, g == 03571428571
v, o = 03448275862
¥y = 03333333333

Result: The approximate solution requires 4 iterations for convergence and the actual

Solutions at some typical points are shown below:

x, w, »(x)

1.2 0.45454606 0.4545454545
1.4 041666781 0.4166666667
1.6 0.38461703 0.3846153846
1.8 0.35714500 0.3571428571

0 N B N~

Comment
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4(c)

Write the Nonlinear boundary value Problem y" = '+ 2(y ~In ,r)" —x ', 2 < x < 3with boundary

conditions y(2)= (% +In 2) and y(3)= G +In 3).
The actual solution is y(x)= (ln X+ x").
Choose jp=0.1,then N =10,70L =10, and M =100-

It is required to approximate solution to the following initial value problem involving a parameter ¢

with #=1¢,:

y'=y"+2(y-Inx)

—x',2 < x <3 with boundary conditions y(2)=0and y'(2)=1,.

z+z'for 2<x<3 with z(2)=0andz'(2)=1.

Comment

Step 19 of 22

To debug the maple code, keep the cursor near the restart command and hit the enter key. The
maple response will be in the form of a pop-up and follow the instructions below the pop-up to
enter the relevant maple commands as shown below.

This is the Nonlinear Shooting with Secant Method.
Input the function F(X)Y,Z) in terms of x, y, z.
F(xyz) =

Comment

Step 20 of 22

z4+2(y—In(x)* - %

Input left and right endpoints separated by blank.
Left endpoint =

2

Right endpoint =

3

Continuation of the above:
Input Y(A).

alpha =

1.193147181

Input Y(B).

beta =

1.431945622

TK =

0.2387984410

Input new TK? Enter 1 for yes or 2 for no.
Input is

2

Input an integer > 1 for the number of subintervals.
n=

10

Comment

Step 21 of 22

Continuation of the above:

Input Tolerance.

Tolerance =

0.0001

Input maximum number of iterations.
Maximum number of iterations =
100

Choice of output method:

1. Output to screen

2. Output to text File

Please enter 1 or 2.

Input =

1
NONLINEAR SHOOTING WITH SECANT METHOD
I X(1) W) W2(l)
02.00000000 1.19314718 0.24999821
12.10000000 1.21812768 0.24943122
22.20000000 1.24300252 0.24793184
32.30000000 1.26769124 0.24574444
4 2.40000000 1.29213470 0.24305303
52.50000000 1.31628977 0.23999716
62.60000000 1.34012558 0.23668317
7 2.70000000 1.36362056 0.23319249
82.80000000 1.38676031 0.22958764
92.90000000 1.40953591 0.22591673
10 3.00000000 1.43194270 0.22221674
Convergence in 4 iterations

t=2.4999821e-01

Comment

Step 22 of 22

Compute the actual solution by using the Maple technology as follows:

> forxfrom 2 by 0.1to 3doy, = evalf(ln(x) + %)end do;
v, = 1193147181

vy, = 1.218127821

¥, 5 = 1.243002815

y, 3= 1.267691732

V, 4 = 1292135404

y, 5= 1.316290732

¥y ¢ = 1.340126830

v, 7 :=1.363622143

v, g = 1.386762274

¥, 9 = 1.409538323

V30 = 1431945622

Result: The approximate solution requires 4 iterations for convergence and the actual

Solutions at some typical points are shown below:

X, W, »(x)

2.2 1.24300252 1.243002815
2.4 1.29213470 1.292135404
2.6 1.34012558 1.340126830
2.8 1.38676031 1.386762274

® N BN~

Comment

Was this solution helpful? 0 0

Recommended solutions for you in Chapter 11.2
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