Chapter1 Mathematical Preliminaries and Error Analysis

Solution to Exercise 1.1

Solution: The relative error of 
[image: image1.wmf]*

x

is 
[image: image2.wmf]*

**

**

r

exx

e

xx

d

-

==

=

    (
[image: image3.wmf]*

x

 is approximate value)
The error of 
[image: image4.wmf]ln

x

 is 
[image: image5.wmf](

)

1

ln*ln*ln*

*

exxxe

x

=-»


So 
[image: image6.wmf](ln*)

x

ed

»


Solution to Exercise 1.2

Solution: Suppose
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Solution to Exercise 1.3

Solution：
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The error is
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 , for n=10. And the computational process is not stable.

Chapter 2 Solutions of Equations of One Variable
Solution to Exercise 2.1

Solution：（1）if 
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By the Newton iterative formula：
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（2）iterated function 
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Therefore the iterative format is linear convergence.
Solution to Exercise 2.2

Solution：  
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As x0=1.7, the list is as follows：
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Solution to Exercise 2.3

Solution: 
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The new root interval 
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Solution to Exercise 2.4
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This equation has only one real root 
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By iterated function
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By iterated function 
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Chapter 3 Interpolation and Polynomial Approximation
Solution to Exercise 3.1

Solution: 
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If plug in values and calculate 

Then 
[image: image73.wmf]2

sin0.34(0.34)0.33336

L

»=


[image: image74.png]



Solution to Exercise 3.2

Solution：Difference quotient table as follows
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By the Newton interpolation formula:
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Solution to Exercise 3.3

Solution：(1) By the conditions available
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The N times of interpolation polynomial basis functions is
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Then three times of interpolation polynomial basis functions is
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Therefore, three times Lagrange interpolation polynomial is
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(2) By the data given in the question, the difference quotient table as follows
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Hence, the Three Newton interpolation polynomial is 

[image: image100.wmf])

3

)(

2

(

5

1

)

2

(

3

1

2

1

)

3

)(

2

)(

0

(

5

1

)

2

)(

0

(

3

1

)

0

(

2

1

)

(

3

-

-

+

-

+

-

=

-

-

-

+

-

-

+

-

-

=

x

x

x

x

x

x

x

x

x

x

x

x

x

N


[image: image101.png]



Solution to Exercise 3.4

Proof：Use mathematical induction method to prove

As 
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With the principle of induction equation holds for any
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Therefore the interpolation polynomial is 
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Solution to Exercise 3.5

Solution：In this case, we first compute the Lagrange polynomials and their derivatives.
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Chapter 4 Numerical Differentiation and Integration

Solution to Exercise 4.1

Solution ：By Trapezoidal Rule：


[image: image122.wmf]8591409

.

1

]

[

2

1

1

0

1

0

=

+

»

ò

e

e

dx

e

x

                                     
And the error


[image: image123.wmf]2265235

.

0

12

1

)

0

1

(

12

1

]

[

3

=

£

-

-

=

e

e

f

R

x

                            
By Simpson’s Rule 
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Cotes formulas 
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Solution to Exercise 4.2
Solution：

By Composite Trapezoidal rule， 
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By Composite Simpson rule， 
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Solution to Exercise 4.3

Solution ：Gaussian quadrature is
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First, the integral interval can be converted to 
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Chapter 5
Direct Methods for Solving Linear Systems

5.1 Solution:

The augmented matrix is
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Performing the operations
(E2-2E1)→(E2),(E3-E1) →(E3),and (E4-E1) →(E4), 
gives
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The diagonal entry a22(2),called the pivot element is 0,so the procedure cannot continue in its present form. But operations (Ei)←→(Ej) are permitted ,so a search is made of the elements a32(2) and a42(2) for the first nonzero element. Since a32(2)≠0,the operation (E2)←→(E3) is performed to obtain a new matrix, 
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Since x2 is already eliminated from E3 and E4, 
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,and the computations continue with the operation (E4+2E3) →(E4),giving
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Finally, the matrix is converted back into a linear system that has a solution equivalent to the solution of the original system and the backward substitution is applied:
x4=2,  x3=2,  x2=3,  x1=-7
5.2 Solution:
To compute det A, it is easiest to use the fourth column:
det A=a14A14+a24A24+a34A34+a44A44=5A34=-5M34.
Eliminating the third row and the fourth column gives
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Chapter 6
Iterative Techniques in Matrix Algebra

6.1 Solution:
  The vector x=(-1,1,-2)t in R3 has norms
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6.2 Solution:
Measurements of x--
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are given by 
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Although the components 
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Chapter 7 
Approximation Theory
7.1 Solution:
We first extend the table to include [image: image177.png]


 and xiyi and sum the columns. This is shown in Table8.1.
Table 8.1
	xi
	yi
	[image: image178.png]



	xiyi
	P(xi)=1.538xi-0.360

	1
2
3
4
5
6
7
8
9
10
55
	1.3
3.5
4.2
5.0
7.0
8.8
10.1
12.5
13.0
15.6
81.0
	1
4
9
16
25
36
49
64
81
100
385
	1.3
7.0
12.6
20.0
35.0
52.8
70.7
100.0
117.0
156.0
572.4
	1.18
2.72
4.25
5.79
7.33
8.87
10.41
11.94
13.48
15.02
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Then we can get that
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So P(x)=1.538x-0.360. The graph of this line and the data points are shown in Figure 8.1.The approximate values given by the least squares technique at the data points are in Table 8.1.
Figure 7.1
[image: image183.png]'y = 1.538x — 0.360




7.2 Solution:
For this problem, n=2,m=5, and the three normal equations are 
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To solve this system using Maple, we first define the equations
eq1:=5a0+2.5a1+1.875a2=8.7680:
eq2:=2.5a0+1.875a1+1.5625a2=5.4514:
eq3:=1.875a0+1.5625a1+1.3828a2=4.4015
and then solve the system with
solve({eq1,eq2,eq3},{a0,a1,a2})
This gives 
{a0=1.005075519,  a1=0.8646758482,  a3=0.8431641518}
Thus the least squares polynomial of degree 2 fitting the data in Table 7.3 is
P2(x)=1.0051+0.86468x+0.84316x2 ,
Whose graph is shown in Figure 7.2. At the given values of xi we have the approximations shown in Table 7.2.
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Table 7.2
	i
	1
	2
	3
	4
	5

	xi
yi
P(xi)
yi-P(xi)
	0
1.0000
1.0051
-0.0051
	0.25
1.2840
1.2740
0.0100
	0.50
1.6487
1.6482
0.0004
	0.75
2.1170
2.1279
-0.0109
	1.00
2.7183
2.7129
0.0054


The total error,
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is the least that can be obtained by using a polynomial of degree at most 2.
Chapter8  
Initial-Value Problems for Ordinary Differential Equations

8.1 Solution:
With N=10we have h=0.1,xn=0.1n,y0=1,and 
yn+1=yn+h*(yn-2*xn/yn),for n=1,2,……,10.We can get a line of values of yn, Table 5.1shows the comparison between the approximate values at xn and the actual values.
Table 8.1
	xn
	yn
	y(xn)
	xn
	yn
	y(xn)

	0.1
0.2
0.3
0.4
0.5
	1.1000
1.1918
1.2774
1.3582
1.4351
	1.0954
1.1832
1.2649
1.3416
1.4142
	0.6
0.7
0.8
0.9
1.0
	1.5090
1.5803
1.6498
1.7178
1.7848
	1.4832
1.5492
1.6125
1.6733
1.7321


8.2 Solution:
Here, the classical 4th-order Runge Kutta equations are as follows:
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Table 8.2shows the values of yn at each xn, and y(xn) represent the actual values.
Table 8.2
	xn
	yn
	y(xn)
	xn
	yn
	y(xn)

	0.2
0.4
0.6
	1.1832
1.3417
1.4833
	1.1832
1.3416
1.4832
	0.8
1.0
	1.6125
1.7321
	1.6125
1.7321
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