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Problem

The data in Exercise 6 were taken from the following functions. Compute the actual errors in

Exercise 6, and find error bounds using the error formulas.

Reference: Exercise 6

Use the most accurate three-point formula to determine each missing entry in the following

tables.

Step-by-step solution

(a)

The data needed to estimate the first order derivative at the respective points using the most

accurate three-point formula are as under

-0.3 -0.27652

-0.2 -0.25074

-0.1 -0.16134

0 0

Compute the forward difference at of accuracy using endpoint

formula

Comment

The truncation error in approximating the first order derivative (either backward or forward

difference) with accuracy is given as

And the bound on this error is given as

Here, therefore its first, second, and third derivatives are given

as

Since  is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Compute the central difference at of accuracy  using the midpoint

formula

likewise, for 

Comment

Comment

The truncation error in approximating the first order derivative (central difference) with accuracy

is given as

And the bound on this error is given as

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Again, since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Compute the backward difference at of accuracy using endpoint

formula

Comment

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Hence, the estimate of the first order derivative at the tabulated points using the most accurate

three points formula are as under

actual

error

error

bounds

-0.3 -0.27652 -0.06030

-0.2 -0.25074 0.57590

-0.1 -0.16134 1.2537

0 0 1.9731

Comment

Comment

(b)

The data needed to estimate the first order derivative at the respective points using the most

accurate three-point formula are as under

7.4 -68.3193

7.6 -71.6982

7.8 -75.1576

8.0 -78.6974

Compute the forward difference at of accuracy using endpoint

formula

Comment

The truncation error in approximating the first order derivative (either backward or forward

difference) with accuracy is given as

And the bound on this error is given as

Here,  therefore its first, second, and third derivatives are given

as

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comments (1)

Compute the central difference at of accuracy using the midpoint

formula

likewise, for 

Comment

The truncation error in approximating the first order derivative (central difference) with accuracy

is given as

And the bound on this error is given as

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment
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Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Compute the backward difference at  of accuracy using endpoint

formula

Comment

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Comment

Hence, the estimate of the first order derivative at the tabulated points using the most accurate

three points formula are as under

actual

error

error

bounds

7.4 -68.3193 -16.6932

7.6 -71.6982 -17.0958

7.8 -75.1576 -17.4980 0

8.0 -78.6974 -17.9000 0

Comment

(c)

The data needed to estimate the first order derivative at the respective points using the most

accurate three-point formula are as under

1.1 1.52918

1.2 1.64024

1.3 1.70470

1.4 1.71277

Compute the forward difference at of accuracy using endpoint

formula

Comment

The truncation error in approximating the first order derivative (either backward or forward

difference) with accuracy is given as

And the bound on this error is given as

Here,  therefore its first, second, and third derivatives are given

as

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Compute the central difference at of accuracy using the midpoint

formula

likewise, for 

Comment

The truncation error in approximating the first order derivative (central difference) with accuracy

is given as

And the bound on this error is given as

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Again, since is a decreasing function in the interval 

therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Compute the backward difference at of accuracy using endpoint

formula

Comment

Since is a decreasing function in the interval  therefore

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Hence, the estimate of the first order derivative at the tabulated points using the most accurate

three points formula are as under

actual

error

error

bounds

1.1 1.52918 1.34360

Comment

1.2

1.64024

0.877600

1.3

1.70470

0.362650

1.4

1.71277

-0.201250

Comment

(d)

The data needed to estimate the first order derivative at the respective points using the most

accurate three-point formula are as under

-2.7 0.054797

-2.5 0.11342

-2.3 0.65536

-2.1 0.98472

Compute the forward difference at of accuracy using endpoint

formula

Comment

The truncation error in approximating the first order derivative (either backward or forward

difference) with accuracy is given as

And the bound on this error is given as

Here,  therefore its first, second, and third derivatives are given

as

Since  is neither increasing nor decreasing function in the interval

and its maximum occurs at 

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Compute the central difference at of accuracy using the midpoint

formula
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Was this solution helpful?

likewise, for 

Comment

The truncation error in approximating the first order derivative (central difference) with accuracy

is given as

And the bound on this error is given as

Since  is neither increasing nor decreasing function in the interval

and its maximum occurs at 

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Again, since  is neither increasing nor decreasing function in the

interval and its maximum occurs at 

Thus, the error bound associated with the approximation of derivative at is

And the actual error associated with the approximation of derivative at is

Comment

Compute the backward difference at of accuracy using endpoint

formula

Comment

Since  is neither increasing nor decreasing function in the interval

and its maximum occurs at 

Thus, the error bound associated with the approximation of derivative at  is

And the actual error associated with the approximation of derivative at is

Comment

Hence, the estimate of the first order derivative at the tabulated points using the most accurate

three points formula are as under

actual

error

error

bounds

-2.7 0.054797 -0.91518

-2.5 0.11342 1.5014

-2.3 0.65536 2.1782

Comment

-2.1

0.98472

1.1154

Comment

Comment
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