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Numerical Differentiation
---------------------------------

 (First Derivative)

Error
-------

(Second Derivative)

[ 2 Points ]

[ 3 Points ]

[ 5 Points ]

[ 3 Points ]

**************************************

******************************************

*******************************************

***********************************
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********************************

[ 5 Points ]   First Derivative

*********************************************

Ex:

1)

2)

3)
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Approximate value

Approximate value

Dr. Hashem Alkhaldi



Exact value

Exact value
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1                          1.5                   1.75              1.5                          1

Dr. Hashem Alkhaldi

Sol.

********************************



************************************************

 1                  1.5                1.75               1.5                         1
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........

Dr. Hashem Alkhaldi

exact value

Relative Error:

         exact  -  approx
E =  ------------------------
               exact



EX:

Sol:

Dr. Hashem Alkhaldi



Forward truncation error

Dr. Hashem Alkhaldi

- Forward truncation error:

select the largest



.... select the largest one.

Backward truncation error

Dr. Hashem Alkhaldi

- Backward truncation error:



- Centered truncation error for (n=4):

.... then select the largest value of E.

Dr. Hashem Alkhaldi



Numerical Differentiation

First Derivative:
--------------------

Dr. Hashem Alkhaldi



Second Derivative:
-------------------------

************************************************************

Dr. Hashem Alkhaldi



Sol:

Dr. Hashem Alkhaldi



EX:

Dr. Hashem Alkhaldi



EX:

Sol:

1)

2)

to the highest accuracy

3)

4)

Find:

the best line fit (previous chapter)

1)

2)

3)

Build
Newton's 
table...

Dr. Hashem Alkhaldi

f (3.7)  &  f (3.7)

f (3)

f (3)



EX:

Sol:

1)

2)

1)

2)

Dr. Hashem Alkhaldi



sub.

Derivation of Difference Formulas
               (Taylor series)

The Taylor series:

Dr. Hashem Alkhaldi

*************************************



Truncation Error E=

Forward
2 points
(F2P)

 Forward
using n=1
(2points)

 Backward
using n=1
(2points)

**********************************************************

************************************************************

Backward
2 points
(B2P)

Dr. Hashem Alkhaldi



********************************************

Now use n=3:

Use also n=3:

(Add Equation 1 and 2 together...)

(Subtract Equation 1 and 2 ...)

********************************************************

Centered
3 points
(C3P)
2nd derivative

Centered
3 points
(C3P)
1st derivative

Dr. Hashem Alkhaldi



Now use n=5:

Use also n=5:

*********************************************

Use n=5:

again use n=5:

(Subtract Equation 1 and 2 ...)

(Subtract Equation 3 and 4 ...)

Dr. Hashem Alkhaldi



To get rid of the 2nd derivative, multiply Eq(5) by 8 and then subtract it from Eq(6):

Exercise:

?

?

Centered
5 points
(C5P)
1st derivative

Dr. Hashem Alkhaldi



EX:

Sol:

1)

2)

3)

* Be careful... change your calculator to RADIANS.

1)

2)

Dr. Hashem Alkhaldi



3)

4)

for x=1.9



EX:

1)

2)



Sol:

1)



2)



EX:

Sol:





Richardson Differentiation

Sol:

Table 2x2

(Richardson formula)



Apply Richardson:

re-calculate at h/2 = 0.25

Error:



use Richardson formula
              (P=1)

use Richardson formula
              (P=2)

    use Richardson   formula
    (P=3)

use Difference formulas

Richardson Tables



[using two points]







Exact

Exact



Finite Difference Formula Using 

Lagrangian Polynomials

* using 3 points:

Lagrangian
    Error



sub.

sub.

sub.







* using 2 points (forward):

Lagrange...



* for the second derivative:
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Forward FiniteForward Finite--DifferenceDifference
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Backward FiniteBackward Finite--DifferenceDifference
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Centered FiniteCentered Finite--DifferenceDifference
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