Numerical Methods C3
This topic is one of the most straightforward in C3 and as many as 8 marks could be available on an exam paper.  As long as you follow the hints outlined below 10% of the exam can easily be attained.

The specifications suggest that you should be able to use the locations of roots of f(x) = 0 in an interval.  The second area to be assessed is to find approximate solutions of equations using simple iterative methods.

Iteration
Most equations can be rearranged to the form x = f(x) and from this we can write an iterative formula xn+1 = f(xn).  By definition iteration is a repeated process and in most cases this will lead to a solution of f(x).  In some cases the iteration process does not converge to a solution.  The choice of x0 is vital if the process is to be successful.
Example 1

Use the iteration formula 
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 and hence write down an approximation to the negative root of 
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, giving your answer to 3 decimal places.
The process starts by substituting x0 into the iterative equation, the resulting answer is then substituted again.  The process, in this 

case, continues until the answer remains the same to 3 dp.

[image: image5.wmf]n

x

n1

4

1

1

x6e

x6e

x2.446

+

-

=--

=--

=-





[image: image6.wmf]n

x

n1

2.44575

2

2

x6e

x6e

x2.432

+

-

=--

=--

=-



[image: image7.wmf]n

x

n1

2.43174

3

3

x6e

x6e

x2.431

+

-

=--

=--

=-





[image: image8.wmf]n

x

n1

2.43148

4

4

x6e

x6e

x2.431

+

-

=--

=--

=-


Remember to maintain as much accuracy.  Don’t press cancel on your calculator.
The second example includes the location of roots in an interval.  It is vital that the question is completed with a particular phrase to ensure that you attain full marks.

Example 2
f(x) = 
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a)
show that the equation f(x) = 0 can be written as 
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The equation 
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 has a root between 1.45 and 1.5.

b)
Use the iterative formula
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with 
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, to find, to 2 dp, the values of 
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The only real root of f(x) = 0 is α

c)
By choosing a suitable interval, prove that α = 1.488, to 3dp.

a)
show that the equation f(x) = 0 can be written as 
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Rearrange f(x) to make x the subject:
f(x) = 
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Note that there are other possible iterative equations for this polynomial.

b)
Use the iterative formula
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with 
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, to find, to 2 dp, the values of 
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The only real root of f(x) = 0 is α

c)
By choosing a suitable interval, prove that α = 1.488, to 3dp.

By selecting values of x at 1.4885 and 1.4875, one should return a positive value for f(x) and the other should be negative.  The change of sign implies that the function has a solution between the two values of x and this phrase must be quoted.
f(1.4885) = 
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f(1.4875) = 
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Since there is a change of sign then the solution lies in the stated range and hence α = 1.488, to 3dp.

The final two examples include numerical methods but other areas of the C3 course are also assessed.
Example 3
The function f is given by
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a)
Find the inverse of the function f and state its domain.
b)
Prove that f(x) = 0 has a root α in the interval [6,7].

a)
Find the inverse of the function f and state its domain.

Make x the subject and then swap the x and y over.
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Domain of the inverse is the range of the original function:
x > -9

b)
Prove that f(x) = 0 has a root α in the interval [6,7]

As highlighted in the example above:
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Since there is a change of sign then the solution lies in the stated range [6,7].

Example 4

f(x) = 
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a)
Differentiate to find f`(x)

The curve with equation y = f(x) has a turning point at P.  The x coordinate of P is 
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.
b)
Show that 
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The iterative formula
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is used to find an approximate value for 
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c)
Calculate the values of 
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, giving your answers to 4 decimal places.

d)
By considering the change of sign of f`(x) in a suitable interval, prove that 
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 = 0.027 correct to 4 decimal places.
a)
Differentiate to find f`(x)
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b)
Show that 
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At a turning point f`(x) = 0
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Let x = 
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c)
Calculate the values of 
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, giving your answers to 4 decimal places.
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d)
By considering the change of sign of f`(x) in a suitable interval, prove that 
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 = 0.027 correct to 4 decimal places.
A slight trick here in that the two values need to be x = 0.02705 and x = 0.02695.
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There is a change of sign in the interval therefore 0.027 must be solution to 4dp.

Hopefully these notes have left you convinced that this is a unit of work that you should score highly on in the final exam.
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