
Exercise 3.1

We want you to compute the first derivative of

f(x) = tan−1(x)

for x =
√

2 with step lengths h. The exact answer is 1/3. We want you to code the
derivative using the following two formulae

f ′

2c
(x) =

f(x + h) − f(x)

h
+ O(h), (1)

and

f ′

3c
=

fh − f−h

2h
+ O(h2), (2)

with f±h = f(x ± h).

(3.1a) Find mathematical expressions for the total error due to loss of precision and due to
the numerical approximation made. Find the step length which gives the smallest
value. Perform the analysis with both double and single precision.

(3.1b) Make thereafter a program (see programs under chapter 3 for examples) which com-
putes the first derivative using Eqs. (1) and (2) as function of various step lengths h
and let h → 0. Compare with the exact answer.

Your program should contain the following elements:

• A vector (array) which contains the step lengths. Use dynamic memory alloca-
tion.

• Vectors for the computed derivatives of Eqs. (1) and (2) for both single and
double precision.

• A function which computes the derivative and contains call by value and refer-
ence (for C++ users only).

• Eventually a function which writes the results to file.

(3.1c) Compute thereafter

ε = log10
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as function of log10(h) for Eqs. (1) and (2) for both single and double precision. Plot
the results and see if you can determine empirically the behavior of the total error
as function of h.
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