
Lab100 Week 7: Taylor Series and Partial Differentiation

The main tasks are to use Maxima to find the Maclaurin Series of various functions and also to find the

partial derivatives of functions.

This session explains how to

− find Taylor series and Maclaurin series

− find partial derivatives.

Maxima commands:

taylor diff kill

Q 7.1 Taylor Series

Given a real differentiable function f(x), the Taylor series about x = a is

f(x) = f(a) + f ′(a) +
f ′′(a)(x − a)2

2!
+ ... +

f (n)(a)(x − a)n

n!
+ ...

In lectures, we find the right-hand side by computing the successive derivatives of f , a slow process.

For elementary expressions f , Maxima provides an efficient means for computing the first few

coefficients of the Taylor series. We need to specify the expression f , the point x = a and the

number of terms we want in the series.

taylor(sin(x),x,0,6);

gives the terms in the Taylor series of sin(x) up to but not including the term x6. When a = 0, the

Taylor series are called ‘Maclaurin series’.

Q 7.2 Calculating a Maclaurin series

Use Maxima to calculate the terms in the Maclaurin series up to and including x7 for the following

functions;

(1) g(x) = arctan x

(2) G(x) = arctanh x (the inverse of the hyperbolic function tanh)

What do you notice about the terms and signs in the series (1) and (2) here?

Q 7.3

(4) Now find the Maclaurin series for log (1 + x) and log (1 − x).

Q 7.4

(5) By comparing your answers to (1) and (4), show that

2 arctanh (x) = log (1 + x) − log (1 − x)

Q 7.5 Partial Differentiation

Maxima can also compute partial derivatives. Throughout, we suppose that x, y, z are independent
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real variables. Given an expression f(x, y, z), diff(f(x,y,z),x,1); gives the partial derivative

of f(x, y, z) with respect to x. Similarly diff(f(x,y,z),y,1); gives the partial derivative of

f(x, y, z) with respect to y. The 1 indicates first derivative. Find the first order partial derivatives

of sin(x + y2).

diff(sin(x+y^2),x,1);

diff(sin(x+y^2),y,1);

Q 7.6 Example of partial differentiation

Use Maxima to find the first order derivatives with respect to x and y of the functions log (x2 + y4 + 1)

and x exy
2

. Use ratsimp(%) to tidy up the answers.

Q 7.7 Extending to higher order partial derivatives

To calculuate higher order partial derivatives, we proceed likewise. To calculate the second-order

partial derivative of f(x, y, z) with respect to x and y, we use diff(f(x,y,z),x,1,y,1);. To calcu-

late the third-order partial derivative of f(x, y, z) with respect to x, x, z we use diff(f(x,y,z),x,2,z,1);

and so on. Find the second order partial derivative of

x exp xy2

with respect to x and y.

diff(x*exp(x*y^2),x,1,y,1);

Q 7.8 Testing Higher order partial derivatives

Find the third order partial derivative of log (x + y3 + z5) with respect to x, y and z.

ASSESSED WORK by Sunday: select quizwk7 from your MyModules page.

Notes: Please note how long it has taken you to go through the material for this workshop.

EXIT from Maxima before Logout: Use File/Exit to leave Maxima.

Reminder: There is a TEST in week 9.
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