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4. OBJECTIVES

Learn the main concepts of multiple integration and vector calculus. Apply these concepts to solve practical problems.

Learn the basic concepts of ordinary differential equations.

Know the theory and applications of the Laplace transform.

Use mathematical software to help solve problems.

6. SUBJECT PROGRAM
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Part 1. Integral Calculus

Unit 1: The Riemann Integral in Two and Three Dimensions

1.1 The concept of partitions into rectangles and cubes. Upper and lower sums. Definition of a Riemann integrable function on
rectangles and cubes.

1.2 The concept of area and volume. Jordan measure. Lebesgue’s theorem.
1.3 Fubini’s theorem. Changing the order of integration.
1.4 Changes of variables. Polar, cylindrical, and spherical coordinates.

1.5 Physical applications.

Unit 2: Integrals over Curves

2.1 The concept of a curve in the plane and in space. Parametrization. Velocity vector. Length of a curve. Orientation. Types of
curves.

2.2 Vector fields. Basic definitions. Differential operators. Conservative vector field. Potential function. Poincaré’s theorem.
2.3 Path integral. Definition and geometric interpretation. Physical applications.

2.4 Line integral. Circulation. Definition and geometric interpretation. Physical applications. Fundamental theorem for line
integrals. Invariance theorem.

2.5 Green’s theorem.

Unit 3: Integrals over Surfaces

3.1 The concept of a simple parametric surface. Boundary of a surface. Fundamental vectors and normal vector. Area of a
surface. Orientation of surfaces.

3.2 Surface integral. Definition and geometric interpretation. Physical applications.
3.3 Flux integral. Definition and geometric interpretation. Physical applications. Change of orientation.

3.4 Integral theorems. Stokes’ theorem. Gauss’ theorem.

Part Il. Differential equations. LaplaceTransform.

Unit 4: Introduction to Ordinary Differential Equations

4.1 Definition of an ordinary differential equation (ODE). The concept of equation, domain of definition, and solution space.
Order. Linear and nonlinear ODEs.

4.2 First-order ODEs. Methods of solution: separable variables, equations reducible to separable variables, homogeneous
equations, and equations reducible to homogeneous equations.

4.3 Existence and uniqueness theorem. Picard-Lindel6f theorem. The concept of maximal solution. Finite-time blow-up.
4.4 Exact ODEs and integrating factors. Changes of variables for order reduction.
4.5 First-order linear ODEs. Method of variation of constants.

4.6 Higher-order linear ODEs. Wronskian. Reduction of a second-order homogeneous linear equation to a first-order equation by
means of a change of variable.

4.7 Linear ODEs with constant coefficients. Characteristic polynomial. Method of undetermined coefficients. Method of
variation of constants.
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2 Unit 5: Laplace Transform

5.1 Functions of exponential order. Definition of the Laplace transform. Sufficient conditions for existence. Properties.
5.2 Inverse Laplace transform.

5.3 Application of the Laplace transform to solving linear differential equations with constant coefficients and initial conditions.

2 Unit 6: Introduction to the Fourier Transform
6.1 Definition and elementary properties of the Fourier transform.

6.2 Inverse Fourier transform.

6.3 Application to the solution of PDEs with constant coefficients.

7. ASSESSMENT METHODS AND CRITERIA

Continuous evaluation - Part | Others No Yes 50,00

Continuous evaluation - Part Il Others No Yes 50,00

Students who take the continuous assessment and obtain marks in the two parts greater than or equal to the established minimum mark
(3.5 points out of 10), and whose weighted sum is greater than or equal to 5 points out of 10, will have passed the course.

During the course, students will have the opportunity to complete activities that will allow them to obtain up to 1 additional point,
equivalent to 10% of the final grade. This extra point will be added to the final grade provided that the latter is higher than 4.5.

In the final examination of the ordinary examination period, students may sit the block or blocks they have not passed in order to meet
the above requirement, while maintaining the weight and minimum mark established for each block in the continuous assessment. This
shall apply both to students who have taken the continuous assessment and to those who only sit the final examination.

If the student has not passed the course in the ordinary examination period, they may sit the extraordinary examination, in which they
may obtain 100% of the grade and may choose to sit only those blocks not passed in the ordinary assessment.

Part-time students can choose between the continuous assessment described above or opt to do the final exam. In the latter case, the
exam mark obtained will represent the complete grade of the student for the subject.
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