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I1.- OBJECTIVES

m GENERAL OBJECTIVES

o The knowledge of physics required for other courses during the degree, and the
necessary content to maintain the logical structure of the course and to equalize
the previous training of the students.

o The ability to apply this knowledge, and thereby acquire the skills necessary for:

- Identifying theoretical models.

- Recognising the relevant physical variables of a particular phenomenon.

- Applying general laws and principles.

- Interpreting specific physical conditions to describe them quantitatively.

- Acquiring experimental skills.

- Acquiring skills of interpretation and analysis, assessing results, and
identifying the implications and relations that arise from them.

The aim is to provide the student with:

(1) The ability to assimilate the disciplines of the degree that are based on the content
of the course.

(2) The ability to apply theoretical models from the course to real-world situations,
and to critically evaluate the result.

(3) Rigor, mental agility, and to familiarise the student with the use of scientific-
technical methods from the course, for further training and professional practice.

m SPECIFIC OBJECTIVES
Among the specific objectives, the following should be emphasised:

o To have a clear understanding of fundamental and derived physical quantities, and
the units used to measure them.



o To consolidate the understanding of the principles of Newtonian mechanics.

o To relate work and energy, and to know how to solve problems solely on the basis
of energetic considerations.

o To acquire the basic understanding related to the notion of field, with a special
emphasis on the electric and magnetic fields and also on the electrostatic forces
and potentials produced by ions and molecular dipoles.

o To apply the concept of field to the study of the electric field produced by
electrical charges and to the study of the the magnetic field produced by moving
charges.

o To study the behaviour of electrical charges and currents inside electric and
magnetic fields.

o To study the ability of mechanical and electromagnetic waves to transport
momentum and energy.

o To understand electromagnetic radiation and its spectrum.

o To understand the fundamentals of physical optics, in particular those related to
interference and diffraction of waves.

II1.- PREVIOUS KNOWLEDGE AND RECOMMENDATIONS

PREVIOUS KNOWLEDGE:

It would be useful for students who have registered in this course to have studied
physics and mathematics in the last year of the Baccalaureate. Similarly, a knowledge
of vector calculus, and differential and integral calculus would be useful.

RECOMMENDATIONS:

IV.- CONTENTS

BRIEF DESCRIPTION:

Physical quantities, units and dimensional analysis. Classical mechanics and
Newton’s laws. Work and energy. Systems of particles. Fluids. Oscillatory and wave
motion: mechanical waves and electromagnetic waves. Electrical potential and
electric field. Magnetic field and magnetic induction. Wave optics.

SYLLABUS:
FIRST SEMESTER

Unit 1: Systems of units and vectors

Physical quantities. Systems of units.
Dimensional analysis.

Vectors: definition and frames of reference.
Vector operations.

Cartesian representation of a vector. Unit vector.



Unit 2: Kinematics of a particle

Vectors of position, velocity, and acceleration.
Classification of motion.

Unit 3: Dynamics of a particle. Newton’s laws

Newton’s laws.

Important types of forces.

Impulse of a force.

Dynamics of circular motion: components of the force.

Unit 4: Work and energy

Work.

Power.

Kinetic energy.

Potential energy: conservative forces.
Conservation of mechanical energy.
Non-conservative forces: conservation of energy.
Work-energy theorem.

Analysis of potential energy curves.

Unit S: Systems of particles I: linear momentum and collisions

Centre of mass (CM). Calculation of the CM of systems of discrete particles.
Translational motion of the CM of a system of particles.

Conservation of linear momentum.

Energy of a system of particles: conservation of energy.

Collisions.

Unit 6: Systems of particles II: rotation and angular momentum

Rotational motion of the CM of a system of particles: moment of a force, moment
of inertia, and angular momentum.

Rotational dynamics of a system of particles.

Conservation of angular momentum.

Rotational kinetic energy.

Unit 7: Fluids
Pressure at a point in a fluid.
Viscosity.
Fluids in motion:

o Conservation of material: equation of continuity

o Conservation of mechanical energy: Bernouilli equation.

o Conservation of energy applied to viscous fluids: Poiseuille equation.
Surface tension. Capillarity.

Unit 8: Oscillatory motion

Definition of simple harmonic motion (SHO).

Elastic force: Hooke’s law.

General equation of SHO. Parameters governing harmonic motion.
Potential, kinetic, and mechanical energy of a harmonic oscillator.



Examples of simple harmonic oscillators: mass on a spring and the simple
pendulum.

SECOND SEMESTER
Unit 9: Waves

Definition of waves. Wave function.
Types of waves.

Speed of waves. Wave equation.
Harmonic waves.

Waves and barriers.

Principle of superposition of waves.
Interference of harmonic waves.
Standing waves.

Unit 10: Properties of light

Electromagnetic waves. Electromagnetic spectrum.

Light spectra.

Sources of light. Absorption, scattering and stimulated emission.
Propagation of light. Principles of Huygens and Fermat.
Reflection and refraction.

Interference phenomena.

Diffraction phenomena.

Unit 11: Electric field

Electric charge.

Conductors and insulators.

Coulomb’s law.

The electric field.

Electric field lines.

Motion of point charges in electric fields.

Electric dipoles.

Electric flux.

Gauss’s law. Applications to calculate the electric field.
Charge and field at conductor surfaces.

Unit 12: Electric potential and electrostatic potential energy

Electrostatic potential energy. Electric potential.

Potential and electric field lines.

Potential due to a system of point charges.

Computing the electric field from the potential. General relation between field and
potential.

Calculations of the potential for continuous charge distributions.

Equipotential surfaces. Dielectric breakdown.

Capacitors.

Storage of electric energy.

Dielectrics.



Unit 13: Electric current and direct-current circuits

Electric current and the motion of charges.

Ohm’s law and resistance.

Electric energy and electric power.

Electromotive force in circuits.

Combinations of resistors in series and in parallel.

Unit 14: Magnetic field

Magnets and magnetic poles.
Force exerted by a magnetic field.
Motion of a point charge in a magnetic field.

Unit 15: Sources of the magnetic field

Magnetic field of moving point charges.
Magnetic field of currents: The Biot-Savart law.
Ampere’s law.

Atomic magnetic moments.

Unit 16: Magnetic induction

Magnetic flux.
Induced electromotive force and Faraday’s law.
Lenz’s law.

m LABORATORY PRACTICALS:

Determination of refractive index.
Magnetic field produced by currents.
Stationary waves on a string.
Pendulum (oscillations).

V.- COMPETENCES

m GENERAL:

@ CG2: To recognise the importance of chemistry to other areas, and its
relation to other disciplines.

@ CG3: To be able to progress to more specialised areas of chemistry, or
multidisciplinary areas.

@ CG7: To recognise and analyze new problems and plan methods to solve
them.

e CG12: To interpret data and observations made in the laboratory in terms of
their significance and the theories that underly them.

@ CG13: To develop good scientific practices in measurement and

experimentation.



m SPECIFIC:
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CE23:

CE24:

CE2S:

m GENERIC:

O O O O

CT2:
CT3:
CT4:
CT7:

To use the fundamental physics quantities and their derivatives, the
system of units in which they are measured, and the equivalencies
between them.

CE23-F1: To explain phenomena and processes related to basic
aspects of physics.

To make use of the principles of mechanics and the relationships
between them, applying them to the motion of a particle, to systems
of particles, and to fluids.

CE24-F1: To describe and make use of the principles of Newtonian
mechanics, and the relations which arise from them.
CE24-F2: To describe and use the fundamentals of fluid mechanics.

CE24-F3: To describe basic concepts related to wave motion, its
essential characteristics, and the principle of superposition.

To apply the concepts of field, electric and magnetic field to
phenomena related to electrostatic forces and potentials,
electromagnetic radiation and optical phenomena.

CE25-F1: To formulate and use basic knowledge relative to the
concept of field, with a special emphasis on the electric and magnetic
fields

CE25-F2: To demonstrate and use basic knowledge regarding
electromagnetic radiation and its spectrum and understand the
fundamentals of physical optics.

To work as a team.

To demonstrate critical thinking and self-criticism.
To be able to adapt to new situations.

To use software packages to treat experimental data.

VI. - LEARNING OUTCOMES

Having passed this course, the student should be able:

Unit 1

1. To know that the measurement of a physical quantity consists of a number
expressed in suitable units.

2. To be able to distinguish between scalar variables and vectors.

3. To know the fundamental units that form the International System of Units (SI),
as well as other historical systems of measurement, and other frequently used units
that do not form part of the SI.

4. Touse dimensional analysis as a tool to derive the functional dependence between
physical quantities.

5. To perform basic operations of vector algebra: addition, multiplication by a scalar,
and the scalar and vector products.



6. To express a vector in terms of basis vectors. Application to orthonormal
coordinate frames.

Unit 2

7. To calculate the instantaneous and mean velocity and acceleration of a particle,
given its space-time coordinates.

8. To identify the type of motion of a particle (uniform or uniformly accelerated) and
calculate the physical quantities: position, velocity, and acceleration from the
equations of motion.

9. To describe the motion of a particle in a plane as a composition of motion in two
dimensions, and to apply it to parabolic motion.

10. To calculate the physical quantities that describe the circular motion of a particle,
from the equations that govern its movement.

11. To describe the motion of a particle in different inertial reference frames.

Unit 3

12. To know Newton’s laws.

13. To know the main types of forces found in nature.

14. To apply Newton’s second law to solve the classical dynamics of a particle.

15. To apply Newton’s second law to circular motion.

Unit 4

16. To explain the concept of the work done by a force, and be able to calculate it.

17. To define the kinetic energy of a body, and understand its physical significance.

18. To explain that work done on a body changes its kinetic energy, and to use this
result to describe the behaviour of bodies in motion.

19. To define and calculate the power supplied by a force that is performing work.

20. To understand the difference between conservative and non-conservative forces.

21. To define potential energy, and to calculate it for a given form of force.

22. To state the principle of the conservation of mechanical energy, and use it to solve
problems in which all the forces are conservative.

23. To state the general principle of the conservation of energy, and use it to solve
problems involving both conservative and non-conservative forces.

24. To interpret energy diagrams, and extract information from them describing the
motion of an object under the influence of a conservative force.

Unit 5

25. To calculate the centre of mass of a system of particles.

26. To calculate the centre of mass of an extended object.

27. To analyze and determine the movement of a system of particles subject to internal
and external forces by using the concept of the centre of mass.

28. To analyze and determine the movement of an extended object subject to external
forces by applying the concept of the centre of mass.

29. To calculate the linear momentum of a particle and an extended object.

30. To calculate the energy of a system of particles, and apply the principle of
conservation of energy.

31. To understand the concept of a collision, and to apply it to different physical
situations.

32. To distinguish between the different forms of collison: elastic, totally inelastic,
and inelastic.

33. To calculate the parameters of motion resulting from a collision.



Unit 6

34.

35.

36.

37.

38.

39.

To understand that the moment of a force is the origin of rotational movement
about the centre of mass of a system of particles, and to calculate it for different
cases.

To understand that the moment of inertia is a measure of the rotational inertia of
a body. To calculate it for a system of particles, and for rigid geometrical bodies
such as cylinders, spheres, etc.

To understand the concept of angular momentum, and to relate it to linear
momentum.

To solve the rotational dynamics of systems of particles, using the fundamental
equation of rotational dynamics.

To know the theorem of the conservation of angular momentum, and to apply it
to definite problems.

To understand rotational kinetic energy, and to relate it to translational kinetic
energy.

Unit 7

40.

41.

42.

43.
44,

45.

46.
47.

To define what a fluid is, and to understand the significance of the density and
pressure of a fluid.

To explain the significance of the fundamental equation of hydrostatics and
Pascal’s law, and to apply it to fluids at rest..

To know the principle of Archimedes, and to use it to solve floating-body
problems.

To classify the different regimes in which a fluid can move.

To know the continuity equation and the Bernouilli equation, and to apply them
to the study of fluids in motion.

To define the concept of the viscosity of a fluid, and to derive the effects that it
has on the movement of fluids by applying Poiseuille’s equation.

To define surface tension, and explain its physical significance.

To justify why capillarity occurs and to apply Jurin’s law.

Unit 8

48.
49.
50.

51.
52.

To define simple harmonic motion (SHO).

To know Hooke’s law.

To understand the general equation of a harmonic oscillator, and to describe the
parameters which define it.

To calculate the potential, kinetic, and mechanical energy of a harmonic oscillator.
To apply the concepts to other oscillator systems.

Unit 9

53.
54.
55.
56.
57.

To understand the concept of waves and their description with the wave function.
To distinguish the types of waves (longitudinal and transverse).

To calculate the speed of waves in different material mediums.

To recognize the wave equation and identify the different terms in it.

To understand the concept of harmonic waves and their relevance and identify the
parameters that characterized them (amplitude, period, frequency, wave number,
speed, energy).



38.

59.

60.

To describe the behaviour of waves when they encounter barriers. To calculate
the fraction of transmitted and reflected power using the information of the wave
amplitude, wave speed and density.

To explain the principle of superposition of waves. To apply it to the superposition
of harmonic waves and be able to justify constructive and destructive interference.
To explain the concept of standing waves, write the standing-wave condition and
calculate the natural frequencies.

Unit 10

61.
62.
63.
64.
65.
66.
67.

To explain the concept of electromagnetic waves and electromagnetic spectrum.
To describe light spectra.

To interpret absorption, scattering and stimulated emission.

To apply the principles of Huygens and Fermat to light propagation problems.
To understand reflection and refraction phenomena.

To explain interference phenomena.

To explain diffraction phenomena.

Unit 11

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

To describe the concept of electric charge as a consequence of the transference of
electrons.

To differentiate between conductors and insulators, relating their electric response
to the type of bonding.

To know Coulomb’s law as the basic electrostatic interaction, and the order of
magnitude of the electric force compared with other types of interactions.

To explain the concept of electric field and the characteristics of the vector
describing it. To know the relation between the electric field and the electric force.
To determine the electric field due to a system of point charges and for some cases
of continuous charge distributions.

To use the electric field lines as a representation of the electric field and know
their distribution in the case of the electric field created by a point charge, a dipole
and for a uniform field.

To explain the concept of electric dipole and dipole moment and to know the
electric field due to an electric dipole in its vicinity and far away from it.

To understand the concept of electric flux and determine it for open and closed
surfaces.

To know Gauss’s theorem and apply it to calculate the electric field produced by
charge distributions that have certain symmetries.

To know the value of the electric field near the surface of a conductor, and the
response of the conductor to electric fields.

Unit 12

78.

79.

80.

81.

82.

To understand and describe the concepts of electrostatic potential energy and
electric potential.

To understand what the electric field lines represent and their relationship with the
electric potential. To determine the electric field from the the potential using the
relation between them.

To know the expression of the potential due to a system of point charges and a
continuous charge distribution and to calculate the potential for simple cases.

To explain what equipotential surfaces represent and use them to visualize the
spatial changes in electric potential.

To explain the meaning of dielectric breakdown and the conditions under which
it takes place.



83. To describe a capacitor and know its applications. To define and calculate the
electric capacitance of some capacitors with simple geometry.

84. To identify and calculate combinations of capacitors connected in series and in
parallel.

85. To describe a dielectric is and its relation with capacitors.

Unit 13

86. To explain what an electric current represents and how it is generated.

87. To explain the concept of electric resistance and resistivity, and calculate the
resistance of a conductor knowing its dimensions.

88. To know and apply Ohm’s law.

89. To distinguish and define the concepts of electric energy and power in circuits.

90. To explain what the electromotive force represents in circuits.

91. To identify and calculate the combination of resistances in series and in parallel.

Unit 14

92. To know the properties of magnets and how they interact among themselves.

93. To describe and calculate the force exerted on a moving charged particle in a
magnetic field.

94. To explain the differences between the electric and magnetic field lines.

95. To determine the trajectory of a charged particle moving in a magnetic field.

96. To apply the previous knowledge to study the motion of charged particles in
magnetic fields and interpret the results.

97. To determine the magnetic forces on current-carrying wires.

98. To describe the behaviour of current loops in magnetic fields.

Unit 15

99. To explain the nature of the magnetic field produced by a moving point charge.

100.To describe the magnetic field produced by a current element.

101.To calculate the magnetic field due to an infinitely long straight current-carrying
wire..

102.To calculate the force between long current-carrying parallel wires. To determine
if it is an attractive or a repulsive force.

103.To calculate the magnetic field due to a current loop.

104.To know Ampere’s law and apply it to the calculation of the magnetic field due
to high symmetry current distributions.

Unit 16

105.To justify the experimental evidence of the induction of an electromotive force
(emf) due to a variable magnetic field.

106.Relate the induced emf in a loop with the change in magnetic flux through the
loop using Faraday’s law.

107.To determine the direction of the induced emf.

108.To calculate the emf induced in a conductor due to its motion in a region in which
there exists a magnetic field.

109.To explain the way in which a variable magnetic field produces an electric field.



VII. -WORKING HOURS DISTRIBUTED BY ACTIVITY

Attendanc Self-study

Activity e (hours) Credits
(hours)

Lectures 42 58 4
Seminars / Problem classes 35 25 2.4
Tutorials / Guided work 7 10.5 0.7
Laboratory 12 9 0.84
Weritten assignements and exam 6 20.5 1.06
preparation

Total 102 123 9

VIII.- METHODOLOGY

Lectures: at the start of each unit, the content and objectives will be explained. At
the end of each unit there will be a brief summary of the most important points covered

Seminars / Problem classes: exercises and problems will be set for the students with
the aim of testing their understanding of the material covered in the lectures. Solutions
to some of the problems will be presented in class, to allow students to follow the
procedure, and the results and their implications will be discussed.

Tutorials: these are dedicated problem-solving classes for the students. The professor
will act as a tutor and supervise the students’ work.

Guided work: these activities are aimed at developing habits of self-study. The
student (or group of students) must solve various exercises out of the classroom. In
addition, the student could prepare and present in class a short project on the contents
of the course.

Periodic tests: these will allow continuous evaluation of the progress of the student
during the course.

Laboratory practicals: these enable the student to learn the scientific method. By
performing and analyzing various experiments, they will determine if the starting
hypotheses are true. In addition, they will learn to make an error analysis of
experimental data.
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X.- ASSESSMENT PROCEDURE

In this course each semester can be passed separately and the passed marks, including the
one related to the laboratory, are also used if needed in the final results in the re-sit. In
each semester the following will occur:

e A midterm exam, “C”, in the middle of the semester.

e A Partial exam, “P”, at the end of the semester.

e Continuous Evaluation, “EC”, based on homework, short tests, projects, tutorials,
class participation etc.

The Final Mark ol the course, “FM”, will be given by:

FM=0,85.A +0,15.L
where:

e L=05M+05ExL

L: Laboratory mark
M: mark of the laboratory reports
ExL: mark of the laboratory exam

e A is the arithmetic mean of the results obtained in each semester, “B”, and is
evaluated for each one as:

B=Ex+ O,3.EC(1O - EX] Ex=P+ 0,2.C(Mj
with 10

Ex: mark of the exams

P: mark of the Partial exam

C: mark of the Control exam

EC: mark of the Continuous Evaluation

- All marks are scored out of 10.



- Necessary conditions to pass the course are:
e L>5
e A>5
e P>4
o ExI>4
e M>4

In addition:
o C >4 in order for the midterm exam mark to be included in the calculation of
the mark of the exams (Ex)

- Students who do not pass one or more of the semesters can attend a Final Exam in June
and a re-sit in July. Both these exams will consist of two parts (corresponding to the
first partial and to the second partial). The mark obtained in each of these parts will be
used in the formula for “Ex” in the place occupied by “P”.

It is possible to compensate marks between semesters only if the score obtained for
them, “B”, is above 4. Compensable semesters marks will be retained for both the Final
Exam and the re-sit.



UNIT

1: Systems of units and vectors

2: Kinematics of a particle

3: Dynamics of a particle. Newton’s laws

4: Work and energy

5: Systems of particles I: linear momentum and
collisions

6: Systems of particles II: rotation and angular
momentum

7: Fluids

=

: Oscillatory motion

9: Waves

(&

L

ACTIVITY SCHEDULE

ACTIVITY

Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures

Problem classes/Tutorials

HOUR GROUPS

S

1.5 1
1.5 1
1.5 1
1.5 1
3 1
3 1
5 1
4 1
3 1
3 1
3 1
3 1
3 1
3 1
1.5 1
1.5 1
4.5 1
4.5 1

START END
1 Week 1 Week
2" Week 2m Week
3" Week 4™ Week
5" Week 7" Week
8" Week 9t Week
10" Week 11" Week
12* Week 13* Week
14* Week 14* Week
15" Week 17" Week




10

: Properties of light

11

12

: Electric field

: Electric potential and electrostatic potential energy

13

: Electric current and direct-current circuits

14

: Magnetic field

15

: Sources of the magnetic field

16

: Magnetic induction

e

Lectures
Problem classes/Tutorials

Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures
Problem classes/Tutorials
Lectures

Problem classes/Tutorials

4.5
4.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

18" Week 19" Week
20" Week 21 Week
22" Week 24™ Week
25" Week 25" Week
26™ Week 26™ Week
27" Week 27h Week
28" Week 28" Week



Teaching Related
activity competences
CE23-F1,
CE24-F1,
Lectures CE24-F2,
CE24-F3, CE25
-F1, CE25-F2
CG7
Seminars / ggi
Problem classes CE25-F1
CE25-F2
CG7, CE23,
Tutorials / CE24, CE25-F1,
Guided work CE25-F2, CT2,
CT3
CG12, CG13,
Laboratories CT2, CT3, CT4,
CT7
Exams CG7,CT4

P: presential; NP: self-study.

ACTIVITY SUMMARY

Lecturer’s activities

Presentation of theoretical
concepts.

Application of the theory
to problem solving.

Helping the students to
direct their study with
explanations and
bibliographical
recommendations.
Formulation and proposal
of guided work.

Explanations regarding
the experimental and
analytical methodology
and the presentation of
scientific results.

Design, control and
evaluation of the exam.
Grading student.

Student’s activities

Note writing.

Note writing. Problem
solving. Question and doubt
raising.

Inquiries to the teacher
regarding conceptual and
methodological difficulties
encountered when studying
the subject.

Writing individual reports.

Data acquisition and
analysis during laboratory
sessions. Writing of reports.
Passing specific laboratory
exam.

Training and examination.

N Tota

Assessment procedure P P 1
Grading written responses to
questions related with the theoretical =~ 42 | 58 100
concepts presented.
Grading written responses
(devqlopment a}nd results) to splve 35 25 60
practical exercises and numerical
problems.
Student’s participation and evaluation 7 10, 175
of the work. 5 ’
Marking of laboratory reports. 12 9 21
Marking of laboratory exam.

. 20,
Marking the exam. 6 s 26,5






