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1. COURSE
BFI102. Physics IT (Mandatory)

2. GENERAL INFORMATION

2.1 Course : BFI102. Physics II

2.2 Semester . 3'4 Semester.

2.3 Credits 5

2.4 Hours : 4 HT; 2 HP;

2.5 Duration of the period : 16 weeks

2.6 Type of course : Mandatory

2.7 Learning modality : Face to face

2.8 Prerrequisites : BFI101. General Physics. (2" Sem)

3. PROFESSORS

Meetings after coordination with the professor

4. INTRODUCTION TO THE COURSE

Physics II consolidates the foundations of advanced classical mechanics and electromagnetism. The theory of small oscilla-
tions and coupled oscillators provides the analytical framework for the study of vibrational systems in engineering and the
sciences. Continuum mechanics supplies the essential tools for the analysis of elastic solids and fluids. The study of elec-
tromagnetism, from electrostatics to electromagnetic induction, is fundamental in technology, scientific instrumentation,
and geophysical exploration.

5. GOALS

Apply the theory of small oscillations to the analysis of systems with multiple degrees of freedom to determine their
normal modes of vibration.

e Understand the foundations of continuum mechanics for the analysis of elastic solids and fluids in engineering and
scientific applications.

e Solve problems in electrostatics, dielectrics, and direct-current circuits using the fundamental laws of the electro-
magnetic field.

e Analyze magnetostatics and electromagnetic induction in the study of devices and electromagnetically based systems.

6. COMPETENCES

ABET-1) An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering,
science, and mathematics. (Usage)

7. TOPICS



Unit 1: Theory of Small Oscillations and Coupled Oscillators (24 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Small oscillation approximation via Taylor expan-
sion about a stable equilibrium

e Coupled oscillators and the formulation of equations
of motion in matrix form

e Normal modes and eigenfrequencies derived from the
eigenvalue problem

e Damped oscillators: underdamped, critically

damped, and overdamped regimes

e Linearize equations of motion about a stable equilib-
rium point [Usage]

e Find normal mode frequencies and eigenvectors for
systems of Two coupled oscillators [Usage]

Readings : [MTO03|, [Fre71]

Unit 2: Continuum Mechanics Foundations (18 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Continuum hypothesis and the definition of density
fields

e Stress tensor o;; and the concept of force per unit
area

e Strain tensor ¢;; as a measure of local deformation

e Hooke’s law for isotropic materials: o;; = Aegrds; +
2pei;

e Navier-Stokes  equation for  viscous  fluids:

p (% +7-VF) = —Vp+uV3i+f

e Bernoulli’s principle for inviscid and incompressible
fluid flow

e Conservation of mass and the continuity equation:

%4V (p¥) =0

e Conservation of momentum expressed in continuum
mechanics form

e Wave propagation in elastic media including P-waves
and S-waves

e Viscosity and the rheology of non-Newtonian fluids

e Interpret the physical meaning of the components of
the stress tensor [Familiarity]

e Calculate strain tensor components for simple defor-
mations [Usage]

e Apply Hooke’s law to relate stress and strain for
isotropic elastic materials [Usage]

e Simplify the Navier-Stokes equation for special cases
such as steady or inviscid flow [Usage]

e Apply Bernoulli’s principle to calculate pressure vari-
ations in fluid flow [Usage]

e Derive the continuity equation from the principle of
mass conservation [Usage]

e Analyze different wave propagation modes in elastic
solids [Assessment]

Readings : [MTO03|, [SJ18]




Unit 3: Electrostatics: Electric Field and Gauss’s Law (6 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Coulomb’s law for point charges and the principle of
linear superposition

e The electric field vector E for discrete and continu-
ous charge distributions

e Gauss’s Law in integral form and its relation to en-
closed charge

e Differential form of Gauss’s Law: V - E = p/eq

e Applications of Gauss’s Law to spherical and cylin-
drical symmetry

e The Divergence Theorem applied to electrostatic
fields

e Calculate the electrostatic force on a charge distri-
bution using superposition [Usage]

e Apply Gauss’s Law to find the electric field for sys-
tems with high symmetry [Usage]

e Evaluate the electric flux through surfaces of engi-
neering interest [Assessment)

e Determine volume charge density from a given ex-
pression of the electric field [Usage]

Readings : |Gril7], [YF15]

Unit 4: Electric Potential and Poisson/Laplace Equations (6 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Definition of the scalar potential V' and E=-VV

e Calculating potential for continuous charge distribu-
tions

e Poisson’s equation V2V = —p/ey and Laplace’s
equation

e Solution of Laplace’s equation via separation of vari-
ables for engineering geometries

e The method of images for computing fields near con-
ducting boundaries

e Compute the electrostatic potential energy of a
charge configuration [Usage]

e Derive the electric field vector from a given scalar
potential [Usage]

e Solve Laplace’s equation for a practical engineering
geometry with specified boundary conditions [As-
sessment)

e Apply the method of images to engineering problems
involving grounded conductors [Usage]

Readings : |Gril7]

Unit 5: Electrostatic Energy and Dielectrics (6 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Energy density in the electric field: u = %GQEQ

e Capacitance C' = @Q/V for standard engineering ge-
ometries

e The displacement vector D and Gauss’s Law in di-
electric materials

e Linear dielectrics, susceptibility, and relative permit-
tivity €,

e Boundary conditions for E and D at material inter-
faces

e (Calculate the capacitance of parallel-plate and coax-
ial capacitors filled with dielectrics [Usage]

e Evaluate bound charge distributions in polarized di-
electric materials [Assessment]

e Solve for electric fields on both sides of a dielectric
interface using boundary conditions [Usage]

e Analyze the force on a dielectric slab in a partially
inserted capacitor [Assessment]

Readings : |Gril7], [SJ18]




Unit 6: Electric Current, Circuits, and Kirchhoff’s Laws (4 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Definition of current, current density, and the conti-
nuity equation

e Ohm’s law, resistivity, and temperature dependence
of resistance

e Kirchhoff’s Current Law (KCL) for circuit node anal-
ysis

o Kirchhoff’s Voltage Law (KVL) for circuit loop anal-
ysis

e Series and parallel circuit simplification and equiva-

lent resistance

e RC and RL circuit transients and engineering time
constants

e Apply KCL and KVL to solve multi-loop DC engi-
neering circuits [Usage]

e Calculate power dissipated in resistive circuit ele-
ments [Assessment]

e Analyze the transient response of RC and RL circuits
and determine the time constant [Usage]

e Design a resistor network to meet specified voltage
division or current distribution requirements [As-
sessment)

Readings : [SJ18|, [YF15]

Unit 7: Magnetostatics: Biot-Savart and Ampere’s Laws (7 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e Lorentz force law: F = q(E + @ x B)
e Magnetic force on current-carrying wires and loops

e Biot-Savart Law for the magnetic field of a current
element

e Ampere’s Law in integral form for high-symmetry
engineering configurations

e The magnetic vector potential Aand B=V x 4

e Calculate the magnetic field of solenoids and toroids
using Ampere’s Law [Usage]

e Compute the magnetic field on the axis of a current
loop using the Biot-Savart Law [Usage]

e Verify that a given magnetic field satisfies V - B=0
[Assessment]

e Analyze the torque on a current loop in a non-
uniform magnetic field [Assessment]

Readings : |Gril7], [YF15]

Unit 8: Magnetic Properties of Matter (7 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

e The magnetization vector M as magnetic dipole mo-
ment per unit volume

e The magnetic field intensity H and Ampere’s Law
in matter

e Physical principles of diamagnetism, paramag-
netism, and ferromagnetism

e Ferromagnetic domains and the hysteresis loop for
engineering material selection

e Linear magnetic media and magnetic permeability u

e Find bound current distributions for magnetized en-
gineering materials [Usage]

o Classify materials as diamagnetic, paramagnetic, or
ferromagnetic for engineering application suitability
[Assessment]

e Analyze energy loss per cycle from a ferromagnetic
hysteresis loop for transformer core selection [As-
sessment]

Readings : |Gril7]




Unit 9: Electrodynamics: Faraday’s Law and Induction (6 hours)

Competences Expected: ABET-1

Topics

Learning Outcomes

Faraday’s Law of induction and Lenz’s Law e Calculate the induced EMF in a rotating coil and

Self-inductance L and the back-EMF in engineering
inductors e Apply Lenz’s Law to determine the direction of in-

Mutual inductance M and transformer principles
Energy stored in the magnetic field of inductors

Eddy currents, magnetic braking, and core loss in
electrical machines

relate it to generator operation [Usage]

duced currents in engineering scenarios [Assessment]

e Compute the magnetic energy stored in a solenoid
or toroidal inductor [Usage]

e Evaluate mutual inductance between coupled coils
for transformer design [Assessment)

Readings : |Gril7], [SJ1§]

8. WORKPLAN

8.1 Methodology

Individual and team participation is encouraged to present their ideas, motivating them with additional points in the
different stages of the course evaluation.

8.2 Theory Sessions

The theory sessions are held in master classes with activities including active learning and roleplay to allow students
to internalize the concepts.

8.3 Practical Sessions
The practical sessions are held in class where a series of exercises and/or practical concepts are developed through
problem solving, problem solving, specific exercises and/or in application contexts.

9. EVALUATION SYSTEM
ook EVALUATION MISSING Aot

10. BASIC BIBLIOGRAPHY

[Fre71]
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[Gril7]
[SJ18]

A. P. French. Vibrations and Waves. W. W. Norton & Company, 1971.

Jerry B. Marion and Stephen T. Thornton. Classical Dynamics of Particles and Systems. 5th. Thomson Brooks/Cole,
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Pearson Education, 2015.
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