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Electricity and Magnetism

Objectives: 00US and 00UU Discipline: Physics
Ponderation: 3-2-3 Course Code: 203-NYB-05
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describe electric and magnetic phenomena. These equations unify electricity and
magnetism into a single “electromagnetic” force; their beauty, simplicity and
symmetry continue to delight every student who comes to understand them. These
equations are as fundamental to electromagnetism as Newton’s Laws are to
mechanics.

Applications of electromagnetism are all around us. They range from electric
motors and generators, through radios, television and computers, to high energy
particle accelerators. Medical technology depends heavily on electromagnetism,
from high tech magnetic resonance imaging to X-rays and electrocardiograms. It is
hardly possible to imagine our world without the wonderful nineteenth century
discoveries that were synthesized by Maxwell.

Some of the learning activities in Electricity and Magnetism will contribute to the
attainment of objective 00UU and are marked [00UU].

In the Science Program, Electricity and Magnetism contributes to the following
program goals described in the Exit Profile:

Goals of the Science Program Performance Criteria
1. To master the knowledge and skills of a basic

scientific education
00US, 00UU

2. To master the knowledge and skills of a basic
general education

3. To apply the experimental method 3.1, 3.2, 3.4, 3.5
4. To take a systematic approach to problem solving 4.1 – 4.6
5. To use the appropriate data-processing

technology
5.1, 5.2

6. To reason logically 6.1 – 6.4
7. To communicate effectively 7.1, 7.3 – 7.6
8. To learn in an autonomous manner 8.1 – 8.3
9. To work as members of a team 9.1 – 9.3
10. To recognize the links between science,

technology and the evolution of society
10.1 – 10.3

11. To construct a personal system of values 11.1 – 11.3
12. To identify the context in which scientific ideas

originated and evolved
12.1

13. To display attitudes and behaviour compatible
with the scientific spirit and method

13.1 – 13.4

14. To apply acquired knowledge and skills to new
situations

14.1
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Objectives and Standards for Electricity and Magnetism
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      Elements of Competency Specific Performance Criteria Intermediate Learning Objectives
 1.5. Precise use of the concepts, laws and terminology

basic to the understanding of electric potential
1.5.1. State the definition of electric potential difference and of electric

potential.
 1.6. Rigorous application of the concepts of electric

potential and potential difference to solve
mathematical problems and to answer conceptual
questions in such a way as to show understanding
of these concepts

1.6.1. Calculate potential differences between points in a uniform electric
fibetween pand potential difference to solve
State the definition 6.2erences between poT* 0
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      Elements of Competency Specific Performance Criteria Intermediate Learning Objectives
 2.2. Rigorous application of the concepts of current,

resistance and power to solve various problems
2.2.1. Calculate the resistance of conductors of various geometries and of

different materials, and at different temperatures.
2.2.2. Solve problems involving the interrelation of resistance, voltage,

power, current and time.
2.2.3. Answer conceptual questions about these interrelations in a way that

shows understanding of the concepts.
 
 

2.3. Rigorous application of Kirchhoff’s Rules to the
solution of problems involving direct current
circuits

2.3.1. State Kirchhoff’s Rules.
2.3.2. Calculate terminal voltage and power output for circuits with a source

of emf that has an internal resistance.
2.3.3. Solve for current through, voltage across and power dissipated in

each resistor in a direct current circuit containing series and parallel
combinations of resistors.

2.3.4. Using Kirchhoff’s Rules, solve for current through, voltage across
and power dissipated in individual elements of a multi-loop circuit
with several sources of emf.

2.3.5. Calculate instantaneous voltages across, currents through, charge
stored on and energy content of circuit elements in dc circuits with
capacitors charging and discharging through a resistance. The
circuits may contain series and parallel combinations of resistances
and capacitors.

2.3.6. Apply Ohm’s Law and circuit theory to explain the workings of the
Wheatstone bridge and the potentiometer.

2.3.7. Apply Ohm’s Law and circuit theory to calculate the effects of
ammeters and voltmeters on the circuits in which they are used.

2.3.8. Answer conceptual questions involving electric current, voltage,
resistance, power and the behaviour of series and parallel circuits.

3. To analyze physical situations
involving magnetic fields and
magnetic induction

3.1. Precise use of the concepts, laws and terminology
basic to the understanding of magnetic forces

3.1.1. Define the magnetic field vector B (also called magnetic flux density
or magnetic induction).

3.1.2. 
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      Elements of Competency Specific Performance Criteria Intermediate Learning Objectives
appropriate data. [00UU]

3.2.3. Explain the operation of particle accelerators, particularly the
cyclotron and synchrocyclotron. Perform various calculations
concerning the operation of this instrument given appropriate data.
[00UU]

3.2.4. Explain the operation of an electric motor - AC or DC. Perform
various calculations concerning electric motors given appropriate
data. [00UU]

3.2.5. Explain qualitatively the Hall effect and its use in the Hall-effect
probes used to measure magnetic fields in the laboratory.

3.2.6. Calculate the force and the torque on current loops and segments in
the presence of a magnetic field using vector algebra.

3.2.7. Set up and solve mathematical problems involving magnetic fields
and forces using appropriate mathematical techniques.

3.2.8. Answer conceptual questions in a way that shows understanding of
the concepts of magnetic fields and forces.

 3.3. Precise use of concepts, laws and terminology basic
to the understanding of the production of magnetic
fields

3.3.1. State the Biot-Savart Law for the determination of magnetic fields.
3.3.2. State Ampère’s Law for the determination of magnetic fields.
3.3.3. Define magnetic flux.
3.3.4. State Gauss’ Law for magnetism.

 3.4. Rigorous application of the laws (Biot-Savart,
Ampère’s and Gauss) to solve mathematical
problems and answer conceptual questions
involving magnetic fields and magnetic forces

3.4.1. Derive expressions for the magnetic fields due to straight or curved
current carrying wires using the Biot-Savart Law and integral
calculus.

3.4.2. Derive expressions for the magnetic field due to certain symmetrical
current configurations using Ampère’s Law, making the necessary
symmetry arguments to simplify the integral.

3.4.3. Calculate the magnitude and direction of the magnetic fields due to
combinations of currents.

3.4.4. Calculate the magnitude and direction of magnetic fields due to
current loops, solenoids and toroids.

3.4.5. Calculate the magnetic flux for a non-uniform magnetic field through
a simple area (at any angle) using the techniques of integral calculus.

3.4.6. Set up and solve mathematical problems involving magnetic fields
and forces using appropriate mathematical techniques.

3.4.7. Answer conceptual questions concerning magnetic fields and forces
in a way that shows understanding of the concepts of magnetic fields
and forces.
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      Elements of Competency Specific Performance Criteria Intermediate Learning Objectives
 3.5. Precise use of the concepts, laws and terminology

basic to the understanding of electromagnetic
induction

3.5.1. State Faraday’s Law of Inductance.
3.5.2. State Lenz’s Law.
3.5.3. Define self-inductance.
3.5.4. Define mutual inductance.

 3.6. Rigorous application of the concepts and laws
describing electromagnetic induction to solve
mathematical problems and to answer conceptual
questions in a way that shows understanding of
them

3.6.1. Derive an expression for the emf induced in a loop by different time-
varying magnetic fluxes.

3.6.2. Determine the emf produced in wires moving through magnetic
fields,  both uniform and non-uniform fields.

3.6.3. Apply Lenz’s Law in three dimensions to determine the direction of
induced current in a loop under various conditions of varying
magnetic flux (changing magnetic field strength, changing area, or
changing angle).

3.6.4. Describe the functioning of electric generators.  [00UU]
3.6.5. Calculate back emf in an electric motor and explain its cause.
3.6.6. Set up and solve mathematical problems involving magnetic

inductance using appropriate mathematical techniques.
3.6.7. Answer conceptual questions concerning induced currents in a way

that shows understanding of the concepts of electromagnetic
induction.

3.6.8. Determine the self-inductance of a solenoid.
3.6.9. Calculate as a function of time the instantaneous voltage across, the

current through, and energy stored in the individual elements of a
simple circuit consisting of inductors, resistances, a source of emf and
a switch.

3.6.10. Determine circuit conditions, initially and after a long time has
elapsed, for more complex circuits containing inductors, capacitors,
resistances, a source of emf and a switch.

3.6.11. Set up and solve mathematical problems involving circuits containing
combinations of inductors and resistances using appropriate
mathematical techniques.

3.6.12. Answer conceptual questions concerning R-L circuits in a way that
shows understanding of the concepts of inductance and circuit theory.

3.6.13. Explain the synthesis of the laws of electricity and magnetism into
Maxm in
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      Elements of Competency Specific Performance Criteria Intermediate Learning Objectives
mathematical problems and to answer conceptual
questions in a way that shows understanding of
these concepts and rules

4.2.2. Calculate the current and voltage and their phase relation in an RLC
circuit using phasors.

4.2.3. Calculate the power dissipated in an RLC circuit with an alternating
current flowing in it.

4.2.4. Calculate voltage, current and power in a simple transformer circuit.
4.2.5. Set up and solve mathematical problems involving RLC ac circuits

using appropriate mathematical techniques including phasors.
4.2.6. Answer conceptual questions about RLC ac circuits in a way that

shows understanding of the concepts involved.


