
American School Macedonia – Course Outline
School Year 2022/2023

-Yearly Plan -

Subject: Physics  (5 classes per week, 160 classes per year)

Grade Level: 12th Grade

Textbook: Sears & Zemansky’s University Physics with Modern Physics, Hugh D.
Young, Roger A. Freedman, Pearson Education (15th Edition in SI Units,
2019)

Additional
Resources:

- Physics, Irwin Genzer, Philip Youngner, Silver Burdett Company (1981)
- Physics for Scientists and Engineers, Randall D. Knight, Pearson

Education (4th Edition, 2017)
- Physics, Raymond A. Serway, Jerry S. Faughn, Holt, Rinehart and

Winston (2006)

Teacher: Monika Peshevska

Goals:

This course develops students' understanding of the basic concepts of physics.

Students will learn about different physical theories and laws that are used to explain natural
events, they will become familiar with various investigation techniques, and will comprehend the
significance and value of experiments in the study of physical laws. They will develop different
problem solving skills and enhance their scientific investigation skills as they test laws of
physics. In addition, they will analyze the interrelationships between physics and technology, and
consider the impact of technological applications of physics on society and the environment.

Course objectives / Learning Outcomes:

Kinematics

- Demonstrate an understanding and be able to compare and contrast the basic properties of
scalar and vector quantities

- Analyze what components of a vector are and show the ability to use them in calculations.
- Define and describe distance and displacement, and be able to distinguish them in numerical

problems.



- Define and analyze the difference between speed, average and instantaneous velocity.
- Demonstrate an understanding of changes in velocity throughout time which are described

by the concepts of average and instantaneous acceleration.
- Perform calculations which require finding average velocity and average acceleration.
- Perform calculations in which an object is falling freely under the influence of gravity alone.
- Analyze motion graphically and numerically using vectors, graphs and calculations
- Analyze motion in one dimension using time, distance, displacement, velocity, and

acceleration (without calculus).

Forces

- Demonstrate an understanding of what the concept of force means in physics (mutual
interaction between two objects), why forces are vectors, and the significance of the net force
on an object.

- Explain the effects of forces (including weight, normal, tension and friction) on objects.
- Analyze forces and systems of forces graphically and numerically using vectors, graphs and

calculations
- Analyze systems of forces in one dimension using free body diagrams.

Newton’s Laws and their application

- Understand mass as a property that resists change in motion (inertia)
- Show an understanding of what happens when the net external force on an object is zero.
- Demonstrate ability to use Newton’s first law to solve problems involving the forces that act

on an object in equilibrium.
- Explain how the acceleration of an object is determined by the net external force on the

object and its mass.
- Demonstrate ability to use Newton’s second law to solve problems involving the forces that

act on an accelerating object.
- Demonstrate an understanding of how the forces that two objects exert on each other are

related.
- State Newton's laws of motion and use them to explain and perform calculations in

numerical problems.
- Interpret and show an understanding of force-extension graphs.
- To demonstrate a knowledge of Hooke’s law, and be able to solve problems including it.
- To understand the nature of friction force, and know how to calculate it using normal force

and coefficient of kinetic friction.



Mass and Weight

- Explain the difference between the mass of an object and its weight.
- Know and be able to apply the relationship between mass and weight.
- Understand the gravitational interaction between the Earth and an object, and be able to

solve numerical problems that involve free-fall and usage of gravitational acceleration.
- Understand terminal velocity and the forces involved.

Work and Energy

- Know what it means for a constant force to do work on an object, how to calculate the
amount of work done and distinguish between positive, negative and zero work.

- State the definition of the kinetic energy (energy of motion) of an object, and how the total
work done on an object changes the object’s kinetic energy.

- Be able to use the relationship between total work and change in kinetic energy when the
forces are constant.

- Describe the meaning of power (rate of doing work) and be able to use it in numerical
problems.

- Understand the concept of potential energy as stored energy in an object (potential to do
work), related to its position in the system.

- Show a knowledge of using the concept of gravitational potential energy in problems that
involve vertical motion.

- Show a knowledge of using the concept of elastic potential energy in problems that involve a
moving object attached to a stretched or compressed spring.

- Distinguish between conservative and nonconservative forces, and how to solve problems in
which both kinds of forces act on a moving object.

- Investigate energy transformations and the law of conservation of energy, and perform
calculations related to the law of conservation of total mechanical energy.

Momentum and Impulse

- Describe the meaning of the momentum of a particle, and how the impulse of the net
external force acting on a particle causes its momentum to change.

- Demonstrate an understanding of the circumstances under which the total momentum of a
system of particles is constant (conserved).

- Show a knowledge of using the momentum conservation to solve problems in which two
objects collide with each other, and what the differences are among elastic, inelastic, and
completely inelastic collisions.



Gravitation

- Show how to calculate the gravitational forces that any two objects exert on each other,
described by Newton's law of gravitation.

- Perform calculations related to the speed, orbital period, and total mechanical energy of a
satellite in a circular orbit.

- Explore, apply and interpret the three Kepler’s laws that describe the motion of planets.
- Know what black holes are, how to calculate their properties, and how astronomers discover

them.

Fluid mechanics

- Understand the meaning of the density of a material, the average density of an object and be
able to calculate it in numerical problems.

- Demonstrate an understanding of what is meant by the pressure in a fluid, and how it is
measured.

- Perform calculations related to the buoyant force that a fluid exerts on an object immersed in
it.

- Investigate the significance of laminar versus turbulent fluid flow, and how the speed of flow
in a tube depends on the tube’s size.

- Apply Bernoulli's equation to relate pressure and flow speed at different points in certain
types of flow.

- Investigate how viscous flow and turbulent flow differ from ideal flow.

Temperature and Heat

- Show an understanding of the meaning of thermal equilibrium, and what thermometers really
measure.

- Demonstrate a knowledge and understanding of Zeroth law of thermodynamics, and the
condition under which two systems are in thermal equilibrium.

- Distinguish between heat and temperature.
- Show a knowledge of heat capacity and be able to calculate it in numerical problems.
- Demonstrate an understanding of heat flow and be able to describe what happens in phase

changes.
- Show an understanding of the meaning of the thermodynamic system, and processes that

happen in these systems.
- Interpret and be able to use the first law of thermodynamics.



Thermal properties of matter

- Demonstrate an understanding of the relationship between temperature, volume, and
pressure.

- Perform calculations related to the ideal gas law.
- Describe the basic characteristics of isothermal, isobaric and isochoric processes and be able

to recognize each of them in numerical problems.
- Show how the interactions between the molecules of a substance determine the properties of

the substance.
- Show how the pressure and temperature of a gas are related to the kinetic energy of its

molecules.

Periodic motion

- Be able to describe oscillations in terms of amplitude, period, frequency, and angular
frequency.

- Perform calculations that include usage of the equation for simple harmonic motion (without
calculus)

- Analyze the motion of a simple pendulum and be able to calculate its period, frequency, and
angular frequency.

- Describe what a physical pendulum is, and compare its properties to the ones of a simple
pendulum.

- Understand what determines how rapidly an oscillation dies out.
- Describe how a driving force applied to an oscillator at a particular frequency can cause a

very large response, or resonance.

Mechanical Waves

- Explain what is meant by a mechanical wave, and the different varieties(longitudinal and
transverse waves) of mechanical waves

- Interpret and use the mathematical expression for a sinusoidal periodic wave.
- Explain how waves travel through a medium, and what happens when they reach an obstacle

or pass through a slit (Huygens-Fresnel Principle)
- Demonstrate an understanding and be able to explain what happens when mechanical waves

overlap and interfere (wave interference and diffraction)

Electricity

- Know and describe the nature of electric charge, and how we know that electric charge is
conserved.



- Explain how objects become electrically charged.
- Distinguish between conductors, insulators and induced charges.
- Explain Coulomb’s law of electrostatics and perform calculations related to electric force

between charges
- Demonstrate an understanding of the basic physical quantities used to describe an electric

field.
- Distinguish between electric force and electric field.
- Explain the idea of electric field lines as visualization and interpretation of electric fields.
- Explain and understand the meaning of electric potential energy of a collection of charges

and be able to perform calculations of this energy.
- Show an understanding of the meaning and significance of electric potential.
- Explain the nature of capacitors, and how to calculate a quantity that measures their ability to

store charge.
- Analyze capacitors connected in a network.
- Perform a calculation of the amount of energy stored in a capacitor.
- Explain what dielectrics are, how a dielectric inside a charged capacitor becomes polarized

and how they make capacitors more effective.
- Show an understanding of the meaning of electric current, and how charges move in a

conductor.
- Explain what is meant by the resistivity and conductivity of a substance.
- Perform calculations of the resistance of a conductor from its dimensions and its resistivity.
- Explain Ohm’s law in relation to electric circuits.
- Explain how an electromotive force (emf) makes it possible for current to flow in a circuit.
- Apply simple models to understand the flow of current in metals
- Analyze circuits with multiple resistors in series or parallel.
- Express knowledge of basic physics quantities describing electric current, show an

understanding of Kirchoff's laws and construct a simple electric circuit.
- Perform calculations related to Kirchoff's laws
- Analyze circuits that include both a resistor and a capacitor.
- Learn how to use an ammeter, voltmeter, ohmmeter, or potentiometer

Magnetism

- Demonstrate an understanding of basic properties of magnets, and how magnets interact with
each other.

- Describe the nature of the force that a moving charged particle experiences in a magnetic
field.

- Analyze the motion of a charged particle in a magnetic field.
- Analyze magnetic forces on current-carrying conductors.
- Analyze how current loops behave when placed in a magnetic field.



- Describe and show an understanding of how direct-current motors work
- Explain what Ampere’s law is, and what it tells us about the relation between magnetic field

and current.

Optics

- Show an understanding of what light rays are.
- Understand and apply the laws that govern the reflection and refraction of light.
- Understand the nature of light and be able to explain the process of polarization of light.
- Explain how a plane mirror forms an image and be able to show the drawing process for it.
- Explain why concave and convex mirrors form images of different kinds.
- Understand and know the basic terms related to mirrors and thin lenses: center of curvature,

optic axis, focal point, focal length, radius of curvature, object, image, object distance and
image distance.

- Show the process of formation of an image of an object placed at different distances from the
focal point in mirrors.

- Understand the basic properties of thin lenses.
- Be able to use and perform calculations with the lensmaker’s equation
- Be able to use graphical methods for lenses and mirrors.
- Explain what happens when two waves combine, or interfere, in space.
- Show an understanding of the process of diffraction and the formation of a diffraction

pattern when coherent light passes through a narrow slit.

Modern Physics

- Understand the concept of de Broglie wavelength
- Calculate the wavelength of a particle
- Differentiate between different models of atoms and state their basic characteristics
- Understand  some key properties of atomic nuclei, including radius and density
- Interpret symbols for nuclei that indicate atomic and mass number
- Explain how the binding energy of a nucleus depends on the numbers of protons and

neutrons that it contains
- State and explain the most important ways in which unstable nuclei undergo radioactive

decay.
- Determine the mass number and charge of a nucleus after it has undergone specified decay

processes
- Understand how the decay rate of a radioactive substance depends on time and solve word

problems related to calculating the the half-life of a radioactive sample
- Understand which properties of nuclei and nuclear force, and which processes cause fission

and fusion of atomic nuclei



Skills:
- To use the scientific method to explore physics questions.
- To think critically and abstractly about physics design elements and real-world

applications.
- To develop theories
- To perform calculations
- To use mathematical modeling
- To use computer technology
- To research and gather information
- To analyze, organize and display data in a graphical or tabular form
- To identify complex problems and review related information to develop and evaluate

options and implement solutions.
-

Teaching methods:

- Direct instruction
- Project-based learning
- Problem-based learning
- Inquiry-based learning
- Demonstrations
- Experiments
- Illustrations
- Practical work

Forms of teaching:
- Teacher-led teaching
- Group work
- Work in pairs
- Individual work

Semester Breakdown:
FIRST SEMESTER

CHAPTER 1: UNITS, PHYSICAL QUANTITIES, AND VECTORS (5 periods)

1.1 The nature of physics
1.2 Solving physics problems
1.3 Standards and units
1.4 Using and converting units
1.5 Uncertainty and significant figures
1.7 Vectors
1.8 Components of vectors

CHAPTER 2: THE STUDY OF MOTION ( 10 periods)



2.1 Displacement, time, and average velocity
- Finding velocity on a x-t graph

2.3 Average acceleration
- Finding acceleration on a x-t graph and v-t graph

2.4 Motion with constant acceleration
- Motion with constant velocity

2.5 Freely falling objects

CHAPTER 4: NEWTON’S LAWS OF MOTION (10 periods)

4.1 Force and interactions
- Superposition of forces

4.2 Newton’s First Law of Motion
- Mass and Inertia

4.3 Newton’s Second Law of Motion
- Mass and Force

4.4 Mass and Weight
4.5 Newton’s Third Law
4.6 Free-body diagrams

CHAPTER 5: APPLYING NEWTON’S LAWS (5 periods)

5.1 Using Newton’s First Law: Particles in Equilibrium
5.2 Using Newton’s Second Law: Dynamics of Particles
5.3 Friction Forces

- Kinetic and Static Friction

CHAPTER 6: WORK AND KINETIC ENERGY (7 periods)
6.1 Work

- Positive, Negative, or Zero Work
- Total work

6.2 Kinetic Energy and Work-Energy Theorem
6.4 Power

CHAPTER 7: POTENTIAL ENERGY AND ENERGY CONSERVATION (9 periods)
7.1 Gravitational potential energy

- Conservation of total mechanical energy (Gravitational forces only)
- When forces other than gravity do work

7.2 Elastic potential energy
- Situations with both gravitational and elastic potential energy

7.3 Conservative and nonconservative forces
- The law of Conservation of Energy

CHAPTER 8: MOMENTUM, IMPULSE, AND COLLISIONS (6 periods)



8.1 Momentum and Impulse
- The Impulse-Momentum Theorem (without calculus)

8.2 Conservation of momentum
8.3 Momentum conservation and collisions

- Elastic and Inelastic collisions
- Completely inelastic collisions
- Classifying collisions

8.4 Elastic collisions

CHAPTER 13: GRAVITATION (5 periods)

13.1 Newton’s Law of Gravitation
- Center of mass

13.2 Weight
13.4 The motion of satellites
13.5 Kepler’s Laws and the motion of planets
13.8 Black holes

CHAPTER 12: FLUID MECHANICS (9 periods)

12.1 Gasses, Liquids, and Density
12.2 Pressure in a fluid

- Pascal’s law
- Hydrostatic pressure

12.3 Buoyancy
- Archimedes’s principle

12.4 Fluid flow
- The continuity’s equation

12.5 Bernoulli’s equation
12.6 Viscosity

CHAPTER 17: TEMPERATURE AND HEAT (7 periods)

17.1 Temperature and thermal equilibrium
- The Kelvin scale and Absolute temperature
- The zeroth law of thermodynamics

17.4 Quantity of Heat
17.5 Phase changes
17.6 Mechanisms of Heat Transfer

CHAPTER 19: THE FIRST LAW OF THERMODYNAMICS (6)

19.1 Thermodynamic systems
19.3 Paths between thermodynamics states
19.4 Internal energy and the First Law of Thermodynamics
19.5 Kinds of thermodynamic processes



SECOND SEMESTER

CHAPTER 18: THERMAL PROPERTIES OF MATTER (6 periods)

18.1 Equations of State
- The Ideal-Gas Equation
- Isothermal, isobaric and isochoric process
- pV diagrams

18.2 Molecular properties of matter
- Molecules and Intermolecular forces
- Moles and Avogadro’s number

18.3 Kinetic-molecular model of an ideal gas

CHAPTER 14: PERIODIC MOTION (8 periods)

14.1 Describing oscillations
- Amplitude, Period, Frequency, and Angular Frequency

14.2 Simple Harmonic Motion (SHM)
- Circular motion and Equations of SHM
- Displacement, Period and Amplitude in SHM

14.5 The Simple Pendulum
14.6 The Physical Pendulum
14.7 Damped Oscillations
14.8 Forced Oscillations and Resonance

CHAPTER 15: MECHANICAL WAVES (6 periods)

15.1 Types of Mechanical waves
15.2 Periodic waves

- Periodic transverse waves
- Periodic longitudinal waves

15.3 Mathematical description of a wave
- Wave function for a sinusoidal wave
- Graphing the function

15.6 Wave interference, Boundary Conditions, and Superposition

CHAPTER 21: ELECTRIC CHARGE AND ELECTRIC FIELD (5 periods)

21.1 Electric charge
- Principle of conservation of charge

21.2 Conductors, Insulators, and Induced Charges
21.3 Coulomb’s Law



21.4 Electric Field and Electric Forces
21.6 Electric Field Lines

CHAPTER 23: ELECTRIC POTENTIAL (5 periods)

23.1 Electric potential energy
- Electric Potential Energy in a Uniform Field
- Electric Potential Energy of Two Point Charges

23.2 Electric potential

CHAPTER 24: CAPACITANCE AND DIELECTRICS (5 periods)

24.1 Capacitors and Capacitance
24.2 Capacitors in Series and Parallel
24.3 Energy storage in Capacitors

CHAPTER 25: CURRENT, RESISTANCE AND ELECTROMOTIVE FORCE(6 periods)

25.1 Current
25.2 Resistivity

- Resistivity and Temperature
25.3 Resistance

- Ohm’s Law
25.4 Electromotive Force and Circuits

- Internal resistance

CHAPTER 26: DIRECT-CURRENT CIRCUITS (6 periods)
26.1 Resistors in Series and Parallel
26.2 Kirchhoff’s Laws
26.3 Electrical measuring instruments
26.4 R-C Circuits

CHAPTER 27: MAGNETIC FIELD AND MAGNETIC FORCES (5 periods)

27.1 Magnetism
27.2 Magnetic Field
27.3  Magnetic Flux and Magnetic Field Lines
27.4 Motion of charged particles in a Magnetic Field
27.6 Magnetic force on a Current-carrying conductor
27.8 The Direct-Current Motor

CHAPTER 28: SOURCES OF MAGNETIC FIELD (4 periods)

28.4 Force between parallel conductors
28.6 Ampere’s Law
28.8 Magnetic materials



- The Bohr Magneton
- Diamagnetism
- Paramagnetism
- Ferromagnetism

CHAPTER 33: THE NATURE AND PROPAGATION OF LIGHT (4 periods)

33.1 The nature of Light
- Electromagnetic waves and Electromagnetic Spectrum
- The two personalities of Light

33.4 Dispersion
33.5 Polarization

CHAPTER 34: GEOMETRIC OPTICS (6 periods)
34.1 Reflection and Refraction at a plane surface
34.2 Reflection at a spherical surface
34.3 Refraction at a spherical surface
34.4 Thin lenses

CHAPTER 35: INTERFERENCE (2 periods)
35.1 Interference and Coherent sources

- Constructive and destructive interference
35.2 Two-source interference of light

CHAPTER 36: DIFFRACTION (3 periods)

36.1 Diffraction and Huygens’s Principle
36.2 Diffraction from a single slit
36.4 Multiple slits
36.5 The Diffraction grating

CHAPTER 38: PARTICLES BEHAVING AS WAVES (4 periods)

39.1 Electron Waves
- De Broglie Waves

39.2  The Nuclear Atom and Atomic Spectra
39.3  Energy Levels and The Bohr Model of the Atom

CHAPTER 43: NUCLEAR PHYSICS (6 periods)

43.1 Properties of Nuclei
- Nuclear Density
- Nuclides and Isotopes

43 2 Nuclear Binding and Nuclear Structure
43.3 Nuclear Stability and Radioactivity
43.4 Activities and Half-Lives



43.7 Nuclear Fission
43.8 Nuclear Fusion

Assignments:

- Report writing
- Problem-solving assignments
- Projects
- Chapter test at the end of each chapter
- Final test at the end of each semester

Marking Breakdown:

GRADING SYSTEM
Type of assignment Percent (%)

Formative Assessment (FA) 30%
Summative Assessment
(SA) 40 %

Summative Assessment
/Final (SA/F) 30%

Additional classes:

- For those students who need more assistance in working through taught material, they
will have additional periods each Monday from 2:00pm - 2:45pm.

- For more talented students additional periods will be organized each Wednesday from
2:00pm – 2:45pm.


