Enduring Understandings and Essential Questions for Physics

Overarching Enduring Understandings:

Students will uncover and use appropriate scientific models to describe and quantify the nature and interactions of matter and energy.

Students should understand that there is a network of rules and relationships that determine what will happen in a given situation

Students should understand that physics principles are applicable to their everyday lives

Students should find that by studying the rules of nature, the beauty of natural world becomes more alive to them

Overarching Essential Questions:

How does physics serve to improve our understanding of physical systems?

How do the principles of physics effect your daily life? 

Describe something in nature that has become more compelling because of an understanding of physics principles

Is it possible to describe the whole natural world (chemical and biological) with a small number of physical principles? If so, how? 

Is physics a redundant science? Do we now have a clear understanding of the interactions between matter and energy on all scales? Is technological application the main thrust of physics research today?

Measurement

Enduring Understandings:
Students should understand that theories are based on careful measurements

Essential Question:
What can you say and what can’t you say with confidence? How sure are you? 

Is the degree of precision relevant to our lives? 

Where are the puzzles, anomalies and questionable ideas in current theory? What are the critical findings that support or call into question key theory? (i.e. gravitational force, atomic structure)

Mechanics – Kinematics and Dynamics

Enduring Understandings:
Students should understand the principles of mechanics to sharpen their intuition of nature

Students should relate imbalance of force to change of motion

Essential Questions:
How can understanding various physical properties about motion be useful in understanding everyday occurrences?

How can an athlete in your sport improve their performance using one of Newton’s three laws of motion? 

What variables can you manipulate to affect the movement of objects? 

Work and Energy

Enduring Understandings:
We observe the effects of energy

Energy is transformed from one form to another during changes in matter. The amount of energy before a transformation is equal to the amount of energy after the transformation.

Essential Questions:

How do you know something has energy? In what ways do we witness the effects of something having energy? 

What limits the efficiency of a car engine?

Fluids

Enduring Understandings:
Students should relate pressure differences to motion through fluids (buoyancy forces, lift, aerodynamics-reducing drag)

Students should understand that fluids under pressure have the ability to transfer energy (and that this is the basis of Bernoulli’s Principle)

Essential Questions:
Someone says that objects float because they are less dense than water. What do you say about this?

Why is knowledge of fluids essential for efficient travel by ground, sea and air?  

Heat

Enduring Understandings:

Our perception of hot or cold is related to differences in temperature (average kinetic energy) but also to the capacity of substances to soak up energy in rotations, internal vibrations and bond stretching (specific heat capacity).

Students should be able to describe the processes of thermal energy transfer (conduction-evaporation, convection and radiation) and give examples of how they are used in heating and cooling systems.

Essential Questions:
Why can our perception of temperature be subjective?

Why is it harder to wash your car in winter with a bucket of hot water compared with a bucket of warm water?

Explain why large continental masses (such as the USA) produce extremes of temperature throughout the year.  How have people around the world adapted? Describe methods of heat transfer that are used.

Oscillations

Enduring Understandings:
Students should understand that most things (elastic materials) have a natural frequency of vibration and that vibrations carry energy. 

Students should be able to apply the ideas of forced vibration and resonance to explain the occurrence of large amplitude vibrations in physical systems (wind (Tacoma), earthquakes (Oakland), hearing-frequency, tuning circuits, shattering kidney stones)

Essential Questions:
Describe everyday occurrences of vibrating systems. What is the frequency of vibration in each system you described? How do know that vibrations carry energy?

Why is knowledge of vibration important in understanding the destructive power of earthquakes, the tuning circuit in a radio receiver or the timing mechanism in a digital watch?

Describe the evolution of time keeping

Waves

Enduring Understandings:

Students should be able to understand the mechanism by which different waves transfer energy

Students should be able to describe mechanical and electromagnetic waves and use their properties to explain natural phenomena and technological applications.  (i.e. thunder before lightning,  antennas for cell phone transmission and reception, noise cancellation, musical instruments, decibel-hearing loss, Doppler-radar, echo location / sonography and ultrasound.)

Essential Questions:
Where do waves come from?

How do you know that waves carry energy?

Explain how knowledge of waves helps us understand our world better and improve the quality of our lives? 

Light
Enduring Understandings:
Visible light is part of a larger family of radiation known as the electromagnetic spectrum

White light consists of a continuous spectrum of colors that can be reflected, transmitted or absorbed by different materials.

Light has a particle nature (photoelectric effect) as well as a wave nature (reflection, refraction, diffraction and interference)

Essential Questions:
How do the properties of EM waves determine their uses?

What determines the colors you see in nature?

Why are optical fibers preferred over electrical cables to send information? 

What limits the amount of data storage on an optical disk and why are lasers used to read them?

Why has the world gone digital (compared to analog)?

Electricity and Magnetism

Enduring Understandings:
Electricity is a form of energy that can be transformed by moving electric charges doing work in various devices

Electric fields provide the force that moves charged particles

A potential difference has to be maintained in order to move charges between two points.

Magnetic fields are produced around moving charges. A changing magnetic field can induce a current in a closed conductor

Essential Questions:
Do electric companies really sell “electricity”?

When a battery dies does it run out of charge?

Which has more resistance a 20W light bulb or a 60W light bulb? 

Why are Christmas lights wired in series but house lights wired in parallel?

Why do transformers hum?

Atomic and Nuclear

Enduring Understandings:
Students should understand the models and physical evidence for the structure of the atom. 

(The configuration of the electrons determines whether and how the atom bonds to form compounds, melting and freezing temps, thermal and electrical conductivity, taste texture, appearance and color of substances. The positive charged nucleus determines the possible structure of electron orbits and therefore the chemical properties of the atom).

Students should understand that life on earth is sustained by nuclear fusion reactions within the sun

Students should understand that radioactivity is not a rare occurrence on our planet.  

Students should understand that radioactive elements decay at predictable rates defined by the half-life

Essential Questions:
What do we base our current understanding of the structure of the atom on? Why is it important to understand atomic structure?

How prevalent is natural radioactivity on earth? Should there be concern for our health?

Is radioactivity a blessing or a curse? 

What misconceptions do the general public have about nuclear power?


