Physics
Grades 9-12

Strands:

S5 Physics:

Standard:

Components:

The student demonstrates a conceptual understanding of the organization and
interaction of matter and energy, and motion and forces; that is, the student:

S5a: Communicates an understanding of atomic and subatomic structure,
addressing parts and properties of the atom, nuclear forces, radioactivity, and
nuclear reactions.

S5al Describes matter as being made of minute particles called atoms, and
the atoms as composed of even smaller components. (e.g., quarks, mesons)

S5a2 Explains that the electric force between the nucleus and electrons holds
the atom together.

S5a3 Explains how neutrons affect the mass and stability of the nucleus, while
having little effect on how an atom interacts with others.

S5a4 Describes the process of radioactive decay as the spontaneous
breakdown of unstable elements (i.e., radioactive isotopes) into new elements
(radioactive or not) through the spontaneous emission by the nucleus of alpha
or beta particles and/or wave-like radiation.

S5a5 Calculates the estimated age of material using the predictability of the
decay of a large number of the nuclei of radioactive isotopes can be used to
estimate the age of materials.

S5a6 Distinguishes nuclear reactions from chemical reactions in relation to the
energy involved, and the conversion of a fraction of the mass into energy.

S5a7 Describes and distinguishes among alphas, beta, and gamma particles,
and properties of alpha, beta, and gamma radiation in relation to their
penetrating power.

S5a8 Distinguishes fission from fusion.

S5a9 Recognizes that reactions of nuclear material, for example fission and
fusion, convert a fraction of the mass of interacting particles into energy.

S5al10 Contrasts the nuclear forces that hold the nucleus of an atom together
(e.g., usually stronger) to the electric forces that would make it fly apart.
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S5all Describes matter as being made of minute particles called atoms, and
the atoms as composed of even smaller components. (e.g., electrons, protons,
neutrons, as well as quarks, mesons)

S5al2 Explains that the electric force between the nucleus and electrons holds
the atom together and is responsible for the formation of molecules.

S5al13 Describes the process of radioactive decay as the spontaneous
breakdown of unstable elements (i.e., radioactive isotopes) into new elements
(radioactive or not) through the spontaneous emission by the nucleus of alpha
or beta particles and/or wave-like radiation and the impact of radioactive
materials found in building materials. (e.g., radon gas).

S5al4 Distinguishes fission from fusion.

S5al5 Contrasts the nuclear forces that hold the nucleus of an atom together
(e.g., usually stronger) to the electric forces that would make it fly apart.

S5b: Analyzes and explains the relationship between structure and properties
of matter in its different energy states [Solid, Liquid, Gas, and Plasma] and
uses those relationships to predict physical changes in matter under the
influence of various forces and energy change.

S5b1 Compares and contrasts the physical states of matter based upon their
properties and energy state.

S5b2 Connects the behaviors of substances under compression or tension with
the physical properties of solids and fluids (e.g., compressibility, elasticity,
internal pressure, and fluid velocity).

S5b3 Analyzes physical phenomena that are uniquely demonstrated by solids
and fluids in a gravitational field. (i.e., pressure, buoyancy in a liquid, floating
in a gas)

S5b4 Contrast the relationships among linear growth, surface area growth,
and volumetric growth.

S5b5 Gives examples and practical applications of thermal expansion and
contraction of solids and fluids.

S5b6 Infers the behavior of fluids in response to variable pressure, volume,
and temperature as defined by the relationships known as gas laws.

S5b7 Evaluates the effects of the local environment (e.g., vapor pressure,
dissolved solids and gases) on the temperature at which phase change occurs.



Physics Applications

Components:

Physics

Standards:

Components:

S5b8 Differentiates phase changes in terms of the effect of energy on particle
motion and the direction of energy flow (e.g., boiling/condensation,
melting/freezing).

S5b9 Investigates stress and strain in static materials subject to compression
or tension

S5b10 Compares and contrasts the physical states of matter based upon their
properties and energy state.

S5b11 Analyzes physical phenomena that are uniquely demonstrated by solids
and fluids in a gravitational field. (l.e., pressure, buoyancy in a liquid, floating
in a gas)

S5b12 Contrast the relationships among linear growth, surface area growth,
and volumetric growth as it relates to changing the sizes and strengths of
structures.

S5b13 Gives examples and practical applications of thermal expansion and
contraction of solids and fluids.

S5c Articulates and demonstrates the principles of motions and forces and
applies them to examples of interactions between objects.

S5cl Assesses and interprets an object’s motion by measurements of position,
velocity, and acceleration relative to a specific point in space.

S5c2 Explains that the fundamental difference between objects whose motion
is changing and those whose motion is remaining the same is that objects in
motion are under the influence of an applied, unbalanced net force.

S5c3 Analyzes the effects of forces on the motion of objects by referencing
Newton’s three Law’s of Motion (i.e., Law of Conservation of Momentum, Law
of Conservation of Energy, and Law of Universal Gravitation).

S5c4 Analyzes the magnitude of the change in motion using the relationship F
= ma, which is independent of the nature of the force.

S5c¢5 Evaluates collisions and interactions between objects using laws of
motion and conservation.

S5c6 Describes the magnitude of the force that is exerted in the opposite
direction whenever one object exerts a force on another.
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S5c7 Predicts the conditions required as well as the resulting motion produced,
when all the forces and torques acting on a body balance one another such
that a state of static and rotational equilibrium exists.

S5c8 Analyzes the effect of unbalanced force acting on the linear and rotary
motion of an object and the quantities involved (e.g., momentum, inertia,
force, velocity, acceleration, speed, rotational speed, tangential speed).

S5c9 Provides varied examples that show any mass will exert on any other
mass the universal force known as Gravitation.

S5c¢10 Evaluates and predicts the motion of a projectile moving through a
force field (gravity, electrical, magnetic).

S5cl11 Analyses the approximate strength of the gravitational attractive force
between two masses, by considering that force is proportional to the masses
and inversely proportional to the square of the distance between them.

S5c12 Analyses the approximate strength and direction of the universal
electric force between two charged objects by considering that force is
proportional to the magnitude of charge and inversely proportional to the
square of the distance between their centers.

S5c¢13 Describes the universal electric force that exists between any two
charged objects, wherein: opposite charges attract while like charges repel,
and the strength of the force is proportional to the charges and, as with
gravitation, inversely proportional to the square of the distance between them.

S5c14 Differentiates between the relative strength of the electric force
between any two charged particles (vastly greater) and the universal
gravitational force between the particles.

S5c¢15 Explains observable forces (e.g., those exerted by a coiled spring or by
friction) in terms of the electric forces acting between atoms and molecules.

S5c16 Describes electricity and magnetism as two aspects of a single
electromagnetic force since moving or changing electric charges produce
magnetic forces and moving or changing magnetic fields produce electric
forces.

S5c¢l17 Categorizes and rates the relative strengths and range of fundamental
forces (gravitational, electromagnetic, strong and weak nuclear forces).

S5c¢18 Explains that the fundamental difference between objects whose motion
is changing and those whose motion is remaining the same is that objects in
motion are under the influence of an applied, unbalanced net force.

S5c¢19 Analyzes the effects of forces on the motion of objects by referencing
Newton’s three Law’s of Motion (i.e., Law of Conservation of Momentum, Law
of Conservation of Energy, Law of Universal Gravitation).
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S5c20 Analyzes the magnitude of the change in motion using the relationship
F = ma, which is independent of the nature of the force.

S5c21 Describes the magnitude of the force that is exerted in the opposite
direction whenever one object exerts a force on another.

S5c22 Provides varied examples that show any mass will exert on any other
mass the universal force known as Gravitation.

S5c¢23 Analyses the approximate strength of the gravitational attractive force
between two masses, by considering that force is proportional to the masses
and inversely proportional to the square of the distance between them.

S5c24 Analyses the approximate strength and direction of the universal
electric force between two charged objects by considering that force is
proportional to the magnitude of charge and inversely proportional to the
square of the distance between their centers.

S5c¢25 Describes the universal electric force that exists between any two
charged objects, wherein: opposite charges attract while like charges repel,
and the strength of the force is proportional to the charges and, as with
gravitation, inversely proportional to the square of the distance between them.

S5c¢26 Differentiates between the relative strength of the electric force
between any two charged particles (vastly greater) and the universal
gravitational force between the particles.

S5c¢27 Explains observable forces (e.g., those exerted by a coiled spring or by
friction) in terms of the electric forces acting between atoms and molecules.

S5c¢28 Describes electricity and magnetism as two aspects of a single
electromagnetic force since moving or changing electric charges produce
magnetic forces and moving or changing magnetic fields produce electric
forces.

S5d: Analyzes the distinctions among thermal, potential, and kinetic energy
and explains conservation of energy.

S5d1 Interprets and provides examples of how energy can be converted from
gravitational potential energy to kinetic energy and vice versa in projectiles,
falling objects, and athletics.

S5d2 Provides evidence that energy can be transferred for example by
collision, but can never be destroyed.

S5d3 Explains why energy is transferred by collisions, reactions, or radiation
(i.e., waves), the matter and energy involved will become steadily less ordered
(i.e., entropy).

S5d4 Classifies examples of energy as kinetic, potential and/or energy stored
in a field (e.g., electromagnetic waves).
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S5d5 Differentiates the states of matter based upon their energy state (e.g.,
the structure of molecules and atoms in these different states varies from rigid
in solids to independent motion in a gas.)

S5d6 Explains thermal energy (i.e., heat) in terms of atomic and molecular
motion (i.e., the higher the temperature, the greater is the atomic or
molecular motion).

S5d7 Justifies that heat is often produced as a byproduct when one form of
energy is converted to another form.

S5d8 Distinguishes heat (i.e., energy being transferred from one body to
another by virtue of a difference in temperature) from internal energy (i.e.,
the total potential and kinetic energy contained within a body).

S5d9 Provides examples of the transfer of energy from hotter to cooler objects
by conduction, radiation, or convection; and the warming of our surroundings
when we burn fuels).

S5d10 Explains the relationships among temperature changes in a substance,
the amount of heat transferred, the amount (mass) of the substance, and the
specific heat of the substance.

S5d11 Differentiates the states of matter based upon their energy state (e.g.,
the structure of molecules and atoms in these different states varies from rigid
in solids to independent motion in a gas.)

S5d12 Explains thermal energy (i.e., heat) in terms of atomic and molecular
motion (i.e., the higher the temperature, the greater is the atomic or
molecular motion) and performs measurements of temperature.

S5d13 Distinguishes heat (i.e., energy being transferred from one body to
another by virtue of a difference in temperature) from internal energy (i.e.,
the total potential and kinetic energy contained within a body).

S5d14 Provides examples of the transfer of energy from hotter to cooler
objects by conduction, radiation, or convection; and the warming of our
surroundings when we burn fuels as a consideration in energy conservation.

S5d15 Uses the relationships among temperature changes in a substance, the
amount of heat transferred, the amount (mass) of the substance, and the
specific heat of the substance to determine the flow of energy through the
walls of a closed structure.

S5d16 Provides evidence that energy can be transferred by collisions,
reactions, or radiation (i.e., waves), the matter and energy involved will
become steadily less ordered (i.e., entropy).

S5d17 Classifies examples of energy as kinetic; potential and/or energy stored
in a field (e.g., electromagnetic waves).
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Sb5e: Uses knowledge of waves and wave properties (including light, sound,
transverse, longitudinal and electromagnetic waves) to analyze the transfer of
energy as vibrations.

S5el Explains that energy is a property of many substances and materials
(e.g., the disorderly motion of molecules; the arrangement of bonds between
atoms; elastically distorted shapes; and energy in the attraction or repulsion
between charges and magnetic poles).

S5e2 Recognizes that waves, including sound, seismic waves, waves on water,
and light waves, have energy and can transfer energy when they interact with
matter.

S5e3 Compares and contrasts the properties and behaviors of mechanical
(sounds, earthquake) and electromagnetic waves.

S5e4 Compares the characteristics of vibrations (period, amplitude,
resonance) and their relationship to simple harmonic motion.

S5e5 Distinguishes between transverse and longitudinal waves and provides
examples of each.

S5e6 Compares, in different materials, the velocity and wavelengths of wave-
like disturbances that spread away from a source of vibrations (e.g., sounds,
earthquakes, light).

S5e7 Diagrams the process of eave interference and provides examples of its
manifestation (e.g., vibration in a string, locations of loud and soft sound in a
room, bright and dark interference fringes of light, Young’s interference
experiment, monochromatic light reflected from a thin material, colors shining
from soap bubbles, and gasoline slicks on a wet surface).

S5e8 Generates and attributes the generation of electromagnetic waves to the
acceleration or deceleration of a charged object.

S5e9 Categorizes electromagnetic waves by both wavelength and frequency in
a continuum spectrum.

S5e10 Organizes electromagnetic waves by both wavelength and frequency in
a continuum spectrum.

S5el1 Justifies that only a narrow range of wavelengths of electromagnetic
radiation can be seen by the human eye, and that differences of wavelength
within that range of visible light are perceived as difference in color.

S5el12 Supports with historical references significant experimental evidence for
the fundamental components of quantum theory and mechanics, i.e., 1) each
kind of atom or molecule can gain or lose energy only in discrete packets
whose magnitudes are inversely proportional to their wavelengths; and 2)
these atoms and molecules can absorb and emit light only at wavelengths
corresponding to these packets and those wavelengths can be used to identify
a specific substance.
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S5e13 Presents evidence for the dual nature of light (wave-particle duality) as
well as the wave properties of matter and the wave nature of electrons.

S5el14 Recognizes that waves, including sound, seismic waves, waves on
water, and light waves, have energy and can transfer energy when they
interact with matter.

S5el5 Generates and attributes the generation of electromagnetic waves to
the acceleration or deceleration of a charged object.

S5el6 Categorizes electromagnetic waves by both wavelength and frequency
in a continuum spectrum.

S5f: Will articulate and use an understanding of electrical and magnetic fields
to describe the requirements for the transfer and storage of energy in
electrical and magnetic “circuits”.

S5f1 Describes the kinds of electric charge and the properties of charged
objects (e.g., electric charge is always conserved; and the fundamental unit of
charge, e, is the charge of a single electron or proton).

S5f2 Describes the features of an electric circuit represented by current,
voltage, resistance, and the connection between them.

S5f3 lllustrates how electric energy can be stored, transferred, and
transformed into other energy forms.

S5f4 Distinguishes among semiconductors, conductors, and insulators, in
terms of the flow of charge and the materials involved and the temperature of
that material.

S5f5 Describes the kinds of electric charge and the properties of charged
objects (e.g., electric charge is always conserved; and the fundamental unit of
charge, e, is the charge of a single electron or proton).

S5f6 Describes the features of an electric circuit represented by current,
voltage, resistance, and the connection between them.

S5f7 Distinguishes among semiconductors, conductors, and insulators, in
terms of the flow of charge and the materials involved and the temperature of
that material.



