
Physics Support Documents 
 

Standard P-2: The student will demonstrate an understanding of the 

principles of force and motion and relationships 

between them. 



 

 

P-2.1 Represent vector quantities (including displacement, velocity, 

acceleration, and force) and use vector addition.  

 
Revised Taxonomy Levels: 2.1 B      Represent (interpret) conceptual knowledge 

 3.2 CA   Use (implement) procedural knowledge 

Key Concepts 

Vector 

Scalar 

Vector addition 

Component vector 

Resultant vector 

 

In physical science, students are introduced to the conceptual aspects of direction 

involved in displacement, velocity, and acceleration, and the ways that motion is affected 

quantitatively by forces in the same and opposite directions.   

 Displacement 

 The quantities distance and displacement are differentiated and students explore 

the value of each in describing the motion of an object.  

 Displacement is defined as having both magnitude and direction.  

 The final displacement of an object is addressed only in the context of motion in 

one direction vs. motion in opposite directions.  (No vector addition) 

 Velocity 

 The quantities speed and velocity are differentiated and students explore the value 

of each in describing the motion of an object. 

 Velocity is described as having both magnitude and direction and students explore 

the concept that the velocity of an object can change if either the speed or the 

direction of the object is changed.   

 The final velocity of an object is discussed in terms of total displacement divided 

by total time as outlined above.  

 In terms of same or opposite-direction displacement   

 No vector quantities 

 Acceleration 

 Acceleration is defined as a change in velocity, speeding up, slowing down or 

changing direction. 

 The rate of acceleration is determined by both the degree of change in the velocity 

and the time it takes for that change to occur. 

 Positive and negative acceleration are introduced in terms of speeding up or 

slowing down.  

  The affect of displacement on the rate of acceleration is not addressed 

quantitatively. (Only that a change in direction does change velocity so an object 

with constant speed but changing direction is accelerating). 

 

 



 Forces 

 The concept of net force is addressed in terms of an applied force and an opposing 

force (friction). Or in terms of two applied forces in the same direction.   Students 

identify each force from a story problem and solve for the net force. (In terms of 

forces applied in the same direction or in opposite directions, no vector problems).  

 The idea that the direction of a force is important in determining the effect on an 

object is explored conceptually.  

With a basic understanding of how direction affects these quantities (displacement, 

velocity, acceleration, and force), physics students will use vector diagrams to represent 

their magnitude and direction and determine the resultant when two or more of any of 

these quantities are combined. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to  

 Differentiate scalar (distance, speed, and mass) and vector (displacement, velocity, 

acceleration, and force) quantities 

 Use a vector diagram to represent the magnitude and direction of vector quantities 

(displacement, velocity, acceleration, and force) 

 Solve problems using vector analysis 

 

College prep differentiation 

 Solve vector problems analytically (using trigonometry) to find either the resultant of 

two vectors, or the components of one vector 

 

Physics for the technology differentiation 

 Apply the graphical method of vector addition to linear mechanical problems (head to 

tail vector addition) to find either the resultant of two vectors, or the components of 

one vector. 

 

Assessment 

The verb interpret (represent) means that one major focus of assessment will be for 

students to “change from one form of representation to another”, in this case, the motion 

of an object can be represented in three forms:  verbal description, organized data, and 

graphical representation in the form of vector diagrams.  When information about the 

motion of an object is given in any of the above three forms, students should be able to 

represent the motion of that object in the other two forms. As this indicator is classified 

as conceptual knowledge, it is vital that students can apply their knowledge of vector 

diagrams and their understanding of motion to graphically represent any novel set of data, 

or verbal description. 

 

The verb implement (use), means that the other major focus of assessment will be for 

students to show that they can “apply a procedure to an unfamiliar task”. The knowledge 



dimension of the indicator is “knowledge of subject-specific techniques and methods” In 

this case the procedure is the application of the procedure for vector addition to find the 

resultant of any two vectors or the components of a single vector. The unfamiliar task is a 

novel word problem or a set of data.  A key part of the assessment will be for students to 

show that they can apply the knowledge to a new situation, not just repeat problems 

which are familiar.  This requires that students have a conceptual understanding of each 

of the types of motion and an understanding of the effect that they have on one another. 

 
  



P-2.2 Apply formulas for velocity or speed and acceleration to one and 

two-dimensional problems 

 
Revised Taxonomy Level     3.2 CA   Apply (implement) procedural knowledge 

 

Key Concepts 

 
In physical science students solved liner problems involving speed, velocity and 

acceleration. 

 Students used the equation v = d/t to solve for any of the three variables when given 

the other two. 

 Students applied the equation to solve for either speed or velocity depending upon 

the context of the problem. 

 Students differentiated average velocity (or speed) from instantaneous velocity (or 

speed). 

 Students distinguished initial velocity from final velocity and used the equation (vi + 

vf)/2 to find the average velocity of objects accelerating at a constant rate.  

 Students used the equation  a = (vf – vi)/t    to solve for acceleration (only, not 

velocity or time)  

With this foundation, physics students can scope of these types of problems to include 

motion in two dimensions, as well as solving for other quantities. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Analyze the relationships among speed, velocity, and constant acceleration 

 Understand the interrelationship between the conceptual understanding of each type 

of motion, and the mathematical formulas and graphical representations used to 

describe it. 

 Solve problems involving velocity, speed, and constant acceleration 

 Graphically, using vector addition 

 Analytically, using mathematical equations 

 For constant velocity 

 v = d/t   

 Average velocity (regardless of the type of motion) 

 vave = Δd/Δt  

 For constant acceleration 

 a = (vf  - vi)/t 

 d =  (vave) t 

 vave = (vi + vf)/2 

 

College prep differentiation 

 Solve multi-step problems  



 Analytically 

 Using vector analysis 

 Using algebraic equations 

 Solve for any of the variables in the equation 

 include the following relationships: 

 d = (vit) + ½ at
2
 

                   

 vf  =  √vi
2
 + 2ad 

Assessment 

As the verb for this indicator is implement (apply), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator is “knowledge of subject-specific techniques and 

methods” In this case the procedure is the application vector addition, the equation for 

constant velocity, and equations which represent accelerated motion. The unfamiliar task 

should be a novel word problem or laboratory investigation.  A key part of the assessment 

will be for students to show that they can apply the knowledge to a new situation, not just 

repeat problems which are familiar.  This requires that students have a conceptual 

understanding of each of the variables as well as mastery of the skills required to 

implement the mathematical equation or in order to solve the problem. 

 
  



P-2.3 Interpret the velocity or speed and acceleration of one and two-

dimensional motion on distance-time, velocity-time or speed-

time, and acceleration-time graphs 

 
Revised Taxonomy Level   2.1 B      Represent (interpret) conceptual knowledge 

    

Key Concepts 

 

In physical science, students represent selected types of motion with a distance-time 

graph when given either a verbal description of the motion or a data set describing the 

motion of the object. 

 Types of motion represented: 

 Object at rest 

 Object with constant speed (direction constant) 

 Object with constant positive acceleration (direction constant) 

 Object with constant negative acceleration (direction constant) 

 Students compare the shape of distance-time graphs for the following sets of objects 

 Two objects traveling at two different constant speeds (direction constant) 

 Two objects which are accelerating at different constant rates (direction constant) 

 Students compare the shape of a displacement-time graph for two objects traveling in 

different directions at a constant speed. (students only consider the same or opposite 

direction) 

 Students construct a distance-time graph depicting the motion of an object as 

described in a story. The story describes 

 Rest 

 Constant velocity (at various rates)  

 Acceleration 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Create, interpret and analyze graphs of motion  

 Interpretation of a graph should include 

 Determination  the slope of the graph and an understanding the meaning of the 

slope in terms of magnitude and direction of the motion 

 Types of graphs should include 

 Position-time graphs 

 rest 

 constant velocity, (positive and negative direction) 

 positive and negative acceleration (positive direction)  

 Velocity-time graphs 

 rest 



 constant velocity  

 positive and negative acceleration (positive direction) 

 Acceleration-time graphs 

 Constant velocity 

 Constant positive and negative acceleration (positive direction) 

 

Physics for the technology differentiation 

 Create, interpret and analyze force-time graphs 

 
College prep differentiation 

 Determine the slope and the area under the curve of a graph and understand the 

meaning of these in terms of magnitude and direction of the motion 

 Create, interpret and analyze  

 Position-time graphs 

 constant velocity, 

 positive and negative direction, toward and away from the origin 

 positive and negative acceleration,  

 positive and negative direction, towards and away from the origin  

 Velocity-time graphs 

 Constant velocity, positive and negative direction 

 Positive and negative acceleration (positive and negative direction) 

 

Assessment 

As the verb for this indicator is interpret (represent) the major focus of assessment will be 

for students to “change from one form of representation to another”, in this case, the 

motion of an object can be represented in three forms:  verbal description, organized data, 

and graphical representation.  When information about the motion of an object is given in 

any of the above three forms, students should be able to represent the motion of that 

object in the other two forms. It is not important that students know those specific graphs 

but, as this indicator is classified as conceptual knowledge, it is vital that students can 

apply their knowledge of graphical analysis of motion to any novel set of data, verbal 

description, or graphical analysis of motion. 

 

. 



P-2.4 Interpret the resulting motion of objects by applying Newton’s 

three laws of motion: inertia; the relationship among net force, 

mass, and acceleration (using F = ma); and action and reaction 

forces. 

 
Revised Taxonomy Levels    2.1 B     Represent (interpret) conceptual knowledge 

     3.2 B     Use (implement) conceptual knowledge 

                3.2 CA   Use (implement) procedural knowledge 

Key Concepts 

 

 In Physical Science, students explain the motion of objects on the basis of Newton’s three 

laws of motion: inertia; the relationship among force, mass, and acceleration; and action 

and reaction forces. 

 Newton’s First Law of Motion 

 Students are introduced to the concept of inertia, 

 Students are introduced to the Newton as the metric system unit for force 

 Students explain the relationship between mass of an object  and its inertia,  

 Students describe the motion of  familiar moving objects in terms of inertia 

 Students identify the net forces acting on familiar objects that are accelerating 

(slowing down, speeding up, or changing direction)    

 Newton’s Second Law of Motion 

 Students explored the relationship between the motion of an object, it mass, and 

the force exerted on it, in both sixth and eighth grades, however the concept of 

acceleration is first introduced in physical science.  

 The concept of net force is addressed in terms of an applied force and an 

opposing force (friction), or in terms of two applied forces in the same 

direction.   Students identify each force from a story problem and solve for the 

net force. (In terms of forces applied in the same direction or in opposite 

directions, no vector problems).  

 Students are introduced to the equation Fnet = ma 

 Students derive the Newton in terms of kgm/sec
2
 

 The second Law equation is applied to the weight and mass of objects in terms 

of the acceleration on gravity (Fw = mag) 

 Students solve single-step word problems for any of the three variables (Fnet, 

m, or a)  

 Newton’s Third Law of Motion 

 The emphasis in physical science is that the two forces discussed in this law do 

not cancel because they are not both exerted on the same object. 

 Students analyze and explain the motion of familiar objects (such as a swimmer 

moving forward by pushing the water backwards) in terms of all three laws. 

 Newton’s Law of Universal Gravitation is addressed conceptually as an 

application of third law 

 Students are introduced to the idea that objects with larger masses exert more 

force, and objects that are closer together exert more force. 



 Students are introduced to the idea that the law applies to all objects, not just 

large objects like the earth. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Interpret and apply Newton’s First Law of Motion 

 Assess, measure, and calculate the relationship among the force acting on a body, the 

mass of the body, and the nature of the acceleration produced (Newton’s Second Law 

of Motion) 

 Multi-step problems should be included and may involve combinations of 

 Calculating acceleration from distance, velocity, and time data 

 Determining a net force from vector addition of two forces 

 Determining the mass of an object from its weight  

 Interpret and apply Newton’s Third Law of Motion 

 Students should identify action-reaction force pairs from diagrams or word 

problems 

 Students should describe the motion of familiar objects in terms of Newton’s 

Third Law 

 Students should understand gravitation in terms of action reaction forces. If the 

earth exerts a force on an object the object exerts a force on the earth. 

 Students should apply the third law to solve word problems involving the force 

exerted on an object. 

 

Physics for the technology differentiation 

 Understand that pressured is force per unit of area (P = F/A) 

 Understand that the unit for pressure is the Pascal 

 One Pascal is equal to one Newton/meter-squared (N/m
2
) 

 compare the pressure of objects with the same weight but in different orientations 

(an upright book on a table vs. the same book lying flat) 

 Solve problems involving force pressure and area 

 

College prep differentiation 

 Assess, and calculate the nature and magnitude of gravitational forces 

 Apply concepts to analyze the motion of satellites 

 Understand an “inverse square law” and use the understanding to predict the new 

value of the masses, force, or distance when one or more of the values is changed. 

 

Assessment 

The verb for this indicator is interpret (represent) the major focus of assessment will be 

for students to “change from one form of representation to another”, in this case, the 

motion of an object can be represented in three forms:  verbal description, organized data, 

and graphical representation.  When information about the motion of an object is given in 



any of the above three forms, students should be able to represent the motion of that 

object in the other two forms. As this indicator is classified as conceptual knowledge, it is 

vital that students can apply their knowledge of graphical analysis of motion to any novel 

set of data, verbal description, or graphical analysis of motion. 

 

The verb implement (use), means that the other major focus of assessment will be for 

students to show that they can “apply a procedure to an unfamiliar task”. Students will 

use two types of knowledge 

 Procedural knowledge is “knowledge of subject-specific techniques and methods” In 

this case the procedures for solving problems involving force, mass and acceleration, 

including vector addition, graphing, and algebraic problem solving.   The unfamiliar 

task is a novel word problem or a set of data.  A key part of the assessment will be for 

students to show that they can apply the knowledge to a new situation, not just repeat 

problems which are familiar.  This requires that students have a conceptual 

understanding of each of the laws of motion and an understanding of the effect that 

they have in combination. 

 Conceptual knowledge is “the interrelationships among the basic elements within a 

larger structure that enable them to function together”, in this case, Newton’s Laws of 

Motion.  Assessments must show that students can assess the motion of an object 

based on the influence of all three laws. 



P-2.5 Explain the factors that influence the dynamics of falling objects 

and projectiles. 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

 

Key concepts 

Projectile motion 

 

In physical science  

 Students were introduced to the idea that all objects accelerate as they fall at the same 

rate, 9.8m/sec
2
 

 Students understand that the acceleration of gravity is a result of the gravitational 

force exerted by the earth. 

 Students analyze the motion of a falling object during consecutive seconds of freefall 

in terms of  

 Initial velocity 

 Final velocity 

 Average velocity 

 Distance the object falls 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Understand that objects projected upward experience the same gravitational force, 

and therefore the same acceleration as objects in free fall. 

 Analyze the motion of an object projected directly upward 

 Students should be given the initial velocity of the object 

 Students should analyze consecutive seconds of motion for the complete trip (up 

and down) in terms of 

 Initial velocity 

 Final velocity 

 Average velocity 

 Distance traveled 

 Analyze independently the vertical and the horizontal motion of a projectile which is 

projected upward at a 45 angle with the ground (ignoring air resistance) 
 Horizontal Motion 

 The object has an initial velocity in the horizontal direction 

 The object has a constant velocity (1
st
 Law) equal to the initial velocity 

 The motion can be described as  

             horizontal velocity = horizontal displacement/ time 

 Vertical Motion 



 The vertical motion is the same as an object which is projected straight 

upward 

 Going up 

 The object has an initial vertical velocity  

 The object is slowing down due to the acceleration of gravity 

 The final velocity of the object is zero (going up) 

 -9.8m/s
2
 = (0m/s – vertical vi) /t 

 Going down 

 The object has an initial velocity of zero  

 The object is speeding up due to the acceleration of gravity 

 The object has a final velocity right before it hits the ground (which has 

same value as the initial velocity the object had when it began going up) 

 9.8m/s
2
 = (vertical Vf -  0m/s) /t 

 The time going up equals the time going down. 

 The time for the horizontal trip is equal to the total time for the vertical trip. 

 Understand that the implication of this analysis is that projectiles hit the ground at the 

same time as objects that have not vertical motion. 

 Use this knowledge to determine how changing each variable will effect the other 

variables for example, how does the initial vertical velocity effect the horizontal 

distance that a projectile travels. 

 

College prep differentiation 

 Understand that the initial velocity of a projectile (directed at the actual angle that the 

projectile is traveling) has a vertical and a horizontal component 

 Understand that the vertical component of the velocity is the initial velocity as it 

goes up  

 Understand that the horizontal component of the velocity is the object’s the 

constant vertical velocity  

 
Assessment 

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the velocity and the displacement of an object vary with time as 

an object is project upward, falls, or has trajectory motion. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how the velocity and the 

displacement of an object vary with time as the object rises or falls. 



P-2.6 Apply formulas for velocity and acceleration to solve problems 

related to projectile motion. 

 
Revised Taxonomy Level     3.2 CA   Apply (implement) procedural knowledge 

 

Key Concepts 

 
Physical science students did not address projectile motion 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Apply all of the concepts and formulas used to analyze accelerated motion to objects 

in free fall and projectiles. 

 Solve problems involving falling objects, or objects projected upward 

 ag = (vf  - vi)/t 

 d =  (vave) t 

 vave = (vi + vf)/2 

 Solve problems involving the upward vertical motion of a projectile and the 

downward vertical motion of a projectile 

  ag = (vf  - vi)/t 

 d =  (vave) t 

 vave = (vi + vf)/2 

 Solve problems involving the horizontal motion of a projectile 

 v = d/t 

 Graph the vertical and the horizontal motion of falling objects and trajectories 

 

College prep differentiation 

 Use vector analysis to determine the vertical and horizontal components of the initial 

velocity of a projectile. 

 

Assessment 

As the verb for this indicator is implement (use), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator, procedural knowledge means “knowledge of 

subject-specific techniques and methods” In this case the procedure is the application of 

the equation for constant velocity and the equations which apply to accelerated motion. 

The unfamiliar task should be a novel word problem or laboratory investigation.  A key 

part of the assessment will be for students to show that they can apply the knowledge to a 

new situation, not just repeat problems which are familiar.  This requires that students 

have a conceptual understanding of each of the variables as well as mastery of the skills 

required to implement the mathematical equation or in order to solve the problem. 



P-2.7 Use a free-body diagram to determine the net force and 

component forces acting upon an object. 

 
Revised Taxonomy Level     3.2 CA   Apply (use) procedural knowledge 

 

Key Concepts 

Effective force 

 

 In Physical science students determined the net force acting on an object only in the 

case of forces acting in the same or opposite directions.  

 Students were not required to represent the forces in vector diagrams. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all students to 

 Illustrate the forces acting on an object using a vector diagram when given a verbal 

description or data. 

 Draw force vectors in the appropriate direction and representing the magnitude of 

the force  

 The effective forces (forces which influence the motion) are in the same or the 

opposite direction of the motion. 

 If any of the given forces are not in the same or opposite direction as the motion 

but have a component in the same or opposite direction as the motion,  

 use vector analysis to determine the magnitude of the effective component of 

the given force (either analytically or by graphic analysis) 

 draw the effective component of the force 

 From the diagram, determine the magnitude and direction of the net force acting 

on an object 

 Use the net force to solve problems involving the motion of the object 

 Examples include  

 An object being pulled horizontally with friction opposing the motion 

 An object (like a lawn mower) being pushed at a particular angle with the 

ground, with friction opposing the motion. 

 An object (like a lawn mower) being pulled at a particular angle with the 

ground, with friction opposing the motion. 

 An object projected upward with a constant force (such as a rocket engine) 

with the gravitational force opposing the motion 

 

College prep differentiation 

 Consider 

 Objects sliding down a ramp with friction opposing the motion 

 Objects being pulled up a ramp with friction opposing the motion 



 
Assessment 

As the verb for this indicator is implement (use), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator, procedural knowledge means “knowledge of 

subject-specific techniques and methods” In this case the procedure for using a free body 

diagram to determine the net force acting on an object and the equations which apply to 

the motion of an object. The unfamiliar task should be a novel word problem or 

laboratory investigation.  A key part of the assessment will be for students to show that 

they can apply the knowledge to a new situation, not just repeat problems which are 

familiar.  This requires that students have a conceptual understanding of each of the 

forces and an understanding of how the components of a force are related to the resultant 

force. Mastery of the skills required to implement the mathematical equations in order to 

solve the problem are also essential procedures. 



P-2.8 Distinguish between static and kinetic friction and the factors 

that affect the motion of objects 

 
Revised Taxonomy Level     4.1B   Differentiate (distinguish) conceptual knowledge 

 

Key Concepts 

Static (limiting) frictional force 

Kinetic (dynamic) frictional force 

Coefficient of friction (μ) 

 
In physical science, students define friction as a force opposing motion. 

They do not distinguish between static and kinetic friction. 

 
It is essential for students to 

 Qualitatively and quantitatively compare static friction and kinetic friction 

 Students should understand that friction is caused by the intermolecular force 

between the molecules of two surfaces 

 Students should understand that static (limiting) friction is the maximum value of 

the frictional force between two surfaces.  It occurs when the two surfaces are on 

the point of sliding over each other. 

 Students should understand that kinetic (dynamic) friction is the value of the 

frictional force when one surface is sliding over another at constant speed.  It is 

slightly less than static friction. 

 Students should understand the factors that affect friction 

 Normal force (fn) (the net force perpendicular to the surface) 

 The physical properties of the two substances 

 The chemical properties of the two substances 

 Students should understand that the ratio between the frictional force between two 

surfaces to the force that is pushing them together (the normal force) is called the 

coefficient of friction. 

 The coefficient of sliding friction is slightly different from the coefficient of 

static friction for any given combination of substances 

 Both the coefficient of sliding friction and the coefficient of static friction are 

constant for a particular combination of substances 

 Students should use the equation μ = ff /fn  to solve problems involving the motion 

of objects 

 

Assessment 

As the verb for this indicator is differentiate (distinguish), the major focus of 

assessment should be for students to distinguish between the relevant and irrelevant 

parts or important from unimportant parts of presented materials. Because the verb is 

differentiate rather than compare, students should assess the motion of an object in 

order to determine the factors that are important in determining the effect of friction 

(both static and kinetic) on an object.  Students can use a free body diagram and their 



knowledge of the laws of motion in order to determine the normal force or the 

frictional force exerted by an object.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



P-2.9 Explain how torque is affected by the magnitude, direction, and 

point of application of force 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

 

Key concepts 

Torque 

Center of gravity 

Torque arm 

 

Students did not explore rotational motion in physical science 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through 

ten, the scope of the core curriculum should vary as well. The emphasis of topics 

within the core standards will depend on subsequent topics to be addressed. 

 

It is essential for students to 

 Understand that translational equilibrium occurs when all of the forces are balanced, 

meaning the object will not accelerate. 

 Understand that torque (moment of inertia) is influenced by force, direction, and point 

of application. 

 Understand that unbalanced torque produces rotation 

 Understand that torque is  

 force applied with leverage,  

 torque is force applied over a distance 

 torque = force x lever arm (τ = fd) 

 Understand that rotational equilibrium occurs when torques are balanced, meaning 

the object will not rotate 

 Understand the concept of center of gravity 

 Solve problems involving the concept of torque 

 Understand the difference in rotation and revolving 

 

Assessment 

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the application of torque (in terms of force, direction, and length 

of torque arm) affects the motion of an object.  

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how various applied torques 

affect the motion of an object 

 



P-2.10 Explain the relationships among speed, velocity, acceleration, 

and force in rotational systems 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

 

Key concepts 

Angular displacement 

Angular velocity 

Angular acceleration 

Angular momentum 

 

Physical science students did not study rotational systems 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for students to 

 Understand that rotational motion is the motion of an object about an internal axis 

 Angular displacement (θ) can be measured in units of revolutions  

 Angular velocity (ω) can be measured in units of revolutions per second 

 Angular acceleration (α) can be measured in units of revolutions per second-square 

 Rotational inertia (I) is the resistance of a rotating object to changes in its angular 

velocity 

 Another name for rotational inertia is “moment of inertia” 

 The formula for the rotational inertia of an object varies with its shape but in all 

cases, rotational inertia is directly proportional to the mass of the object and to its 

diameter (or length). 

 Newton’s Second Law of Motion in terms of rotary motion states that when an 

unbalanced torque is applied to an object the object will experience angular 

acceleration. 

 The rate of the angular acceleration is directly proportional to the torque 

 The rate of the angular acceleration is inversely proportional to the rotational 

inertia of the object. 

 As such, the smaller the diameter (or length) of an object, the greater the angular 

acceleration a given torque will produce. (Reference ice-skater spins)  

 

 

 

 

 

 

 

 

 



 

 The equations for linear motion can be applied to rotational systems 

 

 

 Linear Motion Rotary Motion 

Constant velocity v = d/t ω = θ/t 

 

Average velocity (regardless of  

type of motion) 

 

 

vave = Δd/Δt 

 

 

ω ave = Δ θ /Δt 

 

 

 

Constant acceleration 

a = (vf  - vi)/t 

 

α= (ω f  - ω i)/t 

 

d =  (vave) t 

 

θ =  (ω ave) t 

 

vave = (vi + vf)/2 

 

ω ave = (ω i + ω f)/2 

 

Newton’s Second Law F = ma T = I α 

 

 Solve problems involving torque, angular inertia, angular displacement, angular 

velocity, and angular acceleration.  

 

Assessment  

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the motion in linear systems is similar to motion in rotational 

systems.   

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating the laws of motion to 

rotational systems.  



P-2.4 Interpret the resulting motion of objects by applying Newton’s 

three laws of motion: inertia; the relationship among net force, 

mass, and acceleration (using F = ma); and action and reaction 

forces. 

 
Revised Taxonomy Levels    2.1 B     Represent (interpret) conceptual knowledge 

     3.2 B     Use (implement) conceptual knowledge 

                3.2 CA   Use (implement) procedural knowledge 

 

Key Concepts 

 

 In Physical Science, students explain the motion of objects on the basis of Newton’s three 

laws of motion: inertia; the relationship among force, mass, and acceleration; and action 

and reaction forces. 

 Newton’s First Law of Motion 

 Students are introduced to the concept of inertia, 

 Students are introduced to the Newton as the metric system unit for force 

 Students explain the relationship between mass of an object  and its inertia,  

 Students describe the motion of  familiar moving objects in terms of inertia 

 Students identify the net forces acting on familiar objects that are accelerating 

(slowing down, speeding up, or changing direction)    

 Newton’s Second Law of Motion 

 Students explored the relationship between the motion of an object, it mass, and 

the force exerted on it, in both sixth and eighth grades, however the concept of 

acceleration is first introduced in physical science.  

 The concept of net force is addressed in terms of an applied force and an 

opposing force (friction), or in terms of two applied forces in the same 

direction.   Students identify each force from a story problem and solve for the 

net force. (In terms of forces applied in the same direction or in opposite 

directions, no vector problems).  

 Students are introduced to the equation Fnet = ma 

 Students derive the Newton in terms of kgm/sec
2
 

 The second Law equation is applied to the weight and mass of objects in terms 

of the acceleration on gravity (Fw = mag) 

 Students solve single-step word problems for any of the three variables (Fnet, 

m, or a)  

 Newton’s Third Law of Motion 

 The emphasis in physical science is that the two forces discussed in this law do 

not cancel because they are not both exerted on the same object. 

 Students analyze and explain the motion of familiar objects (such as a swimmer 

moving forward by pushing the water backwards) in terms of all three laws. 

 Newton’s Law of Universal Gravitation is addressed conceptually as an 

application of third law 

 Students are introduced to the idea that objects with larger masses exert more 

force, and objects that are closer together exert more force. 



 Students are introduced to the idea that the law applies to all objects, not just 

large objects like the earth. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Interpret and apply Newton’s First Law of Motion 

 Assess, measure, and calculate the relationship among the force acting on a body, the 

mass of the body, and the nature of the acceleration produced (Newton’s Second Law 

of Motion) 

 Multi-step problems should be included and may involve combinations of 

 Calculating acceleration from distance, velocity, and time data 

 Determining a net force from vector addition of two forces 

 Determining the mass of an object from its weight  

 Interpret and apply Newton’s Third Law of Motion 

 Students should identify action-reaction force pairs from diagrams or word 

problems 

 Students should describe the motion of familiar objects in terms of Newton’s 

Third Law 

 Students should understand gravitation in terms of action reaction forces. If the 

earth exerts a force on an object the object exerts a force on the earth. 

 Students should apply the third law to solve word problems involving the force 

exerted on an object. 

 

Physics for the technology differentiation 

 Understand that pressured is force per unit of area (P = F/A) 

 Understand that the unit for pressure is the Pascal 

 One Pascal is equal to one Newton/meter-squared (N/m
2
) 

 compare the pressure of objects with the same weight but in different orientations 

(an upright book on a table vs. the same book lying flat) 

 Solve problems involving force pressure and area 

 

College prep differentiation 

 Assess, and calculate the nature and magnitude of gravitational forces 

 Apply concepts to analyze the motion of satellites 

 Understand an “inverse square law” and use the understanding to predict the new 

value of the masses, force, or distance when one or more of the values is changed. 

 

Assessment 

The verb for this indicator is interpret (represent) the major focus of assessment will be 

for students to “change from one form of representation to another”, in this case, the 

motion of an object can be represented in three forms:  verbal description, organized data, 

and graphical representation.  When information about the motion of an object is given in 



any of the above three forms, students should be able to represent the motion of that 

object in the other two forms. As this indicator is classified as conceptual knowledge, it is 

vital that students can apply their knowledge of graphical analysis of motion to any novel 

set of data, verbal description, or graphical analysis of motion. 

 

The verb implement (use), means that the other major focus of assessment will be for 

students to show that they can “apply a procedure to an unfamiliar task”. Students will 

use two types of knowledge 

 Procedural knowledge is “knowledge of subject-specific techniques and methods” In 

this case the procedures for solving problems involving force, mass and acceleration, 

including vector addition, graphing, and algebraic problem solving.   The unfamiliar 

task is a novel word problem or a set of data.  A key part of the assessment will be for 

students to show that they can apply the knowledge to a new situation, not just repeat 

problems which are familiar.  This requires that students have a conceptual 

understanding of each of the laws of motion and an understanding of the effect that 

they have in combination. 

 Conceptual knowledge is “the interrelationships among the basic elements within a 

larger structure that enable them to function together”, in this case, Newton’s Laws of 

Motion.  Assessments must show that students can assess the motion of an object 

based on the influence of all three laws. 



P-2.5 Explain the factors that influence the dynamics of falling objects 

and projectiles. 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

 

Key concepts 

Projectile motion 

 

In physical science  

 Students were introduced to the idea that all objects accelerate as they fall at the same 

rate, 9.8m/sec
2
 

 Students understand that the acceleration of gravity is a result of the gravitational 

force exerted by the earth. 

 Students analyze the motion of a falling object during consecutive seconds of freefall 

in terms of  

 Initial velocity 

 Final velocity 

 Average velocity 

 Distance the object falls 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Understand that objects projected upward experience the same gravitational force, 

and therefore the same acceleration as objects in free fall. 

 Analyze the motion of an object projected directly upward 

 Students should be given the initial velocity of the object 

 Students should analyze consecutive seconds of motion for the complete trip (up 

and down) in terms of 

 Initial velocity 

 Final velocity 

 Average velocity 

 Distance traveled 

 Analyze independently the vertical and the horizontal motion of a projectile which is 

projected upward at a 45 angle with the ground (ignoring air resistance) 
 Horizontal Motion 

 The object has an initial velocity in the horizontal direction 

 The object has a constant velocity (1
st
 Law) equal to the initial velocity 

 The motion can be described as  

             horizontal velocity = horizontal displacement/ time 

 Vertical Motion 



 The vertical motion is the same as an object which is projected straight 

upward 

 Going up 

 The object has an initial vertical velocity  

 The object is slowing down due to the acceleration of gravity 

 The final velocity of the object is zero (going up) 

 -9.8m/s
2
 = (0m/s – vertical vi) /t 

 Going down 

 The object has an initial velocity of zero  

 The object is speeding up due to the acceleration of gravity 

 The object has a final velocity right before it hits the ground (which has 

same value as the initial velocity the object had when it began going up) 

 9.8m/s
2
 = (vertical Vf -  0m/s) /t 

 The time going up equals the time going down. 

 The time for the horizontal trip is equal to the total time for the vertical trip. 

 Understand that the implication of this analysis is that projectiles hit the ground at the 

same time as objects that have not vertical motion. 

 Use this knowledge to determine how changing each variable will effect the other 

variables for example, how does the initial vertical velocity effect the horizontal 

distance that a projectile travels. 

 

College prep differentiation 

 Understand that the initial velocity of a projectile (directed at the actual angle that the 

projectile is traveling) has a vertical and a horizontal component 

 Understand that the vertical component of the velocity is the initial velocity as it 

goes up  

 Understand that the horizontal component of the velocity is the object’s the 

constant vertical velocity  

 
Assessment 

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the velocity and the displacement of an object vary with time as 

an object is project upward, falls, or has trajectory motion. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how the velocity and the 

displacement of an object vary with time as the object rises or falls. 

 

 

  



P-2.6 Apply formulas for velocity and acceleration to solve problems 

related  

           to projectile motion. 

 
Revised Taxonomy Level     3.2 CA   Apply (implement) procedural knowledge 

Key Concepts 

 
Physical science students did not address projectile motion 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all physics students to 

 Apply all of the concepts and formulas used to analyze accelerated motion to objects 

in free fall and projectiles. 

 Solve problems involving falling objects, or objects projected upward 

 ag = (vf  - vi)/t 

 d =  (vave) t 

 vave = (vi + vf)/2 

 Solve problems involving the upward vertical motion of a projectile and the 

downward vertical motion of a projectile 

  ag = (vf  - vi)/t 

 d =  (vave) t 

 vave = (vi + vf)/2 

 Solve problems involving the horizontal motion of a projectile 

 v = d/t 

 Graph the vertical and the horizontal motion of falling objects and trajectories 

 

College prep differentiation 

 Use vector analysis to determine the vertical and horizontal components of the initial 

velocity of a projectile. 

 

Assessment 

As the verb for this indicator is implement (use), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator, procedural knowledge means “knowledge of 

subject-specific techniques and methods” In this case the procedure is the application of 

the equation for constant velocity and the equations which apply to accelerated motion. 

The unfamiliar task should be a novel word problem or laboratory investigation.  A key 

part of the assessment will be for students to show that they can apply the knowledge to a 

new situation, not just repeat problems which are familiar.  This requires that students 

have a conceptual understanding of each of the variables as well as mastery of the skills 

required to implement the mathematical equation or in order to solve the problem. 



 

 

P-2.7 Use a free-body diagram to determine the net force and 

component  

          forces acting upon an object. 

 
Revised Taxonomy Level     3.2 CA   Apply (use) procedural knowledge 

Key Concepts 

Effective force 

 

 In Physical science students determined the net force acting on an object only in the 

case of forces acting in the same or opposite directions.  

 Students were not required to represent the forces in vector diagrams. 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for all students to 

 Illustrate the forces acting on an object using a vector diagram when given a verbal 

description or data. 

 Draw force vectors in the appropriate direction and representing the magnitude of 

the force  

 The effective forces (forces which influence the motion) are in the same or the 

opposite direction of the motion. 

 If any of the given forces are not in the same or opposite direction as the motion 

but have a component in the same or opposite direction as the motion,  

 use vector analysis to determine the magnitude of the effective component of 

the given force (either analytically or by graphic analysis) 

 draw the effective component of the force 

 From the diagram, determine the magnitude and direction of the net force acting 

on an object 

 Use the net force to solve problems involving the motion of the object 

 Examples include  

 An object being pulled horizontally with friction opposing the motion 

 An object (like a lawn mower) being pushed at a particular angle with the 

ground, with friction opposing the motion. 

 An object (like a lawn mower) being pulled at a particular angle with the 

ground, with friction opposing the motion. 

 An object projected upward with a constant force (such as a rocket engine) 

with the gravitational force opposing the motion 

 

 

 



 

 

College prep differentiation 

 Consider 

 Objects sliding down a ramp with friction opposing the motion 

 Objects being pulled up a ramp with friction opposing the motion 

 
Assessment 

As the verb for this indicator is implement (use), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator, procedural knowledge means “knowledge of 

subject-specific techniques and methods” In this case the procedure for using a free body 

diagram to determine the net force acting on an object and the equations which apply to 

the motion of an object. The unfamiliar task should be a novel word problem or 

laboratory investigation.  A key part of the assessment will be for students to show that 

they can apply the knowledge to a new situation, not just repeat problems which are 

familiar.  This requires that students have a conceptual understanding of each of the 

forces and an understanding of how the components of a force are related to the resultant 

force. Mastery of the skills required to implement the mathematical equations in order to 

solve the problem are also essential procedures. 

 
  



 

P-2.8 Distinguish between static and kinetic friction and the factors that 

affect  

          the motion of objects 

 
Revised Taxonomy Level     4.1B   Differentiate (distinguish) conceptual knowledge 

Key Concepts 

Static (limiting) frictional force 

Kinetic (dynamic) frictional force 

Coefficient of friction (μ) 

 
In physical science, students define friction as a force opposing motion. 

They do not distinguish between static and kinetic friction. 

 
It is essential for students to 

 Qualitatively and quantitatively compare static friction and kinetic friction 

 Students should understand that friction is caused by the intermolecular force 

between the molecules of two surfaces 

 Students should understand that static (limiting) friction is the maximum value of 

the frictional force between two surfaces.  It occurs when the two surfaces are on 

the point of sliding over each other. 

 Students should understand that kinetic (dynamic) friction is the value of the 

frictional force when one surface is sliding over another at constant speed.  It is 

slightly less than static friction. 

 Students should understand the factors that affect friction 

 Normal force (fn) (the net force perpendicular to the surface) 

 The physical properties of the two substances 

 The chemical properties of the two substances 

 Students should understand that the ratio between the frictional force between two 

surfaces to the force that is pushing them together (the normal force) is called the 

coefficient of friction. 

 The coefficient of sliding friction is slightly different from the coefficient of 

static friction for any given combination of substances 

 Both the coefficient of sliding friction and the coefficient of static friction are 

constant for a particular combination of substances 

 Students should use the equation μ = ff /fn  to solve problems involving the motion 

of objects 

 

Assessment 

As the verb for this indicator is differentiate (distinguish), the major focus of 

assessment should be for students to distinguish between the relevant and irrelevant 

parts or important from unimportant parts of presented materials. Because the verb is 

differentiate rather than compare, students should assess the motion of an object in 

order to determine the factors that are important in determining the effect of friction 

(both static and kinetic) on an object.  Students can use a free body diagram and their 



knowledge of the laws of motion in order to determine the normal force or the 

frictional force exerted by an object.    



 

P-2.9 Explain how torque is affected by the magnitude, direction, and 

point of  

          application of force 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

Key concepts 

Torque 

Center of gravity 

Torque arm 

 

Students did not explore rotational motion in physical science 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through 

ten, the scope of the core curriculum should vary as well. The emphasis of topics 

within the core standards will depend on subsequent topics to be addressed. 

 

It is essential for students to 

 Understand that translational equilibrium occurs when all of the forces are balanced, 

meaning the object will not accelerate. 

 Understand that torque (moment of inertia) is influenced by force, direction, and point 

of application. 

 Understand that unbalanced torque produces rotation 

 Understand that torque is  

 force applied with leverage,  

 torque is force applied over a distance 

 torque = force x lever arm (τ = fd) 

 Understand that rotational equilibrium occurs when torques are balanced, meaning 

the object will not rotate 

 Understand the concept of center of gravity 

 Solve problems involving the concept of torque 

 Understand the difference in rotation and revolving 

 

Assessment 

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the application of torque (in terms of force, direction, and length 

of torque arm) affects the motion of an object.  

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how various applied torques 

affect the motion of an object 



 

P-2.10   Explain the relationships among speed, velocity, acceleration,  

and force in rotational systems 

 
Revised Taxonomy Level   2.7 B      Explain conceptual knowledge 

Key concepts 

Angular displacement 

Angular  velocity 

Angular acceleration 

Angular momentum 

 

Physical science students did not study rotational systems 

 

As Physics for the Technology classes and traditional college prep classes will have 

different curricula based on the choices that are made for standards six through ten, the 

scope of the core curriculum should vary as well. The emphasis of topics within the core 

standards will depend on subsequent topics to be addressed.  

 

It is essential for students to 

 Understand that rotational motion is the motion of an object about an internal axis 

 Angular displacement (θ) can be measured in units of revolutions  

 Angular velocity (ω) can be measured in units of revolutions per second 

 Angular acceleration (α) can be measured in units of revolutions per second-square 

 Rotational inertia (I) is the resistance of a rotating object to changes in its angular 

velocity 

 Another name for rotational inertia is “moment of inertia” 

 The formula for the rotational inertia of an object varies with its shape but in all 

cases, rotational inertia is directly proportional to the mass of the object and to its 

diameter (or length). 

 Newton’s Second Law of Motion in terms of rotary motion states that when an 

unbalanced torque is applied to an object the object will experience angular 

acceleration. 

 The rate of the angular acceleration is directly proportional to the torque 

 The rate of the angular acceleration is inversely proportional to the rotational 

inertia of the object. 

 As such, the smaller the diameter (or length) of an object, the greater the angular 

acceleration a given torque will produce. (Reference ice-skater spins)  

 

 

 

 

 

 

 

 

 



 

 

 The equations for linear motion can be applied to rotational systems 

 

 

 Linear Motion Rotary Motion 

Constant velocity v = d/t ω = θ/t 

 

Average velocity (regardless of  

type of motion) 

 

 

vave = Δd/Δt 

 

 

ω ave = Δ θ /Δt 

 

 

 

Constant acceleration 

a = (vf  - vi)/t 

 

α= (ω f  - ω i)/t 

 

d =  (vave) t 

 

θ =  (ω ave) t 

 

vave = (vi + vf)/2 

 

ω ave = (ω i + ω f)/2 

 

Newton’s Second Law F = ma T = I α 

 

 Solve problems involving torque, angular inertia, angular displacement, angular 

velocity, and angular acceleration.  

 

 

 

 

 

Assessment  

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model how the motion in linear systems is similar to motion in rotational 

systems.   

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating the laws of motion to 

rotational systems.  



Standard P-3: The student will demonstrate an understanding of the 

conservation, transfer, and transformation of 

mechanical energy. 
 

Supporting Content Web Sites 
 

Amusement Park Physics 

http://www.learner.org/exhibits/parkphysics/ 

How do physics laws affect amusement park ride design? In this exhibit, you'll have a 

chance to find out by designing your own roller coaster. Plan it carefully--it has to pass a 

safety inspection. You can also experiment with bumper car collisions. 

P-3.6, P-3.2  

 

Java Applets on Physics 

http://www.walter-fendt.de/ph11e/index.html 

Applets that demonstrate physics principles.  Change variables to see affects.   

P-3.1 - P-3.6 

 

SparkNotes 

http://www.sparknotes.com/physics/index.html 

Concise descriptions of physics principles and definitions of physics terms.  Also 

includes sample problems. 

P-3.1 - P-3.6 

 

Homework High 

http://www.channel4.com/learning/microsites/H/homeworkhigh/science/index.jsp 

A list of general physics questions and answers 

P-3.1 - P-3.6 

 

BBC GCSE Bitesize Science 

http://www.bbc.co.uk/schools/gcsebitesize/physics/energy/ 

Explanations of physics principles and supporting materials  Interactive video quizzes. 

P-3.1 - P-3.6 

 

Bang, Boing, Pop Interactive Physics (Thinkquest) 

http://library.thinkquest.org/3042/ 

Physics can be intimidating, particularly when a student has little hands-on experience. 

Bang! Boing! Pop! places an emphasis on building physical intuition through interaction 

and relating specific concepts taught in mechanics to the broader idea of physical 

conservation. 

P-3.1, P-3.2, P-3.3, P-3.4 

 

The Physics Classroom On-Line Tutorial 

http://www.physicsclassroom.com/Default2.html 

Learn basic physics concepts through these tutorials written especially for high school 

students.  

http://www.learner.org/exhibits/parkphysics/
http://www.walter-fendt.de/ph11e/index.html
http://www.sparknotes.com/physics/index.html
http://www.channel4.com/learning/microsites/H/homeworkhigh/science/index.jsp
http://www.bbc.co.uk/schools/gcsebitesize/physics/energy/
http://library.thinkquest.org/3042/
http://www.physicsclassroom.com/Default2.html


Check Your Understanding with quizzes for each lesson provide an opportunity to assess 

your mastery of the material. 

P-3.1 - P-3.6 

 

HyperPhysics 

http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html#mechcon 

Online tutorials cover a wide range of physics topics, including modern physics and 

astronomy. Material is organized through extensive concept maps. 

P-3.1 - P-3.6 

 

PhysicsQuest High School Online Physics Investigations  

http://physicsquest.homestead.com/#anchor_21 

Webquests that lead students to deeper understanding of physics principles. Animations 

are good 

P-3.1 – P-3.6 

  

LC Physical Science tutorials by Jason Dicker of Launceston College in Tasmania, a state 

of Australia 

http://www.launc.tased.edu.au/online/sciences/PhysSci/ScPhy.html 

Tutorials in basic physics concepts.  Includes examples, simulations, and practice 

problems. 

P-3.1 – P-3.6 

 

Suggested Literature 
 

Stockley Corinne. (2000). The Usborne Illustrated Dictionary of Physics. London: 

Usborne Books. 

ISBN:  0746037961  

Lower-level but very applicable reference book on many physics topics. 

P-3.1-P-3.6    

 

Gonick, Larry. (1992). The Cartoon Guide to Physics. New York: Harpercollins. 

ISBN:  0062731009 

An excellent companion to most physics text books.  Contains example that make physics 

principles make sense. 

P-3.1-P-3.6 

 

Kuhn, Karl. (1996). Basic Physics: A Self-Teaching Guide. New Jersey: Wiley. 

ISBN: 0471134473  

Easy to follow examples and explanations of physics principles.  

P-3.1-P-3.6 

 

Holzner, Steve. (2004). Physics For Dummies. New Jersey: For Dummies. 

ISBN: 0764554336  

Easy to follow examples and explanations of physics principles.  

P-3.1-P-3.6 

http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html#mechcon
http://physicsquest.homestead.com/#anchor_21
http://www.launc.tased.edu.au/online/sciences/PhysSci/ScPhy.html


 

 

 

 

Asimov, Isaac. (1987). Asimov on Physics. New York: Avon Books 

ISBN: 0380418487  

This is an older book, but it contains fun stories that make physics seem real. 

P-3.1-P-3.6 

 

Kakalios, James. (2005). The Physics of Superheroes. New York: Gotham.  

ISBN: 1592401465 

Fun look at how superheroes use their special skills.  Includes concepts of physics and 

good examples. 

P-3.1-P-3.6 

 

Tiner, John Hudson. (2006). Exploring the World of Physics: From Simple Machines to 

Nuclear Energy. Green Forest, AR: Master Books. 

ISBN: 0890514666  

One of series of physics books that does a great job explaining physics principles. 

P-3.1, P-3.2, P-3.3 

 

Parker, Barry. (2003). The Isaac Newton School of Driving: Physics and 

Your Car. Baltimore: Johns Hopkins University Press. 
ISBN 0801874173 

This book applies the laws of physics to the workings and driving of a car. 

P-3.1-P-3.6 

 

Crease, Robert. (2003). The Prism and the Pendulum : The Ten Most Beautiful 

Experiments in Science. New York: Random House.  

ISBN: 1400061318  

The section on the pendulum helps explain periodic motion. 

P-3.4 

 

Swatz, Clifford. (2003). Back-of-the-Envelope Physics. Baltimore: The Johns Hopkins 

Universtiy Press. 

ISBN: 0801872634  

Stories of physicists who used physics in different ways.  Lets you see how a brilliant 

physicist thinks. 

P-3.1-P-3.6 

 

Elson, Lawrence M. (2005). Paperback: The Physics Coloring Book. New York: 

Harpercollins. 

ISBN: 0062737198 

One in a series of Coloring Books that helps students understand concepts at a deeper 

level.  Designed for high school and college students. 

P-3.1-P-3.6 



 

 

 

 

 

Suggested Steamline Video Resources 
http://www.scetv.org/education/streamlinesc 

 

See your school’s media specialists or  

call Ms. Donna Thompson at ETV (803) 737-3322) for User ID and User Password  

 

Elements of Physics: Energy: Work and Power 

An Introduction to Energy and Work (00:50), Energy as Work (01:21), Kinetic and 

Potential Energy (02:10) 

ETV Streamline SC 

Video explores many different forms of energy, but these sections focus on work and 

energy. 

An Introduction to Energy and Work (00:50), Energy as Work (01:21), Kinetic and 

Potential Energy (02:10) 

P-3.1, P-3.2, P-3.3 

 

Roller Coaster Physics 

Galileo's "Stop Height": Gravity and Potential and Kinetic Energy at Work (02:01)  

ETV Streamline SC 

Video uses roller coasters to explain physics.  Focus of this segment is on potential and 

kinetic energy. 

Galileo's "Stop Height": Gravity and Potential and Kinetic Energy at Work (02:01) 

P-3.1, P-3.2 

 

Work, Energy, and the Simple Machine: Work and Energy 

All segments 

ETV Streamline SC 

Video uses everyday examples to relate work, energy, and power. 

All segments are applicable. 15 minute video. 

P-3.1, P-3.2, P-3.3 

 

Simply Science: Efficiency of Energy Conversions 

All segments 

ETV Streamline SC 

Video Investigates mechanical and biological systems to determine and compare 

efficiencies of energy conversions. 

All segments are applicable. 27 minute video. 

P-3.3 

 

Physics: A World in Motion: Conservation of Momentum and Energy 

All segments 

http://www.scetv.org/education/streamlinesc


ETV Streamline SC 

Exploring the physics of a soccer game, a projectile spring and a ballistic pendulum, 

students apply their understanding of the concepts of energy and momentum. 

All segments are applicable. 29 minute video. 

P-3.4, P-3.5, P-3.6 

 

Physics: A World In Motion: Collinear Momentum 

All segments 

ETV Streamline SC 

Video uses real-world examples to explain conservation of momentum. 

All segments are applicable. 29 minute video. 

P-3.5, P-3.6 

 

Physics: A World In Motion: Momentum and Impulse 

All segments 

ETV Streamline SC 

Students gather information from two police officers- a vehicle-safety expert and a self-

defense instructor- and use it in an exploration of the concepts of momentum and impulse 

All segments are applicable. 29 minute video. 

P-3.5 

 

Physics: A World in Motion: Elastic and Inelastic Collisions 

All segments 

ETV Streamline SC 

Elastic and inelastic collisions are analyzed. A montage of sports images leads students to 

recognize most collisions as inelastic 

All segments are applicable. 29 minute video. 

P-3.6 
 

Physics: A World In Motion: Energy Conservation  

All segments 

ETV Streamline SC 

Students analyze the transformation of gravitational potential energy to kinetic energy 

using algebraic and graphical means. The motion of mass on a spring, a bungee jump and 

an athlete on a trampoline provide the data for detailed analyses that support the principle 

of energy conservation. 

All segments are applicable. 29 minute video. 

P-3.2, P-3.4 

 

Simply Science: Energy Transformations 

All segments 

ETV Streamline SC 

The inner workings of a grain elevator demonstrate how the kinetic energy of a conveyor 

is used to increase the gravitational potential energy in stored grain. This is later 

converted back to kinetic energy when the grain is loaded onto rail cars 

All segments are applicable. 27 minute video. 

P-3.1, P-3.2, P-3.3 



 

 

 

 

 

Career Connections 
 

Roller Coaster Designer 

Roller coaster designers are usually architects or structural engineers.  They use 

principles of kinetic and potential energy and momentum as they design the next best 

“scream machine.”  As theme parks compete for your time and money, there is a growing 

demand for scarier rides that are still safe.  (P-3) 

 

Automotive Engineer 

Automotive engineers use concepts of energy, efficiency, work, and power to design and 

develop new vehicles.  With rising gas prices and demand for quality, automotive 

engineers must apply their knowledge of physics principles to bring customers what they 

want.  (P-3) 

 

Accident Reconstruction Expert 

Accident reconstruction experts are also known as traffic accident investigators.  They 

use forensic evidence to determine who is at fault in a collision.  They also help car 

manufacturers correct safety problems with cars.  These experts can complete courses or 

get a degree in this field. (P-3) 

 

Mechanical Engineer 

Mechanical engineers have lots of options when they choose a career path.  Should they 

go into industrial plant design and construction, they would use their knowledge of 

energy, work, power, and efficiency.  They might also need to know about periodic 

motion, either to capitalize on it or prevent it.  (P-3) 

 

Civil Engineer 

Civil engineers can choose many different paths to a career.  Many choose road and 

bridge building which requires knowledge of potential and kinetic energy, momentum, 

and collisions, as they would like to help motorists to avoid accidents.  Also, bridge 

builders must try to eliminate periodic (harmonic) motion caused by resonance. (P-3) 



P-3.1 Apply energy formulas to determine potential and kinetic 

energy   and explain the transformation from one to the other  
 

Revised Taxonomy Levels     3.2 CA   Apply (implement) procedural knowledge 

     2.7 B    Explain conceptual knowledge 

Key Concepts 

Potential energy 

Kinetic energy  

Mechanical energy 

Conservation of energy 

 

In physical science students “explain the factors that determine potential and kinetic 

energy and the transformation of one to the other” (PS-6.). They do not address the 

formulas for potential and kinetic energy or the mathematical aspect of the 

transformation, one to the other. 

 

It is essential for students to 

 Analyze potential energy (energy of position) and kinetic energy (energy of motion) 

using energy formulas 

 Understand that the gravitational potential energy of an object is equal to the object’s 

weight (mass x acceleration of gravity) multiplied by the vertical distance through 

which the object is lifted.  (Ep = magh) =  (N)(m) 

 Understand that the kinetic energy of a moving object is equal to the object’s mass 

times its velocity-squared, divided by two.  (Ek = ½ mv
2
) = Nm 

 Understand that the unit used to measure energy is the joule (Nm) 

 Understand that the potential energy of an object can be converted to kinetic energy 

or the kinetic energy to potential energy. 

 Solve problems involving transformations between potential and kinetic energy. 

 
Assessment 

The verb implement (apply) means that a major focus of assessment should be for 

students to show that they can “apply a procedure to an unfamiliar task”. The knowledge 

dimension of the indicator, procedural knowledge means “knowledge of subject-specific 

techniques and methods” In this case the procedure is application of the concept of the 

conservation of energy during transformations between kinetic and potential energy. The 

unfamiliar task should be a novel word problem or laboratory investigation.  A key part 

of the assessment will be for students to show that they can apply the knowledge to a new 

situation, not just repeat problems which are familiar.  This requires that students have a 

conceptual understanding of each of energy conservation as well as mastery of the skills 

required to implement the mathematical equations or in order to solve problems. 

 
The verb explain means that another focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the energy is conserved during kinetic-potential transformations. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 



structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how a change in one type of 

energy affects the other type of energy.   



P-3.2 Apply the law of conservation of energy to the transfer of 

mechanical energy through work. 

 
Revised Taxonomy Levels     3.2 CA   Apply (implement) procedural knowledge 

 

Key Concepts 

Law of conservation of energy 

Mechanical energy  

Work 

 

In 6
th

 grade, students recognize that “energy is the ability to do work” 

In physical science students  

 Explain how the law of conservation of energy applies to the transformation of 

various forms of energy (including mechanical energy, electrical energy, chemical 

energy, light energy, sound energy, and thermal energy).  

 Explain work in terms of the relationship among the force applied to an object, the 

displacement of the object, and the energy transferred to the object (PS-6.3).  

 Use the formula W = Fd to solve problems related to work done on an object. (PS-

6.4) and that the unit for work is the joule (Newton-meter) 

 Address the concept of work as a means of transferring energy from one system to 

another 

 Physical science students have not addressed energy quantitatively so they have not 

addressed the units used to measure energy. 

 

It is essential for students to 

 Analyze the transfer of mechanical energy through work 

 Solve problems showing that mechanical energy is conserved as it is transferred from 

one object to another through work  

 

Assessment 

The verb implement (apply) means that a major focus of assessment should be for 

students to show that they can “apply a procedure to an unfamiliar task”. The knowledge 

dimension of the indicator, procedural knowledge means “knowledge of subject-specific 

techniques and methods” In this case the procedure is application of the concept of the 

conservation of energy as it is transferred from one object to another through work. The 

unfamiliar task should be a novel word problem or laboratory investigation.  A key part 

of the assessment will be for students to show that they can apply the knowledge to a new 

situation, not just repeat problems which are familiar.  This requires that students have a 

conceptual understanding of each of energy conservation as well as mastery of the skills 

required to implement the mathematical equations or in order to solve problems. 

 

  



P-3.3 Explain, both conceptually and quantitatively, how energy can 

transfer from one system to another (including work, power, 

and efficiency). 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge   

 

Key Concepts 

Work 

Power 

Efficiency 

 

This concept is not addressed in physical science 

 

It is essential for all students to 

 Apply and analyze the relationships among energy, work, power, and efficiency both 

conceptually and quantitatively in linear and rotational systems 

 Understand that power is the rate of work, power = work/time 

 Understand that the unit for linear power is the watt,  

 joule/sec  

 (Newton)(meter)/sec 

 

 Linear Motion Rotary Motion 

Force (F) Torque (τ) 

kinetic energy Ek = ½ mv
2
 Ek = ½ m ω

 2
 

 

work 

 

W = FΔd 

 

W = τ Δθ 

 

Power 

 

P = W/t 

P = FΔd/t 

 

P = W/t 

P = τ Δθ/t 

Efficiency Efficiency = Woutput/Winput Efficiency = Woutput/Winput 

 

 Compare ideal and actual force transformers 

 Apply force transformation formulas to calculate efficiency of rotational systems 

 Explain how a wheel and axel transforms force 

 Explain how belt-drivers, gear-drives and disk-drives use similar methods to achrive 

trade-offs between torque and speed 

 

Assessment 

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the energy is conserved during transformations in terms of work, energy, 

power and efficiency. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 



structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how a each variable (work, 

energy, power, and efficiency) are involved in specific energy transformations.  



P-3.4 Explain, both conceptually and quantitatively, the factors that  

 influence periodic motion. 
 

Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Key concepts 

Periodic motion 

 

In physical science, students may discuss pendulums but only in terms of the 

transformation of kinetic and potential energy, not in terms of periodic motion  

 

It is essential for students to 

 Understand that when a body moves repeatedly over the same path in equal intervals 

of time, it is said to have periodic motion. 

 Understand that “simple harmonic motion” is a type of periodic motion which has the 

following characteristics 

 It is linear motion 

 A continually changing net force is exerted on the object 

 The magnitude of the net force decreases as the object moves towards the 

point of equilibrium. 

 The magnitude of the net force increases as the object moves away from the 

point of equilibrium.  

 Because the net force is continually changing, the rate of acceleration is 

continually changing.  

 The rate of acceleration is proportional to the displacement from the 

equilibrium position 

 The rate of acceleration decreases as the object moves towards the point of 

equilibrium. 

 The rate of acceleration increases as the object moves away from the point of 

equilibrium.  

 As the object is accelerating, the speed of the object is continually changing. 

 As the object moves toward equilibrium, there is a decreasing net force acting 

on it in the direction of the equilibrium position.  

 The decreasing net force causes a decreasing acceleration 

 Even though the rate of acceleration is decreasing as the object moves towards 

equilibrium, the object is still accelerating the entire time that it is moving 

toward the equilibrium position. 

 So the object continually speeds up as it moves towards the equilibrium 

position  

 The speed of the object is at a maximum at the point of equilibrium 

 At the point of equilibrium, the direction of the net force changes 

 The new net force causes an acceleration, but this time in the direction 

opposite to the motion of the object 

 As the object moves past the equilibrium point, the net force causes the object 

to accelerate by slowing down. 



 The speed of the object is at a minimum when the object is at the points 

farthest from the equilibrium and at a maximum at the point of equilibrium 

 The speed of the object is inversely proportional to the displacement from the 

equilibrium position 

 Explain (both qualitatively and quantitatively) the motion of a pendulum and the 

motion of a weight hanging on a spring based on the principles of simple harmonic 

motion 

 

 

Physics for the Technologies differentiation 

 Explain the relationship between elastic potential energy and an object’s position 

 

Assessment 

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the motion of familiar objects in terms of simple harmonic motion 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how each variable (force, 

acceleration and velocity) are involved in specific energy transformations. 

 

 

  



P-3.5 Explain the factors involved in producing a change in 

momentum including impulse and the law of conservation of 

momentum in both linear and rotary systems).  
 

Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Key concepts 

Law of conservation of momentum  

Rotary motion 

 

Students did not address the principles of momentum in physical science 

 

It is essential for students to 

 Understand that momentum is the product of the mass of the moving body and its 

velocity. 

 the symbol for momentum is “p” 

 p = mv 

 Understand that the momentum of an object can be changed by a force applied over 

time.  The longer that a force is applied to an object, the more the momentum of an 

object will change. 

 The product of force and the time interval during which it acts (FΔt) is called 

impulse 

 Impulse = change in momentum 

     FΔt  = mΔv 

 Explain rotational inertia 

 Explain the law of conservation of momentum in linear and rotary systems. 

Assessment 

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how force exerted over time affects the momentum of familiar objects.  

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how each variable (force, and 

time) affect the motion of the object. 

 

 
  



P-3.6 Compare elastic and inelastic collisions in terms of conservation 

laws.  
 

Revised Taxonomy Level 2.6 B     (Compare conceptual knowledge) 

 

Key concepts 

Elastic collisions 

Inelastic collisions 

 

Students did not address the principles of momentum in physical science 

 
 Understand the law of conservation of momentum “when no net external forces are 

acting on a system of objects, the total vector momentum of the system remains 

constant.” 

 Apply the law of conservation of momentum to describe (both qualitatively 

and quantitatively) the motion of objects which collide 

 in one dimension 

 both elastically and in-elastically 

 Apply the law of conservation of energy to describe (both qualitatively and 

quantitatively) the motion of objects which collide 

 in one dimension 

 both elastically and in-elastically 

 Explain the relationship between the conservation of energy and the conservation of 

momentum in for elastic and inelastic collisions (in one dimension) 

     

College preparatory differentiation 

 Apply the laws of conservation of momentum and conservation of energy to describe 

(both qualitatively and quantitatively) the motion of objects which collide in two 

dimensions. 

 
 Assessment 

As the indicator states, the major focus of assessment is to compare (detect 

correspondences) in elastic and inelastic collisions with regard to the law of conservation 

of momentum and the law of conservation of energy. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct cause and effect statements which differentiate the ways that both 

the energy of the system and the momentum of the system are conserved during elastic 

and inelastic collisions.  



Standard P-4: The student will demonstrate an understanding of the 

properties of electricity and magnetism and the 

relationships between them. 
 

 

Supporting Content Web Sites 

 

The Electricity Book 

http://www.uce.ac.uk/education/research/cript/electricity%20book/frame%20start.htm 

*Note some of the materials on this site may be too elementary for physics, but may be 

used as part of a lesson plan. 

 Interactive site that has students click to complete circuits, visualize components of a 

circuit and distinguish between series & parallel circuits. 

P-4.4 

 

Energy Education is Fun by Florida Power and Light 

http://www.fplforkids.com 

Includes energy calculator based on type and number of appliances, demonstration on 

how to read the power meter and subsequently calculate the energy consumed as well as 

an interactive word search on electricity & power. Click on “Energy fun Factory” then on 

“meter reader” from the blue menu on the left of the screen 

P-4.11 

 

AC/DC:  What’s the Difference? 

 http://www.pbs.org/wgbh/amex/edison/sfeature/acdc.html 

Uses animated diagrams to help explain concepts of electron flow through wires (current, 

voltage & resistance), AC verses DC and generators & transformers. 

P-4.3, P-4.6, P-4.10 

 

Articles & Demonstrations to understand electricity 

http://amasci.com/redgreen.html 

Articles and demonstrations to understand electricity including a demonstration to 

visualize electric current, static and electric charge using red & green plastic sheets. 

P-4.1, P-4.3 

 

How Things Work by Virginia Education 

http://howthingswork.virginia.edu 

Answers common questions about all kinds of topics including electricity in a clear, 

concise format.  Some questions that are included are “Why are physicists so skeptical 

about peoples’ claims to have invented motors that provide mechanical power without 

consuming electric power or generators that produce electric power without consuming 

mechanical power from the systems that turns them?” or “When a device uses 2 batteries, 

why do they have to placed positive to negative?” or “What is the function of a magnet in 

an audio speaker?” 

P-4.3, P-4.9, P-4.10 

 

http://www.uce.ac.uk/education/research/cript/electricity%20book/frame%20start.htm
http://www.fplforkids.com/
http://www.pbs.org/wgbh/amex/edison/sfeature/acdc.html
http://amasci.com/redgreen.html
http://howthingswork.virginia.edu/


Theater of Electricity Web Quest 

http://www.mos.org/sln/toe/toe.html 

A web quest that has the students navigate to find out information about different forms 

of generating static like the Van de Graph, Tesla coil and Lightning. 

P-4.1 

 

The Exploration of the Earth’s Magnetosphere 

http://www-spof.gsfc.nasa.gov/Education/Intro.html 

A type of web quest to provide information about magnetism, field lines, 

electromagnetism and electric currents from space. 

P-4.2, P-4.3, P-4.9 

 

Electricity & Magnetism Web Quest 

http://edtech.kennesaw.edu/web/electric.html 

This site includes many other links to provide information, lesson plans, online activities 

and off-line activities for electricity and magnetism. 

P-4.1, P-4.2, P-4.3, P-4.8, P-4.9 

 

UC Berkeley Physics Lecture Demonstrations 

http://www.mip.berkeley.edu/physics/physics.html?CFID=3055795&CFTOKEN=54214

056 

Lecture demonstrations for electricity & magnetism including magnetic fields, magnetic 

properties, motors and resistance. 

P-4.2, P-4.3, P-4.9, P-4.10 

 

Physics Quest 

http://physicsquest.homestead.com 

Includes information and interactive lessons on DC Circuit Virtual Lab, Electrostatics, 

meters, fuses and breakers. 

P-4.1, P-4.4, P-4.8 

 

Suggested Literature 

 

Robertson, William C., Ph.D. (2005). Electricity & Magnetism: stop faking it! Finally 

 understanding science so you can teach it. Virginia: NSTA Press. 

ISBN: 0-87355-236-9 

Lexile Level: Unknown 

It covers the basics of static electricity, current electricity and magnetism.  Includes Sci 

Links to the NSTA website that reinforce the concepts as well as a summary and 

application section at the end of each chapter. 

P-4.1, P-4.2, P-4.3, P-4.5, P-4.8, P-4.9, P-4.10 

 

DiSpezio, Michael. (1998). Awesome Experiments in Electricity & Magnetism.  New 

York: Sterling Publishing Co. 

ISBN: 0-8069-9819-9 

Lexile Level: Unknown 

http://www.mos.org/sln/toe/toe.html
http://www-spof.gsfc.nasa.gov/Education/Intro.html
http://edtech.kennesaw.edu/web/electric.html
http://www.mip.berkeley.edu/physics/physics.html?CFID=3055795&CFTOKEN=54214056
http://www.mip.berkeley.edu/physics/physics.html?CFID=3055795&CFTOKEN=54214056
http://physicsquest.homestead.com/


72 activities, both common and newer ones including materials needed and explanations 

of science involved.  There are sections on Static electricity, Current Electricity and 

Magnets & Magnetism. 

P-4.1, P-4.2, P-4.3, P-4.6, P-4.9 

 

Beller, Joel & Magliore, Kim. (2000). Hands-On Science Series: Electricity & 

Magnetism. Maine: Walch Publishing. 

ISBN: 0-8251-3933-3 

Lexile Level: Unknown 

Activities that include both in-class and out-of-class participation as well as team 

projects.  Includes reproducible activity pages, objectives & national standards, materials, 

hints and adaptations for both high and low achievers. 

P-4.1, P-4.2, P-4.3, P-4.6, P-4.9 

 

Rosenberg, Paul. (2004). Audel Practical Electricity. New York:Wiley Publishing, Inc. 

ISBN: 0-7645-4196-X 

Lexile Level: Unknown 

A resource that can be used to understand the background behind simple and more 

complicated concepts of electricity & magnetism.  Each chapter includes diagrams and 

pictures, a summary and test questions.   

P-4.1, P-4.2, P-4.3, P-4.4, P-4.5, P-4.6, P-4.8, P-4.9, P-4.10 

 

Traister, Robert J. & Lisk, Anna L.  (1991). Beginner’s Guide to Reading Schematics. 

Washington, DC: TAB Books. 

ISBN: 0-8306-7632-5 

Lexile Level: Unknown 

This resource takes you step by step through the understanding and reading of electronic 

circuit diagrams and schematics.  Includes appendixes with all types of schematic 

symbols and resistor color coding. 

P-4.4, P-4.5 

 

Gussow, Milton. (1983). Schaum’s Outline of Basic Electricity.  The McGraw-Hill  

 Corporation, Inc. 

ISBN:  0-07-025240-8 

Lexile Level: Unknown 

Chapters include Nature of Electricity, Ohm’s Law & Power, DC Series & Parallel 

Circuits, Batteries, Magnetism & Electromagnetism, DC Generators & Motors, 

Transformers and Electrical Measurements. 

P-4.1, P-4.2, P-4.3, P-4.4, P-4.5, P-4.6, P-4.7, P-4.8, P-4.9, P-4.10 

 

Beiser, Arthur. (1993). Schaum’s Outline of Basic Mathematics for Electricity & 

  Electronics.  The McGraw-Hill Corporation, Inc. 

ISBN: 0-07-004439-2 

Lexile Level: Unknown 



Includes many example problems to demonstrate calculations involving Ohm’s Law, 

electric power and energy that are shown solved step by step as well as practice problems 

with solutions. 

P-4.5, P-4.7, P-4.11 

 

 

 

Gibilisco, Stan. (2002). Teach Yourself Electricity and Electronics.  The McGraw-Hill 

Corporation, Inc. 

ISBN: 0-07-137730-1 

Lexile Level: Unknown 

Starts with the basics of electricity and circuits and continues through advanced 

applications and topics like wireless technology and robotics.  Includes chapter quizzes 

and a final exam with answers in the appendix. 

P-4.3, P-4.4, P-4.5, P-4.6, P-4.9 

 

Ryan, Charles. (1986). Basic Electricity: A Self-Teaching Guide. New York: John Wiley 

& Sons, Inc. 

ISBN: 0-471-85085-3 

Lexile Level: Unknown 

A book to teach yourself the basics of understanding electricity concepts.  It familiarizes 

you with voltage, current, resistance, power and types of circuits & current. 

P-4.3, P-4.4, P-4.6, P-4.7, P-4.9, P-4.10 

 

Saslow, Wayne M. (2002). Electricity, Magnetism and Light.  Canada: Thomason  

 Learning, Inc. 

ISBN: 0-12-619455-6 

Lexile Level: Unknown 

Very complete text covering not only the basic and more complex concepts of electricity 

& magnetism but also emphasizes relevance by using practical examples. 

P-4.1, P-4.2, P-4.3, P-4.4, P-4.5, P-4.9, P-4.10 

 

Suggested Streamline Video Resources 

http://www.scetv.org/education/streamlinesc 

 

See your school’s media specialists or  

call Ms. Donna Thompson at ETV (803) 737-3322) for User ID and User Password  

 

Physics: A World in Motion: Current Electricity 

ETV Streamline 

It shows very simple explanations and demonstrations of current, voltage and resistance.   

It also shows the use of meters to measures parts of a circuit. 

0 - 29:00 minutes 

P-4.3, P-4.4, P-4.9 

 

 

http://www.scetv.org/education/streamlinesc


Physics: A World in Motion: Ohm’s Law and Energy 

Ohm’s Law: Relating Current, Voltage and Resistance 

ETV Streamline 

Measure current and voltage in a circuit with resistors and then plot on a graph to show 

the derivation of Ohm’s Law. 

5:16 – 13:33 minutes 

P-4.4, P-4.5 

 

Physics: A World in Motion: Ohm’s Law and Energy 

Work, Power and Thermal Energy 

ETV Streamline 

This shows the use and purpose of fuses and circuit breakers.  It also shows the derivation 

of electrical power and energy and how they are calculated. 

18:38 – 27:42 minutes 

P-4.7, P-4.8 

 

Electricity & Magnetism: Measuring and Using Electricity 

ETV Streamline 

Video that shows the relationship between magnets and current to help explain AC 

current.  Describes circuits, grounding, breakers and how power is measured & calculated 

by the electric company. 

0 -16:35 minutes 

P-4.3, P-4.6, P-4.8, P-4.9, P-4.11 

 

Electricity & Magnetism: Static Electricity 
ETV Streamline 

This video distinguishes between static and current electricity, including explanation and 

demonstration of lightning and the Van de Graph generator. 

0 - 23:45 minutes 

P-4.1, P-4.2 

 

Physics: A World in Motion: Series & Parallel Circuits 

ETV Streamline 

It analyzes the quantitative and qualitative relationships between current, voltage, 

resistance and power in both types of circuits. 

0 - 29:00 minutes 

P-4.4, P-4.5, P-4.7 

 

Physics: A World in Motion: Motor Effect 

ETV Streamline 

Applies forces on current-carrying conductors in a magnetic field to the design of electric 

DC motors. 

0 - 29:00 minutes 

P-4.2, P-4.9, P-4.10 

 



Electricity 

Lessons 1-3  

ITV Resource 

Describe conductors, insulators and charge.   

0 - 19:05 minutes 

P-4.1 

 

Electricity 

Lessons 4-6 

ITV Resource 

It describes and demonstrates current, voltage and resistance. 

19:05 – 38:10 minutes 

P-4.3 

 

Elements of Physics: Light: Optics & Electricity 

Electricity 

ETV Streamline 

It covers electromagnetism, static electricity and motors and generators. 

12:74 – 16:76 minutes 

P-4.1, P-4.9, P-4.10 

 

Career Connections 
 

Electric Power Generating Plant Operator 

Distribute power demands among generators, combine currents of different generators 

and monitor instruments to maintain voltage and regulate the flow of electricity from the 

plant. 

 

Electric Power Distributors 

Operate current converters, voltage transformers and circuit breakers.  Control the flow of 

electricity through transmission lines to industrial plants and substations that supply 

residential electric needs. 

 

Electrical Engineer 

A career involved in the analysis, design and manufacture of devices, systems and 

processes involving electricity.  The job can include microelectronics, computer systems, 

communication systems and electrical power. 

 

 

Electromechanical Engineering Technician 

Combine the principles of mechanical engineering with the knowledge of electrical and 

electronic circuits to design, develop, test and manufacture electrical and mechanical 

systems. 

 



Electrical Drafters 

Prepare wiring & layout diagrams used by workers who erect, install & repair electrical 

equipment in communication centers, power plants, electrical distribution systems and 

buildings. 

 

Electronic Drafters 

Draw wiring diagrams, circuit board assembly diagrams, and schematics & layout 

drawings used in electronic devices. 

 

 

Electrician 

Work with blueprints indicating location of circuits, outlets, load centers, panel boards 

and other equipment to install, connect, test or maintain electrical systems.  Connect all 

types of wire to circuit breakers, transformers & outlets.  Use ammeters, ohmmeters, 

voltmeters and oscilloscopes to check circuits for proper connections. 

 

MRI Technologist 

Operate the machines that use strong magnets and radio waves to create an image.  

Produce the radiographs used for diagnosis. 



P-4.1 Recognize the characteristics of static charge and explain how a 

static charge is generated  

 
Revised Taxonomy Levels     1.1 Ab  Recognize knowledge of terminology  

                                                 2.7 B    Explain conceptual knowledge 

Key Concepts 

 
In physical science students “explain how objects can acquire a static electric charge 

through friction, induction, and conduction.” Physical science students understand that 

static charge is acquired when electrons move, causing there to be an imbalance in the 

number of protons and electrons.  
 

It is essential for all students to 

 Understand that static electricity is stationary electricity in the form of an electric 

charge at rest 

 Understand the basic law of electrostatics “Objects that are similarly charged repel 

each other; objects that are oppositely charged attract each other.” 

 Understand that a negatively charged object has a net excess of electrons and a 

positively charged object has a net deficit of electrons. 

 Understand the processes of conduction and induction 

 Explain the behavior of an electroscope based on an understanding of conduction, 

induction, and the law of electrostatics. 

 
Assessment 

The revised taxonomy verb, recognize, means that the major emphasis of assessment 

should be for students to “locate knowledge in long-term memory that is consistent with 

presented material”.  In the case of this indicator, students should be able to remember 

the characteristics of static charge and be able to apply those concepts to laboratory 

apparatus such as an electroscope or a Van de Graff generator and to familiar 

circumstances.  

The verb, explain, means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how objects acquire static electric charge either by induction or conduction.  

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how given behaviors (such as 

touching a charged electroscope with your finger) will affect the electroscope and explain 

that behavior on the basis of static charge.  



P-4.2 Use diagrams to illustrate an electric field (including point 

charges and electric field lines). 

 
Revised Taxonomy Level     3.2 CA   Apply (use) procedural knowledge 

                                                 2.2-B    Exemplify (illustrate) conceptual knowledge 

 

Key Concepts 

Electric field 

Electric field lines 

Coulomb  

 

Students did not address electric fields in physical science 

 

It is essential for students to 

 Have a conceptual understanding of Coulomb’s law and be able explain how the 

force is affected by the charge on each particle and the distance between the particles. 

 Understand that the quantity of charge on a body, represented by the letter Q, is 

determined by the number of electrons in excess of (or less than) the number of 

protons  

 Understand that an electric field is said to exist in a region of space if an electric point 

charge placed in that region is subject to an electric force 

 Understand that the quantity of charge is measured in coulombs (C)  

 1 coulomb = the charge on 6.25.x 10
18 

electrons 

 Interpret the information given in a drawing of an electric field 

 Electric line of force  

 drawn so that a tangent to it at any point indicates the orientation of the 

electric field at that point 

 indicates the path of a positively charged test-charge moving in response to 

the force of the electric field 

 originate at the surface of a positively charged body and terminate at the 

surface of a negatively charged body. 

 drawn normal to the surface of the charged conducting body where it joins the 

surface 

 

 The intensity (or strength) of an electrical field as well as the direction are 

represented graphically by lines of force. 

 The electric field intensity is proportional to the number of lines of force per 

unit area normal to the field 

 Where intensity is high, the lines will be close together, where the 

intensity is low, the lines of force will be more widely separated. 



 
 Explain the difference in concept between electric force and an electric field 

 Electric field intensity (E) at any point is defined as the force per unit positive 

charge at that point, and is measured in units of newtons/coulomb 

 E = F/q 

 

Traditional course differentiation 

 Solve problems involving Coulombs law 

 

Assessment 

The verb exemplify (illustrate) means to find a specific example or illustration of a 

concept or principle, therefore the major focus of assessment will be for students to give 

examples that show that they understand how a charged particle is affected by an electric 

field.  Conceptual knowledge requires that students understand the interrelationships 

among the basic elements within a larger structure that enable them to function together. 

In this case, that students understand the characteristics of an electric field and the ways 

that different charged objects can be affected by an electric field.  

Because students must demonstrate conceptual knowledge, assessments should require 

that students justify why their examples meet the above criteria.   

  

The other revised taxonomy verb for this indicator is implement (use), the major focus of 

assessment will be for students to show that they can “apply a procedure to an unfamiliar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

producing an electric field drawing.  A key part of the assessment will be for students to 

show that they can apply the knowledge to a new situation, not just repeat problems 

which are familiar.  This requires that students have a conceptual understanding of 

electric charge and electric fields.  



P-4.3 Summarize current, potential difference, and resistance in terms 

of electrons 

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Key Concepts 

Current, amp - Potential difference, - Resistance, ohm 

 

In physical science students “Explain the relationships among voltage, resistance, and 

current in Ohm’s law (PS-6.6) and Use the formula V = IR to solve problems related to 

electric circuits. (PS-6.7) In order to explain the relationship among voltage, resistance, 

and current students addressed the nature of these variables in terms of moving electrons. 

 

It is essential for students to 

 Understand the concept of current (symbol I) as the rate of flow of electric charge (Q) 
 I = ΔQ/Δt   
 Electric current is measured in units of coulombs per second, I = C/s 
 One ampere (symbol A) is defined as a flow of one coulomb of charge per second 

 Understand electric potential energy as the energy that a charge has due to its location 

in an electric field. 
 Understand the concept of electric potential as the electric potential energy per 

coulomb at a location in an electric field 
 Electric potential is a measure of the potential energy per charge, and has units of 

joules/ coulomb 
 One volt (symbol V) is defined as one joule/coulomb  
 If an electric potential causes a charge to move, the voltage can be described as 

the work per charge. 
 Understand the concept of electric potential difference as the difference in electric 

potential (voltage) between two points.   

 Free charge well flow when there is a difference in electric potential, and will 

continue until both points have the same potential.  

 Understand the concept of electric resistance as the resistance of a material to the 

flow of electric current, measured in units of ohms (Ω) 

 One ohm (symbol Ω) is defined as the resistance of a material that allows a 

current of one ampere to flow when a voltage of one volt is impressed across it. 

 
Assessment 

The revised taxonomy verb, summarize, means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the terms potential difference, current, and 

resistance.  Understanding the way that these units are derived is an important part of the 

understanding of these terms. Conceptual knowledge requires that students understand 

the interrelationships among the basic elements within a larger structure that enable them 

to function together. In this case, that students understand the effect that each of the three 

variables (potential difference, current, and resistance) has on the others. 



P-4.4 Compare how current, voltage, and resistance are measured in a 

series and in a parallel electric circuit and identify the 

appropriate units of measurement.  

 
Revised Taxonomy Level     2.6   Compare conceptual knowledge 

 

Key Concepts 

Parallel circuit 

Series circuit 

Current, Voltage, Resistance 

 
Students are first introduced to series and parallel electric circuits in forth grade. 

“Illustrate the path of electric current in series and parallel circuits.” (4-5.7) 

In physical science, students solve problems that involve simple circuits but they do not 

differentiate how to find total resistance, voltage, or current in series and parallel circuits. 

In physical science students also “Represent an electric circuit by drawing a circuit 

diagram that includes the symbols for a resistor, switch, and a voltage source.” (PS-6.8) 

and “compare the functioning of simple series and parallel electric circuits” (PS-6.9) 

 

It is essential for students to 

 Understand how multiple resistors in both series and parallel circuits affect the 

voltage, current and resistance at each resistor and throughout the circuit 

 In series circuits 

 
 

 Current 

 The total current of the circuit is the same as the current at each location 

on the cell. 

 IT
 
 = I1 = I2 = I3  

 The current in a series circuit must pass through each cell or resistor. 

Students should understand conceptually that as the same current is 

flowing through the entire circuit, the current at every point is the same. 

 Voltage 

 The total voltage of the circuit will be equal to the sum of the voltage 

across each resistor 

 VT = V1 + V2 + V3  



 The current in a series circuit must pass through each cell or resistor. 

Students should understand conceptually that the current is affected by a 

potential difference as it crosses each resistor or cell.  The total voltage of 

the battery is the sum of the voltages of each cell.  The sum of the voltage 

drops across each resistor is equal to the voltage of the battery.   

 Resistance 

 The total resistance of the circuit will be equal to the sum of the resistance 

across each resistor 

    RT = R1 + R2 + R3  

 The current in a series circuit must pass through each cell or resistor. 

Students should understand conceptually that the current experiences 

resistance as it crosses each resistor or cell and therefore is affected by the 

resistance at each one.  

 

 In parallel circuits 

 

 
 IT

 
 = I1 + I2 + I3  

 The current in a parallel branch of a circuit is divided at each branch of the 

circuit, part of the current going through each path. Students should 

understand conceptually that as different amounts of current flow through 

different paths of a parallel branch, the total current for the parallel branch 

is the sum of the current values in each path. 

 VT = V1 = V2 = V3  
 A parallel branch of a circuit is divided so that each device is connected to 

the same two points in the circuit  

 For instance in the circuit above, points 1, 2, 3, and 4 are of equal 

potential. Points 5, 6, 7, and 8 are of equal potential. 

 Therefore the difference in potential across every resistor will be the 

same. 

 1/RT =1/R1 + 1/R2 + 1/R3  

 The current in a parallel branch of a circuit is divided at each branch of the 

circuit, part of the current going through each path.  Students should 

understand conceptually that the current in each branch is only 

experiencing a fraction of the total resistance, so all of the current is only 

experiencing a fraction of the total resistance.  

 

 



 

 

Traditional course differentiation 

 Understand that the electromotive force (E) is the voltage supplied by the source and 

consider the internal resistance of the source. 

 

Assessment 

As stated in the indicator, the major focus of assessment is to compare (detect 

correspondences) in the ways that current voltage and resistance are measured in series 

and parallel circuits. Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students understand the reasons for the difference in the 

way that the variables are measured in the two types of circuits based on their knowledge 

of current flow in the two circuits. 



P-4.5 Analyze the relationships among voltage, resistance, and current 

in a complex circuit by using Ohm’s law to calculate voltage, 

resistance, and current at each resistor, any branch, and the 

overall circuit.  

 
Revised Taxonomy Level  4         Analyze conceptual knowledge 

 

Key Concepts 

Ohm’s law 

 

In physical science students used Ohm’s law to calculate voltage, current or resistance, 

but they did not look at these relationships in terms of multiple resistors or an entire 

circuit. 

 

It is essential for students to 

 Draw circuit diagrams from a verbal description of a circuit 

 Use Ohm’s Law to determine the current, voltage or resistance at any resistor, across 

any branch or in the entire circuit in both series and parallel circuits. 

 

 

Traditional course differentiation 

 Use Ohm’s Law to determine the current, voltage or resistance at any resistor, across 

any branch or in the entire circuit for complex network circuits. 

 

Assessment 

The revised taxonomy verb for this indicator is analyze which means to “break material 

into its constituent parts and determine how the parts relate to one another and to an 

overall structure or purpose”.  In this case, students should be able to look at an entire 

circuit and determine the voltage, current, and resistance of the parts based on the 

orientation of the resistors. Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students understand the reasons for the difference in the 

way that the variables are measured in the two types of circuits based on their knowledge 

of current flow in the two circuits. 



P-4.6 Differentiate between alternating current (AC) and direct 

current (DC) in electrical circuits 

 
Revised Taxonomy Level     4.1B   Differentiate (distinguish) conceptual knowledge 

 

Key Concepts 

Alternating current 

Direct current 

 

In physical science students “Compare alternating current (AC) and direct current (DC) 

in terms of the production of electricity and the direction of current flow.” (PS-6.10) 

 

It is essential for students to 

 Summarize how an AC generator induces a potential difference in a conductor. 

 Summarize how a voltaic cell produces electrons of high potential energy. 

 Outline the changes in energy through electrical transformers from the power plant to 

the home appliance. 

 Apply electrical formulas to solve problems in electrical transformation. 

 Understand the characteristic of frequency of AC current. 

 Discuss the benefits and drawbacks of AC and DC current. 

 

Physics for the Technologies course differentiation 

 Apply electrical formulas to solve problems in electrical transformation 

 Apply the characteristics of frequency and period to AC circuits 

 

Traditional Physics course differentiation 

 Explain the production of electricity through electromagnetic induction. 

 

Assessment 

As the verb for this indicator is differentiate (distinguish), the major focus of assessment 

should be for students to distinguish between the relevant and irrelevant parts or 

important from unimportant parts of presented materials. Because the verb is differentiate 

rather than compare, students should assess the two types of current in order to determine 

the factors that are important in determining the differences in AC and DC current. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students understand how AC current differs from DC current in terms of form and 

function 



P-4.7 Carry out calculations for electric power and electric energy for 

circuits. 
 

Revised Taxonomy Level     3.1 CA   Execute (carry out) procedural knowledge of  

            subject-specific skills 

 

Key Concepts 

Electric power 

Electric energy 

 

Students did not address electric power in physical science 

 

It is essential for students to 

 Understand that Power is the rate of doing work (P = W/t) 

 Understand that electric power is the rate at which electric energy is converted into 

another form such as mechanical energy, heat, or light. 

 Understand in an electric system 

 P = IV or  

 P = I
2
R 

 Power is measured in units of watts 

 A kilowatt is 1000 watts 

 Energy is the product of power and time and is often measured in kilowatt-hours.  

 

 Calculate the electric power and electric energy for DC and AC circuits 

Traditional course differentiation 

 Understand that as a volt is defined as the work per charge,  

      (Potential difference = work/charge)  (V = W/q) 

 work can be defined as the product of charge and potential difference  

     (W = qV) 

 Current is charge per time (I = q/t) so q = It 

 So work is (current)(time)(voltage) 

           W = ItV  

 W/t = I V   

 Power = current times voltage 

 

Physics for the Technologies course differentiation 

 Explain how a capacitor stores energy 

 Explain the function of an inductor and how it works 

 

Assessment Guidelines 

The revised taxonomy verb for this indicator is execute (carry out), so the major focus of 

assessment will be for students to show that they can “apply a procedure to a familiar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

producing an electric field drawing.  A key part of the assessment will be for students to 

show that they can apply the knowledge to a new situation, not just repeat problems 



which are familiar.  This requires that students have a conceptual understanding of 

electric charge and electric fields. 



P-4.8 Summarize the function of electrical safety components 

(including fuses, surge protectors, and breakers).  

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Key Concepts 

Fuse  

Surge protector 

Breaker  

 

Physical science students did not address this concept 

It is essential for students to 

 Summarize the functioning of these devices based on the principles and mathematical 

relationships of electronics. 

 
 

 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of potential difference, current, and resistance and 

power, and can apply those concepts to the functioning of familiar devices. Conceptual 

knowledge requires that students understand the interrelationships among the basic 

elements within a larger structure that enable them to function together. In this case, that 

students understand the effect that each of the electronic variables has on the functioning 

of these devices. 



P-4.9 Explain the effects of magnetic forces on the production of 

electrical currents and on current carrying wires and moving 

charges.  

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Key concepts 

Electromagnetic induction 

 

In physical science students “Explain the relationship of magnetism to the movement of 

electric charges in electromagnets, simple motors, and generators.”  (PS-6.11) 

 

It is essential for students to 

 Analyze the relationship between electric currents and magnetic fields. 

 Understand how electric currents produce magnetic fields. 

 Understand how magnetic fields affect wires with currents or streams of electrons. 

 Understand electromagnetic induction.  

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how magnetic force affects the flow of charge in conductors.  Because the 

indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students can 

construct a cause and effect statement relating how the magnitude and direction of the 

magnetic force affect the direction and flow of current. 



P-4.10 Distinguish between the function of motors and generators on the 

basis of the use of electricity and magnetism by each  

 
Revised Taxonomy Level     4.1B    Distinguish conceptual knowledge 

 

Key Concepts 

Motors, generators, electromagnetic induction 

 

It is essential for students to  

 Diagram a motor and a generator, showing the parts of each, how they operate, and 

their functions. 

 Illustrate the ways that motors and generators are similar 

 Illustrate the ways that motors and generators are different. 

 Summarize the concepts of electricity and magnetism which are the foundation for 

the functioning of motors and generators 

 

Assessment 

As the verb for this indicator is differentiate (distinguish), the major focus of assessment 

should be for students to distinguish between the relevant and irrelevant parts or 

important from unimportant parts of presented materials. Because the verb is differentiate 

rather than compare, students should assess the functioning of motors and generators to 

determine how electricity and magnetism are used for the functioning of each. Because 

the indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students 

understand how magnets and motors differ in terms of form and function 



P-4.11 Predict the cost of operating an electrical device by determining 

the amount of electrical power and electrical energy in the 

circuit  

 
Revised Taxonomy Level     2.5B    Infer (predict) conceptual knowledge 

 

Key Concepts 

Electrical energy 

Electrical power 

 

Students did not address this topic in physical science 

 
It is essential for students to 

 Determine the kilowatt-hours of electricity that a particular electrical device will use 

based on  

 the voltage of the line 

 and the wattage of the device 

 the amperage which the device draws 

 the time that the device is being used 

 Determine the cost of a kilowatt-hour of electricity 
 Predict the cost of using the device 
 Determine the factors which influence the cost of a kilowatt hour of electricity 
 Predict the cost of using the same device under varying conditions. 
 

Assessment 

As the verb for this indicator is Infer (predict) the major focus of assessment should be 

for students to draw a logical conclusion from presented information.  Because the 

indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students 

understand how the voltage of the line, the wattage of the device, the time that the device 

is operating, and the factors affecting the price of electricity affect the cost of using a 

familiar electric device. 



Standard P-5: The student will demonstrate an understanding of the 

properties and behaviors of mechanical and 

electromagnetic waves. 
 

 

Supporting Content Web Sites 
 

Physics Quest, http://physicsquest.homestead.com/quest11.html 

Interactive website on the topic of wave behavior. 

High School Physics, fifth standard 

 

Dmoz – Open Directory Project, 

http://dmoz.org/Science/Physics/Education/Light_and_Optics/Lasers/ 

Multiple links to information on lasers. 

High School Physics, fifth standard 

 

Busy Teachers’ Website K-12 / Physics, 

http://www.ceismc.gatech.edu/busyt/physics\.shtml 

Multiple links to information on optics, lasers, interactive physics activities, and 

animations. 

High School Physics, fifth standard 

 

Fear of Physics, http://www.fearofphysics.com/ 

Visual physics using animations and graphs and includes homework help section. 

High School Physics, fifth standard 

 

Physics Central, http://www.physicscentral.org/resources/index.html 

Contains teacher resources, interactive activities, and history of physics at beginner, 

general, and advanced physics levels. 

High School Physics, fifth standard 

 

New York State High School Regents Exam Prep:  101 Facts You Should Know, 

http://regentsprep.org/Regents/physics/101facts/101facts.cfm 

Detailed list of facts by category for high school physics. 

High School Physics, fifth standard 

 

Physics – Wikipedia – The Free Encyclopedia, http://en.wikipedia.org/wiki/Physics 

Introduces and explains the major fields, theories, major subtopics, and concepts of 

physics. 

High School Physics, fifth standard 

 

Science World – Wolfram Research, 

http://scienceworld.wolfram.com/physics/topics/WaveMotion.html 

Discusses various types of waves including elastic, electromagnetic, seismic, water, etc.  

Also covers reflection, refraction, etc. 

High School Physics, fifth standard 

http://physicsquest.homestead.com/quest11.html
http://dmoz.org/Science/Physics/Education/Light_and_Optics/Lasers/
http://www.ceismc.gatech.edu/busyt/physics/.shtml
http://www.fearofphysics.com/
http://www.physicscentral.org/resources/index.html
http://regentsprep.org/Regents/physics/101facts/101facts.cfm
http://en.wikipedia.org/wiki/Physics
http://scienceworld.wolfram.com/physics/topics/WaveMotion.html


 

 

 

Faraday Physics, http://faraday.physics.utoronto.ca/GeneralInterest/Harrison/Flash/ 

Provides flash animations for physics topics including waves:  reflections, traveling, 

standing, etc. 

High School Physics, fifth standard 

 

The Physics Classroom, http://www.physicsclassroom.com 

Physics tutorials, multimedia, and homework help. 

High School Physics, fifth standard 

 

 

 

Suggested Literature 
 

Issacs, April. (2005).  Characteristics and Behaviors of Waves:  Understanding Sound 

and Electromagnetic Waves. Rosen Publishing Group. 

ISBN:  1-40420-331-1 

Lexile Level: 

Discusses parts of waves, behaviors of waves, and properties of waves found in the 

world. 

High School Physics, fifth standard 

 

Rothman, Tony. (1995). Instant Physics. Ballentine Books. 

ISBN:  0449906973 

Lexile Level: 

Reference source for physics topics with example problems. 

High School Physics, fifth standard 

 

Fogiel, M. and Molitoris, Joseph J. (1991).  The High School Physics Tutor. Research & 

Education Association. 

ISBN:  0878915974 

Lexile Level: 

Reference source for all high school physics topics with sample problems and 

explanations. 

High School Physics, fifth standard 

 

Robertson, William C. (2003).  Light:  Stop Faking It!  Finally Understanding Science So 

You Can Teach It. NSTA Press. 

ISBN:  978-0-87355-215-8 

Lexile Level: 

Investigates and discusses topics of light, polarization of light, rays, waves, interference, 

diffraction, etc in physics.  Includes basic light kit. 

High School Physics, fifth standard 

 

http://faraday.physics.utoronto.ca/GeneralInterest/Harrison/Flash/
http://www.physicsclassroom.com/


Kardos, Thomas. (2003).  75 Easy Physics Demonstrations. NSTA Press. 

ISBN:  978-0-82514-502-5 

Lexile Level: 

Activities designed to demonstrate physics principles including key concepts and 

materials list. 

High School Physics, fifth standard 

Suggested Streamline Video Resources 

 

Elements of Physics 

Light:  Optics and Electricity 

ITV Resource 

Describes optics and waves. 

102:00-122:00 

High School Physics, fifth standard 

 

Elements of Physics 

Waves:  Sound and Electromagnetism 

ITV Resource 

Describes waves, properties of sound, and the electromagnetic spectrum. 

122:00-142:00 

High School Physics, fifth standard 

 

Elements of Physics: Waves:  Sound and Electromagnetism 

Entire Video 

ETV Streamline SC 

Introduction into the different types of waves including common characteristics of sound 

and light waves. 

0-20:00 

High School Physics, fifth standard 

 

Physics:  A World in Motion:  Electromagnetic Waves and Communication 

Entire Video 

ETV Streamline SC 

Application of waves in transmitters, receivers, and other aspects of telecommunications. 

0-29:00 

High School Physics, fifth standard 

 

Physics:  A World in Motion:  The Hydrogen Spectrum 

Entire Video 

ETV Streamline SC 

Discusses the hydrogen spectrum leading into the Doppler Effect and how absorption 

spectra can be used to determine the motion of galaxies. 

0-29:00 

High School Physics, fifth standard 

 

Physics:  A World in Motion:   The Photoelectric Effect   



Entire Video 

ETV Streamline SC 

Discusses photoelectric effect using data to introduce the photon model of light.  Extends 

concepts to the areas of vision, CCDs, photovoltaic cells, and photosynthesis. 

0-29:00 

High School Physics, fifth standard 

 

Physics:  A World in Motion:   The Photon Model of Light   

Entire Video 

ETV Streamline SC 

Discusses Maxwells and Einsteins Models of Light along with the behavior of light in 

black body radiation and photoelectric effect. 

0-29:00 

High School Physics, fifth standard 

 

Physics:  A World in Motion:   EMR and the Stars  

Entire Video 

ETV Streamline SC 

Application of electromagnetic spectrum to explore the universe.  Also discusses using 

various wavelengths to compare view of same objects and satellite-observing platforms. 

0-29:00 

High School Physics, fifth standard 

 

 

Career Connections 
 

Astronomer 

Astonomers use principles of mathematics and physics to study the universe, including 

the moon, planets, sun, stars, and galaxies.  They also study and design navigation 

systems, space flight systems, satellite communications, etc. (P-5) 

 

Research Physicist 

They study the basic principles of physics, design research equipment like lasers for 

surgeries, microwave devices, etc.  They can work in almost any industry.  (P-5)   

 

Industrial Physicist 

They use their physics knowledge to develop new products that can be used for fiber 

optics communications and other optical systems. (P-5) 



 

P-5.1 Analyze the relationships among the properties of waves 

(including energy, frequency, amplitude, wavelength, period, 

phase, and speed).  

 
Revised Taxonomy Level  4         Analyze conceptual knowledge 

 

In physical science students  

 “Compare the nature and properties of transverse and longitudinal/compressional 

mechanical waves.” (PS-7.2) and  

 “Summarize characteristics of waves (including displacement, frequency, period, 

amplitude, wavelength, and velocity as well as the relationships among these 

characteristics).” (PS-7.3) 

  “Use the formulas v = f  and v = d/t to solve problems related to the velocity of 

waves.” (PS-7.4) 

 

In physics, students will look at these same characteristics but they will now analyze 

these properties and characteristics.  Students will analyze both conceptually and 

analytically.  

 

It is essential for students to 

 Understand both  conceptually and analytically the factors that affect the properties of 

a wave 

 Summarize each property and characteristic in terms of 

 The physical effect that each property or characteristic has on the wave  

 The factors which influence each property or characteristic 

 The ways that each property or characteristic is measured 

 The symbol for each property or characteristic and the units that are used to 

measure it. 

 The mathematical relationship between or among the properties or characteristics 

 The difference between transverse and longitudinal waves. 

 

Assessment 

The revised taxonomy verb for this indicator is analyze which means to “break material 

into its constituent parts and determine how the parts relate to one another and to an 

overall structure or purpose”.  In this case, students should be able to evaluate all of the 

parts of a wave and address the ways that they influence one another. Because the 

indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students 

understand the reasons for the ways that the characteristics and properties affect one 

another both mathematically and physically. 

 
  



P-5.2 Compare the properties of electromagnetic and mechanical 

waves.  

 
Revised Taxonomy Level     2.6   Compare conceptual knowledge 

 

 

 
In physical science students 

 “Summarize the characteristics of the electromagnetic spectrum (including the range 

of frequencies, wavelengths, energy, and propagation without a medium).” (PS-7.5) 

 
It is essential for all students to 

 Compare electromagnetic and mechanical waves in terms of each of the properties 

addressed in P-5.1  

 

 

 

 

Assessment 

As stated in the indicator, the major focus of assessment is to compare (detect 

correspondences) in the properties of mechanical and electromagnetic waves. Because 

the indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students 

understand the reasons for the difference in the two types of waves in terms of each of the 

listed properties and characteristics. 



P-5.3 Analyze wave behaviors (including reflection, refraction, 

diffraction, and constructive and destructive interference). 

 
Revised Taxonomy Level  4         Analyze conceptual knowledge 

 

In physical science students  

 “Summarize reflection and interference of both sound and light waves and the 

refraction and diffraction of light waves.”(PS-7.6) 

 

It is essential for students to 

 Understand both  conceptually and analytically the factors that affect the behaviors of 

a wave 

 Students should be able to summarize each behavior in terms of 

 The physical effect that each behavior has on the wave  

 The factors which influence each behavior 

 The ways that each behavior is measured 

 The accepted ways of illustrating each behavior. 

 The mathematical relationship between or among the behaviors 

 The difference in the way that the behavior is manifested in transverse and 

longitudinal waves. 

 

 
Assessment 

The revised taxonomy verb for this indicator is analyze which means to “break material 

into its constituent parts and determine how the parts relate to one another and to an 

overall structure or purpose”.  In this case, students should be able to evaluate all wave 

behaviors and address the ways that they influence one another. Because the indicator is 

written as conceptual knowledge, assessments should require that students understand the 

“interrelationships among the basic elements within a larger structure that enable them to 

function together.” In this case, assessments must show that students understand the 

reasons for the ways that the behaviors affect one another both mathematically and 

physically. 

 

 
  



P-5.4 Distinguish the different properties of waves across the range of 

the electromagnetic spectrum.  

 
Revised Taxonomy Level     4.1B    Distinguish conceptual knowledge 

 

In physical science students 

 “Summarize the characteristics of the electromagnetic spectrum (including the range 

of frequencies, wavelengths, energy, and propagation without a medium).” (PS-7.5) 

 
It is essential for all students to 

 Distinguish how the properties addressed in P-5.1 (energy, frequency, amplitude, 

wavelength, period, phase, and speed) distinguish the specific types of 

electromagnetic radiation (radio waves, microwaves, infrared, visible light, 

ultraviolet, x rays and gamma rays). 

 

Assessment 

As the verb for this indicator is differentiate (distinguish), the major focus of assessment 

should be for students to distinguish between the relevant and irrelevant parts or 

important from unimportant parts of presented materials. Because the verb is differentiate 

rather than compare, students should assess the distinguishing properties of the different 

parts of the electromagnetic spectrum. Because the indicator is written as conceptual 

knowledge, assessments should require that students understand the “interrelationships 

among the basic elements within a larger structure that enable them to function together.” 

In this case, assessments must show that students understand how the properties of waves 

distinguish the various types of electromagnetic radiation. 

 

 

 
  



 

P-5.5 Illustrate the interaction of light waves with optical lenses and 

mirrors by using Snell’s law and ray diagrams.  

 
Revised Taxonomy Level 2.2-B   Exemplify (illustrate) conceptual knowledge 

 

In physical science students 

 “Summarize reflection and interference of both sound and light waves and the 

refraction and diffraction of light waves.” (PS-7.6) 

 Draw ray diagrams for a prism and for a converging and diverging lenses, 

 Do not find the focal point or solve problems using Snell’s law.   

 

 

It is essential for students to 

 Solve problems using Snell’s law  

 Use ray diagrams to illustrate the path of light and to find the location and size of the 

image: 

 as it passes through convex and concave of lenses 

 as it reflects off convex and concave mirrors  

 

Assessment 

The verb exemplify (illustrate) means to find a specific example or illustration of a 

concept or principle, therefore the major focus of assessment will be for students to give 

examples that show that they understand the path of light as when it encounters various 

lenses and mirrors. Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students understand how the shape of the device 

determines the nature of the image and the path of the light.  
 

  



P-5.6 Summarize the operation of lasers and compare them to 

incandescent light. 

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Students did not address this topic in physical science. 

 

It is essential for students to 

 Understand the difference in incoherent and coherent light 

 Understand the concepts of 

 Monochromatic light 

 Destructive interference 

 Constructive interference 

 Understand how the acronym LASER describes the way that a laser produces 

coherent light. 

 Understand how an incandescent bulb transforms electric energy into light energy 

 Compare laser light and incandescent light.  

 

 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of potential difference, current, and resistance and 

power, and can apply those concepts to the functioning of familiar devices. Conceptual 

knowledge requires that students understand the interrelationships among the basic 

elements within a larger structure that enable them to function together. In this case, that 

students understand the effect that each of the electronic variables has on the functioning 

of these devices. 



Standard P-6: The student will demonstrate an understanding of the 

properties and behaviors of sound. 

 

 

Supporting Content Web Sites 

 

The Soundry 

http://library.thinkquest.org/19537/ 

The Soundry is an interactive website that covers most aspects of sound including the 

history, applications, physics, and workings of the ear. 

P-6.1, P-6.2, P-6.3, P-6.4, 6.5, P-6.6, P-6.7, P-6.8, P-6.9 

 

The Physics Classroom 

http://www.physicsclassroom.com/Class/sound/soundtoc.html 

This site contains five tutorial lessons that cover all aspects of the physics of sound and 

music. 

P-6.1, P-6.2, P-6.3, P-6.4, 6.5, P-6.6, P-6.7, P-6.8, P-6.9 

 

Hyper Physics 

http://hyperphysics.phy-astr.gsu.edu/Hbase/hframe.html 

By clicking on one of the thirty different titles offered in the topic of sound, you will be 

taken to a page with concepts, drawings, and mathematics to help explain one of the 

aspects of sound.  

P-6.1, P-6.2, P-6.3, P-6.4, 6.5, P-6.6, P-6.7, P-6.8, P-6.9 

 

Forced Oscillations: Resonance 

http://www.walter-fendt.de/ph14e/resonance.htm 

A good applet based on mathematics that allows students to see the relationship between 

amplitude, frequency, oscillations and resonance in waves. 

P-6.1, P-6.9 

 

Java Applets on Physics 

http://www.walter-fendt.de/ph14e/ 

This sight contains nine applets that help students understand behaviors of sound 

including reflection, refraction, interference, beats, standing waves, and Doppler effect. 

P-6.1, P-6.8, P-6.9 

 

 

The Sonic Glossary: Columbia University 

http://ccnmtl.columbia.edu/services/showcase/harmonic.html 

This website give good information on the relationship between frequency, fundamental 

tones, harmonics, and music. 

P-6.7 

 

 

 

http://library.thinkquest.org/19537/
http://www.physicsclassroom.com/Class/sound/soundtoc.html
http://hyperphysics.phy-astr.gsu.edu/Hbase/hframe.html
http://www.walter-fendt.de/ph14e/resonance.htm
http://www.walter-fendt.de/ph14e/
http://ccnmtl.columbia.edu/services/showcase/harmonic.html


 

 

The Nature of Sound 

http://hypertextbook.com/physics/waves/sound/ 

Good background information on sound waves, and how they travel and behave. 

P-6.1, P-6.2, P-6.3, P-6.4, P-6.5 

 

Standing Waves and Sound: Physics Lecture 

http://www.cord.edu/dept/physics/p128/lecture99_35.html 

This site has good background information on standing waves, and hearing waves with 

animated pictures and auditory decibel sounds. 

P-6.1, P-6.2, P6.3, P-6.4 

 

Sound 

http://primes.utm.edu/mersenne/LukeMirror/mirrors/eb/mers_02.htm 

This site explains the laws of strings (Mersenne’s Laws), and shows the mathematical 

relationships between then. 

P-6.9 

 

Resonance in Musical Instruments 

http://cnx.org/content/m13537/latest/ 

This site explains how resonance works in wind, string, and vocal instruments in the 

Physics of Music. 

P-6.8 

 

Suggested Literature 

 

Berg, Richard E., Stork, David G. 2004. Physics of Sound. Prentice Hall 

ISBN: 0131457896 

This book is an introduction to acoustics. Unlike most elementary acoustics texts, it treats 

the historical development of instruments, paying particular attention to acoustic 

developments. Most chapters conclude with a set of problems and a list of resources. A 

solutions manual is available for instructors 

P-6.1, P-6.3, P-6.6, P-6.7,P-6.8, P-6.9 

 

 

Cohen, Libby G., Mullin, William J., and Derace, William J. 2003. Fundamentals of 

Sound with Applications to Speech and Hearing. Allyn & Bacon, Inc. 

ISBN: 020537087X 

This book provides the reader with an understanding of the science of sound. Simple 

mathematics, graphics, and qualitative descriptions are demonstrated to explain wave 

concepts, spectrograms, intensity and decibels. 

P-6.1, P-6.2, P-6.3 

 

 

 

http://hypertextbook.com/physics/waves/sound/
http://www.cord.edu/dept/physics/p128/lecture99_35.html
http://primes.utm.edu/mersenne/LukeMirror/mirrors/eb/mers_02.htm
http://cnx.org/content/m13537/latest/


 

 

 

 

 

Olsen, Harry F. 1967. Music, Physics, and Engineering. Dover Publications. 

ISBN: 0486217698 

This book discusses the nature of sound waves, musical instruments, musical notation, 

acoustic materials, elements of sound reproduction systems from the telephone to stereo 

sound systems and electronic music. P-6.1, P-6.6, P-6.7, P-6.8, P-6.9 

 

Wood, Robert W. 1998. Sound Fundamentals. Chelsea House Publishers. 

ISBN: 0791048403 

This book provides over twenty-five simple activities involving sound, to help students 

achieve an understanding of sound concepts. 

P-6.1, P-6.2, P-6.3, P-6.4, P-6.5, P-6.8 

 

Nettel, Stephen. 2003. Wave Physics: Oscillations, Solitons, Chaos. 3rd ed. Springer-

Verlag, Berlin, Heidelberg, New York 

ISBN 3-540-44314-2 

This book is intended reading for anyone who wants a solid understanding of basic 

classical and quantum wave behavior or who wishes to gain a more general 

understanding of solitons and chaos.P-6.1, P-6. 

 

Ostdiek, Vern J. and Bord, Donald J. 2004. Inquiry into Physics (with Infotrac). 

Brooks/Cole 

ISBN: 0534491685 

This text is committed to a concept- and inquiry-based style of learning. This textbook 

employs simple color illustrations to demonstrate the principles of sound waves.  

P-6.1, P-6.3 

 

Suggested Streamline Video Resources 

Elements of Physics: Waves: Sound and Electromagnetism 

Video Segment(s) 

Waves and the Movement of Energy  

The Nature of Waves  

Sound Waves  

The Speed of Sound 

 

 

 

 

 



 

ETV Streamline SC 

This program looks at two different types of waves, longitudinal and traverse waves, and 

the common characteristics of all waves. Sound waves are then examined in detail. 

Video Segment(s) 

Waves and the Movement of Energy (00:41) 

The Nature of Waves (02:20) 

Sound Waves (02:55) 

The Speed of Sound (02:33) 

P-6.1 

 

Elements of Physics: Energy: Work and Power 
Video Segment(s) 

Sound Energy (00:50) video segment 7 of 12 

ETV Streamline SC 

This program explores the form of energy from sound. 

Sound Energy (00:50) 

P-6.1 

 

 

 

Career Connections 
 

Architectural Acoustics including Noise Control:  

Acoustical Architects deals with sound in and around buildings of all types. Good 

acoustical design ensures the efficient distribution of desirable sounds as well as the 

exclusion of undesirable sound. These people might deal with the ever increasing 

problem of noise pollution.P-6.1, P-6.2, P-6.3, P-6.4, P-6.5 

 

Engineering Acoustics: 
Acoustical Engineers  deal with converting sound energy into some other type of energy 

or vice versa. Engineering acoustics also includes instrumentation for medical diagnosis, 

communications, seismic surveying, recording and reproducing speech and music, and 

other challenging problems. P-6.1, P-6.2, P-6.3, P-6.4, P-6.5 

 

Musical Acoustics: 
Musical acoustics deals with the way in which we hear and perceive musical sound, the 

instruments that produce it, and even the structure of melody and harmony. It combines 

elements of both the music and science Persons with training and experience in musical 

acoustics frequently work in the entertainment industry, in education, in recording and 

film studios, or in the musical instrument industry. It is a good field for someone with a 

strong interest in music as well as in science. P-6.5, P-6.6, p-6.7, P-6.8, P-6.9 

 

 



Physical Acoustics 

Physical Acoustics deals with the way in which sound waves propagate in solids, liquids, 

gases, and plasmas, and how they interact with these materials. Of special interest are 

sound waves of very high frequency (more that one billion vibrations per second) and 

very high intensity. Subatomic particles, such as protons, muons, and even the elusive 

neutrino, have been detected by the sound they make as they travel at high speeds 

through the ocean. Many new frontiers exist in this exciting field of research. Most 

researchers have advanced degrees in physics. P-6.1, P-6.2 

 

Speech-Language-Hearing Pathologist 

Pathologists provide diagnostic evaluations for children and adults who may have various 

types of communicative disorders such as articulation, language, fluency, voice, and 

hearing. After diagnosis, they set up a treatment plan to help the client overcome their 

disorder. P-6.3 

 

 

 

 



 

P-6.1 Summarize the production of sound and its speed and 

transmission through various media.  
 

 

Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

In Physical Science students 

 Understand that sound waves are longitudinal mechanical waves 

 Understand how the particles of the medium are disturbed in a longitudinal wave 

 “Summarize reflection and interference of sound waves. 

 

It is essential for all students to 

 Describe the behavior of waves in various media 

 Analyze the behavior of waves at boundaries between media (propagation, refraction, 

inverted and erect reflection) 

 Compare constructive and destructive interference 

 Analyze the relationship between the phenomena of interference and the principle of 

superposition.   

 Explain how a standing wave is formed 

 Explained how forced vibrations or oscillations can produce resonance 

 Explain the variations of the speed of sound in different media. 

 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the production and transmission of sound waves 

based on principals of waved transmission and propagation.  Conceptual knowledge 

requires that students understand the interrelationships among the basic elements within a 

larger structure that enable them to function together. In this case, that students 

understand the effect that each wave property has on sound transmission and propagation. 



 

P-6.2 Explain how frequency and intensity affect the parts of the sonic 

spectrum. 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Physical science students did not address this concept 

 

It is essential for all students to 

 The range of audibility of the human ear depends upon the relative intensity of a 

sound in conjunction with the frequency of the sound. 

 Relative intensity measurements (decibels) 

 Compare the intensity of a particular sound to the intensity of a sound at the 

threshold of hearing (Io) 

 The relative intensity of sound is a logarithmic scale 

 Relative intensity (measured in bels)  = log I/Io 

 Ten bels = one decibel = 10 log I/Io  

 

 
  

A phon is a unit of subjective measure of loudness level. The level in phons is equal in 

number to the sound intensity of a 1,000-hertz reference sound, measured in decibels, 

judged to be the same loudness as the measured sound. 

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the combination of relative intensity and frequency affect the human 

perception of sound  Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students can construct a cause and effect statement 



relating how the relative intensity of a sound and the frequency affect the human 

perception of sound. 



 

P-6.3 Explain pitch, loudness, and tonal quality in terms of wave 

characteristics that determine what is heard 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

In third grade, students 

 Compare the pitch and volume of different sounds (3-5.6) 

 Recognize the ways to change the volume of sounds (3-5.7) 

 Explain how the vibration of an object affects pitch (3-5.8) 

 

In physical science students 

 Understand that changes in sound frequency as are perceived as changes in the pitch 

of the sound. 

  

It is essential for students to 

 Understand the qualitative and quantitative relationship between the intensity of a 

sound and the amplitude of the wave 

 Understand the qualitative and quantitative relationship between the pitch of a sound 

and the frequency of the wave. 

 Understand how tonal quality of a sound is determined by the frequency ratio of the  

waves comprising it 

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the wave characteristics of frequency and amplitude affect the perception 

of sound and how the ratio of the frequencies of several sounds determine the quality of a 

sound. Because the indicator is written as conceptual knowledge, assessments should 

require that students understand the “interrelationships among the basic elements within a 

larger structure that enable them to function together.” In this case, assessments must 

show that students can construct a cause and effect statement relating how the frequency 

and amplitude of sound waves affect the human perception of sound. 



 

P-6.4 Compare intensity and loudness 

 
Revised Taxonomy Level     2.6   Compare conceptual knowledge 

 

This concept was not addressed in physical science 

 

It is essential for students to 

  Understand that the loudness of a sound is a subjective term which depends upon the 

intensity of the sound source, the frequency of the sound, the distance from the sound, 

and the acuity of the listener 

 Understand that the intensity of a sound is an objective measurement 

 Dependent upon the power of the source and the area that the sound has covered 

 I =P/A where I is sound intensity, P is sound power in watts and A is the square 

area in meters 

 Intensity is measured in units of watts per square meter 

 Solve problems involving the intensity of various sounds 

 

Assessment 

As stated in the indicator, the major focus of assessment is to compare (detect 

correspondences) in the terms loudness and intensity and in the ways that they are 

measured and used. Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students understand the reasons for the difference in the 

way that the variables are measured in the two types of circuits based on their knowledge 

of current flow in the two circuits. 



 

P-6.5 Apply formulas to determine the relative intensity of sound 
 

 

Revised Taxonomy Level     3.2 CA   Apply (implement) procedural knowledge 

 

It is essential for all students to 

Understand relative intensity measurements (decibels) 

 Compare the intensity of a particular sound to the intensity of a sound at the threshold 

of hearing (Io) 

 Understand that the intensity of sound at the threshold of hearing is 10
-12

W/m
2
 

 The relative intensity of sound is a logarithmic scale 

 Relative intensity (measured in bels)  = log I/Io 

 ten bels = one decibel = 10 log I/Io. 

 solve problems involving the relative intensity of sound 

 
 

 

Assessment 

As the verb for this indicator is implement (apply), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator is “knowledge of subject-specific techniques and 

methods” In this case the procedure is the application of the formula for the relative 

intensity of sound.  The unfamiliar task should be a novel word problem or laboratory 

investigation.  A key part of the assessment will be for students to show that they can 

apply the knowledge to a new situation, not just repeat problems which are familiar.  This 

requires that students have a conceptual understanding of the relative intensity of sound 

as well as mastery of the skills required to implement the mathematical equation or in 

order to solve the problem. 



 

P-6.6 Apply formulas in order to solve for resonant wavelengths in 

problems involving open and closed tubes. 

 
Revised Taxonomy Level     3.2 CA   Apply (implement) procedural knowledge 

 

In physical science students  

 Understand that sound waves reflect in tubes or some musical instruments to produce 

standing waves which reinforce sound through constructive interference. 

 

It is essential for students to 

 Understand the concept of forced vibrations 

 Understand the concept of resonance 

 Understand that a resonant air column can be produced in open or closed tubes. 

 Understand the conditions that are necessary for a column of air to be resonant in a 

specific tube 

 Understand and apply the equations for finding the wavelength of a wave that is 

resonant in a specific tube 

 Closed tube   λ = 4(l + 0.4d) 

 Open tube     λ = 2(l + 0.8d) 

 
Assessment 

As the verb for this indicator is implement (apply), the major focus of assessment will be 

for students to show that they can “apply a procedure to an unfamiliar task”. The 

knowledge dimension of the indicator is “knowledge of subject-specific techniques and 

methods” In this case the procedure is the application of the formula for wavelength of a 

resonant wave within a tube..  The unfamiliar task should be a novel word problem or 

laboratory investigation.  A key part of the assessment will be for students to show that 

they can apply the knowledge to a new situation, not just repeat problems which are 

familiar.  This requires that students have a conceptual understanding of the process of 

resonance as well as mastery of the skills required to implement the mathematical 

equation or in order to solve the problem. 



 

P-6.7 Explain the relationship among frequency, fundamental tones, 

and harmonics in producing music 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Physical science students did not address this indicator 

 

It is essential for students to 

 Understand the concept of fundamental tones and harmonics. 

 Understand the relationship between the frequency of sounds that are one octave 

apart. 

 Understand that the quality of a sound depends upon the number of harmonics 

produced and their relative intensities. 

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the frequency of the tones produced affect the perception of sound and 

how the ratio of the frequencies of several sounds determine the quality of a sound. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating how the frequency and of 

sound waves affect the human perception of sound and its quality. 



 

P-6.8 Explain how musical instruments produce resonance and 

standing waves. 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Physical science students did not address this indicator 

 

It is essential for students to 

 Understand how various types of musical instruments produce sounds that vary in 

frequency and quality. 

 Strings 

 Woodwinds 

 Percussion 

 Brass 

 Understand the ways that various instruments get “out of tune” and how the concept 

of “beats” can be used to tune an instrument 

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how familiar instruments produce sounds of various frequency and amplitude. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating each class of instrument is 

manipulated to produce various frequencies and amplitudes of sound. 



 

P-6.9 Explain how the variables of length, width, tension, and density 

affect the resonant frequency, harmonics, and pitch of a 

vibrating string 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Physical science students did not address this indicator 

 

It is essential for students to 

 Understand and solve problems using the laws of strings 

 Law of lengths 

 f/f’= l’/l 

 the frequency of a string is inversely  proportional to its length 

 Law of diameters 

 f/f’ = d’/d 

 the frequency of a string is inversely proportional to its diameter 

 Law of tensions 

 f/f’ = F / 'F  

 the frequency of a string is directly  proportional to the square root of the the 

tension on the string  

 Law of densities 

 f/f’ = 'D / D  

 the frequency of a string is inversely proportional to the square root of its 

density of all other factors 

 Understand fundamentals and harmonics  

 

 

Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the characteristics a string influence its frequency. Because the indicator 

is written as conceptual knowledge, assessments should require that students understand 

the “interrelationships among the basic elements within a larger structure that enable 

them to function together.” In this case, assessments must show that students can 

construct a cause and effect statement relating how the frequency of a string is influenced 

by changes in length, diameter, density, and tension. 



Standard P-7: The student will demonstrate an understanding of the 

properties and behaviors of light and optics.  

 

 

Supporting Content Web Sites 
 

Interference: Wave Optics 

http://members.tripod.com/~vsg/interfer.htm 

This website is an Applet that allows students to perform constructive and destructive 

interference of electromagnetic waves. 

P-7.3, P-7.9 

 

Molecular Expressions: Optical Microscopy-Physics of Light and Color 

http://micro.magnet.fsu.edu/primer/lightandcolor/java.html 

This site contains over 100 interactive Java tutorials covering all aspects of light and 

color. 

P-7.1, P-7.2, P-7.3, P-7.5, P-7.7, P-7.8 

 

Interactive Color Wheel 

http://r0k.us/graphics/SIHwheel.html 

A good interactive website to explore primary and secondary color mixing, and for 

comparing intensity and brightness. 

P-7.2, P-7.8 

 

Java Applets on Physics 

http://www.walter-fendt.de/ph14e/ 

This sight contains five applets that help students understand behaviors of light including 

reflection, refraction, interference, and diffraction. 

P-7.5, 7.9 

 

The Physics Classroom 

http://www.physicsclassroom.com/Class/light/lighttoc.html 

This site contains two tutorials with several parts in each that give information to help 

understand light waves and color. 

P-7.1, P-7.3, P-7.7, P-7.8, P-7.9 

 

The Physics Classroom 

http://www.physicsclassroom.com/Class/refln/reflntoc.html 

This site contains four tutorial lessons explaining the concepts of reflection in plane, 

convex, and concave mirrors with the help of ray drawings. 

P-7.5 

 

 

 

 

 

http://members.tripod.com/~vsg/interfer.htm
http://micro.magnet.fsu.edu/primer/lightandcolor/java.html
http://r0k.us/graphics/SIHwheel.html
http://www.walter-fendt.de/ph14e/
http://www.physicsclassroom.com/Class/light/lighttoc.html
http://www.physicsclassroom.com/Class/refln/reflntoc.html


 

 

The Physics Classroom 

 http://www.physicsclassroom.com/Class/refrn/refrntoc.html 

This site contains six tutorial lessons explaining the concepts of refraction including 

refraction at boundaries, in all types of lenses, total internal reflection, and the 

mathematics of refraction. Ray drawings are used to help explain ideas. 

P-7.4, P-7.5, P-7.10 

 

Photon Emission and Atomic Energy Levels 

http://zebu.uoregon.edu/nsf/emit.html 

This interactive web site can help students to explain and gain an understanding of 

Photon Emission. 

P-7.6 

 

The Light Guide: Optical Fibers 

http://oldsite.vislab.usyd.edu.au/photonics/fibres/index.html 

This site gives a wonderful explanation with colorful drawing of how Optical Fibers are 

made, how they work, the uses, and the history of Optical Fibers. 

P-7.4, P-7.5 

 

Vision and Eyesight 

http://regentsprep.org/Regents/physics/phys09/ceyes/default.htm 

This sight covers the parts of the eye, and their functions. The Blind Spot Test, 

Nearsightedness, Farsightedness, and Astigmatism are also explained in this website. 

 

 

Suggested Literature 
 

Hecht, Jeff. 2004. City of Lights: The story of Fiber Optics. Oxford University Press. 

ISBN: 0195162552 

Lexile Level:  1340L 

This book covers Jeff Hecht's fascinating account of the origin of fiber optics. He 

chronicles the many ingenious and determined engineers who turned it into a technology 

that covers the earth with cables carrying pulses of photons.  

P-7.4 

 

 

Fowles, Grant R. 1989. Introduction to Modern Optics. Dover Publications 

ISBN: 0486659577 

This is a book on modern optics for students in physics, technology and engineering. The 

first half of the book deals with classical physical optics, and the second half covers the 

quantum nature of light. The book covers how to apply many concepts from the laser to 

optics.  

P-7.1, P-7.5, P-7.9 

 

http://www.physicsclassroom.com/Class/refln/reflntoc.html
http://zebu.uoregon.edu/nsf/emit.html
http://oldsite.vislab.usyd.edu.au/photonics/fibres/index.html
http://regentsprep.org/Regents/physics/phys09/ceyes/default.htm


 

 

 

 

 

Bohren, Craig F. and Huffman, Donald R. 1998. Absorption and Scattering of Light by 

Small Particles. Wiley, John & Sons, Incorporated. 

ISBN: 0471293407 

This book covers the electromagnetic theory and linear optics, while examining the 

absorption and scattering in all types of electromagnetic radiation from radio to 

ultraviolet wavelengths.  

P-7.1, P-7.6 

 

 

 Baierlein, Ralph. 2001. Newton to Einstein: The Trail of Light: An Excursion to the 

Wave-Particle Duality and the Special Theory of Relativity. Cambridge University Press 

ISBN: 0521423236 

This book covers the theory of light from Newton's particles to Einstein's relativity.  The 

book is written in inquiry ways that encourage the reader to draw conclusions before the 

answers are revealed.  

P-7.1, P-7.5, P-7.6, P-7.7, P-7.8, P-7.9 

 

 

Newton, Isaac. 2003. Opticks: Or Treatise of the Reflections, Inflections, and Colours of 

Light. Prometheus Books. 

ISBN: 1591020956 

This is a classic book of physics, written by the man who is often given credit for starting 

it all.  Opticks describes Newton’s own experiments with spectroscopy; colors, lenses, 

reflection, refraction and more in language the average person can easily follow. The 

foreword in Opticks is written by Albert Einstein. 

P-7.5, P-7.7, P-7.8, P-7.9 

 

 

Riley, Peter. 1998. Light and Color. Franklin Watts. 

ISBN: 0531145050 

Lexile Level:  IG910L 

Light and Color explains the main scientific principles of light, including discussion on 

how human eyesight works. 

P-7.7, P-7.8, P-7.10 

 

 
Suggested Streamline Video Resources 

 

Physics: A World in Motion: The Hydrogen Spectrum 

ETV Streamline SC 



Students use the mathematics to quantitatively analyze the hydrogen gas spectrum. The 

idea of energy levels within the hydrogen atom is introduced. Using the Doppler effect, 

they make the connection between absorption spectra and the motion of galaxies 

All Segments 29:00 

P-7.6 

 

 

Elements of Physics: Light: Optics and Electricity 

Video Segment(s) 

A Brief Introduction to Light  

Optics  

Refraction  

What is Light?  

The Speed of Light  

Putting the Electromagnetic Spectrum to Use  

ETV Streamline SC 

 

The program begins by describing the field of optics and how scientists came to 

understand such principles as refraction, reflection, and the behavior of light as it passes 

through lenses. There is a segment on James Clerk Maxwell calculating the speed of 

light.  

Segments 

A Brief Introduction to Light (00:35) 

Optics (02:07) 

Refraction (02:49) 

What is Light? (02:16) 

The Speed of Light (02:38) 

Putting the Electromagnetic Spectrum to Use (03:29) 

P-7.1, P-7.5 

 

 

 

Elements of Physics: Waves: Sound and Electromagnetism 

Video Segment(s) 

Electromagnetic Waves  

Wave Interference 

ETV Streamline SC 

This program looks at traverse waves, and the common characteristics of all waves. Light 

waves are examined in detail, and then the program concludes with a look at a modern 

theory called the wave-particle duality, 

 

Electromagnetic Waves (03:07) 

Wave Interference (06:40) 

P-7.1, P-7.9 

 

 



 

Physics: A World in Motion: EMR Fundamentals 

Video Segment(s) 

Program Overview  

Characteristics of Electromagnetic Waves  

Maxwell's Four Points 

ETV Streamline SC 

The historic development (Oersted, Ampere, Faraday and Maxwell) of electromagnetic 

theory is a major focus. Students perform a variety of mini-labs to demonstrate the wave-

like behavior of EMR -specifically microwaves- and they undertake a research project to 

investigate the constituents of the electromagnetic spectrum 

Video Segment(s) 

Program Overview (01:01) 

Characteristics of Electromagnetic Waves (11:40) 

Maxwell's Four Points (14:40) 

P-7.1 

 

Biologix: The Eye: Vision and Perception 

Video Segment(s) 

The Eye and Vision: Introduction  

Review of Structures in a Mammalian Eye: Diagram  

Light Enters the Eye at Different Angles  

Eye Defects  

Microscopes: Providing the Eye with Greater Resolution Power  

The Eye and Vision: Closing Remarks  

 

ETV Streamline SC 

These video segments highlight the structures and functions of the mammalian eye. They 

describe a number of visual disorders, along with the corrective lenses and techniques 

that can be used for treating them. 

Video Segment(s) 

The Eye and Vision: Introduction (01:52) 

Review of Structures in a Mammalian Eye: Diagram (01:26) 

Light Enters the Eye at Different Angles (00:36 

Eye Defects (02:04) 

Microscopes: Providing the Eye with Greater Resolution Power (00:57) 

The Eye and Vision: Closing Remarks (00:46) 

P-7.5, P-7.10 

 

Physics: A World in Motion: The Photon Model of Light 

ETV Streamline SC 

The behavior of light is shown in experiments involving black body radiation and the 

photoelectric effect Observations are analyzed from the point of view of Maxwell's 

model of light.  

All Video Segments (29:00) 

P-7.1, P-7.6 



 

Physics: A World in Motion: Electromagnetic Waves and Communication 

ETV Streamline SC 

This video explores the roles of different parts of the EMR spectrum in 

telecommunications.  

All Video Segments (29:00) 

P-7.1, P-7.4 

 

Basics of Physics: Exploring Light and Color 

ETV Streamline SC 

This program describes how our eyes work and provides information about the nature of 

light and color.  

All Video Segments (30:21) 

P-7.7, P-7.8, P-7.10 

 

Physics: A World in Motion: The Photoelectric Effect 

ETV Streamline SC 

In this video, students investigate the photoelectric effect by collecting and analyzing 

data, and then begin to quantify the photon model of light.  

All Video Segments(29:00) 

P-7.1 

 

Physics: A World in Motion: Wave Particle Duality 

ETV Streamline SC 

Students examine X-ray production through the medical uses of X-rays, the photoelectric 

and Compton effects, and wave-particle duality as it applies to photons  

All Video Segments (29:00) 

P-7.1, P-7 

 

 

 

Career Connections 

 

Ophthalmology: 
An ophthalmologist is a physician who specializes in the medical and surgical care of the 

eyes and in the prevention of eye disease and injury. They provide a full spectrum of care 

including routine eye exams, diagnosis and medical treatment of eye disorders and 

diseases, prescriptions for eyeglasses, surgery, and management of eye problems that are 

caused by systemic illnesses. P-7.5, P-7.10 

 

Optician 
Opticians or Dispensing Opticians adjust eyeglass lenses according to prescriptions and 

fit them into frames. Some opticians are employed by eyewear manufacturer laboratories 

and manufacture lenses for optical instruments such as telescopes or microscopes. 

Opticians can work in the retail trade such as optical goods stores selling lenses and 

frames, making recommendations for frames and lenses, and fixing or replacing broken 



lenses. Although they are trained to operate machinery that grinds and polishes eyeglass 

lenses, some opticians have an ophthalmic laboratory technician perform this portion of 

the work. Some opticians also specialize in fitting contact lenses. P-7.5, P-7.10 

 

Electro-Optic Engineer 

Electro-Optic Engineers research and develop new optical systems. They use semiconductor 

technologies to produce light sources that are small, controllable and can be integrated 

within electronic systems. LEDs with their low power consumption, small size and bright 

light are ubiquitous on watches, microwave ovens and car dashboards, and were 

developed by Electro-Optic Engineers. P-7.2, P-7.3, P-7.4, P7-7.7 

Cinematographer 
Cinematographers determine how each scene in a movie, TV show, advertisement, or 

video will look on camera based on the director's vision for the project. While they do not 

usually operate the cameras themselves, they are responsible for preparing for filming. 

This task includes viewing the location and making sure that lighting, film, camera 

distance, focus, and camera angles are correct. Cinematographers also signal when 

filming begins and ends. After filming is complete, they make any necessary alterations 

to the film to achieve the desired look. P-7.2, P-7.7, P-7.8 

Optical physicists 

Optical physicists often work with lasers and are engaged in the optical transmission of 

information via thin fibers and in the design of optical "circuits" for future computers. 

They work in the study of light (including the invisible ultraviolet and infrared radiation), 

and the applications of the different forms of light. P-7.1, P-7.2, P-7.4 

 

 



P-7.1 Explain the particulate nature of light as evidenced in the 

photoelectric effect. 

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

This concept was not addressed in physical science 

 

It is essential for students to 

 Understand the characteristics of the electromagnetic spectrum 

 Understand the photoelectric effect as “The emission of electrons by a substance 

when illuminated by electromagnetic radiation is known as the photoelectric effect.” 

 Understand the laws of photo emission and how they describe the nature of 

electromagnetic radiation 

 The rate of emission of photoelectrons is directly proportional to the intensity 

of the incident light 

 The kinetic energy of photoelectrons is independent of the intensity of the 

incident light 

 Understand the quantum theory and the equation E = hf where f is the frequency in 

hertz, h is Plank’s constant, and E is energy expressed in joules 

 

 

 
Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model the nature of light based on classic experiments. Because the indicator is 

written as conceptual knowledge, assessments should require that students understand the 

“interrelationships among the basic elements within a larger structure that enable them to 

function together.” In this case, assessments must show that students can construct a 

cause and effect statement relating how the laws of photoemission define the particle 

nature of light 

 

  



P-7.2 Use the inverse square law to determine the change in intensity 

of light with distance. 

 
Revised Taxonomy Level     3.2 CA   Apply (use) procedural knowledge 

 

Students did not address this indicator in physical science 

 

It is essential for students to 

 Understand that the quantitative study of light is called photometry and involves 

 Luminous intensity 

 Measured in candela (cd) 

 Measures the intensity of the source 

 Luminous flux 

 Symbol F, measured in lumens (lm) 

 Measures the rate at which luminous energy is being emitted, transmitted, or 

received 

 Illuminance 

 Symbol E, Measured in units of lm/m
2
 

 Measures the density of the luminous flux on a surface 

 Understand how illuminance varies with the square of the distance from the 

source 

 

 

Assessment 

The other revised taxonomy verb for this indicator is implement (use), the major focus of 

assessment will be for students to show that they can “apply a procedure to an unfamiliar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

implementing, photometry equations and using an inverse-square law.  A key part of the 

assessment will be for students to show that they can apply the knowledge to a new 

situation, not just repeat problems which are familiar.  This requires that students have a 

conceptual understanding of electric charge and electric fields.  

 
  



P-7.3 Illustrate the polarization of light. 
 

Revised Taxonomy Level 2.2 B Illustrate conceptual knowledge 

 

Students did not address this indicator in physical science 

 

It is essential for all students to 

 Understand how the polarization of light illustrates that light is composed of 

transverse, not longitudinal waves 

 Understand why light can be polarized 

 A single electron, vibrating horizontally, emits an electromagnetic wave that is 

vibrating horizontally 

 A single electron, vibrating vertically, emits an electromagnetic wave that is 

vibrating vertically 

 Light from a source, (candle, the sun, incandescent bulb) is not polarized because 

it is produced from many electrons, all vibrating in random directions.  

 When light strikes a polarized filter, the light that is transmitted is polarized. 

 Understand how polarized glasses work 

 Light that reflects from a non-metallic surface generally vibrates in the same 

plane as the surface (light reflected from horizontal surfaces generally vibrates in 

the horizontal plane) 

 Polarized driving glasses have a polarized axis in the vertical direction, so that the 

reflected rays from the road and other horizontal surfaces are not transmitted 

through the glasses. 

 Understand how polarized light facilitates 3-D viewing 

       

Assessment 

The verb exemplify (illustrate) means to find a specific example or illustration of a 

concept or principle; therefore, the major focus of assessment will be for students to give 

examples that show they understand how light is polarized, understand the implications 

of light polarization for our understanding of the nature of light, and how polarization is 

used in familiar devices. Conceptual knowledge requires that students understand the 

interrelationships among the basic elements within a larger structure that enable them to 

function together. In this case, students understand how electromagnetic radiation 

produced from vibrating electrons results in transverse waves emanating in random 

directions. 

 
  



P-7.4 Summarize the operation of fiber optics in terms of total 

internal reflection. 

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Students did not address this topic in physical science 

 

It is essential for all students to 

 Understand the process of total internal reflection 

 Understand critical angle 

 Understand how the index of refraction of the substance influences the critical 

angle 

 Understand how fiber optical fibers are constructed to facilitate the process of total 

inter reflection 

 Understand how fiber optics are used in familiar objects and applications 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the process of total internal reflection and its 

role in fiber optics.  Conceptual knowledge requires that students understand the 

interrelationships among the basic elements within a larger structure that enable them to 

function together. In this case, that students understand process of refraction and how the 

factors that influence refraction affect total internal reflection.  

 

 
  



P-7.5 Summarize image formation in microscopes and telescopes 

(including reflecting and refracting).  

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

In physical science (PS-7.6) students 

 Summarize refraction of light waves  

 Understand that lenses may be converging or diverging 

 Draw ray diagrams which illustrate the path of light through both converging and 

diverging lenses 

 Define real and virtual images 

In physics, (P-5.5) students  

 Use Snell’s law and ray diagrams to illustrate the path of light and to find the location 

and size of the image. 

 as it passes through convex and concave of lenses 

 from a variety of distances in reference to the device and its focal length 

 

It is essential for all students to 

 Understand how optical devices depend upon the laws of reflection and refraction 

 The function of  the lens and the eye piece and why both are necessary in 

telescopes 

 Lens, prism, and mirror function and arrangement in 

 Astronomical telescopes 

 Terrestrial telescopes 

 Binoculars 

 Compound microscopes 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the law of reflection and refraction and how 

they vital in the functioning of familiar optical devices. Conceptual knowledge requires 

that students understand the interrelationships among the basic elements within a larger 

structure that enable them to function together. In this case, that students understand laws 

of reflection and refraction and how the factors that influence reflection and refraction 

affect common devices and their functioning. 

 

  
  



P-7.6 Summarize the production of continuous, emission, or 

absorption spectra 
 

Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Students did not address this topic in physical science 

 
It is essential for students to 

 Understand the origin of Continuous, Emission, and Absorption Spectra 

 When materials are made to glow, the electrons in their atoms jump to orbits of 

higher energy levels. As the electrons fall back to the ground state, the light from 

each different element produces its own characteristic pattern of lines because 

each element has its own distinct configuration of electrons, and these emit 

distinct frequencies of light when electrons change from one energy state to 

another.  

 A continuous spectrum  

 Generally, solids, liquids, or dense gases emit light at all wavelengths when 

heated to a glow.  

 This type of spectrum results from high pressure gasses or in solids and 

liquids because atoms are crowded together, causing many collisions among 

the particles.  

 An emission spectrum 

 Is produced by exciting a low density gases in which the atoms do not 

experience many collisions (because of the low density).  

 The emission lines correspond to photons of discrete energies that are emitted 

when excited atomic states in the gas make transitions back to lower-lying 

levels.  

 An absorption spectrum 

 Is produced when light passes through a cold, dilute gas and atoms in the gas 

absorb the light at characteristic frequencies; since the re-emitted light is 

unlikely to be emitted in the same direction as the absorbed photon, this gives 

rise to dark lines (absence of light) in the spectrum.  

 

 

 

 



 

 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a conceptual understanding of the three types of spectra that elements can emit 

Conceptual knowledge requires that students understand the interrelationships among the 

basic elements within a larger structure that enable them to function together. In this case, 

that students understand how the light emitted by the atoms appears to us. 

 

 
  

 



P-7.7 Compare color by transmission to color by reflection. 

 
Revised Taxonomy Level     2.6   Compare conceptual knowledge 

 

Physical Science students do not address this indicator 

 

It is essential for students to 

 Understand that all colors of light in combination appear as white light 

 Understand that black is the absence of light 

 Understand that color can be distinguished by two means, reflection and transmission 

 Color by reflection 

 The electrons surrounding each specific type of atom vibrate with a frequency 

that is characteristic of that atom. 

 In one material electrons vibrate easily at certain frequencies, in another 

material electrons vibrate easily at different frequencies 

 Light that is incident on a material will be absorbed if the frequency of the 

light matches the resonant frequency of the vibrating electrons 

 Most materials absorb light of some frequencies and reflect the rest 

 An object can reflect only light of frequencies present in the illuminating light 

 The color that an object appears is dependent upon the combination of the 

frequencies of light that are reflected by the object 

 Color by transmission 

 The color of a transparent object depends on the combination of colors of light 

it transmits. 

 The material in the glass that selectively absorbs colored light is know as a 

pigment 

 

Assessment 

As stated in the indicator, the major focus of assessment is to compare (detect 

correspondences) in the ways colors are produced by color absorption and by color 

transmission. Because the indicator is written as conceptual knowledge, assessments 

should require that students understand the “interrelationships among the basic elements 

within a larger structure that enable them to function together.” In this case, assessments 

must show that students understand the reasons for the difference in the ways that 

transparent materials and opaque materials show color. 

 

  



P-7.8 Compare color mixing in pigments to color mixing in light 
 

Revised Taxonomy Level     2.6   Compare conceptual knowledge 

 

Students did not address these principles in physical science. 

 

 Mixing colored lights 

 Also called mixing colors by addition 

 If the frequencies of light are divided into three regions, the low frequency 

red, the middle frequency green and the high frequency blue 

 The middle and high frequencies combined appear cyan to the human eye 

 The middle and low frequencies combined appear yellow to the human eye 

 The low and high frequencies combined appear magenta to the human eye 

 The middle, low and high frequencies combined appear white to the human 

eye 

 The chart below shows how different colors of light appear 

 
 

 

 

 Mixing colored pigments 

 Also called mixing colors by subtraction 

 Pigments absorb particular wavelengths and reflect particular wavelengths 

 The primary wavelengths reflected are listed in the chart below 

 

Pigment Absorbs Reflects 

Red Blue, Green Red 

Green Blue, Red Green 

Blue Red, Green Blue 

Yellow Blue Red, Green 

Cyan Red Blue, Green 

Magenta Green Blue, Red 

 



 However pigments also reflect some wavelengths that are close in frequency 

to the color reflected. (Blue pigment reflects not only blue light  but also some 

frequencies of green and violet) 

 When the pigments are mixed, the frequencies of light that are not absorbed 

by either pigment are reflected 

 

 

Assessment 

As stated in the indicator, the major focus of assessment is to compare (detect 

correspondences) in the ways different colors are produced by mixing lights and by 

mixing pigments. Because the indicator is written as conceptual knowledge, assessments 

should require that students understand the “interrelationships among the basic elements 

within a larger structure that enable them to function together.” In this case, assessments 

must show that students understand the reasons for the difference in the colors that result 

when light is mixed and when pigments are mixed. 

 
  



P-7.9   Illustrate the diffraction and interference of light. 
 

Revised Taxonomy Level 2.2 B Illustrate conceptual knowledge 

 

In physical science students conceptually understood diffraction of light and 

examples of diffraction patterns as well as constructive and destructive interference. 

In physics standard P-5 students analyze the diffraction of waves. 

 

It is essential for all students to 

 Understand the circumstances under which light will diffract 

 Through a slit opening 

 Around a fine wire 

 Around a sharp-edged object 

 Understand the functioning of diffraction gratings 

 Understand how to use the equation 

                            λ =  d sinθn/n 

       to find the wavelength of light where 

 θ = the diffraction angle 

 d = the grating constant 

 n = the order of the image 

 Understand single-slit diffraction and the patterns which are produced by this process 

 

Assessment 

The verb exemplify (illustrate) means to find a specific example or illustration of a 

concept or principle; therefore, the major focus of assessment will be for students to give 

examples that show they understand how light is diffracted causing interference. 

Conceptual knowledge requires that students understand the interrelationships among the 

basic elements within a larger structure that enable them to function together. In this case, 

students understand how diffraction patterns can be produced in light 

 
  



P-7.10 Identify the parts of the eye and explain their function in image 

formation. 
 

Revised Taxonomy Level  1.2 A    Recognize (Identify) factual knowledge 

                                             2.7 B    Explain conceptual knowledge 

Students did not address this indicator in physical science 

 

It is essential for students to 

 Understand the function of the parts of the eye, 

 Cornea 

 Lens 

 Iris 

 Retina 

 Fovea 

 Blind spot  

 Explain how the parts of the eye work together 

 Diagram and label the part of the eye 

 Explain vision defects and how optical devices help to correct them 

 Farsightedness 

 Nearsightedness 

 astigmatism 

 
Assessment  

The verb explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model the human eye and in a way that illustrates how all of the parts work together. 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating to the effect that each part of 

the human eye has on producing vision. 



Standard P-8: The student will demonstrate an understanding of 

nuclear physics and modern physics. 

 

 
Supporting Content Web Sites 

 

Physics Web 

http://physicsweb.org/resources/Education/Interactive_experiments/Nuclear_physics 

Interactive sites that include managing a nuclear power plant, a representation of 

radioactive decay and a decay calculator. 

P-8.3, P-8.5 

 

Physics Quest 

http://physicsquestion.homestead.com 

Site that includes Einstein, nuclear radiation and photoelectric effect simulations. 

P-8.6 

 

Nuclear Physics 

http://www.hpwt.de/kern2e.htm 

Describes radioactivity, describes and shows alpha, beta and gamma decay, nuclear 

reactions, binding energy and Einstein’s equation 

P-8.2, P-8.3, P-8.4, P-8.6 

 

Nuclear Physics: Past, Present and Future 

http://library.thinkquest.org/3471 

Gives some history of nuclear physics; describes types of forces and how energy & mass 

are related to understanding binding energy; and shows examples of radioactive decay. 

P-8.1, P-8.2, P-8.3, P-8.6 

 

ABC’s of Nuclear Science 

http://www.lbl.gov/abc 

Distinguishes alpha, beta and gamma radiation and details nuclear equations including 

fission, fusion and decay.  Also includes experiments to be used. 

P-8.3, P-8.4 

 

Nuclear Physics 

http://hyperphysics.phy-astr.gsu.edu/hbase/nuccon.html#nuccon 

Provides a flow chart with hyperlinks for specific topics like radioactivity, nuclear 

reactions, binding energy, nuclear forces, and types of decay. 

P-8.1, P-8.2, P-8.3, P-8.4, P-8.5 

 

Radiation Related Frequently Asked Questions 

http://www.physics.isu.edu/radinf/quada.html 

Explanations to frequently asked questions about radiation like “Why are some isotopes 

radioactive and others not?” or “What are different types of radioactive decay?”. 

P-8.2, P-8.3 

http://physicsweb.org/resources/Education/Interactive_experiments/Nuclear_physics
http://physicsquestion.homestead.com/
http://www.hpwt.de/kern2e.htm
http://library.thinkquest.org/3471
http://www.lbl.gov/abc
http://hyperphysics.phy-astr.gsu.edu/hbase/nuccon.html#nuccon
http://www.physics.isu.edu/radinf/quada.html


 

The Relativity Web Quest 

http://www.rsd.k12.wi.us/RAHS/science/relativity.html 

Investigates the concept of relative motion at speeds approaching the speed of light.  

Contains hyperlinks to other websites. 

P-8.6, P-8.7 

 

Great Books Online 

http://www.bartleby.com/173 

The special and general theories of relativity are explained in detail. 

P-8.6, P-8.7 

 

Semester 1 Review Web Quest 

http://www.webquest.org/questgarden/lessons/07168-060125202309/process.htm 

Includes hyperlinks to websites covering energy release per gram in reactions, types of 

radioactive decay and nuclear forces. 

P-8.1, P-8.2, P-8.3 

 

Suggested Literature 

 

Krane, Kenneth S. 1988. Introductory Nuclear Physics. New York: John Wiley & Sons, 

Inc. 

ISBN:  0-471-80553-X 

Lexile Level: Unknown 

Comprehensive coverage of all aspects of nuclear physics including nuclear structure & 

reactions, binding energy, isotopes, radioactive decay and Einstein’s Theory of 

Relativity. 

All P-8 indicators are covered in this book. 

 

Lilley, J.S. 2001. Nuclear Physics: Principles and Applications.  New York: John  

 Wiley & Sons, Inc. 

ISBN:  0-471-97936-8 

Lexile Level: Unknown 

The first half focuses on a general introduction to nuclear physics including nuclear 

equations and decay.  The second half focuses on current applications including nuclear 

medicine, fission and fusion. 

P-8.1, P-8.3, P-8.4, P-8.5 

 

Scheider, Walter.  2001. A Serious but not Ponderous Book about Nuclear Energy.  

Michigan: Cavendish Press. 

ISBN:  0-96769443-4 

Lexile Level: Unknown 

First section includes bond energy, nuclear equations and isotopes with good diagrams, 

equations and problems. Sections 2&3 show how bombs and reactors are designed and 

sections 4&5 discuss radiation and the risks of developing cancer. 

P-8.1, P-8.2, P-8.3, P-8.4, P-8.5 

http://www.rsd.k12.wi.us/RAHS/science/relativity.html
http://www.bartleby.com/173
http://www.webquest.org/questgarden/lessons/07168-060125202309/process.htm


 

Gibilsco, Stan. 1991. Understanding Einstein’s Theories of Relativity: Man’s New 

Persepective on the Cosmos.  New York: Dover Publications. 

ISBN: 0-486-26659-1 

Lexile Level: Unknown 

A book that discusses both the special and the general theories of relativity in a clear 

concise manner. 

 

Das, A. & Ferbel, T. 2003. Introduction to Nuclear and Particle Physics. World 

Scientific Publishing Co Pte, Ltd. 

ISBN: 981-238-744-7 

Lexile Level: Unknown 

The first half discusses nuclear properties, structures and general applications of 

radioactivity and nuclear force.  The second half is more advanced and discusses the 

Standard model, accelerators and elementary-particle phenomena. 

 

Born, Max. 1989. Atomic Physics. New York: Dover Publications. 

ISBN: 0-486-65984-4 

Lexile Level: Unknown 

It contains the basic ideas of nuclear physics including nuclear equations, binding energy 

and mass defect as well as Einstein’s special theory of relativity. 

All P-8 indicators are covered. 

 

Born, Max. 1962. Einstein’s Theory of Relativity. New York: Dover Publications. 

ISBN: 0-486-60769-0 

Lexile Level: Unknown 

Reviews classical physics and covers both Einstein’s special and general theories of 

relativity. 

P-8.6, P-8.7 

 

Fox, Karen. 1998. The Chain Reaction: Pioneers of Nuclear Science. Connecticut: 

Franklin Watts. 

ISBN: 0-531-11425-2 

Lexile Level: Unknown 

Details both the personal and scientific background to their contributions of 7 scientists 

instrumental in nuclear discoveries; including Marie Curie, Ernest Rutherford, Enrico 

Fermi an Oppenheimer. 

P-8.1, P-8.2, P-8.4, P-8.5 

 

Loveland, Walter, Morrissey, David & Seaborg, Glenn T. 2006. Modern Nuclear 

Chemistry. New Jersey: John Wiley & Sons, Inc. 

ISBN: 0-471-11532-0 

Lexile Level: Unknown 

Topics included with the text are nuclear properties and types of decay.  The text is 

written at a level that is easily understood. 

P-8.1, P-8.2, P-8.3, P-8.4, P-8.5 



 

 

Choppin, Gregory, Rydbery, Jan & Liljenzin, Jan-Oloy. 2002. Radiochemistry and 

Nuclear Chemistry.  Massachusetts: Butterworth-Heinemann. 

ISBN: 0-7506-7463-6 

Lexile Level: Unknown 

Starts with the origin of nuclear science and goes through current issues such as nuclear 

power and tracers.  Chapters include isotopes& nuclei, nuclear mass & stability and 

radioactive decay & absorption. 

P-8.1, P-8.2, P-8.3, P-8.4, P-8.5 

 

Suggested ETV Streamline SC or ITV Video Resources 
 

Elements of Physics: Modern Physics & Cosmology 

ETV Streamline 

It discusses differences between classical and modern physics including quantum 

mechanics and Einstein’s theory of relativity. 

0 - 56:00 minutes 

P-8.1, P-8.6, P-8.7 

 

Chemistry Connections: Nuclear Changes 
ETV Streamline 

It compares chemical changes to nuclear changes including types of radiation and mass 

loss. 

0 - 29:05 minutes 

P-8.1, P-8.2, P-8.6 

 

Greatest Discoveries with Bill Nye: Physics 

Atomic Physics 

ETV Streamline 

Discusses E = mc
2
 and its application to Einstein’s theory. 

16:35 – 29.49 minutes  

P-8.6, P-8.7 

 

Greatest Discoveries with Bill Nye: Physics 

Nuclear Forces 

ETV Streamline 

 It describes the types of forces including strong verses weak. 

39:51 – 43:55 minutes 

P-4.1 

 

Physics: A World in Motion: Radioactive Decay 

ETV Streamline 

It uses real-life examples to introduce radioactive decay like radioactive dating and 

tracers.  It also shows nuclear equations and half-life calculations. 

0 - 29:00 minutes 



P-8.3, P-8.4, P-8.5 

 

 

Elements of Physics: Energy, Work & Power 

Nuclear Energy 

ETV Streamline 

It applies nuclear equations to fission and fusion. 

6:21 – 7:31 minutes 

P-8.4 

 

Physical Science: Nuclear Energy 

ETV Streamline 

Concepts included are how lost mass changes to energy and how nuclear energy can be 

applied to nuclear medicine, atomic bombs and nuclear submarines. 

0 - 20:00 minutes 

P-8.4, P-8.6 

 

Discovering History: 20
th

 Century Biographies: Scientists & Inventors 

Albert Einstein: Theoretical Physicist and Father of the Theory of Relativity 

ETV Streamline 

Briefly discusses his theory and formula and gives a background on Einstein. 

6:27 – 11:59 minutes 

P-10.7 

 

Physics: A World in Motion: Fission and Fusion 

ETV Streamline 

Einstein’s equation and how it applies to fission and fusion as well as mass defect and its 

application to binding energy are explained. 

0 - 29:00 minutes 

P-8.1, P-8.2, P-8.4, P-8.6 

 

Physics: What Matters, What Moves? 
Nuclear Forces 

ITV Resource 

It distinguishes between strong and weak nuclear forces. 

70:05 – 83:50 minutes 

P-8.1 

 

Career Connections 
 

Radiological Technologist & Technician 
Produce radiographs of parts of the human body for diagnostic purposes.  Some 

radiographers operate CT scanners to produce cross-sectional images of patients.  Some 

also use MRI machines. 

 

 



 

 

 

Radiologist  

A type of physician who diagnoses diseases by obtaining and interpreting medical 

images.  They also correlate the images with other findings and recommend further 

treatment. 

 

Radiological Nurse 

The nurse provides the physical, mental and emotional care to patients undergoing 

diagnostic and/or preventative radiation procedures including ultrasounds and MRI’s.  

Often assists the radiologist. 

 

Nuclear Engineers 

Research & develop processes, instruments and systems used to derive benefits from 

nuclear energy and radiation.  Design, develop, monitor and operate nuclear plants to 

generate power. 

 

Nuclear Medicine Technologists 

Operate cameras that detect and map the radioactive drug in a patient’s body.  They are 

responsible for preparing and administering the radioisotope to patients. 

 

Nuclear Technician 

Operate nuclear test and research equipment, monitor radiation and assist nuclear 

engineers in research. 

 

Reactor Operators 
Control equipment that affects the power of the reactor in a nuclear power plant. 



 

P-8.1 Compare the strong and weak nuclear forces in terms of their 

roles in radioactivity.  
 

Revised Taxonomy Levels   2.6 B      Compare conceptual knowledge 

 

In physical science students were introduced to the nucleus, protons, neutrons and 

radioactive isotopes.                

 

It is essential for students to: 

 Understand that the nucleus consists of protons and neutrons and that there is a large 

repulsive force between the protons.   

 Understand that nuclei are stable because the short-range, strong (nuclear) force 

overcomes the repulsive electromagnetic force between protons. 

There are strong nuclear forces associated with: 

 Neutron-neutron interactions, 

 Proton-neutron interactions, and  

 Proton-proton interactions.   

 Understand that the strong force is about the same for each type of interaction but the 

proton-proton interaction is partially mitigated by the repulsive electromagnetic force, 

so the net attractive force has a lower magnitude than in the other interactions.   

 Understand that smaller nuclei are most stable when the number of protons is equal to 

the number of neutrons.   

 Understand that larger nuclei are more stable when the number of neutrons is greater 

than the number of protons.   

 The addition of extra neutrons increases the total attractive force while not adding 

to the repulsive force.   

 When the atomic number is 83 or greater the repulsive forces between the protons 

cannot be compensated by additional neutrons.   

 Elements that contain more that 83 protons do not have stable nuclei. 

 Understand that beta decay requires the introduction of an additional type of 

interaction called the weak force.  

 A beta decay results when a neutron transforms into a proton and a beta particle 

(or electron).   

Teacher note: The Standard Model of particle physics describes the electromagnetic 

interaction and the weak interaction as two different aspects of a single electroweak 

interaction. The weak interaction changes one flavor of quark into another.  The weak 

interaction is the only process in which a quark can change to another quark. In beta 

decay, a down quark in the neutron changes into an up quark by emitting a W boson, 

which then breaks up into a high-energy electron (beta particle) and an electron 

antineutrino leaving behind a proton.  

Discussion of quark transmutation, W bosons, and antineutrinos are beyond the scope of 

this course.  

http://en.wikipedia.org/wiki/Standard_Model
http://en.wikipedia.org/wiki/Electromagnetic_interaction
http://en.wikipedia.org/wiki/Electromagnetic_interaction
http://en.wikipedia.org/wiki/Electroweak_interaction
http://en.wikipedia.org/wiki/Electroweak_interaction
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/quark.html#c1
http://en.wikipedia.org/wiki/W_boson
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Neutrino


 

 

Assessment  

As the indicator states, the major focus of assessment is to compare (detect 

correspondences).  Students should compare the effects of different forces and their roles 

in radioactivity.  

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments should show 

that students can compare the relationships between the forces in the nucleus and their 

roles in radioactivity.  



P-8.2 Compare the nuclear binding energy to the energy released 

during a nuclear reaction, given the atomic masses of the 

constituent particles. 
 

Revised Taxonomy Levels   2.6 B      Compare conceptual knowledge 

 

In physical science the students were introduced to nuclear fission and fusion. 

Students were introduced to the concept of mass turning into energy in nuclear 

reactions and practical applications of this concept. 

 

It is essential for the students to: 

 Understand that the total mass of a nucleus is always less than the sum of the masses 

of its nucleons.  

 Because mass is another manifestation of energy, the total energy of the bound 

system (the nucleus) is less than the combined energy of the separated nucleons. 

 Understand that this difference in (mass equivalent) energy is called the binding 

energy of the nucleus and can be thought of as the energy that must be added to a 

nucleus to break it apart into its components.  

 In order to separate a nucleus into protons and neutrons energy must be put into 

the system. 

 Compare the nuclear mass defect and nuclear binding energy given the mass of the 

nucleons. 

 

Assessment 

As the indicator states, the major focus of assessment is to compare (detect 

correspondences).  Students should compare the nuclear binding energy to the energy 

released during a nuclear reaction. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments should show 

that students can compare the relationships between nuclear binding energy and the 

energy released during a nuclear reaction. 



 

P-8.3 Predict the resulting isotope of a given alpha, beta, or gamma 

emission. 
 

Revised Taxonomy Levels   2.5 B      Predict (infer) procedural knowledge 

 

In physical science students were introduced to the concept of radioactive isotopes.  

Alpha, beta, and gamma emission may not have been covered.  

 

It is essential for students to: 

 Understand that a beta decay results when a neutron transforms into a proton and a 

beta particle. 

 Understand that an alpha particle is a helium nucleus that consists of two neutrons 

and two protons.  

 Predict the resulting isotopes from an alpha or beta decay when told which type of 

decay will occur.   

 It not essential that students understand neutrino or antineutrino emissions that 

may occur with beta decay. 

 Understand that after a nucleus undergoes a radioactive decay it is often left in an 

excited state.  The nucleus may undergo a second decay to a lower energy state by 

emitting one or more photons.  The photons emitted in such a de-excitation process 

are called gamma rays which have a very high energy relative to the energy of visible 

light. 

 Understand that gamma emissions that come from excited nuclei do not change 

the identity of the isotope. 

 

Assessment 

The verb in this indicator is predict which means to draw a logical conclusion from 

presented information.  In this case the students should be able to predict the resulting 

isotopes if they are told which type of decay will occur. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments should show 

that students can predict the products knowing the nature of alpha and beta particles and 

gamma radiation and how each type of decay would affect the nucleus. 

 

 

. 



 

 

P-8.4 Apply appropriate procedures to balance nuclear equations 

(including fusion, fission, alpha decay, beta decay, and electron 

capture). 
 

Revised Taxonomy Levels   3.2 B      Apply procedural knowledge 

 

In physical science students were introduced to the concept of isotopes and how to 

write symbols to represent different isotopes.  Students may not have balanced 

nuclear equations. 

 

It is essential for students to 

 Understand nuclear symbols.  

 Balance nuclear equations when given all of the particles on both sides of the 

equation.   

As a general rule: 

 The sum of the mass numbers “A” must be the same on both sides of the 

equation. 

 The sum of the atomic numbers “Z” must be the same on both sides of the 

equation.  

 

Teacher note: This procedure can be linked as somewhat analogous to the procedure for 

balancing chemical reactions. 

 

Assessment 

The verb apply means that a major focus of assessment should be for students to show 

that they can “apply a procedure”.   The student must be able to apply the procedure for 

balancing nuclear equations. 

 

The knowledge dimension of the indicator, procedural knowledge means “knowledge of 

subject-specific techniques and methods” In this case the procedure is application of the 

procedure for balancing nuclear equations.  A key part of the assessment will be for 

students to show that they can apply the knowledge to a new situation, not just repeat 

problems which are familiar.   

  



P-8.5 Interpret a representative nuclear decay series. 

 
Revised Taxonomy Levels   2.1 B      Interpret conceptual knowledge 

 

In physical science students were introduced to the concept of radioactive isotopes.  

Alpha, beta, and gamma emission may not have been covered.  

 

It is essential for the student to: 

 Understand that a beta decay results when a neutron transforms into a proton and a 

beta particle. 

 Understand that an alpha particle is a helium nucleus which consists of two neutrons 

and two protons.  

 Understand how isotopes are transmuted into new isotopes trough alpha and beta 

decay. 

 Understand half-life.  

 Interpret a radioactive decay series such as the one below 

 

 
 

Assessment 

The verb for this indicator is interpret which means to change from one form of 

representation to another.  Given a nuclear decay series the students should understand 

what is happening and relate this in words. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments should show 

that students understand the transformations involved in the decay series. 



P-8.6 Explain the relationship between mass and energy that is 

represented in the equation E = mc
2 

according to Einstein’s 

special theory of relativity. 

 
Revised Taxonomy Levels   2.7 B      Explain conceptual knowledge 

 

In physical science students were introduced to the concept of mass turning into 

energy in nuclear reactions and practical applications of this concept.  Students are 

aware of the meaning of the equation E = mc
2. 

 

It is essential for students to: 

 Understand the equivalence of mass and energy. 

 Understand that mass is a form of energy. A piece of mass even if not interacting with 

anything else has “energy of being” called rest energy.  It takes energy to make mass 

and when mass disappears energy is released.   

 The amount of energy E is equated to mass by the equation E = mc
2
.   

 The quantity c
2
 is a conversion factor. It converts the measurement of mass to an 

equivalent measure of the amount of energy.   

 In a nuclear reaction the total mass after the reaction is less than the mass before 

the reaction.  The difference in mass is equivalent to the energy given off which 

can be calculated using this equation. 

 Exothermic chemical reactions result in mass loss as well but since the energy 

given off is relatively small the mass loss is very small and difficult to measure.   

 Mass and energy changes apply to energy transformations other than nuclear and 

chemical reactions. Any change in energy changes mass.   

 

Assessment 

As the verb for this indicator is explain the major focus of assessment will be for students 

to “construct a cause and effect model”.  In this case, assessments will ensure that 

students can model the relationship between mass and energy and the transformation 

between the two. 

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect model relating mass and energy and the 

transformation between the two. 



 

 

P-8.7 Compare the value of time, length, and momentum in the 

reference frame of an object moving at relativistic velocity to 

those values measured in the reference frame of an observer by 

applying Einstein’s special theory of relativity. 
 

Revised Taxonomy Levels   2.6 B      Compare conceptual knowledge 

 

This topic was not addressed in physical science. 

 

It is essential for students to: 

 Understand the first postulate of special relativity:  All the laws of nature are the same 

in all uniformly moving frames of reference. 

 Understand the second postulate of special relativity:  The speed of light in empty 

space will always have the same value regardless of the motion of the source or the 

motion of the observer. 

 Understand that changes due to alterations of space-time are only seen in a frame of 

reference that is moving with respect of an observer’s reference frame. 

 Understand that time slows down in a moving system.   

      The equation for time dilation is: 

      
)/(1 22 cv

t
t o


   

 Understand that as relativistic speed increases, contraction in the direction of motion 

increases.  Lengths in the perpendicular direction do not change. 

      Relativistic length contraction is stated mathematically: 

       )/(1 22 cvLL o    

 Understand that the momentum of an object moving at relativistic speeds increases as 

the speed increases. 

Relativistic momentum increase is stated mathematically: 

      
)/(1 22 cv

mv


  

 The quantity m in the equation, called rest mass, is a constant even at relativistic 

speeds.   

 

Assessment 

As the indicator states, the major focus of assessment is to compare (detect 

correspondences).  Students should compare the effects on time, length, and momentum 

of an object that is traveling at relativistic speeds.   

 

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments should show 

that students can compare the relationships between time, length, and momentum of an 



object traveling at relativistic speeds to those values measured in the reference frame of 

an observer. 



Standard P-9: The student will demonstrate an understanding of the 

principles of fluid mechanics.  
 

 
Supporting Content Web Sites 

 

Physics Web 

http://physicsweb.org/resources/Education/Interactive_experiments/Fluid_dynamics 

Interactive demonstrations of buoyant force acting on a floating object. 

P-9.3 

 

What is Pressure? 

http://www.grc.nasa.gov/WWW/k-12/airplane/pressure.html 

Includes relationships between density, viscosity, temperature and pressure as well as 

explanations of Bernoulli’s principle. 

P-9.2, P-9.3, P-9.5, P-9.7 

 

How Hydraulic Machines Work 

http://www.howstuffworks.com/hydraulic.htm 

This site describes in detail how hydraulic systems work and the concepts involved. 

P-9.1, P-9.2, P-9.6 

 

Solids & Fluids 

http://theory.uwinnipeg.ca/physics/fluids.node1.html 

This site describes the relationships between density & depth to that of pressure.  It also 

describes buoyant force and fluids in motion in terms of Bernoulli’s equation. 

P-9.1, P-9.2, P-9.3, P-9.5, P-9.7 

 

Fluid Flow and Dynamics 

http://physics.bgsu.edu/%7Estoner/p201/fluidyn/sld001.htm 

This is a slide show describing and showing calculations of fluid flow including 

Bernoulli’s equation and applications of the equation. 

P-9.4, P-9.6 

 

Fluid Dynamics 

http://en.wikipedia.org/wiki/Fluid_dynamics 

Distinguishes hydraulics verses pneumatics (aerodynamics), describes fluid properties 

including drag, lift, surface tension, pressure and types of flow. 

P-9.1, P-9.2, P-9.3, P-9.4, P-9.5, P-9.7 

 

Pressure 

http://hyperphysics.phy-astr.gsu.edu/hbase/precon.html 

Contains a flow chart with hyperlinks describing buoyancy, air pressure, hydraulics and 

Bernoulli’s equation. 

P-9.1, P-9.2, P-9.3, P-9.5, P-9.7 

 

http://physicsweb.org/resources/Education/Interactive_experiments/Fluid_dynamics
http://www.grc.nasa.gov/WWW/k-12/airplane/pressure.html
http://www.howstuffworks.com/hydraulic.htm
http://theory.uwinnipeg.ca/physics/fluids.node1.html
http://physics.bgsu.edu/~stoner/p201/fluidyn/sld001.htm
http://en.wikipedia.org/wiki/Fluid_dynamics
http://hyperphysics.phy-astr.gsu.edu/hbase/precon.html


Fluid Mechanics 

http://scienceworld.wolfram.com/physics/topics/FluidMechanics.html 

Provides links to seek information on air pressure, buoyancy, drag, aerodynamics, 

viscosity, pressure and Bernoulli’s principle. 

P-9.2, P-9.3, P-9.4, P-9.5, P-9.7 

 

Aerodynamics Web Quest 

http://webquest.org/questgarden/lessons/13126-060102034041/index.htm 

Uses a web quest to research physics of flight including Bernoulli and Newton. 

P-9.7 

 

Bullpen 

http://library/thinkquest.org/11902/physics 

Uses Bernoulli’s principle and the concept of drag to explain curve balls. 

P-9.7 

 
Suggested Literature 

 

Hughes, William F. & Brighton, John A. 1999. Schaum’s Outline on Fluid Dynamics. 

The McGraw-Hill Companies, Inc. 

ISBN: 0-07-031118-8 

Lexile Level: Unknown 

Introduces fluids; describes types of flow, pressure, forces on submerged bodies, surface 

tension and the general flow in pipes; and details the relationships between momentum, 

energy, thermodynamics and the Bernoulli equation. 

P-9.2, P-9.3, P-9.4, P-9.5, P-9.6, P-9.7 

 

Giles, Ranald V., Evett, Jack B. & Liu, Cheng. 1994. Schaum’s Outline on Fluid 

Mechanics and Hydraulics.  The McGraw-Hill Companies, Inc. 

ISBN: 0-07-020509-4 

Lexile Level: Unknown 

Chapters in include properties of fluids, fluid statics, buoyancy & flotation, fundamentals 

of fluid flow and complex pipeline systems. 

All P-9 indicators are present. 

 

Touger, Jerold. 2006. Introductory Physics, Building Understanding Version 1.1. New 

York: John Wiley & Sons, Inc. 

ISBN: 0-471-94000-3 

Lexile Level: Unknown 

Includes fluid topics of statics and dynamics of fluids that describe pressure, buoyancy 

and Bernoulli’s principle. 

P-9.2, P-9.3, P-9.7 

 

 

 

 

http://scienceworld.wolfram.com/physics/topics/FluidMechanics.html
http://webquest.org/questgarden/lessons/13126-060102034041/index.htm
http://library/thinkquest.org/11902/physics


Granger, Robert A. 1994. Fluid Mechanics. New York: Dover Publications. 

ISBN: 0-486-68356-7 

Lexile Level: Unknown 

Explains properties associated with fluids such as density, pressure, specific gravity, 

surface tension, and viscosity.  It also shows how to calculate pressure, work and power. 

P-9.2, P-9.4, P-9.5, P-9.6 

 

Munson, Bruce R., Young, Donald F. & Okiishi, Theodore H. 2006. Fundamentals of  

Fluid Mechanics. New York: John Wiley & Sons, Inc. 

ISBN: 0-471-67582-2 

Lexile Level: Unknown 

Comprehensive coverage of all topics in fluid mechanics including buoyancy, Bernoulli’s 

principle and factors that affect fluid flow. 

All P-9 indicators are present. 

 

Nakayama, Yasuki & Boucher, Robert. 2002. Introduction to Fluid Mechanics. 

Massachusetts: Butterworth – Heinemann. 

ISBN: 0-340-67649-3 

Lexile Level: Unknown 

Chapters include the history of fluids, characteristics of fluids, fluid statics, fundamentals 

of flow, flow in pipes and drag & lift.  Also includes real-life applications. 

All P-9 indicators are present. 

 

Mott, Robert L. 2005. Applied Fluid Mechanics. Prentice Hall. 

ISBN: 0-131-14680-7 

Lexile Level: Unknown 

It covers fluid properties & measurement of pressure, density and viscosity; and the flow 

of fluids in pipes as well as the flow of air and other gases.  

P-9.1, P-9.2, P-9.4, P-9.5 

 

Turns, Stephen. 2006. Thermal-Fluids Sciences: An Introductory Approach. New York: 

Cambridge University Press. 

ISBN: 0-521-85043-6 

Lexile Level: Unknown 

It describes buoyancy and Bernoulli’s principle as well as differentiating the forces acting 

on fluids.  This text also covers several topics in thermodynamics like heat, temperature, 

the laws, specific heat, entropy and heat engines. 

P-9.1, P-9.3, P-9.7 and P-10.1, 10-2, 10.3, 10.5, 10.7 

 

Darby, Ronald. 2001. Chemical Engineering Fluid Mechanics, Second Edition. New 

York: Marcel Dekker, Inc. 

ISBN: 0-8247-0444-4 

Lexile Level: Unknown 

This text covers properties of gases and liquids like viscosity, pressure and density; flow 

within pipes; buoyancy; and the effects of drag. 

P-9.1, P-9.3, P-9.4, P-9.5, P-9.7 



Saleh, Jamal. 2002. Fluid Flow Handbook. McGraw-Hill Companies, Inc. 

ISBN: 0-07-136372-6 

Lexile Level: Unknown 

This text has chapters that include fluid properties, fluid flow & thermodynamics as well 

as fluid statics. 

P-9.1, P-9.2, P-9.3, P-9.4, P-9.5, P-9.7 

 

Suggested Streamline Video Resources 
 

Matter and Energy 

Segment 2: Pressure 

ETV Streamline 

It applies the concepts of pressure to diving, mountain climbing and space.  Also includes 

factors affecting pressure like density, volume and force. 

6:06 – 15:24 minutes 

P-9.2, P-9.5 

 

Underwater Forensics 

Studying Buoyancy and Gravity 

ETV Streamline 

This segment describes forces acting on an object in water such as buoyancy and gravity. 

6:37 – 8:49 minutes 

P-9.3 

 

Underwater Forensics 
Effects of Balanced & Unbalanced Forces 

ETV Streamline 

This segment applies pressure, force, volume and area to the problems with the Titanic. 

8:49 – 12: 29 minutes 

P-9.1, P-9.2 

 

Underwater Forensics 

Scuba Diving Dangers 

ETV Streamline 

This segment applies the behavior of fluids and the factors affecting fluids to scuba 

diving. 

43:24 – 49:15 minutes 

P-9.1, P-9.2, P-9.5 

 

Hurricanes, Tornadoes & Thunderstorms 
ETV Streamline 

This video applies the factors of air pressure and fluids to the weather. 

0 – 24:00 minutes 

P-9.1, P-9.5, P-9.7 

 

 



 

Understanding Flight 

Characteristics of Our Atmosphere 

ETV Streamline 

This segment describes factors affecting air pressure and flight.  It also includes types of 

flow, drag and lift. 

4:48 – 12:39 minutes 

P-9.1, P-9.5, P-9.7 

 

Physical Science: Motion 

The Physics of Flight 

ETV Streamline 

It describes the properties of air and how it affects flight. 

10:48 – 14:47 minutes 

P-9.1, P-9.4, P-9.7 

 

Principles of Technology: Forces 

Pressure in Fluid Systems 

ITV Resource 

In this video segment hydraulic and pneumatic systems are differentiated; pressure, force 

and area are related; and the effects of depth on pressure and buoyancy are described. 

13:57 – 20:13 minutes 

P-9.1, P-9.2, P-9.3, P-9.5 

 

Principles of Technology: Resistance 

Resistance in Fluid Systems 

ITV Resource 

This video describes the factors that affect fluids through pipes. 

14:59 – 21:42 minutes 

P-9.4 

 

Principles of Technology: Resistance 

Resistance in Mechanical Systems 

ITV Resource 

This video discusses drag and friction and describes how velocity and pressure affect 

drag. 

7:06 – 14:59 minutes 

P- 9.7 

 

Career Connections 
 

Plumber, Pipefitter and Pipelayer 

They install, maintain and repair many types of pipe systems.  They must be able to 

follow building plans or blueprints, cut & bend lengths of pipes, connect lengths of pipes 

and check the systems using pressure gauges. 

 



 

 

Hydraulic & Pneumatic Technicians & Mechanics 

They repair and maintain engines and hydraulic, transmission & electrical systems that 

power machinery.  When hydraulic components malfunction, they examine them for fluid 

leaks, ruptured hoses or worn gaskets on the fluid reservoirs.  Most machines use 

electronic or computer controlled components so it is necessary to be trained in 

electronics and hand-held diagnostic computers. 

 

Aircraft & Avionics Equipment Mechanics & Technicians 

They keep the aircraft in peak operating condition by inspecting engines, landing gear, 

instruments, pressurized sections or repair & replace worn parts. 

 

Aerospace Engineers 

Design, develop and test aircraft, spacecraft or missiles.  They develop new technologies 

for use in aviation, defense systems and space explorations. 

 

Chemical Engineers 

Design equipment and processes for large-scale chemical manufacturing or other 

manufacturing industries like electronics, food, clothing and paper.  They must be aware 

of all aspects of chemical manufacturing and apply the principles of chemistry, physics, 

math, mechanical and electrical engineering. 

 

Pilots 

They plan flights carefully by thoroughly checking the aircraft (engines, controls, 

instruments); by making sure the cargo is loaded correctly; by conferring with the tower 

and weather forecasters to find out weather conditions; and by choosing a route, altitude 

and speed that will provide the safest, most economical and smoothest flight.  For take 

off and landing, pilots must consider altitude of the airport, outside temperature, weight 

of the plane and speed & direction of wind. 

 

Automobile Service Mechanics and Technicians 
They use high-tech skills including computerized shop equipment and electronic 

components to inspect, maintain and repair automobiles.  The use common tools like 

pneumatic wrenches, machine tools and welding equipment to make their repairs on all 

systems in a car including mechanical, electrical, fluid and thermal. 



 

P-9.1 Predict the behavior of fluids (including changing forces) in 

pneumatic and hydraulic systems.  

 
Revised Taxonomy Level     2.5B    Infer (predict) conceptual knowledge 

 

Students did not address this indicator in physical science 

 

It is essential for students to 

 Understand that the term fluid applies to both liquids and gases because of the 

properties and behaviors that are common to both 

 Pneumatic systems involve gases 

 Hydraulic systems involve liquids 

 Understand the properties of fluids 

 Buoyant force 

 Streamline flow 

 Compare how open and closed fluid systems are different 

 

Assessment 

As the verb for this indicator is Infer (predict), therefore, the major focus of assessment 

should be for students to draw a logical conclusion from presented information.  Because 

the indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students 

understand how the behavior of fluids depends on the properties of buoyant force and 

streamline flow.  Students should be able to use these properties to predict the behavior of 

fluids in familiar situations. 



 

P-9.2 Apply appropriate procedures to solve problems involving 

pressure, force, volume, and area 

 
Revised Taxonomy Level     3.2 CA   Apply procedural knowledge 

 

Students did not address this indicator in physical science 

 

It is essential for all students to 

 Understand that pressure is the force applied per unit area, P = F/A 

 Understand that pressure is measured in units of Pascal’s in the metric system (N/m
2
) 

 Explain the difference between absolute and gage pressure 

 Use the formula P=P0 + ρgh  

 Where  

 P = pressure 

 P0 = original pressure 

 ρ = density 

 g = acceleration of gravity 

 h = depth 

   

 Use the formula P = F/A 

 Where 

 P = pressure 

 F = force 

 A = area 

 

Assessment 

The revised taxonomy verb for this indicator, apply, means that the major focus of 

assessment will be for students to show that they can “apply a procedure to an unfamiliar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

solving problems involving pressure.  A key part of the assessment will be for students to 

show that they can apply the knowledge to a new situation, not just repeat problems 

which are familiar.  This requires that students have a conceptual understanding of fluids 

and pressure, volume and area 



P-9.3 Explain the factors that affect buoyancy.  

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

Students did not address this indicator in Physical science 

 

It is essential for all students to 

 

 Use the formula Fbuoy = ρVg 

 Where 

 Fbuoy = the buoyant force 

 ρ = density 

 V = volume 

 g = acceleration of gravity 

 Discuss how each of the variables above affect the buoyancy of an object. 

 

Assessment  

The verb, explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how the buoyant force is affected by each of the given variables.  Because the 

indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students can 

construct a cause and effect statement relating how each of the variables, density, 

volume, and acceleration of gravity affect the buoyant force on an object. 

 



 

P-9.4 Explain how the rate of flow of a fluid is affected by the size of 

the pipe, friction, and the viscosity of the fluid  

 
Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 
In physical science, students were introduced to viscosity as a physical property of a fluid 

and they studied friction as an opposing force for moving objects. 

It is essential for students to 

 Understand that the flow rate can be measured several ways 

 Volumetric flow rate (ft
3
/sec),  (gal/min), (l/sec), (m

3
/sec) 

 The volume of fluid flowing past a given point in a fluid flow system per unit 

of time 

 Mass flow rate, (lb/sec) or (kg/sec) 

 The amount of fluid mass flowing past a given point in a fluid flow system per 

unit of time 

 Understand that the flow rate is directly proportional to the square of the diameter of 

the pipe. 

 Understand that friction has a negative affect on the flow rate of a fluid system in two 

ways 

 Because of the friction of a fluid in contact with a pipe, the flow rate of the fluid 

is slower near the walls of the pipe than at the center. 

 The smoother, cleaner, and larger a pipe is, the less effect pipe friction has on the 

overall flow rate 

 Compare laminar and turbulent flow 

 Explain why a freely falling object has terminal speed 

 Understand that the viscosity of a flowing fluid is a direct indication of the work 

which must be done to maintain that fluid in steady flow, so the higher the viscosity 

of the liquid, the lower the flow rate. 

 Identify the normal laboratory method of measuring viscosity 

 

Assessment 

The verb, explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how pipe diameter, friction, and viscosity of the liquid affect its flow rate.  

Because the indicator is written as conceptual knowledge, assessments should require that 

students understand the “interrelationships among the basic elements within a larger 

structure that enable them to function together.” In this case, assessments must show that 

students can construct a cause and effect statement relating each of these factors affect 

the flow rate in a given fluid system. 



 

P-9.5 Explain how depth and fluid density affect pressure.  
 

Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 
Students did not address this concept in physical science 

 

It is essential for students to 

 Understand and use the equation P = ρgh  

 Where 

 P = pressure 

 ρ = density of the fluid 

 g = acceleration of gravity 

 h = depth of the fluid 

 Understand that the pressure of a fluid does not depend on 

 the shape of the container 

 The volume of the fluid  

 the total weight of the fluid 

 Understand that at any point within a fluid, the forces that produce pressure are 

exerted equally in all directions 

 

Assessment 
The verb, explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model the factors that affect the pressure of a fluid.  Because the indicator is written 

as conceptual knowledge, assessments should require that students understand the 

“interrelationships among the basic elements within a larger structure that enable them to 

function together.” In this case, assessments must show that students can construct a 

cause and effect statement relating how each factor, density and depth, affect the pressure 

of a fluid, as well as the factors which do not affect the density of a fluid. 



 

P-9.6 Apply fluid formulas to solve problems involving work and 

power.  

 
Revised Taxonomy Level     3.2 CA   Apply procedural knowledge 

 

Students did not address power in physical science 

It is essential for students to 

 Understand that power is the rate of work so P = p x ΔV/t 

 Understand that a common type of work is the work done by a gas through expansion 

or the work done to a gas through compression. 

 

 
 

 Pressure is the force applied per unit area, P = F/A 

 Pressure is measured in units of Pascals in the metric system (N/m
2
) 

 Work is defined as Force applied over a distance so the work done by the fluid on 

the piston or the work done by the piston on the fluid is the force applied over the 

change in height of the gas chamber 

 W = F x Δh    where Δh = hf - hi 

 Therefore for a piston the work associated with moving a distance Δh can be 

found with the equation  W = p x A x Δh 

 A x Δh is equal to the change in volume of the cylinder so  W = p x ΔV 

 If ΔV is positive then the gas is expanding and doing work on the surroundings. 

So work should be negative W = -p x ΔV 

 Understand and apply Pascal’s Principle to hydraulic systems 

 “When there is an increase in pressure at any point in a confined fluid, there is an 

equal increase at every other point in the container.” 

 Because the pressure throughout the fluid is equal to force x area 



 In the diagram below, F1 x A1 = F2 x A2 

 

 

 Pascal's law allows forces to be multiplied. The cylinder on the left shows a small 

cross-section area of 1 square meter, while the cylinder on the right shows a large 

cross-section area of 10 square meters. The cylinder on the left has a weight of 

one Newton acting downward on the piston, which lowers the fluid 10 meters. As 

a result of this force, the piston on the right lifts a 10 Newton weight a distance of 

1 meter    

 The 1 Newton load on the 1 square meter area causes an increase in pressure on 

the fluid in the system.  

 This pressure is distributed equally throughout and acts on every square meter of 

the 10 square meter area of the large piston. 1N/m
2
 x 10m

2
 gives a force of 10 N 

on the right 

  As a result, the larger piston lifts up a 10 Newton weight. The larger the cross-

section area of the second piston, the larger the mechanical advantage, and the 

more weight it lifts. 

 The following formulas are related to a hydraulic lift 

 P1 = P2 (since the pressures are equal throughout) 

 F1/A1 =  F2/A2 (Since pressure equals force per unit area) 

 V1 = V2 (Because the volume of fluid pushed down on the left side equals the 

volume of fluid that is lifted up on the right side) 

 A1D1 =  A2D2 where  

 A = cross sectional area  

 D = the distance moved  

Assessment 

The revised taxonomy verb for this indicator is implement (apply), the major focus of 

assessment will be for students to show that they can “apply a procedure to an unfamiliar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

solving problems relating to power and work in fluid systems.  A key part of the 

assessment will be for students to show that they can apply the knowledge to a new 

situation, not just repeat problems which are familiar.  This requires that students have a 

conceptual understanding of fluid mechanics.  



 
 

P-9.7 Exemplify the relationship between velocity and pressure by 

using Bernoulli’s principle.  
 

Revised Taxonomy Level       2.2-B    Exemplify conceptual knowledge 

 

Students did not study this principle in physical science 

 

It is essential for students to 

 Understand that Bernoulli’s principle states that when the speed of a fluid increases, 

the pressure in the fluid drops 

 Distinguish between the pressure in the fluid and the pressure by the fluid on 

something that interferes with its flow. 

 Use Bernoulli’s principle to explain familiar phenomena  

 How the shape of an airplane wing affects lift 

 How the shape of bird’s wings allow them to fly 

 Why the spin of a baseball causes it to curve. 

 Why a shower curtain moves inward, toward the water flow when the shower is 

turned on. 

 
Assessment 
The verb exemplify means to find a specific example or illustration of a concept or 

principle, therefore the major focus of assessment will be for students to illustrate how 

Bernoulli’s principle is responsible for each of the examples given above.  Conceptual 

knowledge requires that students understand the interrelationships among the basic 

elements within a larger structure that enable them to function together; in this case for 

students to understand how fluid velocity and pressure are interrelated in each of the 

examples. 



Standard P-10: The student will demonstrate an understanding of 

the principles of thermodynamics. 



P-10.1 Summarize the first and second laws of thermodynamics.  

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

In physical science students  

 “Explain the process of phase change in terms of temperature, heat transfer, and 

particle arrangement.”(PS-3.7)  

 “Explain how the law of conservation of energy (including mechanical energy, 

electrical energy, chemical energy, light energy, sound energy, and thermal energy).” 

(PS-6.1) 

 

It is essential for students to 

 Understand that the internal energy of a substance is the total of all of the energies 

inside of a substance including 

 Kinetic energy of jostling molecules 

 Rotational kinetic energy of molecules 

 Kinetic energy due to internal movements of atoms within the molecules 

 Potential energy due to the forces between molecules 

 Understand that the first law of thermodynamics 

 Can be generally stated as: “Whenever heat is added to a system, it transforms 

into an equal amount of energy that may include other forms.”  

 You cannot get any more energy out of a system than you put in. 

 This is a restatement of the law of energy conservation applied to heat. 

 The heat that is added to a system can do one or both of two things: 

 If it remains in the system it will increase the internal energy of the system (by 

increasing any combination of the forms listed above) 

 If it leaves the system it will do external work on another system 

 Understand that the second law of thermodynamics  

 Can be generally stated as:  “When energy transforms, some of it degenerates into 

waste.  The wasted energy is unavailable and is lost.” 

 You cannot get as much energy out as you put in. 

 

Assessment 

The revised taxonomy verb summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the terms system, internal energy, heat, and 

work. Conceptual knowledge requires that students understand the interrelationships 

among the basic elements within a larger structure that enable them to function together. 

In this case, that students understand the how the Law of conservation of energy is 

applied to thermal systems, in terms of work and internal energy. 



P-10.2 Explain the relationship among internal energy, heat, and work. 
 

Revised Taxonomy Levels    2.7 B     Explain conceptual knowledge 

 

Students did not address this concept in physical science 

 

It is essential for students to 

 Be able to use the equation Q = ΔE + W , where 

 Q = heat transferred to a system (in joules) 

 ΔE = the change in the internal energy of a system (in joules) 

 W = work done on surrounding objects (in joules) 

 Understand that 

  Q is positive when energy is transferred to the system (and negative when energy 

is transferred out of the system) 

 W is positive when the system does work on surrounding objects (and negative 

when the surroundings do work on the system) 

 Understand that a process in which no heat is added to or removed from a substance 

is called an adiabatic process 

 Q = 0 = ΔE + W 

 ΔE = -W 

 The work done on the system = the change in its internal energy 

 

Assessment 

The verb, explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model how heat affects the internal energy of a system and the work that that system 

can do on the surroundings.  Because the indicator is written as conceptual knowledge, 

assessments should require that students understand the “interrelationships among the 

basic elements within a larger structure that enable them to function together.” In this 

case, assessments must show that students can construct a cause and effect statement 

relating how changes in each of these three variables, heat, internal energy, and work 

affect the others. 



P-10.3 Exemplify the concept of entropy. 
 

Revised Taxonomy Level       2.2-B    Exemplify conceptual knowledge 

 

Students did not address this concept in physical science 

 
It is essential for students to 

 Understand that entropy is a measurement of the amount of disorder in a system  

 Understand that entropy can be expressed as a mathematical equation, stating that the 

increase in entropy, ΔS, in and ideal thermodynamic system is equal to the amount of 

heat added to a system, ΔQ, divided by the temperature, T, of the system: ΔS = ΔQ/T. 

 Entropy is a manifestation of the second law 

 Whenever energy freely transforms from one form to another, the direction of 

transfer is toward a state of greater disorder. 

 The entropy of the universe is always increasing. 

 Explain familiar systems in terms of entropy 

 Gas molecules escaping from a bottle. 

 Heat always flows from a hot object to a cold object. 

 Efficiency of machines is always less than 100%. 

 

 

Assessment 
The verb exemplify means to find a specific example or illustration of a concept or 

principle, therefore the major focus of assessment will be for students to give examples 

that show that they understand how familiar energy transformations are based on the 

principle of entropy increase.  Conceptual knowledge requires that students understand 

the interrelationships among the basic elements within a larger structure that enable them 

to function together; in this case, that students understand the laws of thermodynamics as 

they apply to familiar systems 



P-10.4 Explain thermal expansion in solids, liquids, and gases in terms 

of kinetic theory and the unique behavior of water. 
 

Revised Taxonomy Levels    2.7 B    Explain conceptual knowledge 

 

In physical science, students 

 Compare the properties of the four states of matter—solid, liquid, gas, and plasma—

in terms of the arrangement and movement of particles. (PS-3.6) 

 Explain the processes of phase change in terms of temperature, heat transfer, and 

particle arrangement. (PS-3.7) 

 

It is essential for students to 

 Understand the two basic concepts of the kinetic theory 

 The molecules of a substance are in constant motion 

 The amount of motion depends upon the average kinetic energy of the 

molecules; this energy depends upon the temperature. 

 Collisions between molecules are perfectly elastic (except when chemical changes 

or molecular excitations occur). 

 Explain thermal expansion in solids both conceptually and mathematically 

 The change in length of a solid equals the product of its original length, its change 

in temperature, and its coefficient of linear expansion. 

 For the same increase in temperature, different materials of the same length 

expand by different amounts (depending upon the nature of the molecules 

which comprise the materials) 

 The coefficient of linear expansion is a value which indicates the change in 

length per unit length of a solid when its temperature is changed one degree 

 Δl = α l ΔT  where 

 Δl = the change in length 

 α  = the coefficient of linear expansion 

 l = the original length 

 ΔT = the change in temperature  

 Explain how the combined effects of molecular motion and crystalline structure result 

in  water being the most dense at a temperature of 4  ۫  C. 

  



                  
        Structure of liquid water                Structure of ice 
 Explain the expansion of gasses in terms of Charles’ Law 

 V’ = VTk’/Tk    Where 

 V’ = The new volume of a gas 

 V = The original volume of a gas 

 Tk’= The new temperature (Kelvin) 

 Tk  = The original volume (Kelvin) 

 

Assessment 

The verb, explain means that the major focus of assessment should be for students to 

“construct a cause and effect model”.  In this case, assessments will ensure that students 

can model the thermal expansion of substances, in terms of the kinetic theory.  Because 

the indicator is written as conceptual knowledge, assessments should require that students 

understand the “interrelationships among the basic elements within a larger structure that 

enable them to function together.” In this case, assessments must show that students can 

construct a cause and effect statement relating how temperature affects the kinetic energy 

of the particles of substances in various phases and how the change in kinetic energy 

affects the volume of the substance. 



P-10.5 Differentiate heat and temperature in terms of molecular 

motion.  
 

Revised Taxonomy Level     4.1B   Differentiate conceptual knowledge 

 

Physical Science students did not address this topic. 

 

It is essential for students to 

 Understand that heat is thermal energy that is absorbed, given up, or transferred from 

on body to another, while temperature of a body is a measure of its ability to give up 

heat or absorb heat from another body. 

 Heat will flow from a body with a higher temperature to a body with a lower 

temperature, even if the cooler body contains more thermal energy. 

 Understand that temperature is an indication of the average kinetic energy of the 

particles of a substance. 

 Because it is an indication of the average kinetic energy, a liter of boiling water 

and two liters of boiling water will have the same temperature 

 Understand that internal energy is an indication of the total internal energy (potential 

and kinetic) of the particles of a substance 

 Because it is an indication of the total internal energy, there is twice as much 

thermal energy in two liters of boiling water as in one liter. 

 Heat is measured in units of joules, temperature in degrees Celsius, degrees 

Fahrenheit, or Kelvin  

 

Assessment 

As the verb for this indicator is differentiate, the major focus of assessment should be for 

students to distinguish between the relevant and irrelevant parts or important from 

unimportant parts of presented materials. Because the verb is differentiate, rather than 

compare, students thoroughly understand the terms temperature and heat in terms of the 

kinetic theory.  Because the indicator is written as conceptual knowledge, assessments 

should require that students understand the “interrelationships among the basic elements 

within a larger structure that enable them to function together.” In this case, assessments 

must show that students understand how heat and temperature effect and are affected by 

the internal energy of a substance. 



P-10.6 Summarize the concepts involved in phase change. 
 

Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

In Physical Science, students 

 

 “Explain the processes of phase change in terms of temperature, heat transfer, and 

particle arrangement” (PS-3.7) 

 
 

It is essential for students to 

 Understand that the internal energy of a substance (the energy of the particles) is of 

two types, kinetic and potential. 

 The potential energy of the particles of a substance is due to the attractive force 

between the particles.  

 The kinetic energy of particles depends upon their speed 

 Temperature is a term used to describe the average speed the particles are 

moving, and therefore the average kinetic energy of the particles. (some move 

faster than others.) 

 The faster a particle is moving the more kinetic energy it has 

 Explain phase change in terms of The Kinetic Theory 

 Phase change due to increasing the energy of the particles 

 When energy (such as heat) is added to a substance, the energy of the particles 

of the substance is increased, either by increasing the potential energy of the 

particles or by increasing the kinetic energy of the particles. 

 Both the potential energy and the kinetic energy of the particles of a substance 

can not increase at the same time, so both the phase and the temperature of a 

substance can not change at the same time.   

 Usually when energy is added to a substance, only the speed of the particles 

increases, they do not get further apart; so only the kinetic energy of the 

substance increases, not the potential energy.  

 Evidence of this would be that the temperature of the substance increases 

but the phase does not change 

 In order for the phase of a substance to change, energy (such as heat) must be 

added to a solid which is at a temperature equal to its melting point or to a 

liquid which is at a temperature equal to its boiling point 

 As soon as all of the particles have overcome the forces, and the phase of the 

substance is completely changed, then, added energy will once again be 

converted to kinetic energy, the phase will not change, the speed of the 

particles will increase, and a temperature increase will be observed. 

 Phase change due to decreasing the energy of the particles 

 Usually when energy is removed from a substance, only the speed of the 

particles decreases, they do not move closer together; so only the kinetic 

energy of the substance decreases, not the potential energy.  

 Evidence of this would be that the temperature of the substance decreases 

but the phase does not change 



 In order for the phase of a substance to change, energy (such as heat) must be 

removed from a liquid which is at a temperature equal to its freezing point or 

a gas which is at a temperature equal to its condensation point. 

 As soon as all of the particles have changed phase, removing energy will once 

again result in a decrease of kinetic energy, the speed of the particles will 

decrease, and a temperature decrease will be observed. 

 

 

Assessment 

The revised taxonomy verb, summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a deep conceptual understanding of the processes involved in phase change and can 

describe these processes in terms of the kinetic theory. Conceptual knowledge requires 

that students understand the interrelationships among the basic elements within a larger 

structure that enable them to function together. In this case, that students understand the 

effect that heat being transferred into our out of a substance has on the phase and the 

temperature of a substance. 



P-10.7 Apply the concepts of heat capacity, specific heat, and heat 

exchange to solve calorimetry problems. 

 
Revised Taxonomy Level     3.2 CA   Apply (use) procedural knowledge 

 

Students did not address this concept in physical science 

 

It is essential for all students to 

 Understand that the specific heat capacity (c) of a substance is the amount of heat 

required to change the temperature of one gram of a substance one degree Celsius. 

 Q = mcΔT    where 

 Q = heat (in joules) 

 m = mass (in grams) 

 c = specific heat capacity ( in joules/gram Celsius degree) 

 ΔT  = the change in temperature (Celsius degrees) 

 Understand that the heat of fusion ( Lf) of a substance is the amount of heat needed to 

melt a unit mass of a substance at its melting point  

 Q = m Lf   where 

 Q = heat (in joules) 

 m = mass (in grams) 

 Lf = the heat of fusion 

 Understand that the heat of vaporization ( Lv) of a substance is the amount of heat 

needed to vaporize a unit mass of a substance at its boiling point  

 Q = m Lv   where 

 Q = heat (in joules) 

 m = mass (in grams) 

 Lv = the heat of vaporization 

 Solve problems involving heat lost or gained resulting in both temperature changes 

and phase changes 

 

Assessment 

The revised taxonomy verb for this indicator is implement (apply), the major focus of 

assessment will be for students to show that they can “apply a procedure to an unfamiliar 

task”. The knowledge dimension of the indicator, procedural knowledge means 

“knowledge of subject-specific techniques and methods” In this case the procedure for 

solving problems involving heat lost or gained resulting in both temperature changes and 

phase changes 



P-10.8 Summarize the functioning of heat transfer mechanisms (including 

engines and refrigeration systems). 

 
Revised Taxonomy Level     2.4   Summarize conceptual knowledge 

 

Students did not address this concept in physical science 

 

It is essential for students to 

 Understand that a device that converts heat energy into mechanical energy is called a 

heat engine 

 

 
 

 A quantity of heat (I) is delivered to the engine during the beginning of a cycle. 

 This heat comes from a high-temperature heat source 

 The engine performs an amount of work (W) on some outside object and exhausts 

an amount of heat (E) to a low-temperature heat sink. 

 The first law of thermodynamics W = I – E 

 The thermal efficiency of the heat engine is a ratio of the work done (W) to the 

heat added (I)  or e = W/I 

 Since W = I – E,   e = (I-E)/I  or    e = 1 – E/I 

 Since E/I is equal to the ratio of the temperature,   

 e = 1 – T2/T1 

 The efficiency of a heat engine can be increased by making the temperature of the 

heat source as high as possible and the temperature of the heat sink as low as 

possible 

 List familiar examples of heat engines and summarize their function  

 Understand that an air conditioner is a compressor-driven cooling system 

composed of several basic components that are linked together 

 Refrigerant runs through the system and provides the cooling 

 The compressor is the "engine" that pushes and pulls the refrigerant through 

the system 

 The compressor is linked directly to the condenser, which condenses the 

gaseous refrigerant into a liquid at high pressure 



 The evaporator, is a large diameter tube that allows the liquid, highly 

compressed refrigerant to rapidly expand to a gas 

 When the liquid expands to a gas, its temperature drops. 

 

 Most air conditioners also have fans to blow over the evaporator coil to blow 

the cooled air into the room and to blow over the condenser coil to help 

dissipate the heat outside.  

 The functioning of an air conditioner 

 The refrigerant is in a gaseous state when it is pulled into the compressor.  

 The compressor pressurizes the gas, raising its temperature, and the condenser 

coils dissipate most of the excess heat and condense the gas to a liquid.  

 Usually a fan blows over the condenser coil to help get rid of the heat.  

 Most air conditioners have a fan that blows over this assembly to help 

dissipate the heat.  

 Continuing through the tubing of the system, this liquid is still relatively hot, 

but it is pressurized, and pressurized liquids have a higher boiling point than 

non-pressurized (or less-pressurized) liquids. 

  The liquid then travels to the capillary tubes, which are very narrow, to 

regulate the flow of refrigerant through the system and to ensure a large 

pressure differential between the capillary tubes and the evaporator.  

 When the liquid refrigerant passes into the large diameter tubing of the 

evaporator coil, it evaporates immediately, because the pressure dropped,  

 Dropping the boiling point of the refrigerant causes the refrigerant to boil 

(causing a state change from liquid to gas). 



  The state change from liquid to gas is an endothermic change (a reaction that 

absorbs heat) so the air conditioner's fan blows air over the outside of the coil 

and heat is absorbed from the air. 

  This colder air is then blown into the room that is being cooled. The now-

gaseous refrigerant continues through the system to the accumulator, which 

ensures that it is entirely gaseous, because otherwise the compressor would 

seize up (a gas can be compressed, but liquid cannot). 

 

. 

 
Assessment 

The revised taxonomy verb, summarize means “to abstract a general theme or major 

point” For this indicator, the major focus of assessment should be to insure that students 

have a conceptual understanding of ways that heat engines and refrigeration units 

function.  Conceptual knowledge requires that students understand the interrelationships 

among the basic elements within a larger structure that enable them to function together. 

In this case students understand how each part of the system functions and how all of the 

parts function together in compliance with the laws of thermodynamics. 

 
 

 


