
Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

Motion in 1 dimension

1
Students should understand the general relationships among position, velocity, and acceleration for the motion of a particle along a straight 
line

2
(1) Given a graph of one of the kinematic quantities, position, velocity, or acceleration, as a function of time, they can recognize in what time 
intervals the other two are positive, negative, or zero, and can identify or sketch a graph of each as a function of time.

3
(2)Given an expression for one of the kinematic quantities, position, velocity, or acceleration, as a function of time, they can determine the 
other two as a function of time, and find when these quantities are zero or achieve their maximum and minimum values.

4 Students should understand the special case of motion with constant acceleration
5 Write down expressions for velocity and position as functions of time, and identify or sketch graphs of these quantities.

6

7
Students should know how to deal with situations in which acceleration is a specified function of velocity and time so they can write an 
appropriate differential equation and solve it for v(t) by separation of variables, incorporating correctly a given initial value of t.

Motion in 2 dimensions including projectile motion
8 Students should be able to add, subtract, and resolve displacement and velocity vectors
9 Determine components of a vector along two specified, mutually perpendicular axes.

10 Determine the net displacement of a particle or the location of a particle relative to another.
11 Determine the change in velocity of a particle or the velocity of one particle relative to another.

12
Students should understand the general motion of a particle in two dimensions so that, given functions x(t) and y(t) which describe this 
motion, they can determine the components, magnitude, and direction of the particle’s velocity and acceleration as functions of time.

13 Students should understand the motion of projectiles in a uniform gravitational field

14
Write down expressions for the horizontal and vertical components of velocity and position as functions of time, and sketch or identify graphs 
of these components.

15 Use these expressions in analyzing the motion of a projectile that is projected with an arbitrary initial velocity.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

Newtons Laws of Motion
Static equilibrium (first law)

16
Students should be able to analyze situations in which a particle remains at rest, or moves with constant velocity, under the influence of 
several forces.

Dynamics of a single particle (second law)
17 Students should understand the relation between the force that acts on an object and the resulting change in the object’s velocity

18 Calculate, for an object moving in one dimension, the velocity change that results when a constant force F acts over a specified time interval

19 Calculate, for an object moving in one dimension, the velocity change that results when a force F(t) acts over a specified time interval.

20
Determine, for an object moving in a plane whose velocity vector undergoes a specified change over a specified time interval, the average 
force that acted on the object.

21
22 Draw a well-labeled, free-body diagram showing all real forces that act on the object.

23
Write down the vector equation that results from applying Newton’s Second Law to the object, and take components of this equation along 
appropriate axes.

24

Students should be able to analyze situations in which an object moves with specified acceleration under the influence of one or more forces 
so they can determine the magnitude and direction of the net force, or of one of the forces that makes up the net force, such as motion up or 
down with constant acceleration.

25 Students should understand the significance of the coefficient of friction
26 Write down the relationship between the normal and frictional forces on a surface.
27 Analyze situations in which an object moves along a rough inclined plane or horizontal surface.
28 Analyze under what circumstances an object will start to slip, or to calculate the magnitude of the force of static friction.
29 Students should understand the effect of drag forces on the motion of an object
30 Find the terminal velocity of an object moving vertically under the influence of a retarding force dependent on velocity.

31
Describe qualitatively, with the aid of graphs, the acceleration, velocity, and displacement of such a particle when it is released from rest or 
is projected vertically with specified initial velocity.

32 Use Newton's Second Law to write a differential equation for the velocity of the object as a function of time.

33
Use the method of separation of variables to derive the equation for the velocity as a function of time from the differential equation that 
follows from Newton's Second Law.

34 Derive an expression for the acceleration as a function of time for an object falling under the influence of drag forces.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

Systems of two or more objects (third law)

35
Students should understand Newton’s Third Law so that, for a given system, they can identify the force pairs and the objects on which they 
act, and state the magnitude and direction of each force.

36
Students should be able to apply Newton’s Third Law in analyzing the force of contact between two objects that accelerate together along a 
horizontal or vertical line, or between two surfaces that slide across one another.

37
Students should know that the tension is constant in a light string that passes over a massless pulley and should be able to use this fact in 
analyzing the motion of a system of two objects joined by a string.

38
Students should be able to solve problems in which application of Newton’s laws leads to two or three simultaneous linear equations 
involving unknown forces or accelerations.

Work, energy, power
Work and the work-energy theorem

39 Students should understand the definition of work, including when it is positive, negative.
40 Calculate the work done by a specified constant force on an object that undergoes a specified displacement.

41
Relate the work done by a force to the area under a graph of force as a function of position, and calculate this work in the case where the 
force is a linear function of position.

42 Use integration to calculate the work performed by a force F(x) on an object that undergoes a specified displacement in one dimension.

43
Use the scalar product operation to calculate the work performed by a specified constant force F on an object that undergoes a 
displacement in a plane.

44 Students should understand and be able to apply the work-energy theorem.
45 Calculate the change in kinetic energy or speed that results from performing a specified amount of work on an object.

46
Calculate the work performed by the net force, or by each of the forces that make up the net force, on an object that undergoes a specified 
change in speed or kinetic energy.

47
Apply the theorem to determine the change in an object’s kinetic energy and speed that results from the application of specified forces, or to 
determine the force that is required in order to bring an object to rest in a specified distance.

2. Forces and potential energy
48 Students should understand the concept of a conservative force,
49 State alternative definitions of “conservative force” and explain why these definitions are equivalent.
50 Describe examples of conservative forces and non-conservative forces.
51 Students should understand the concept of potential energy.

52
State the general relation between force and potential energy, and explain why potential energy can be associated only with conservative 
forces.

53 Calculate a potential energy function associated with a specified one-dimensional force F(x).
54 Calculate the magnitude and direction of a one-dimensional force when given the potential energy function U(x) for the force.
55 Write an expression for the force exerted by an ideal spring and for the potential energy of a stretched or compressed spring.
56 Calculate the potential energy of one or more objects in a uniform gravitational field.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

3. Conservation of energy
57 Students should understand the concepts of mechanical energy and of total energy.

58
State and apply the relation between the work performed on an object by non-conservative forces and the change in an object’s mechanical 
energy.

59 Describe and identify situations in which mechanical energy is converted to other forms of energy.
60 Analyze situations in which an object’s mechanical energy is changed by friction or by a specified externally applied force.
61 Students should understand conservation of energy.
62 Identify situations in which mechanical energy is or is not conserved.
63 Apply conservation of energy in analyzing the motion of systems of connected objects, such as an Atwood’s machine.
64 Apply conservation of energy in analyzing the motion of objects that move under the influence of springs.

65 Apply conservation of energy in analyzing the motion of objects that move under the influence of other non-constant one-dimensional forces.

66 Students should be able to recognize and solve problems that call for application both of conservation of energy and Newton’s Laws.
4. Power

67 Students should understand the definition of power.

68
Calculate the power required to maintain the motion of an object with constant acceleration (e.g., to move an object along a level surface, to 
raise an object at a constant rate, or to overcome friction for an object that is moving at a constant speed).

69
Calculate the work performed by a force that supplies constant power, or the average power supplied by a force that performs a specified 
amount of work.

D. Systems of particles, linear momentum
1. Center of mass

70 Students should understand the technique for finding center of mass.
71 Identify by inspection the center of mass of a symmetrical object.
72 Locate the center of mass of a system consisting of two such objects.
73 Use integration to find the center of mass of a thin rod of non-uniform density.

74
Students should be able to understand and apply the relation between center-of-mass velocity and linear momentum, and between center-of-
mass acceleration and net external force for a system of particles.

75
Students should be able to define center of gravity and to use this concept to express the gravitational potential energy of a rigid object in 
terms of the position of its center of mass.

2. Impulse and momentum
76 Students should understand impulse and linear momentum.
77 Relate mass, velocity, and linear momentum for a moving object, and calculate the total linear momentum of a system of objects.
78 Relate impulse to the change in linear momentum and the average force acting on an object.
79 State and apply the relations between linear momentum and center-of-mass motion for a system of particles.
80 Calculate the area under a force versus time graph and relate it to the change in momentum of an object.
81 Calculate the change in momentum of an object given a function F(t) for the net force acting on the object.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

3. Conservation of linear momentum, collisions
82 Students should understand linear momentum conservation.
83 Explain how linear momentum conservation follows as a consequence of Newton’s Third Law for an isolated system.
84 Identify situations in which linear momentum, or a component of the linear momentum vector, is conserved.

85 Apply linear momentum conservation to one-dimensional elastic and inelastic collisions and two-dimensional completely inelastic collisions.
86 Apply linear momentum conservation to two-dimensional elastic and inelastic collisions.

87
Analyze situations in which two or more objects are pushed apart by a spring or other agency, and calculate how much energy is released in 
such a process.

88 Students should understand frames of reference.
89 Analyze the uniform motion of an object relative to a moving medium such as a flowing stream.
90 Analyze the motion of particles relative to a frame of reference that is accelerating horizontally or vertically at a uniform rate.

E. Circular motion and rotation
1. Uniform circular motion

91 Students should understand the uniform circular motion of a particle.
92 Relate the radius of the circle and the speed or rate of revolution of the particle to the magnitude of the centripetal acceleration.
93 Describe the direction of the particle’s velocity and acceleration at any instant during the motion.
94 Determine the components of the velocity and acceleration vectors at any instant, and sketch or identify graphs of these quantities.

95
Analyze situations in which an object moves with specified acceleration under the influence of one or more forces so they can determine the 
magnitude and direction of the net force, or of one of the forces that makes up the net force.

96 Analyze motion in a horizontal circle (e.g., mass on a rotating merry-go-round, or car rounding a banked curve).

97 Analyze motion in a vertical circle (e.g., mass swinging on the end of a string, cart rolling down a curved track, rider on a Ferris wheel).



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

Torque and rotational statics
98 Students should understand the concept of torque.
99 Calculate the magnitude and direction of the torque associated with a given force.

100 Calculate the torque on a rigid object due to gravity.
101 Students should be able to analyze problems in statics.
102 State the conditions for translational and rotational equilibrium of a rigid object.

103
Apply these conditions in analyzing the equilibrium of a rigid object under the combined influence of a number of coplanar forces applied at 
different locations.

104 Students should develop a qualitative understanding of rotational inertia.
105 Determine by inspection which of a set of symmetrical objects of equal mass has the greatest rotational inertia.
106 Determine by what factor an object’s rotational inertia changes if all its dimensions are increased by the same factor.
107 Students should develop skill in computing rotational inertia.
108 Find the rotational inertia of a collection of point masses lying in a plane about an axis perpendicular to the plane.
109 Find the rotational inertia of a thin rod of uniform density, about an arbitrary axis perpendicular to the rod.

110 Find the rotational inertia of a thin cylindrical shell about its axis, or an object that may be viewed as being made up of coaxial shells.
111 Students should be able to state and apply the parallel-axis theorem.

3. Rotational kinematics and dynamics

112

Students should understand the analogy between translational and rotational kinematics so they can write and apply relations among the 
angular acceleration, angular velocity, and angular displacement of an object that rotates about a fixed axis with constant angular 
acceleration.

113 Students should be able to use the right-hand rule to associate an angular velocity vector with a rotating object.
114 Students should understand the dynamics of fixed-axis rotation.
115 Describe in detail the analogy between fixed-axis rotation and straight-line translation.

116
Determine the angular acceleration with which a rigid object is accelerated about a fixed axis when subjected to a specified external torque 
or force.

117 Determine the radial and tangential acceleration of a point on a rigid object.
118 Apply conservation of energy to problems of fixed-axis rotation.
119 Analyze problems involving strings and massive pulleys.
120 Students should understand the motion of a rigid object along a surface.

121

Write down, justify, and apply the relation between linear and angular velocity, or between linear and angular acceleration, for an object of 
circular cross-section that rolls without slipping along a fixed plane, and determine the velocity and acceleration of an arbitrary point on such 
an object.

122 Apply the equations of translational and rotational motion simultaneously in analyzing rolling with slipping.

123
Calculate the total kinetic energy of an object that is undergoing both translational and rotational motion, and apply energy conservation in 
analyzing such motion.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

4. Angular momentum and its conservation
124 Students should be able to use the vector product and the right-hand rule.
125 Calculate the torque of a specified force about an arbitrary origin.
126 Calculate the angular momentum vector for a moving particle.

127
Calculate the angular momentum vector for a rotating rigid object in simple cases where this vector lies parallel to the angular velocity 
vector.

128 Students should understand angular momentum conservation.

129
Recognize the conditions under which the law of conservation is applicable and relate this law to one- and two-particle systems such as 
satellite orbits.

130 State the relation between net external torque and angular momentum, and identify situations in which angular momentum is conserved.
131 Analyze problems in which the moment of inertia of an object is changed as it rotates freely about a fixed axis.
132 Analyze a collision between a moving particle and a rigid object that can rotate about a fixed axis or about its center of mass.

1. Simple harmonic motion (dynamics and energy rela tionships)
133 Students should understand simple harmonic motion.

134
Sketch or identify a graph of displacement as a function of time, and determine from such a graph the amplitude, period, and frequency of 
the motion.

135 Write down an appropriate expression for displacement of the form Atsinw or Atcosw to describe the motion.
136 Find an expression for velocity as a function of time.

137
State the relations between acceleration, velocity, and displacement, and identify points in the motion where these quantities are zero or 
achieve their greatest positive and negative values.

138 State and apply the relation between frequency and period.

139

140
State how the total energy of an oscillating system depends on the amplitude of the motion, sketch or identify a graph of kinetic or potential 
energy as a function of time, and identify points in the motion where this energy is all potential or all kinetic.

141
Calculate the kinetic and potential energies of an oscillating system as functions of time, sketch or identify graphs of these functions, and 
prove that the sum of kinetic and potential energy is constant.

142
Calculate the maximum displacement or velocity of a particle that moves in simple harmonic motion with specified initial position and 
velocity.

143
Develop a qualitative understanding of resonance so they can identify situations in which a system will resonate in response to a sinusoidal 
external force.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

2. Mass on a spring
144 Students should be able to apply their knowledge of simple harmonic motion to the case of a mass on a spring.
145 Derive the expression for the period of oscillation of a mass on a spring.
146 Apply the expression for the period of oscillation of a mass on a spring.
147 Analyze problems in which a mass hangs from a spring and oscillates vertically.
148 Analyze problems in which a mass attached to a spring oscillates horizontally.

149 Determine the period of oscillation for systems involving series or parallel combinations of identical springs, or springs of differing lengths.
3. Pendulum and other oscillations

150 Students should be able to apply their knowledge of simple harmonic motion to the case of a pendulum.
151 Derive the expression for the period of a simple pendulum.
152 Apply the expression for the period of a simple pendulum.
153 State what approximation must be made in deriving the period.
154 Analyze the motion of a torsional pendulum or physical pendulum in order to determine the period of small oscillations.

4. Newton’s law of gravity
155 Students should know Newton’s Law of Universal Gravitation.
156 Determine the force that one spherically symmetrical mass exerts on another.
157 Determine the strength of the gravitational field at a specified point outside a spherically symmetrical mass.

158
Describe the gravitational force inside and outside a uniform sphere, and calculate how the field at the surface depends on the radius and 
density of the sphere.

5. Orbits of planets and satellites
159 Students should understand the motion of an object in orbit under the influence of gravitational forces.

160

For a circular orbit: Recognize that the motion does not depend on the object’s mass; describe qualitatively how the velocity, period of 
revolution, and centripetal acceleration depend upon the radius of the orbit; and derive expressions for the velocity and period of revolution 
in such an orbit.

161 For a circular orbit: Derive Kepler’s Third Law for the case of circular orbits.
162 For a circular orbit: Derive and apply the relations among kinetic energy, potential energy, and total energy for such an orbit.

163
For a general orbit:State Kepler’s three laws of planetary motion and use them to describe in qualitative terms the motion of an object in an 
elliptical orbit.

164 For a general orbit: Apply conservation of angular momentum to determine the velocity and radial distance at any point in the orbit.

165
For a general orbit: Apply angular momentum conservation and energy conservation to relate the speeds of an object at the two extremes of 
an elliptical orbit.

166
For a general orbit: Apply energy conservation in analyzing the motion of an object that is projected straight up from a planet’s surface or 
that is projected directly toward the planet from far above the surface.



Objective  Rate yourself on a scale 1-5. 1 - little or no prof iciency through 5-highly proficient Proficiency:

1. Design experiments

167
Students should understand the process of designing experiments, so they can: a) Describe the purpose of an experiment or a problem to 
be investigated.

168
Students should understand the process of designing experiments, so they can: b) Identify equipment needed and describe how it is to be 
used.

169
Students should understand the process of designing experiments, so they can: c) Draw a diagram or provide a description of an 
experimental setup.

170
Students should understand the process of designing experiments, so they can: d) Describe procedures to be used, including controls and 
measurements to be taken.
2. Observe and measure real phenomena. Students sho uld be able to make relevant observations, and be a ble to take 
measurements with a variety of instruments (cannot be assessed via paper-and-pencil examinations).
3. Analyze data

171 Students should understand how to analyze data, so they can: a) Display data in graphical or tabular form.
172 Students should understand how to analyze data, so they can: b) Fit lines and curves to data points in graphs.
173 Students should understand how to analyze data, so they can: c) Perform calculations with data.
174 Students should understand how to analyze data, so they can: d) Make extrapolations and interpolations from data.

4. Analyze errors
175 Students should understand measurement and experimental error, so they can: a) Identify sources of error and how they propagate.
176 Students should understand measurement and experimental error, so they can: b) Estimate magnitude and direction of errors.
177 Students should understand measurement and experimental error, so they can: c) Determine significant digits.
178 Students should understand measurement and experimental error, so they can: d) Identify ways to reduce error.

5. Communicate results

179
Students should understand how to summarize and communicate results, so they can: a) Draw inferences and conclusions from 
experimental data.

180 Students should understand how to summarize and communicate results, so they can: b) Suggest ways to improve experiment.
181 Students should understand how to summarize and communicate results, so they can: c) Propose questions for further study.

LABORATORY AND EXPERIMENTAL SITUATIONS: These objec tives overlay the content objectives, and are asses sed in the context of those objectives.


