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	Overview

	Students will learn the following in Term 1: displacement, velocity, acceleration, motion diagrams, one dimensional motion with constant acceleration, free falling objects, forces, Newton’s first law of motion, Newton’s second law of motion, Newton’s third law of motion, application of Newton’s laws, and forces of friction.

	Content Standards 

	· Objects change their motion only when a net force is applied. Laws of motion are used to calculate precisely the effects of forces on the motion of objects. The magnitude of the change in motion can be calculated using the relationship F = ma, which is independent of the nature of the force. Whenever one object exerts force on another, a force equal in magnitude and opposite in direction is exerted on the first object.
· Gravitation is a universal force that each mass exerts on any other mass. The strength of the gravitational attractive force between two masses is proportional to the masses and inversely proportional to the square of the distance between them.

	Learning Outcomes and Performance Indicators

	
	Learning Outcomes
	Performance Indicators

	AP1. Analyze motion in one dimensions
Serway: Chapter 2, Sections 1-6
Glencoe: Chapters 2 & 3
SAT Subject Physics
	1.1. Interpret motion graphs; position-time,  velocity-time, and acceleration-time
1.2. Describe the type of using motion graphs; uniform motion and uniform accelerated motion   
1.3. Use time-graphs to determine displacement, velocity, and acceleration
1.4. Derive the equations of motion
1.5. Apply the equations of motion to analyze problems about motion with constant acceleration including free fall motion
1.6. Use the equations of motion to solve related problems

	AP2. Use the Newton’s laws of motion to analyze motion
Serway: Chapter 4, Sections 1-6
Glencoe: Chapter 4
SAT Subject Physics
	2.1. Identify Newton’s laws of motion; first, second, and third
2.2. Describe and explain motion using Newton’s laws of motion
2.3. Explain how forces affect motion; normal, gravitational, friction tension…etc. along horizontal and inclined surfaces
2.4. Create free body diagrams to represent forces
2.5. Analyze forces acting on a system; net and component forces
2.6. Apply the laws of motion to solve related problem including inclined surfaces and composite systems




	Key Facts and Concepts

	· 
After a particle moves along the x axis from some initial position xi to some final position xf , its displacement is 
· 
The average velocity of a particle during some time interval is the displacement ∆x divided by the time interval ∆t during which that displacement occurs: 
· The average speed of a particle is equal to the ratio of the total distance it travels to the total time interval during which it travels that distance.
· The instantaneous velocity of a particle is defined as the limit of the ratio ∆x/∆t as ∆t approaches zero. By definition, this limit equals the derivative of x with respect to t, or the time rate of change of the position; the slope of the tangent line to the position-time graphs at a specific instant
· The instantaneous speed of a particle is equal to the magnitude of its instantaneous velocity.
· 
The average acceleration of a particle is defined as the ratio of the change in its velocity ∆v divided by the time interval ∆t during which that change occurs: 
· The instantaneous acceleration is equal to the limit of the ratio ∆v/∆t as ∆t approaches 0. By definition, this limit equals the derivative of v with respect to t, or the time rate of change of the velocity: the slope of the tangent line to the velocity-time graphs at a specific instant
· When the object’s velocity and acceleration are in the same direction, the object is speeding up. On the other hand, when the object’s velocity and acceleration are in opposite directions, the object is slowing down. Remembering that F and a are directly proportional a useful way to identify the direction of the acceleration.
· The equations of kinematics for a particle moving along the x axis with uniform acceleration ax (constant in magnitude and direction) are
[image: ]
· An object falling freely in the presence of the Earth’s gravity experiences a free-fall acceleration directed toward the center of the Earth. If air resistance is neglected, if the motion occurs near the surface of the Earth, and if the range of the motion is small compared with the Earth’s radius, then the free-fall acceleration g is constant over the range of motion, where g is equal to 9.80 m/s2.
· The slope of a position-graph represents average velocity. And the slope of a velocity-time graph represents average acceleration.
· Motion with constant velocity is known as uniform motion. While motion with constant acceleration is known as uniform accelerated motion.
· The area under velocity-time graph represents the displacement.
· Complicated problems are best approached in an organized manner. You should be able to recall and apply the Conceptualize, Categorize, Analyze, and Finalize steps of the General Problem-Solving Strategy when you need them. 
· An inertial frame of reference is one we can identify in which an object that does not interact with other objects experiences zero acceleration. Any frame moving with constant velocity relative to an inertial frame is also an inertial frame. Newton’s first law states that it is possible to find such a frame, or, equivalently, in the absence of an external force, when viewed from an inertial frame, an object at rest remains at rest and an object in uniform motion in a straight line maintains that motion.
· 
Newton’s second law states that the acceleration of an object is directly proportional to the net force acting on it and inversely proportional to its mass. The net force acting on an object equals the product of its mass and its acceleration:. If the object is either stationary or moving with constant velocity, then the object is in equilibrium and the force vectors must cancel each other.
· 
The gravitational force exerted on an object is equal to the product of its mass (a scalar quantity) and the free-fall acceleration:. The weight of an object is the magnitude of the gravitational force acting on the object.
· Newton’s third law states that if two objects interact, the force exerted by object 1 on object 2 is equal in magnitude and opposite in direction to the force exerted by object 2 on object 1. Thus, an isolated force cannot exist in nature.
· 




The maximum force of static friction between an object and a surface is proportional to the normal force acting on the object. In general,, where is the coefficient of static friction and n is the magnitude of the normal force. When an object slides over a surface, the direction of the force of kinetic friction fk is opposite the direction of motion of the object relative to the surface and is also proportional to the magnitude of the normal force. The magnitude of this force is given by, where  is the coefficient of kinetic friction.
· Vectors can be summed by separately adding the x- and y-components.
· 
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	Curriculum Connections

	
· Interpreting Visuals
· Describing Motion
· Safety Belts and Newton’s laws of Motion
· Air Resistance and Terminal Velocity
· Law of Universal Gravitation
· Weightlessness and Free Fall
· Rocket Propulsion

	Prerequisites

	
· Conversion of units
· Right triangle trigonometry
· Describing motion: distance, displacement, speed, velocity, time interval, position, and acceleration
· Equations of motion
· Newton’s law of motion
· Free fall motion
· Forces: friction, tension, gravitational…etc.

	Required Labs 	

	· Graph Matching
· Analyze the motion of a student walking across the room.
· Predict, sketch, and test position vs. time kinematics graphs.
· Predict, sketch, and test velocity vs. time kinematics graphs.
· Error Analysis
· Determine the value of the acceleration of a freely falling object.
· Compare your value with the accepted value for this quantity.
· Learn how to describe and account for variation in a set of measurements.
· Air Resistance
· Observe the effect of air resistance on falling coffee filters.
· Determine how air resistance and mass affect the terminal velocity of a falling object.
· Choose between two competing force models for the air resistance on falling coffee filters.
· Motion on an incline
· Collect position, velocity, and time data as a cart rolls up and down an inclined track.
· Analyze the position vs. time and velocity vs. time graphs.
· Determine the best fit equations for the position vs. time and velocity vs. time graphs.
· Distinguish between average and instantaneous velocity.
· Use analysis of motion data to define instantaneous velocity and acceleration.
· Relate the parameters in the best-fit equations for position vs. time and velocity vs. time
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