
 Episode 2: Understanding 
 Forces and Motion: Exploring 
 Graphs of Accelerating Objects 
 High School Physics 

 Summary: 

 This lesson explores the rela�onship between forces, mo�on, and graphs, focusing on how the 
 accelera�on of an object is represented and analyzed. Students will examine posi�on vs. �me, velocity 
 vs. �me, and accelera�on vs. �me graphs to understand the mo�on of objects under different forces. 
 The video content will show real-world examples of objects accelera�ng, and how these movements can 
 be mathema�cally analyzed to predict future mo�on. 

 Teacher Discussion Guide: 

 Objective: 

 ●  Understand how to analyze posi�on vs. �me, velocity vs. �me, and accelera�on vs. �me graphs. 
 ●  Calculate instantaneous velocity and accelera�on from graphs. 
 ●  Explore the impact of different forces, including gravity and fric�on, on object mo�on. 
 ●  Relate these concepts to real-world examples of accelera�ng objects. 

 Key Concepts: 

 1.  Instantaneous Velocity:  The rate of change of an object's posi�on at a specific moment in �me, 
 derived from the slope of the tangent line on a posi�on vs. �me graph. 

 2.  Accelera�on:  The rate at which an object's velocity  changes over �me. It is represented by the 
 slope of a velocity vs. �me graph. 
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 3.  Gravita�onal Force:  The force of a�rac�on between objects due to their mass, affec�ng the 
 mo�on of objects under Earth's gravity. 

 4.  Fric�on:  The force opposing the rela�ve mo�on between two objects in contact, affec�ng the 
 velocity and accelera�on of objects. 

 5.  Kinema�c Equa�ons:  Mathema�cal formulas used to  relate displacement, velocity, accelera�on, 
 and �me for objects in mo�on, o�en used in problems involving uniformly accelerated mo�on. 

 Key Vocabulary: 

 ●  Instantaneous Velocity:  The velocity of an object at a specific point in �me. 
 ●  Accelera�on:  The change in velocity over �me; can  be posi�ve or nega�ve depending on 

 whether an object is speeding up or slowing down. 
 ●  Displacement:  The change in posi�on of an object, measured as a straight line from the ini�al to 

 the final posi�on. 
 ●  Kine�c Fric�on:  The force opposing the mo�on of  two surfaces sliding past each other. 
 ●  Normal Force:  The force exerted by a surface perpendicular  to the object in contact with it. 
 ●  Gravita�onal Field Strength:  A measure of the gravita�onal  force per unit mass exerted on an 

 object at a given loca�on. 

 Pre-Video Discussion Questions: 

 1.  What is the difference between speed and velocity? 
 Discussion Point:  Emphasize that speed is a scalar  quan�ty (only magnitude), while velocity is a 
 vector (magnitude and direc�on). Discuss how the direc�on of mo�on affects the velocity. 

 2.  How do forces affect the mo�on of an object? 
 Discussion Point:  Ask students to reflect on how forces,  like gravity and fric�on, influence the 
 accelera�on and mo�on of objects. For example, what happens when fric�on is low vs. when it's 
 high? 

 3.  What would a posi�on vs. �me graph look like for an object that is speeding up? Slowing down? 
 Discussion Point:  Help students visualize these graphs.  An object speeding up will show a curve 
 that becomes steeper, while an object slowing down will show a curve that fla�ens. 

 4.  How do you think we can determine the instantaneous velocity of an object at a given moment 
 from a graph? 
 Discussion Point:  Encourage students to think about  how they could calculate the slope of the 
 tangent line to the posi�on vs. �me graph to determine velocity. 

 5.  What types of forces might be ac�ng on an object when it accelerates in different direc�ons 
 (e.g., upward, downward, horizontally)? 
 Discussion Point:  Discuss forces like gravity, fric�on,  and applied forces. For example, how 
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 gravity and normal force balance in free fall or how fric�on affects the mo�on of an object 
 moving on a surface. 

 Activity 

 Graphing Acceleration: 

 ●  Provide students with data about an object moving under constant accelera�on (e.g., a car 
 speeding up on a straight track). 

 ●  Have students plot posi�on vs. �me, velocity vs. �me, and accelera�on vs. �me graphs based on 
 the data. 

 ●  Ask students to calculate the instantaneous velocity at a specific �me by finding the slope of the 
 tangent on the posi�on vs. �me graph. 

 ●  Then, have them compare their calculated veloci�es with those shown on the velocity vs. �me 
 graph. 

 Analysis: 

 ●  Have students analyze the trends in the graphs. How does the slope of the posi�on vs. �me 
 graph relate to the velocity? How does the area under the velocity vs. �me graph relate to 
 displacement? 

 ●  Encourage students to relate the calcula�ons to real-world examples, such as cars accelera�ng 
 on a highway or objects falling due to gravity. 

 Extension Activities: 

 1.  Inves�gate Accelera�on in Different Environments: 
 Have students compare the mo�on of objects in different environments (e.g., on Earth vs. the 
 Moon). Discuss how gravity affects accelera�on and how fric�on might be different in these 
 environments. 

 2.  Graphing Free Fall: 
 Using the concept of free fall with negligible air resistance, have students create graphs for an 
 object dropped from a certain height and analyze how gravity affects its velocity and 
 accelera�on. 
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 3.  Simula�on So�ware: 
 Use a physics simula�on so�ware to model the mo�on of objects under different forces and 
 allow students to create and analyze their own graphs. 

 Post-Video Discussion Questions: 

 1.  How is instantaneous velocity calculated from a posi�on vs. �me graph? 

 Answer:  Instantaneous velocity is calculated by finding the slope of the tangent line at a specific 
 point on the posi�on vs. �me graph. 

 2.  What does the slope of a velocity vs. �me graph represent? 

 Answer:  The slope of a velocity vs. �me graph represents  accelera�on, since accelera�on is the 
 rate of change of velocity. 

 3.  What happens to the velocity of an object as it moves through a gravita�onal field? 

 Answer:  An object in a gravita�onal field will accelerate  towards the center of the field, 
 increasing its velocity as it moves downward (in the absence of air resistance). 

 4.  What is the difference between kine�c and sta�c fric�on, and how does each affect the 
 mo�on of an object? 

 Answer:  Sta�c fric�on prevents an object from moving  when an external force is applied, 
 whereas kine�c fric�on resists the mo�on of an object already in mo�on. Kine�c fric�on is 
 typically less than sta�c fric�on. 

 5.  Why is it important to dis�nguish between accelera�on and decelera�on? 

 Answer:  Decelera�on is a term o�en used incorrectly  to describe nega�ve accelera�on. Nega�ve 
 accelera�on simply means that an object is slowing down, but it’s s�ll a form of accelera�on. 




