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Models of 

accelerated 

motion 

•  Describe and analyze motion in one dimension using 
equations for acceleration. 

•  Generate and interpret graphs and charts describing 

different types of accelerated motion. 

Objectives 

1.  Explain the meaning of each term 
in the equation on the right. 

Assessment 

 

2.  Is the acceleration positive, negative, or zero at positions A–D 

on this position vs. time graph? 

3.   A cart moving at +3.6 m/s starts up an incline that causes an 
acceleration of -1.2 m/s2.  How far does the cart travel up the 

incline before turning around?  

Assessment 

•  acceleration 

•  instantaneous velocity  

•  average velocity 

Physics terms 

Instantaneous velocity 
in accelerated motion 

 

Instantaneous position 
in accelerated motion  

Equations 
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Question: 

If an object is accelerating, how do we calculate 

its velocity at some time in the future? 

A model for accelerated motion 

Question: 

If an object is accelerating, how do we calculate 

its velocity at some time in the future? 

A model for accelerated motion 

We can use the v vs. t graph to find the equation we need. 

 

An object starts at 3 m/s and 
accelerates to 8 m/s over 

five seconds.   

What does the graph of 

velocity vs. time look like? 

Velocity with constant acceleration 

It starts at v
0
 = 3 m/s. 

An object starts at 3 m/s and 
accelerates to 8 m/s over 

five seconds.   

What does the graph of 

velocity vs. time look like? 

Velocity with constant acceleration 

It starts at v
0
 = 3 m/s then increases to 8 m/s over 5 seconds. 

An object starts at 3 m/s and 
accelerates to 8 m/s over 

five seconds.   

What does the graph of 

velocity vs. time look like? 

Velocity with constant acceleration 

It starts at v
0
 = 3 m/s then increases to 8 m/s over 5 seconds. 

If the acceleration is constant the graph is a straight line.  

An object starts at 3 m/s and 
accelerates to 8 m/s over 

five seconds.   

What does the graph of 

velocity vs. time look like? 

Velocity with constant acceleration 
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Understanding the equation 

Velocity 

at time t 

Initial 
velocity 

(at t = 0) 

Change due to 
acceleration 

v
 

v
0 

at
 

What is the cart’s velocity 
3.0 s after it starts 

accelerating? 

A cart initially traveling at 
+1.0 m/s reaches a hill 

and accelerates down it at   
+0.50 m/s2. 

Applying the equation 

Click on this 
interactive 

calculator on 
page 116  

Exploring the ideas Engaging with the concepts 

A cart initially traveling at 
+1.0 m/s reaches a hill 

and accelerates down it at   
+0.50 m/s2. 

What is the cart’s velocity 
3.0 s after it starts 

accelerating? 

velocity 

0.50 3.0 1.0 

Engaging with the concepts 

A cart initially traveling at 
+1.0 m/s reaches a hill 

and accelerates down it at   
+0.50 m/s2. 

What is the cart’s velocity 
3.0 s after it starts 

accelerating? 

velocity 

1.0 0.50 3.0 2.5 

Click [Run] to watch the motion.! 

Engaging with the concepts 

A cart initially traveling at 
+10 m/s reaches the bottom 

of a hill.  It accelerates up it 
at -2.0 m/s2. 

What is the cart’s velocity 
8.0 s after it starts 

accelerating? 

velocity 

10 -2.0 8.0 
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Engaging with the concepts 

What is the cart’s velocity 
8.0 s after it starts 

accelerating? 
 

-6.0 m/s.  The cart is moving 
back down the ramp in the 

negative direction.  

velocity 

10 -2.0 8.0 -6.0 

Click [Run] to watch the motion.! 

A cart initially traveling at 
+10 m/s reaches the bottom 

of a hill.  It accelerates up it 
at -2.0 m/s2. 

Question: 

If an object is accelerating, how do we calculate 

Its displacement?  

 

A model for accelerated motion 

The answer to this question is our second  
equation model for accelerated motion. 

 

A model for accelerated motion 

We can’t use d = vt  because the velocity is always changing.  

We need an equation for position that includes acceleration.  

We can use the v vs. t graph to derive the equation we need. 

 

Question: 

If an object is accelerating, how do we calculate 

its displacement?  

The v vs. t graph: constant speed 
For an object moving with constant speed, displacement 

equals the area of a rectangle on the v vs. t graph. 

The area of a rectangle equals length times width. 

 

d = v × t 

   = (4 m/s) × (10 s) 

   = 40 m   

4 m/s 

10 s 

This is the v vs. t graph for an 

accelerating object. 

This object starts from rest 

with v = 0 at t = 0. 

The v vs. t graph 

The distance traveled is still 
the area of the graph!  

What is the area of a triangle? 

Area under the graph 
This is the v vs. t graph for an 

accelerating object. 

This object starts from rest 

with v = 0 at t = 0. 
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Area under the graph 
This is the v vs. t graph for an 

accelerating object. 

This object starts from rest 

with v = 0 at t = 0. 

The distance traveled is still 
the area of the graph!  

What is the area of a triangle? 

time velocity 

Area under the graph 

The distance traveled is still 
the area of the graph!  

What is the area of a triangle? 

This is the v vs. t graph for an 

accelerating object. 

This object starts from rest 

with v = 0 at t = 0. 

Displacement 

The distance traveled is half the final velocity, 

multiplied by the total time. 
 

This is the v vs. t graph for an 

accelerating object. 

This object starts from rest 

with v = 0 at t = 0. 

The distance traveled is still 
the area of the graph!  

How can we find the distance 
traveled in terms of the 

acceleration a? 

If v
0
 = 0, then the final velocity 

is the acceleration multiplied by 

the time:  v = v
0 

+ at. 

 

 

Displacement 

The distance increases as the 

time squared. 

This equation is true IF initial 

position and velocity are zero.  

 

Displacement 

The distance increases as the 

time squared. 

This equation is true IF initial 

position and velocity are zero.  

 

How does the equation change 
if initial position and velocity 

are NOT zero?  

 

Displacement 
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If there is an initial velocity then 

the v vs. t graph looks like this. 

The whole model 

The total distance traveled is the 
sum of areas (A) and (B). 

The whole model 

This is the equation for the distance traveled during accelerated motion. 

The whole model 

The distance d can be replaced by the displacement (x – x
0
). 

The whole model 

This equation is a model that predicts the position x at any time t.  

Understanding the equation 

Click this 
interactive 

calculator on 
page 117 

Exploring the model 
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A driver accelerating at 
+4.0 m/s2 passes the 

10-meter mark with a 
velocity of 16 m/s.   

 
What is her position 

after 2.0 seconds? 

 
 

Exploring the model 

10 16 

4.0 2.0 

2.0 

A driver accelerating at 
+4.0 m/s2 passes the 

10-meter mark with a 
velocity of 16 m/s.   

 
What is her position 

after 2.0 seconds? 

 
 

Exploring the model 

16 

4.0 2.0 

2.0 10 50 

  =  10 m + 16 m/s( ) 2.0 s( )+
1

2
4.0 m/s

2( ) 2.0 s( )
2

  =  10 m + 32 m + 8 m = 50 meters

A ball released from rest 
accelerates down a ramp 

at 2 m/s2. 
 

How far does it go in one 
second?   

 

 
 

 

 

Exploring the model 

0 

2.0 1.0 

1.0 0 

A ball released from rest 
accelerates down a ramp 

at 2 m/s2. 
 

How far does it go in one 
second?  1 meter 

 

 
 

How far does it go in two 

seconds?   
 

Exploring the model 

0 

2.0 1.0 

1.0 0 1.0 

A ball released from rest 
accelerates down a ramp 

at 2 m/s2. 
 

How far does it go in one 
second?  1 meter 

 

 
 

How far does it go in two 

seconds?  4 meters! 
 

 

Exploring the model 

0 

2.0 1.0 

1.0 0 1.0 

When you double the time, the 
ball goes four times as far!   

When you double the 
time, an accelerating ball 

goes four times as far! 
 

This is true for ANY time 
interval. 

 

Open the Stopwatch and 
timer utility on page 118 

in the e-Book. 

 
 

Demonstration 
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Place the ball ¼ of the way from the end of the track.  
Adjust the timer so that it beeps at the instant of 

release and the instant the ball strikes the end.  

L 

¼ L 

Now release the ball 
from the TOP of the 

ramp.  How many 
beeps does it take to 

go four times as far?  

Demonstration 

The position of an object moving 
with constant acceleration: 

The velocity of an object moving 

with constant acceleration: 

 

A model for accelerated motion 

Investigate the connection between these equation models 
and the graphs of an object’s motion.   

These two equations provide a model for the displacement 
and velocity of an accelerating object. 

Click this 
interactive 

simulation on 
page 118 

Investigation 

How does accelerated motion 
appear on motion graphs? The simulation shows position 

and velocity versus time graphs.  

Part 1:  Modeling accelerated motion 

Red circles on the graph are 
“targets.”  

Adjust initial velocity v
0
 and 

acceleration a so the curve hits 

both targets. 

Investigation 

[SIM] starts the simulation. 

[Stop] stops it without 

changing values. 

[Clear] resets all variables 

to zero. 

[Reset] resets all variables 

and sets new targets. 

Part 1:  Modeling accelerated motion 

Investigation 

Enter values in the white 
boxes.  The top score of 

100 is achieved by hitting 
the center of each target.  

How high can you get? 

Investigation 
Part 1:  Modeling accelerated motion 
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Upload your solution to a 
real ErgoBot to observe 

the motion. 

[Print] a copy of your 

solution and score.  

 

Investigation 
Part 1:  Modeling accelerated motion 

Answer the questions 
on your worksheet.  

1.   The second model allows you 
to change the acceleration five 

seconds into the motion, 
halfway through. 

2.   In this model, unlike the first, 

you can set the starting 

position x
0
 in addition to the 

initial velocity. 

A tougher challenge 
Part 2:  A multi-step model 

A tougher challenge 
Part 2:  A multi-step model 

Try to hit the centers of the 
three red target circles. 

Upload your solution to a 

real ErgoBot to observe the 
motion. 

 
Answer the questions on 
your student assignment.  

Some problems require both these equations. 

Using the equations 

Example problem 
A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

Asked:  distance  

Given:  speed, acceleration.  

Relationships:   

Example problem 
A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

We can’t solve this because 

we don’t know time t.   

We need a second equation. 
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Asked:  distance  

Given:  speed, acceleration.  

Relationships:   

Example problem 
A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

Which terms are zero? 

Asked:  distance  

Given:  speed, acceleration.  

Relationships:   

Example problem 
A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

These terms are zero. 

When you eliminate zero terms you are left with 

these equations.  You want x, but don’t know time t. 

Example problem 
A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

Solution: Solve the velocity equation for time t. 

Substitute back into the position equation. 

A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

Example problem 

Solution: 

Example problem 

Solution: 

A car starts from rest with a 
constant acceleration of  

5 m/s2.  How far does it go 
before reaching a speed of 

30 m/s (67 mph)? 

Assessment 

1.  Explain the meaning of each term 
in the equation on the right. 
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1.  Explain the meaning of each term 
in the equation on the right. 

Assessment 

x is the position at time t. 

x
0
 is the initial position at time t = 0. 

v
0
t is the distance the object would have moved IF v

0 
were constant. 

½ at2 is the extra change in position due to acceleration. 

 

Assessment 
 

2.  Is the acceleration positive, 

negative, or zero at positions 

A–D on this graph? 

Assessment 
 

2.  Is the acceleration positive, 

negative, or zero at positions 

A–D on this graph? 

A.   Acceleration is positive—the 

slope (velocity) is increasing 

with time.  

B.   Acceleration is zero—the slope is constant. 

C.   Acceleration is negative—the slope is getting more negative each second. 

D.   Acceleration is zero—the slope is constant. 

Hint:  What do you know about the cart at the instant it turns around? 
 

Assessment 

3.   A cart moving at 3.6 m/s starts up an incline that causes an 
acceleration of -1.2 m/s2.  How far does the cart travel up the 

incline before turning around?  

At turnaround, v = 0.  

Use this to find time 
from the velocity 

equation.  

Assessment 

3.  A cart moving at 3.6 m/s starts up an incline that causes an 
acceleration of -1.2 m/s2.  How far does the cart travel up the 

incline before turning around?  

Assessment 

3.   A cart moving at 3.6 m/s starts up an incline that causes an 
acceleration of -1.2 m/s2.  How far does the cart travel up the 

incline before turning around?  

Now calculate the distance. 

At turnaround, v = 0.  

Use this to find time 
from the velocity 

equation.  


