Position, Velocity, Acceleration

Dr. Jennifer Bergner, Dr. Donald Spickler

Salisbury University

Introduction and Goals

We have been discussing the connections between the position, velocity, and acceleration curves of an object throughout the course.  In this lab we examine this relationship graphically and use our prior knowledge of these concepts to explore the motion of a thrown ball.
Before you start

Make sure you review the concepts of position, velocity and acceleration.  Do you remember what these measure and how they are related?

Textbook Correspondance

Stewart 5th edition: 2.7, 3.3, 4.1,4.3
Maple Commands and Packages Used

Packages: student package

Commands: those learned in prior labs such as plot, fsolve, subs. 

Some new commands

Recall that velocity is the rate of change of the position (height or distance) with respect to time.  We calculated velocity with Maple in part 4 of the limit lab.  As a reminder, when P(t) is the formula for position , the formula for velocity is:


[image: image1.wmf]h

t

P

h

t

P

h

)

(

)

(

lim

0

-

+

®


There is good news.  Maple has several quicker ways to do this.  The first way is using the “diff” command.  To calculate this limit, i.e. the velocity formula for position formula P(t) just type

diff(P(t),t);

This will give you the formula for velocity which you can define a a function v(t).  

Another way to do this, is to issue the following command v:=D(p);          which will take the derivative of p(t) and assign it to the function name v.  
Acceleration is the rate of change of velocity with respect to time.  So to find its formula (if v(t) is your velocity formula), just compute 
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Or just type:
diff(v(t),t);

and then name this function a(t). Or you can just issue the single command a:=D(v);
Exercises

In this lab you will be using Maple as a tool to help you with the questions.  If you are asked for a graph make sure to include it (labeled) in your lab write-up.  Make sure to answer these questions in lab format, with complete sentences.  Also briefly describe how you did the problem- but I do not need to see your input!  So a write-up of part 1, #2 would say something like:  “When asked to find the velocity of the ball when it is at its highest, I first had to find the time at which this occurred.  This turned out to be ______ and I found it by _______.  So I found the velocity by then_______ and the velocity is_______.  “

Part 1: Suppose a ball is thrown upward and its position (in feet) above the ground after t seconds is given by the equation:
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0.  Graph the height function and the velocity function. Make sure to include a legend and use the appropriate t values. . 
1.  How high is the ball at time 0?

2.  What is the velocity of the ball when the ball is at it highest point above the ground?

3.  What is the highest the ball will be above the ground?

4.  When is the velocity positive?  What is the physical significance of this?

5.  When is the velocity negative?  What is the physical significance of this?

6.  What is the velocity of the ball on its way up when it height is 600 feet?

7. What is the velocity of the ball on its way down when it height is 600 feet?

8.  When (if ever) is the velocity 50 feet/sec?

9.  When (if ever) is the velocity 600 feet/sec?

10. Find the total distance traveled by the ball from time 0 to when it hits the ground.  Explain how you found this.  

Part 2

We will learn in a later section that the derivative, or rate of change, of velocity with respect to time is acceleration.  It tells us the rate at which the velocity is changing.  The derivative of acceleration is the “jerk”, it tells us the rate at which the acceleration is changing.  

1. Graph the following position functions, with their associated velocity and acceleration functions on the same axes.  Label the graphs, use a legend, and choose an appropriate scale. 
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2.  Looking at the graphs from part 1, answer the following questions in “lab report” form. 

a)  What is apparent connection between the velocity and position functions when the velocity is zero?

b) What is apparent connection between the velocity and position functions when the velocity is positive?

c) What is apparent connection between the velocity and position functions when the velocity is negative?

d) What is the apparent connection (if any) between the velocity and acceleration functions when the velocity is zero? The velocity is positive?

e)  What is the apparent connection (if any) between the velocity and acceleration functions when the acceleration is zero? When the acceleration is positive?

f) Does there appear to be any connection between the graphs of the position and acceleration functions? Explain.
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