Speed, Velocity, & Acceleration Lab

In this lab you will learn the difference between speed, velocity, and acceleration.  Carefully read the lab and follow along.  You will have two days to complete this lab.  Your answers should be filled in on the “Lab Report” pages.  You may work on the practice problems and questions at the end of the lab for homework.

Speed

Suppose you run a race.  How do you describe your run to a friend?  Saying that you ran for 20 minutes might not be very helpful to her.  She would not know how fast you ran.  What your friend needs in order to know how fast you went is your speed.  To describe speed you have to know two things:  1)  the distance traveled, and 2) the time it took to travel that distance.  To calculate speed, all you have to do is divide distance by time.  Velocity is just speed in a particular direction.  For example, if in 3 hours you ran 6 kilometers west, your velocity was 6 km/3 hours = 2 km/hour west.  Notice that the unit label is just the time unit divided by the distance unit.






Speed (velocity) = distance/time
Now you try some.  Write the speeds on the lab report (and don’t forget the unit label).
1) I drove from Dallas to Milwaukee (1300 km) in 16 hours.

2) My cat ran 20 meters in 4 seconds.  How fast is he in km/hr?

Calculating Speed/Velocity

1)  Measure the exact height of the ramp.  If you don’t finish the lab today, tomorrow you will need to set up the lab exactly as it was today.  Write the height on the lab report.


2)  Set up the photogates along the track so they are exactly 20 centimeters apart.  Make sure they are angled and positioned correctly, so that the wing of the car will break the light beam.

3)  You will be measuring the time it takes for the car to roll between the two photogates.  In the LoggerPro program, go to:  File – Open – Probes & Sensors – Photogates – Pulse Timer (2 gates).  Click on collect and roll the car down the ramp to measure the time it takes the car to travel between the two photogates.  Write the value on lab report.


4)  Do the same thing, but this time have the photogates 30 centimeters apart.


5)  Calculate the speed of the car (*use formula*) and write it in the table.

Variable & Control


Scientists do experiments to find answers to problems.  If the experiment is not set up correctly or not followed rigorously, the results of the lab may not be valid.  To make sure the results of experiments are valid, scientists frequently set up the experiment with a control and variables.  A variable is a factor in the experiment that is changed in order to see a different experimental result.  The control is the part of the experiment that remains unchanged.  

You are going to design and conduct two experiments using the car and ramp.  Each experiment should look at one variable that you think will affect the speed of the car.  The control will be the experiment you just did- the ramp with photogates 30 cm apart.  You will try to change one variable (for each experiment) to make the speed faster.  On the lab report you will write a hypothesis, procedure, measurements, and conclusions.  

Finding velocity at different points

Using two photogates (like you did) gives you a measure of the average velocity of the car between the photogates.  The car could be going faster at the lower photogate and slower at the upper one.  To get a true picture of how the velocity of the car changes you will need to measure the velocity with only one photogate.

With only one photogate the timer measures the time that the light beam is broken.  As the car passes through the photogate, the beam is broken for the width of the wing (5 cm).  The velocity of the car is the width of the wing (distance traveled) divided by the time it takes to pass through the light beam.  The computer will calculate it for you.

In this part of the lab you will be finding the velocity of the car at five different locations along the ramp.  

1) Make sure the ramp is at the same angle (height on stand) as it was in the beginning of the lab and that only the 1st photogate is plugged in.

2) From the same folder, open the “One Gate Timer.”  Place the photogate 30cm from the end of the ramp, release the car and record the time through the photogate.  Record values in the table on the lab report.

3) The program does the velocity calculation (in m/sec) for you; record it on the report.
4) Repeat this, but now move the photogate 40 cm from the end.  Then 50 cm, . . .

Questions:  Answer on lab report.
1) How does the velocity of the car change as it moves down the ramp?

2) Make a graph to compare speed vs. position of the car.  

Using the Graph to Predict Velocity:
1) Choose a spot on the ramp where you did not measure the velocity of the car.

2) Use the graph to find the predicted velocity of the car at that distance.  Record.
3) Place the photogate at that distance, release the car and record the actual velocity.
4) How does the predicted speed compare with the measured speed?  

To calculate percent error: find the difference between predicted velocity and actual velocity; divide that by the predicted velocity.  Multiply by 100 to get the percent:

(Predicted – actual) / predicted    X 100 = percent error.

Acceleration


Acceleration is the rate at which speed/velocity changes.  We are going to see how fast the car accelerated as it went down the ramp (so get out your calculators).  The formula for acceleration is: 




Acceleration = (final velocity – initial velocity) / time difference

The velocity at 30cm from the end (your fastest, hopefully) will be our final velocity for every calculation.  To find the acceleration between 40cm and 30 cm, just subtract your 40cm velocity from the 30cm velocity and divide by the time difference.  You can fill in the data on the lab report.
Note:  This lab was adapted from Dr. Tom Hsu’s book Investigations for Foundations of Physical Science.

Speed, Velocity, & Acceleration Lab Report
Name:  ________________

Speed
1) Dallas to Milwaukee:  __________________

2)  My cat’s speed:  _________________
in km/hour?  ________________

Calculating Speed
1) Height of ramp:  __________________

	Distance between photogates
	Time
	Velocity 

	20.0 cm
	
	cm/sec

	30.0 cm
	
	cm/sec


Variable & Control
Experiment 1)


Hypothesis:


Procedure:


Measurements (what was the speed?):


Conclusions:

Experiment 2)


Hypothesis:


Procedure:


Measurements (what was the speed?):


Conclusions:

Finding speeds at different points
	Distance of gate from end of ramp (cm)
	Time (sec)
	Velocity (m/sec down)

	30.0 cm
	
	

	40.0 cm
	
	

	50.0 cm
	
	

	60.0 cm
	
	

	70.0 cm
	
	


Questions:


1)

2) Velocity vs. Position graph
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Velocity

Using the graph to predict speed

1)  place =

2)  predicted velocity =


3)  actual velocity =

4)  Percent error: 

Acceleration
	Distance from end of ramp (cm)
	Velocity difference (m/sec) from 30cm
	Time difference (sec) from 30cm
	Acceleration (m/sec2)

	40 cm
	
	
	

	50 cm
	
	
	

	60 cm
	
	
	

	70 cm
	
	
	


Lab Write-Up
Lab Materials:
1)




2)



3)

4)




5)



6)

Purpose of Lab:

Conclusions:
Summary Questions and Extra Problems:
1) What is the difference between speed and velocity?

2) What is the difference between speed and acceleration?

3) Draw a graph showing constant increasing acceleration:
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