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Lab #8:  Calculating Acceleration 
In this laboratory activity you will learn how to calculate acceleration using data from photogates.  
 

Objectives 
You will: 

 Calculate the acceleration of a toy car using data from two photogates 
 

Introduction 
Watch the Eureka video for acceleration and try to define acceleration in your own words below: 
 
 
 

Background 
Mathematically, acceleration tells you how quickly an object changes speeds between 2 points.  You often hear about 
acceleration in sports car commercials (i.e. “This car can go from 0 to 60 mph in 3 seconds.”)  In those commercials, the 
narrator tells you the change in speed (zero to 60 mph) and tells you how long that change takes (3 seconds).  Thus the 
math formula can look like either of the following: 
 

Change in speed   Ending speed – starting speed 
          Time            Time   
 
Using one of the two formulas above, show your work and calculate the acceleration for the car described in the 
background paragraph above: 
 
 
 
 
 
The units for acceleration in this problem are expressed in “miles per hour per second.”  This unit means that each 
second, the car will speed up a certain number of miles per hour.  Based on the answer to the acceleration problem 
above, fill in the following statement about the car: 
 

The car will go ___________ mph faster each second. 
 

The standard unit for acceleration is meters per second per second (or meters per second squared).  In this lab, you will 
be calculating acceleration in meters per second squared.  So when you are finished, you will be able to say that the hot 
wheels car goes a certain number of meters per second faster each second. 

 
Set-up 
You will have a board with 
Hot Wheels track attached 
and 2 photogates. Gate #1 
should be set at the 60 cm 
mark.  Gate #2 should be set 
at the 10 cm mark. You will 
record the instantaneous speed at each gate.  You will, at the same time, get a reading for the time it took the car to 
travel from gate 1 to gate 2.  You will use that information to calculate acceleration. 

4 Books 

Wooden board 

with hot wheels 

track attached.  

There are marks 

at 5 cm intervals. 

Photogate set up 

at 10 cm 

Photogate 

at 60 cm 

mark 



Background in lab 11 from http://galileoandeinstein.physics.virginia.edu/lectures/gal_accn96.htm) 
Lab 12 adapted from Physical Science with Computers from Vernier 

Page 2 
 

Procedure: 
1. Open the “8-Calculating Acceleration” file from the App$ Server in the “Science/Logger Pro Files” folder. 
2. Measure the length of your Hot Wheels car and enter that information for “Object Length” in Logger Pro.  Also 

record the length of your car below. 
3. Make sure the track is set up correctly for block/unblock events. 
4. Hold the Hot Wheels car at the 70 cm mark and press “collect”.  Let the car go.  Do not click “stop.” 
5. Record the information in the table below. 
6. Repeat steps 4-6 two more times. 
7. Calculate your average acceleration for the three trials. 

 

Trial # Length of 
car (m) 

Velocity at 
Gate One (m/s) 

Velocity at 
Gate Two (m/s) 

Time to pass from Gate 
One to Gate Two 

Acceleration (you calculate 
and include correct units) 

  
 

    

 
 

     

 
 

     

Calculate your average acceleration and enter that number here Ą 
 

 

 

Lab #9:  Velocity vs. accelerationΣ ǿƘŀǘΩǎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜΚ 
In this laboratory activity you’ll investigate the difference between velocity and acceleration.  
 

 
OBJECTIVES 
In this experiment, you will: 
Å Make predictions about velocity and acceleration graphs. 
Å Explain the difference between velocity and acceleration. 

 

SET-UP 

 
 
 
 
 
 

Procedure: 
Read the procedure below and predict (sketch) what the  

Velocity vs. time and the Acceleration vs. time graphs  

will look like:  
 
 
 

1. Open the “9-Velocity vs. Acceleration” file from the App$ Server in the “Science/Logger Pro Files” folder. 
2. Measure the length of your Hot Wheels car and enter that information for “CarLength” in Logger Pro.   
3. Make sure the track is set up correctly for block/unblock events. 

Time 

Vel. 

Time 

Acc. 

Photogates: (A at 80cm, B at 65, C at 50, and D at 35) 

Use six books 
to create a 
steep slope 

Wooden board w/  hot wheels track.  There are marks at 5 cm intervals. 

A 

B 

C 
D 
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4. Hold the Hot Wheels car at the 85 cm mark and press “collect”.  Press CTRL+L to save the latest run before 
continuing.  This will save the data points in your graph. 

5. Record the information in the tables below. 
6. Repeat steps 4-5 two more times.   
7. Do not print your graphs, instead, sketch rough line graphs in the data section below. 

 

Velocity Data: 
Trial # Velocity at Gate 1 (m/s) Velocity at Gate 2 (m/s) Velocity at Gate 3 (m/s) Velocity at Gate 4 (m/s) 

 
 

    

 
 

    

 
 

    

 

Acceleration Data: 
Trial # Acceleration from 

 Gate One to Gate Two (m/s2) 
Acceleration from  

Gate Two to Gate Three 
(m/s2) 

Acceleration from  
Gate Three to Gate Four 

(m/s2) 

 
 

   

 
 

   

 
 

   

 
 
Sketch of Velocity 
& Acceleration 
Graphs: 

Use colored pencil to 
show  
differences between 
trials 1, 2, and 3. 
 
 

Questions:  
(on a separate piece of paper, please!) 

1.  Was your prediction correct for the velocity vs. time graph?  The acceleration vs. time graph? 
2.  What kind of relationship exists between velocity and time for this set-up? Acceleration vs. time? (direct, inverse, 
linear, exponential)? 
3.  Your velocity graph should a slanted line heading up toward the upper right-hand corner of your graph.  Describe 
what this tells you about the velocity in this situation. 
4.  Your acceleration graph should be a relatively flat, straight line.  What does this tell you about acceleration? 
5.  The formula for velocity is:  v=d/t.  In other words, velocity is the rate at which distance changes.  The formula for 
acceleration is a=s/t.  In other words, acceleration is.......? 
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 Lab #10:  Ramp steepness & acceleration  
This experiment is a simulation of Galileo’s experiment, which you will read about in Lab #11. 
 

 
OBJECTIVES 
In this experiment, you will 
Å Develop a hypothesis about the relationship between ramp steepness and acceleration. 
Å Use probeware to measure acceleration. 
Å Graph results and write a conclusion using data collected during the lab. 
Å Predict a value for the acceleration due to gravity by extrapolating your graph. 

 

SET-UP 
The set-up will be identical to that in lab #8.  You will be gradually increasing the steepness of the ramp to include 4 
steepnesses (start with 4 books and make your ramp steeper as you go).  Then, you will graph your data to come up with 
a guess for the acceleration due to gravity.  Refer to Lab #8 if you have questions about set-up or how to record 
numbers.  You will need to make sure that the photogate is blocking correctly after you change the steepness of the 
ramp at each point. 
 

PRE-LAB QUESTIONS 
Manipulated variable: ___________________________ Responding variable: ______________________ 

Controlled variables (2): ___________________________________________________________________ 

Hypothesis: If __________________________________________________________________________________, then  

__________________________________________________________________________________________, because 

__________________________________________________________________________________________________. 

What kind of relationship do you expect to find between ramp steepness and acceleration?  (circle one from each pair) 
a. Linear or non-linear 
b. Direct or inverse 

DATA 
Steepness 
of Ramp 

Trial  Length of 
car (m) 

Velocity at Gate 
One (m/s)  

Velocity at Gate 
Two (m/s) 

Time to pass from Gate 
One to Gate Two (s) 

Acceleration 
of car (m/s/s) 

Average accel. 
(m/s/s) 

10 
degrees 

 
 

1       

2      

3      

20 
degrees 

 

1       

2      

3      

45 
degrees 

 

1       

2      

3      

60 
degrees 

1       

2      

3      
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ă Make a graph of the average acceleration for each trial 
 
If you were to increase the steepness of the ramp to 90 
degrees, you would basically be dropping the Hot Wheels Car.  
Extrapolate your graph to the left by continuing the shape of 
the graph to the right.  From your graph, predict what the 
value of acceleration would be at 90 degrees (predict what the 
value of acceleration due to gravity is).   I predict that the 
acceleration due to gravity would be __________ m/s/s. 
 
Write a conclusion for this lab and attach it to this packet. 
 
 
 

Lab #11:  Acceleration Due to Gravity 
In the last lab activity, you extrapolated a graph to determine the value for acceleration due to gravity.  In this lab, you 
will directly measure the value for acceleration due to gravity (g) by dropping a picket fence through the photogate. 
 

Background 
In the last experiment, you did the same experiment that Galileo did.  He proposed: 
 

A falling body accelerates uniformly: it picks up equal amounts of speed in equal time intervals, so that, 
if it falls from rest, it is moving twice as fast after two seconds as it was moving after one second, and 
moving three times as fast after three seconds as it was after one second. 
 

The problem is that it's very difficult to answer this question by just watching something fall---it's all over too fast. To 
make any kind of measurement of the speed, the motion must somehow be slowed down. Of course, some falling 
motions are naturally slow, such as a feather. Watching these motions, one sees that after being dropped the body 
rapidly gains a definite speed, then falls steadily at that speed. The mistake people had been making was in assuming 
that all falling bodies followed this same pattern, so that most of the fall was at a steady speed. 
 
The trick is to slow down the motion somehow so that speeds can be measured, without at the same time changing the 
character of the motion. Galileo's idea for slowing down the motion was to have a ball roll down a ramp rather than to 
fall vertically. He concludes that for a ball rolling down a ramp, the speed at various heights is the same as the speed the 
ball would have attained (much more quickly!) by just falling vertically from its starting point to that height. On a ramp, 
the motion will be slow enough to measure.  He basically did the same experiment you did, and accurately predicted the 
value for acceleration due to gravity. 
 
Today, we have better equipment and don’t have to extrapolate a graph to figure out that value.  Certainly, the 
“character of the motion” of an object is changed by rolling it down a ramp…the friction on the ramp comes into play…  
friction between the car parts comes into play, etc.  In this lab, you will directly calculate the acceleration due to gravity 
by using your photogate.   
 

Set-up 
You will have a photogate attached to a stand.  You will drop a picket fence through the photogate.  Since there are 
alternating black and clear places on the picket fence, you will get several on/off measurements from the photogate in 
“gate” mode.  You will obtain a velocity vs. time graph and an acceleration graph for your picket fence. 
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Pre-Lab Questions 

Predict what each graph will look like 
as you drop the picket fence through 
the photogate. 
 

Procedure 
1. Open Logger Pro and then the 

file “11-Gravity” from the 
App$ Server in the Science/Logger Pro folder. 

2. Hold the picket fence directly above the photogate so that the alternative black and clear sections will block the 
sensor as they fall through. 

3. Have a partner hit the “collect” button, and drop the picket fence, making sure the picket fence is completely 
released from your hand before it passes through the photogate (you want the picket fence in free fall before it 
begins to pass through the photogate). 

4. Repeat steps 1-3 if the picket fence hit the photogate or did not pass vertically through the photogate. 
5. To establish the reliability of your slope measurements, perform 4 more trials of steps 2-6. 
6. Do not quit Logger Pro.  You will need to do things with your graph to answer the follow-up questions. 

 

Data & Questions 
Trial # Acceleration Picket #1 Acceleration Picket #2 Acceleration Picket #3 

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

Average Picket #1 Average Picket #2 Average Picket #3 

 Average Picket Acceleration:  
 

 
Questions: (On a separate piece of paper, please!) 

1.  Look up the value for g (acceleration due to gravity) in your textbook.  Write that value here: _______ 
2. Write the average picket acceleration from the table above: ____________ Is your value for g similar to the one you 
looked up in your textbook? 
3.  Look back at the graph at the end of lab #10.  You predicted the value for acceleration due to gravity.  What was that 
value? _________  Is that value for g similar to the one you looked up in your textbook? 
4. Go back and look at your prediction for how the velocity graph would look.  Were you right?  How were the graphs 
different?  What is your explanation for this difference? 
5.  Go back and look at your prediction for how the acceleration graph would look.  Were you right?  How were the 
graphs different?  What is your explanation for this difference? 
6.  The slope of the velocity graph is the acceleration for your picket fence as well.  Click on the Linear Fit button and 
copy the value for the slope (m) here: _____________ 

Velocity 

Time 

Acceleration 

Time 
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Lab #12:  Terminal Velocity 

In this lab activity, you will investigate the acceleration of falling objects in a bit more detail to 
determine its limits.  You will begin to formulate some ideas about forces and falling objects.  In Lab 

#13, you will put together some ideas from these previous labs to investigate your own question about why things fall at 
different rates. 

Pre-Lab Questions 
Does an object accelerate as it falls?   
 
Are there any conditions under which a falling object does not accelerate?  If yes, which ones? 

 

Can an object that is moving have no (zero) acceleration?  If yes, under what conditions?  If no, why not? 

 

Predict what each graph will look like as you drop the coffee filter underneath the 
motion sensor. 
 

Procedure: 
1.  From Logger Pro, open the file “12-Terminal Velocity” from the App$ server in 
the Science/Logger Pro folder. 
2. Hold a basket coffee filter with the open side facing up at a position of 0.5m 
away from and directly below the motion sensor.  Click “collect” to begin data 
collection.  When you hear sound coming from the motion detector, allow the coffee 
filter to drop straight down. 
3. Repeat the coffee-filter drop, if necessary, until you have “smooth” curve for both 
graphs.  
4. Determine the velocity at the highest part of the coffee filter’s velocity vs. time 
curve. Click the Examine button,  Move the mouse pointer to highest point on the 
velocity vs. time graph. Record the velocity at this point.  
5.  With the pointer at the maximum velocity, look at the position graph and see if 
the maximum velocity happened before the coffee filter hit the ground or at the 
same time. Record what you find. 
6.  Sketch the shape of your graph in the data table.   
7.  Perform 2 more trials, repeating steps 2-6 two more times. 
 

DATA 
Trial 
# 

Maximum 
Velocity 
(m/s) 

Did the velocity graph reach a 
maximum before the coffee filter 
hit the ground or at the same time? 

Sketch of  Velocity 
Graph 

  
 
 

  

 
 
 

   

 
 
 

   

   

interface

 motion
detector

Velocity 

Time 
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QUESTIONS (ON A SEPARATE PIECE OF PAPER, PLEASE! 

1. Sketch and label a velocity vs. time curve for an object that is released at 0.5 s, falls with increasing velocity until 1.5 s, 
falls at constant velocity from 1.5 s to 3.0 s, and lands at 3.0 s. An object that falls at constant velocity (flat line) is said to 
have reached terminal velocity. 
2.Did your coffee filter reach terminal velocity?   
3.  Would you expect a penny to reach terminal velocity as you drop it underneath a motion sensor?  Why or why not? 
4.  Watch the Mythbusters on the Penny Drop.  Why was it important for them to measure the terminal velocity of the 
penny?  What was the terminal velocity of the penny? 
5.  At terminal velocity, is an object accelerating?  Explain. 
6.  What are 3 variables you think could affect or change the terminal velocity of an object? 
 

 

Lab #13:  Acceleration Inquiry 
 

OBJECTIVES 
In this experiment, you will 
Å Develop a hypothesis. 
Å Identify appropriate materials to test a particular investigative question. 
Å Write a procedure that will scientifically test your investigative question. 
Å Graph results and write a conclusion using data collected during the lab. 

 

SELF-SELECTED INVESTIGATION OPTIONS RESULTING IN LAB REPORTS: 
1. How does ___________ (weight, surface area) affect terminal velocity?  
2. Why things fall with different accelerations. (select only one manipulated variable). 
3. Factors affecting the acceleration of a Hot Wheels car on a track. (weight, shape, surface of track, etc.) 

 

MATERIALS AVAILABLE TO YOU 
Motion detectors, photogates, Hot Wheels car and track, ring stands, pennies, tape, meter sticks, rulers, wood blocks, 
manilla folders (can be weighted with papers).  If there are other materials you think you could  use, please ask! 
 

Be sure to OK the hypothesis and procedure before getting started.  
Your teacher will suggest a template file for you to use for your investigation. 

Your lab report is due: _____________ 
 
 
 
 
 

Ready to turn your packet in? 
 
You should have completed all blanks in this packet (20 pts.) and you should have attached to this packet: 
 
Ç Questions for labs 9, 11, and 12 (15 pts.) 
Ç Conclusion for lab 10 (10 pts.) 
 
Please do not attach your lab report to this packet.  Turn it in separately. 

 


