
1.1  Time and DistanceAnswer Sheet

 1.1 Time and Distance

 Question: How do we measure and describe the world around us?

 A Using the timer as a stopwatch

Follow the procedures on your Investigation guide.

From your measurements with the stopwatch, estimate the approximate reaction time of an average
student and record it below:

 B Using the photogates

       a. Exactly what do you do to start and stop the clock? Be very specific in your answer. Someone who has 
never see the photogate before should be able to read your answer and know what to do with the light 
beam to make the clock start, and what to do to make it stop.

       b. If you block the light beam several times in a row does the time add or does the timer start at zero every 
time you break the beam? Your answer should provide observations that back up what you say. For 
example, “the timer does _____  because_____.”  Fill in the blanks with what you think based on what 
you observed.

 C Using the timer with two photogates

       a. What starts and stops the timer when only the “A” light is on?
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1.1  Time and Distance Answer Sheet

       b. What starts and stops the timer when only the “B” light is on?

       c. What starts and stops the timer when both “A” and “B” lights are on?

       d. Does the timer still make measurements when there are no lights on?

       e. What happens if you go though photogate A once and through photogate B multiple times? When 
answering this question, you might want to think about a race where all the runners start together but 
you want each runner’s individual time to finish the race.

 D Reflecting on what we learned

       a. Resolution means the smallest interval which can be measured. Try using one photogate to determine 
the resolution of the timer. Give your answer in seconds and tell how your observations support your 
answer.

       b. The words accuracy and precision have special meanings in science that are a little different from how 
people use these words every day. The word accuracy refers to how close a measurement is to the true 
value. The word precision describes how close together repeated measurements are. When 
measurements are precise they are close to the same value. It is possible to be precise but not accurate. 
Which is likely to be more precise: time measurements made with a stopwatch or measurements made 
with photogates?

 

 

 

 

 

 

 

 

 

 

 

 



1.1  Time and DistanceAnswer Sheet

 E Dimensions and diagrams

Measure the dimensions of the car and the photogate as shown on the diagram. Write the dimensions in
the appropriate boxes.

 F Measuring metric lengths

       a. Use the metric ruler to make measurements of each of the following dimensions. Write the 
measurement in centimeters in the appropriate box. You should be accurate to the nearest millimeter 
(0.1 centimeters).

       b. The word precision describes how close repeated measurements of the same quantity are. For 
example, saying measurements are precise to 0.5 cm means the measurements were within +/- 0.5 cm 
of the average of all the measurements. Compare your results for measurement b with the results from 
four other students. Fill in the blanks: 

 The average measurement for b is __________ centimeters. 
 
 This measurement is precise to __________ centimeters. 
 
 This means the measurements are within +/- __________ centimeters of the average. 
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 G Measuring English lengths

       a. Use the English ruler to make measurements of each of the following dimensions. Write the 
measurement in inches in the appropriate box. You should be accurate to the nearest 1/16th inch.

       b. Compare your results for measurement b with the results from four other students. Fill in the blanks: 
 The average measurement for b is __________ inches. 
 
 This measurement is precise to __________ inches. 
 
 This means the measurements are within +/- __________ inches of the average. 
 (Note: Convert the fractions to decimals to identify the precision of your measurements.)



1.2  Investigations and ExperimentsAnswer Sheet

 1.2 Investigations and Experiments

 Question: How do we ask questions and get answers from nature?  

 A Setting up the experiment

       a. Look around the class and note which hole each group is using for its ramp. With your group, make a 
prediction as to which group will have the fastest car, and therefore the shortest time from A to B. This 
prediction is your group’s hypothesis. Write down this hypothesis so you can compare it to your 
results. 

       b. Roll the car down the ramp and record the time it takes to go from photogate A to photogate B. Be sure 
you look at the timer reading with the A and B lights on. 

       c. Compare your results with other groups. Did the times that everyone measured agree with your 
hypothesis about how the angle of the ramp would affect the speed? Why or why not?  

       d. Is there a better way to test whether increasing the ramp angle makes the car go faster?  Explain how 
you would redo this experiment so the results make sense.
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1.2  Investigations and Experiments Answer Sheet

 B Variables in an experiment

What variables will affect how fast the car moves down the ramp? List all the variables discussed by
your group.

 C Doing a controlled experiment
  

1. In the table, record any variables you think should be controlled to make the experiment a 
comparison of how cars behave on ramps of different angles. Write values for these variables in the 
table. These values will not change during the experiment.

2. Develop a good technique for rolling the car down the ramp so you get three times that are within 
0.0005 seconds of each other. Write a description of your technique.

 

 

 

 

 

 

 Variable  Chosen value

  

  

  

  

  

 

 

 



1.2  Investigations and ExperimentsAnswer Sheet

3. Using your new technique and setup, record the time it takes the car to travel from photogate A to 
photogate B.

Once you have your new results, compare them with the results of the other groups. 

       a. Did your times agree with your hypothesis about how they would change with the angle of the ramp?

       b. In one or two sentences describe why this experiment was better or worse than your first experiment. 
Your answer should talk about cause and effect relationships and variables.

 D Applying what you learned

       a. It is often easy to confuse cause and effect. When we see something happen, we think up a reason for 
why it happened, but we don’t always get the right reason. If you drop a piece of paper and a steel 
weight at the same time, which one hits the ground first? If the paper is flat, the steel always hits first. 
Why does the steel hit first? Is it because heavier objects fall faster, or is there another reason? In your 
answer give at least one other reason why a steel weight might fall faster than a flat sheet of paper.

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.2  Investigations and Experiments Answer Sheet

       b. Plan and perform another experiment to test the effect of one of the other variables on the speed of the 
car. Create a data table and a procedure for controlling the variables you don’t want to change.
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 1.3 Speed

 Question: What is speed and how is it measured?  

 A How is speed measured?
  

 B Calculating the speed of the car on the ramp

Follow the procedures on your Investigation guide. Record your data in Table 1 below:

Calculate the speed of your car in ft/sec, cm/sec, and in/sec and write the results in Table 1. 

       a. Which is the fastest speed of the three, or are they all the same speed?

       b. Is it possible that a speed of 254 and a speed of 100 could be the same speed? Explain why you think so 
and why giving a speed as 254 would not be a very good answer. 

 Examples of speed  Calculating speed

 A sprinter running 100 meters in 10 seconds

  __________________(speed is 10 m/sec).

 A person driving a car 50 miles in 1 hour

  __________________(speed is 50 mi/hr).

 A fish swimming 10 feet in 15 seconds

  __________________(speed is 0.67 ft/sec).

       a. Use the distances and time values in the 
examples to calculate speed. If your 
answers are correct, then you understand 
how to calculate speed.

       b. Your hair grows 0.4 millimeters per day. 
What is the speed of hair growth per 
week? Per hour?

 

_______________________________________

Table 1:Speed, Distance, and Time Data

Distance from A to B Time from A to B (sec) Speed

 (feet)  (feet/sec)

 (cm)  (cm/sec)

 (inches)  (in/sec)

 

 

 

Name:
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 C Experiments with downhill motion

Sample Lab Record 1: 

Sample Data Table 1:

 Hypothesis:

 

 Variable to be tested: 

 Procedure:

 

 

 

 

 

 

 Conclusions: 

 

 

 

 

 Trial  Experimental Variable  Distance  Time  Speed

1     

2     

3     
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Sample Lab Record 2: 

Sample Data Table 2:

 Hypothesis:

 

 Variable to be tested: 

 Procedure:

 

 

 

 

 

 

 Conclusions: 

 

 

 

 

 Trial  Experimental Variable  Distance  Time  Speed

1     

2     

3     
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Sample Lab Record 3: 

Sample Data Table 3:

 Hypothesis:

 

 Variable to be tested: 

 Procedure:

 

 

 

 

 

 

 Conclusions: 

 

 

 

 

 Trial  Experimental Variable  Distance  Time  Speed

1     

2     

3     



2.1  Using a Scientific Model to Predict SpeedAnswer Sheet

 2.1 Using a Scientific Model to Predict Speed

 Question: Can you predict the speed of the car at any point on the ramp?  

 A Finding the speed of the car at different points along the ramp

1. Select between 5 and 10 locations along the ramp to measure the speed of the car. The places 
should be at regular intervals such as every 10.0 centimeters.

2. At each location record the position of the photogate and the time through the light beam in the 
table. The distance traveled will be the same for every position since it is the width of the wing.

3. Calculate the speed of the car using the car wing length (5.00 cm) and the time measurement. 
Record this value in the table below.

 
 
 
 
 
 

 Position of 
photogate A (cm) 
from top of ramp

 Time from 
photogate A

(sec) 

 Distance traveled 
by car (cm)

 Wing width 
(5.00 cm)

 Speed of the car

 (cm/sec)
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2.1  Using a Scientific Model to Predict Speed Answer Sheet

 B Graphing and analyzing your results

       a. Do you notice a trend in your measurements? How does the speed of the car change as it moves down 
the ramp?

       b. Graph the speed of the car vs. position. Place speed of the car on the y-axis and position of photogate A 
on the x-axis. Add labels to each axis and title the graph.

       c. What does the graph show about the speed of the car? 
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 C Using your graph to predict the speed of the car

       a. Choose a spot on the ramp where you did not measure the speed of the car.

       b. Use your graph to find the predicted speed of the car at that distance. Record your predicted speed.

       c. Place the photogate at the distance you selected in step A and record the time it takes for the car to pass 
through the photogate.

       d. Use the wing length (5.00 cm) and the time to calculate the speed. Record the actual speed. 

       e. How does the predicted speed compare with the actual measured speed? What does this tell you about 
your experiment and measurements?

 

 

 

 

 

 

 

 

 

 

 

 



2.1  Using a Scientific Model to Predict Speed Answer Sheet

 D Calculating percent error

       a. Find the difference between the predicted speed and the actual, calculated speed. 
 

       b. Take this difference and divide it by the predicted speed, then multiply by 100. 
 

       c. Use the percent error to calculate percent correct.
 

 

 

 

Predicted speed Actual speed– Difference=

 

 

 

Difference Predicted speed÷( ) 100× Percent error=

 

 

 

100 Percent error– Percent correct=



2.2  Position and TimeAnswer Sheet

 2.2 Position and Time

 Question: How do you model the motion of the car? 

 A Setting up the experiment

There are no questions to answer in part 1.

 B Understanding and using Table 1

As you measure the time it takes the car to travel to different positions, you will record your data in the
table in part 3.

 C Collecting and recording your data
 

 

 Position 
on ramp

 Distance 
from A to 

B

 Time 
from A to 

B (tAB)

 Time at 
A (tA)

 Time at B 
(tB)

 Speed at 
A

 Speed at 
B

  (cm)  (sec)  (sec)  (sec)  (cm/sec)  (cm/sec)

 1       

 2       

 3       

 4       

 5       

 6       

 7       

 8       

Name:



2.2  Position and Time Answer Sheet

 D Graphing and analyzing your data

       a. Make a distance vs. time graph using your data. Plot the time from A to B on the x-axis and the 
distance from A to B on the y-axis. At this point, do not connect the data points on the graph. Be sure to 
label the axes and title the graph.

       b. Is the graph a straight line or a curve?

       c. Does the graph get steeper as the car rolls farther, or does the graph keep the same slope the whole 
way? What does your answer tell you about the speed of the car at different times along its roll down 
the ramp?  

       d. Pick two points near the bottom of the graph and two more near the top of the graph. Draw two 
triangles and calculate the speed from the slope of the graph. Is the value you get consistent with other 
speed measurements you have made with the car and ramp?
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 2.3 Acceleration

 Question: How is the speed of the car changing? 

Before beginning the Investigation, define the term “acceleration” in your own words. It may help you
to think about flying in an airplane. When a plane is accelerating, you feel its motion. For example, you
feel the motion of the plane when it is taking off, but not much when you are flying at altitude.

 A Measuring acceleration

Follow the procedures in your Investigation guide and record your date below:

 

 

 

Trial 1 Trial 2

Time A

Time B

Time A to B

Speed at A

Speed at B

Acceleration

Name:



2.3  Acceleration Answer Sheet

 B Graphing speed vs. time

       a. Make a speed vs. time graph. Plot the speed at photogate B on the y-axis. Plot the time from A to B on 
the x-axis.

       b. Is your graph a straight line or a curve? 

       c. The place on the speed vs. time graph where the line crosses the y-axis is called the y-intercept. On the 
speed vs. time graph for the car and ramp, the y-intercept represents something about the car. What is 
the y-intercept of your speed vs. time graph? (Hint: The y-axis is speed.)

       d. Does the car accelerate as it rolls down the ramp? Justify your answer. Remember that acceleration is 
defined as a change in speed over time.
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 C Calculating acceleration from the slope of the line

       a. Using your speed vs. time graph, calculate the 
acceleration of the car from the slope of the line. Refer 
to the graphic at the right for an example of the 
calculation. Show all of your work. 

       b. Is the acceleration of the car changing as it moves down the ramp? Explain your answer using what 
you know about the slope of a straight line.

 D Reflecting on what we learned

       a. How does the acceleration you measured compare with the acceleration you calculated from the graph 
of speed vs. time? If there are differences, try to think where they might have come from.

       b. Give the car a gentle push up the ramp from the bottom. The car will go up, slow down, and come 
down again. Is there a place in the motion where the speed of the car is zero? Is there a place where the 
acceleration is zero?

       c. Can you think up two configurations of ramps and cars that show the following properties:

(1) Higher speed but lower acceleration. _____________________________________________

(2) Lower speed but higher acceleration. ______________________________________________

 You should discuss this with your group or the class. You can also test out your ideas, or draw 
them in sketches. (Hint: The car may not always be in the same place!)
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Space for additional notes:



3.1Force, Mass, and AccelerationAnswer Sheet

 3.1 Force, Mass, and Acceleration

 Question: What is the relationship between force, mass, and acceleration? 

 A Thinking about force

       a. What are the ways you can change the amount of force acting to pull the car down the ramp? Keep in 
mind that force is something which has the ability to change motion.

       b. How will you vary the force on the car for this experiment?

 B Measuring the force on the car

There are no questions to answer in Part 2.
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3.1Force, Mass, and Acceleration Answer Sheet

 C Conducting the experiment

Table 1: Force and acceleration at different ramp angles 

 D Analyzing the data

       a. List three observations you can make about the data from looking at Table 1.

       b. The relation between force and motion is simple but not obvious. Can you see it from the data table? 
Write a sentence to describe your ideas about the relationship between force and motion.

  No. of 
wts.

 Force
(N)

 Mass
(kg)

 Time A
(sec)

 Time B
(sec)

 Time
 A to B
(sec)

 Speed A
(m/sec)

 Speed B
(m/sec)

 Accel.
(m/sec2)

 A
ng

le
 1

 1         

 2         

 3         

 A
ng

le
 2

 1         

 2         

 3         

 A
ng

le
 3

 1         

 2         

 3         
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 E Combining force and mass

       a. Circle the combination of force and mass that has been assigned to your group. The different 
combinations of force and mass that we will test are:
(1) force ÷ mass
(2) mass ÷ force
(3) force + mass
(4) force × mass

       b. Transfer your force and acceleration data from Table 1 to Table 2 below. Add the mass data to this 
table. Using this data, make the calculations for your group’s force and mass combination. Add these 
calculations to Table 2.

       c. We use graphs to find relationships. One or more of the graphs should show a pattern we can 
understand. If we find a pattern in the graph then we know the relationship between the variables from 
that graph is the one we want. 

       d. Use the data in Table 2 to make a graph that shows the relationship between force, mass, and 
acceleration. Plot your group’s combination of force and mass on the x-axis. Plot acceleration on the y-
axis. Be sure to give a title to your graph and label the axes.

Table 2: Force, Mass, and Acceleration Data

 a
(acceleration)

 F
(force)

 m
(mass of the car)

 force and mass calculation:

 m/sec2  N  kg  N ÷ kg, kg ÷ N, N + kg, or N × kg

    

    

    

    

    

    

    

    

    



3.1Force, Mass, and Acceleration Answer Sheet

 F Analyzing all of the graphs

Examine all four graphs generated by your class. For each, indicate a pattern, if any, that you observe
for the questions below:

       a. force ÷ mass: Is there a pattern? If so, what is it?

       b. mass ÷ force: Is there a pattern? If so, what is it?

       c. force + mass: Is there a pattern? If so, what is it?

       d. force × mass: Is there a pattern? If so, what is it?
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 G Newton’s second law

Based on this experiment, what is the correct mathematical relationship between the variables force
(F), mass (m), and acceleration (a)? Write the equation and explain how you arrived at your answer.
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Extra space for notes:



3.2  Weight, Gravity and FrictionAnswer Sheet

 3.2 Weight, Gravity and Friction

 Question: How does increasing the mass of the car affect its acceleration? 

The force that you used in Investigation 3.1 was gravity. Gravity pulls all objects toward the center of
Earth with a force we call weight. The more mass an object has, the greater its weight. If you increase
the weight of the car, how will acceleration be affected? 

 Do heavier objects fall faster than lighter ones?

 A Do you think adding weights to the car will change its speed?

       a. You can add up to three weights to the car for this experiment. Weights are attached to the top of the car 
using the wing nut.

       b. Roll a car down the ramp with different amounts of weight and watch it, without using photogates. 
Does the change in mass seem to make a difference in the speed?

	 Safety tip: Keep your fingers away from the ramp when the car is rolling. Especially,
keep your hands away from the bottom of the ramp until the car stops.
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3.2  Weight, Gravity and Friction Answer Sheet

 B Testing your hypothesis

In the data table, record the masses and the speeds at which the car rolled between the two photogates.

 C Graphing and analyzing the data

       a. Make a graph of speed vs. mass using your data.

Mass and Speed Data

Mass 
(g)

Distance from 
A to B (cm)

Time from 
A to B (sec)

Speed
(cm/sec)



3.2  Weight, Gravity and FrictionAnswer Sheet

       b. Which is the dependent variable? On which axis does it go?

       c. Which is the independent variable? On which axis does it go?

       d. From your graph, what can you say about the effect of increasing mass on the speed of the car? Did the 
speed change by a lot or by a little? Did the mass change by a lot or a little?

 D Friction 

       a. The crumpled paper has the same weight as the flat sheet of paper. What is the explanation for why the 
crumpled sheet fell fast and the flat sheet fell slowly?

       b. The car has friction, even though the wheels have ball bearings. Can you think of a way to increase the 
friction in the car? See if you can create enough friction so the car does not accelerate, but keeps the 
same speed from one photogate to the next. Record your experiments and results below.
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 E Thinking about the results

Suppose you have a jar of 1,000 marbles. If you lose one marble, it is hard to notice because 1 out of
1,000 is a small change. If you only had 5 marbles in the jar, you would immediately notice if one were
missing because 1 out of 5 is a much larger change.

       a. We often express change in percent. One out of 5 is a change of 20 percent (1/5 × 100%). The percent 
change is the change divided by what you started with, times 100 percent. Calculate the percent change 
for the weight experiment. Use the table above to show your work.

       b. Does the percent change have anything to do with how much the speed changed as you added the 
second and third weights?
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 3.3 Equilibrium, Action, and Reaction

 Question: What is Newton's third law of motion? 

 A Setting up a system with action and reaction

       a. The car wants to roll down, and the weight also wants to fall down. Draw a sketch below showing the 
forces that act on the car and the forces that act on the weight.

       b. Since nothing is moving, the acceleration is zero. What does this tell you about the forces acting on the 
car and on the weight?

       c. Suppose you added a little more hanging weight. What would happen to the system? In your answer 
you should discuss balanced and unbalanced forces.
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       d. Suppose you took away a little from the hanging weight. What would happen to the system? In your 
answer you should discuss balanced and unbalanced forces.

       e. On your force sketch above (under 1a), label the action and reaction forces acting on the car and on the 
weight.

 B Equilibrium at constant speed

       a. Earlier you learned that there is always friction when things are moving. If the speed is the same at A 
and B, then the acceleration must be zero. If the acceleration is zero, the net force must also be zero. 
Explain how your process of shimming up the ramp created equilibrium of forces.

       b. If friction acting on the car is the action force, what is the reaction force and what object does it act on? 
(Hint: The object is not moving.)
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 C Using Newton’s third law to explain the physics of common objects and 
activities

       a. List five objects you use on a day-to-day basis. List five activities you do on a weekly basis. 
       b. Next to each item on your lists, write down how the activities you do and the objects you use illustrate 

Newton’s third law of motion. Identify an action force and a reaction force for each object and 
situation.

Examples of the third law 

Daily things How the third law 
applies

Weekly activities How the third law 
applies
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 D What did you learn?

       a. Write Newton’s third law in your own words.

       b. Imagine if Newton’s third law of motion was just like a law made by your government. Also, imagine 
there is going to be a vote tomorrow on whether to keep Newton’s third law or change the universe so 
we did not always have an equal and opposite reaction to every action force. Think up one strange 
scenario that might happen if the universe changed so that the third law were not true. You may wish to 
do this as a project jointly with your group.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




