
Physics Distance Learning Packet 
 

   Teacher: ______________________               _____________________                                          School: ______________________ 
 

    Virtual Office Hours: 9:00 a.m.- 11:00 a.m. & 1:00 p.m.- 3:00 p.m.     Conference Call Dial-in Number: ______________________     Dial-in Access Code: ___________ 
 

     Online Meeting URL: __________________________________       Online Meeting ID: ______________________________ GIZMOs:  

 

 

April 13 April 14 April 15 April 16 April 17 

Standard: H.P.2A  
 
Learning Tasks:  
Reading from Textbook  Chapter 
2, pgs. 34-44 
Complete Science Notebook 
Worksheet  

Standard: H.P.2A. 
 
Learning Tasks:  
Flipping Physics Video (Linked 
below) -Multiple Choice Questions 
from Video  Write your answers 
 
OR 
 
Alternate Offline Task: Distance 
vs. Displacement Worksheet 

Standard: H.P.2A.4 
 
Learning Tasks:  
GIZMO online activity   Distance-
Time Graphs (Metric) Gizmo 
(Complete Questions for Prior 
Knowledge, Warm-up and Activity 
A) 
 
OR 
 
Alternate Offline Task: Motion 
Graph Activity Worksheet 

Standard: H.P.2A.4  
 
Learning Tasks:  
GIZMO online activity   Distance-
Time Graphs (Metric) Gizmo  
(Complete Questions for Activity B 
& C) 
 
OR  
 
Alternate Offline Task: Motion 
Graph Activity Worksheet 
 

Standard: H.P.2A.4  
 
Learning Tasks:  
GIZMO online activity   Distance-
Time Graphs (Metric) Gizmo  
(Complete Questions for Activity C 
and activity Quiz) 
 
OR 
 
Alternate Offline Task: Alternate 
Motion Graph Activity Worksheet 

Extension Activities: Extension Activities:  t Extension Activities:  Extension Activities:  Extension Activities:  

April 20 April 21 April 22 April 23 April 24 

Standard: H.P.2A.4  
 
Learning Tasks:  
Reading from Textbook  Chapter 
3 Section 3, pgs. 75-81 
Free-fall worksheet based on the 
reading from Chapter 3 Section 3 

 
  
 
 
 

Standard: H.P.2A.4  
 
Learning Tasks:  
Flipping Physics Video (linked 
below) Answer MULTIPLE CHOICE 
Flipping Physics Questions 

- OR 
Alternate Offline Task: Review 
NOTES Flipping Physics Intro. To 
Free-fall Answer MULTIPLE 
CHOICE Flipping Physics Questions 

Standard: H.P.2A.4  
 
Learning Tasks:  
GIZMO online activity   Free-Fall 
Laboratory (Complete Questions 
for Prior Knowledge, Warm-Up, 
and Activity A) 
-OR 

Alternate Offline Task: 
Collect 5 items of various size and 
mass and perform the drop 
yourself instead of using the 
GIZMO online version. Answer 
questions based on your drops. 

Standard: H.P.2A.4 
 
Learning Tasks:  
GIZMO online activity - Free-Fall 
Laboratory (Complete Questions 

 
- OR 

Alternate Offline Task: 
Collect 5 items of various size and 
mass and perform the drop 
yourself instead of using the 
GIZMO online version. Answer 
questions based on your drops. 

Standard: H.P.2A.4  
 
Learning Tasks:  
ACTIVITY 1-D Vertical Motion 
Home Lab 
 
 
  
 

Extension Activities 
Complete Study Guide Section 3 

Extension Activities Complete 
Study Guide Sections 1 & 2 

 Extension Activities 
Complete GIZMO Free-Fall 

 

Extension Activities 

Physics Distance Learning Packet 
 

    

 

 

Links  
4-14 Introduction to Displacement and the Difference between Displacement and Distance - https://edpuzzle.com/media/57b7823b6b6e2cb616d68115 

4-21 Introduction to Free-fall and Acceleration due to Gravity - https://edpuzzle.com/media/57bb414c032f73377086ff65 

4-27 Average Velocity Example Problem with Three Velocities - https://edpuzzle.com/media/57b7838c6b6e2cb616d68353 

4-28 Introductory Uniformly Accelerated Motion Problem - A Braking Bicycle - https://edpuzzle.com/media/57bb17bd0c3f5d5d3e80c579 

Gizmos https://www.explorelearning.com/ Join class 5QZZT7 or the code from your teacher to find the assigned Gizmos 

 

April 27 April 28 April 29 April 30 May 1 

Standard: H.P.2A.3  
 
Learning Tasks:  
 
1 and 2-Dimensional Kinematics 
Review Problems 
 

Standard:  H.P.2A.3  
 
Learning Tasks:  

1 and 2-Dimensional Kinematics 
Review Problems 
 

Standard: H.P.2A.3  
 
Learning Tasks:  
Egg Drop Experiment Day 1 

1. Pre-lab  
measurements, 
calculations, materials, 
safety, hypothesis  

 
 
 
  
 

Standard: H.P.2A.3  
 
Learning Tasks:  
Egg Drop Experiment Day 2 

2. Perform experiment 
3. Record observations and 

data 
4. Analyze data and form 

conclusions 
 
 
  
 

Standard: H.P.2A.3 
 
Learning Tasks:  
Egg Drop Experiment Day 3 

5. Lab report  compile all 
data/information into a 
written or typed lab 
report with the required 
sections listed in the 
directions provided in 
the packet. 

 
 

Extension Activities 
Flipping Physics Video (linked 
below) 
 
 
 

Extension Activities 
Flipping Physics Video (Linked 
Below) 

Extension Activities 
Perform the same experimental 
calculations but this time the egg 
must roll 2 meters down a roof 
that has is angled 30 degrees 
above the horizontal. Assume no 
force other than gravity.  

Your egg now has an initial 
velocity with X and Y 
components as it leaves the 
roof. 

Extension Activities 
Run the new angled roof 
experiment and collect the same 
information from the dropped egg 

Extension Activities 
You will not need to write a 
separate lab report for the angled 
roof. Please add an EXTENSION 
section to each part of your lab 
report with objective, hypothesis, 
procedure, observations, data 
collection/analysis, and 
conclusions from the angled roof 
experiment. 
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Name: ______________________________________ Date: ________________________ 
 
 

Student Exploration: Distance-Time Graphs 
 
 
Vocabulary: speed, y-intercept 
 
 
Prior Knowledge Questions (Do these BEFORE using the Gizmo.)  
Max ran 50 meters in 10 seconds. Molly ran 30 meters in 5 seconds. 
 
1. Who ran farther, Max or Molly? ________________ 
 
 
2. Who ran faster? ________________ Explain: ____________________________________ 
 

_________________________________________________________________________ 
 
 
Gizmo Warm-up 
The Distance-Time Graphs Gizmo shows a graph and a 
runner on a track. You can control the motion of the runner 
by manipulating the graph (drag the red dots). 
 
Check that Number of points is 2, and that under Runner 
1 both Show graph and Show animation are turned on. 
 
The graph should look like the one shown to the right  
one point at (0, 0) and the other point at (4, 40). 
 
1. Click the green Start button on the stopwatch.  

 
 What happens? _______________________________ 

 
____________________________________________ 

 
 
2. Click the red Reset button on the stopwatch. The vertical green probe on the graph allows 

you to see a snapshot of the runner at any point in time. Drag it back and forth. As you do, 
watch the runner and the stopwatch. 

 
A. What was the position of the runner at 1 second? ____________________________ 

 
B. What are the coordinates of the point on the graph that tells you this? ____________ 

 
C. When was the runner on the 30-meter line? ________________________________ 

 
D. What are the coordinates of the point on the graph that tells you this? ____________ 

  

 

Worksheet: Motion Graphs  Name___________________ 
 

 2004, GPB 
3-10

Questions 1-4 refer to the 
velocity-time graph of a car s 

motion: 
 
1. In which section is the car 

accelerating from rest?  ___ 
 

2. In which section is the car s 
acceleration negative?  ____ 
 

3. How far does the car travel 
during section b ?  _______ 
 

4. What is the acceleration of the car in each section? 
a  ________        b ________        c ________        d ________      
 

 

Questions 5-10 refer to displacement-time graph of a carts motion: 
 

5. In which section(s) is 
the cart accelerating?  
______ 
 

6. In which section(s) is 
the cart not moving?  
______ 
 

7. In which section(s) is 
the cart moving 
backwards?  ______ 

 
8. In which section(s) is the cart s instantaneous velocity at any time equal to its 

average velocity?  _______ 
 

9. What is the velocity of the cart in these sections? 
 
a-b ________     c-d  __________    e-f  __________     f-g  __________ 
 

10. How far does the cart move in section b-c?  _________   e-f?  _________
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Activity A:  
 

Runner position 

Get the Gizmo ready:  

 Click the red Reset button on the stopwatch. 
 Be sure the Number of points is 2. 

 

 
In the Gizmo, run the  many times with a variety of different graphs. (The red points on the 
graph can be dragged vertically.) Pay attention to what the graph tells you about the runner. 
 
1. If a distance-time graph contains the point (4, 15), what does that tell you about the runner? 

(Be specific, and answer in a complete sentence.) _________________________________ 

_________________________________________________________________________ 
 
 
2. Look at the graph to the right. Notice where the green probe 

is. If you could see the runner and the stopwatch at this 
moment, what would you see? 
 
________________________________________________ 
 
________________________________________________ 
 
________________________________________________ 

 
 
3. Look at the image below, from the Gizmo. What  
 
 
 
 

 
_________________________________________________________________________ 

 
_________________________________________________________________________ 

 
 
4. The point on the graph that lies on the y-axis (vertical axis) is called the y-intercept. What 

does the y-intercept tell you about the runner?  
 
_________________________________________________________________________ 

 
 
5. In the Gizmo, set the Number of points to 3. Then create a 

graph of a runner who starts at the 20-meter line, runs to the 
40-meter line, and finishes at the 30-meter line. 

 
A. Sketch your graph to the right. 
 
B. What is the y-intercept of your graph? ____________   

2019 
   

Activity B:  
 

Runner direction 
and speed 

Get the Gizmo ready:  

 Click the red Reset button on the stopwatch. 

 

 
Run the Gizmo several times with different types of graphs. (Remember, the red points on the 
graph can be dragged vertically.) Pay attention to the speed and direction of the runner. 
 
1. Create a graph of a runner that is running forward (from left to 

right) in the Gizmo. Sketch your graph to the right. 
 

If the runner is moving from left to right in the Gizmo, how 
does the graph always look? 
 
__________________________________________________ 
 
__________________________________________________ 

 
 
2. Click the red Reset button. Create a graph of a runner that is 

running from right to left. Sketch it to the right. 
 
How does the graph always look if the runner is moving from 
right to left in the Gizmo? 
 
__________________________________________________ 
 
__________________________________________________ 

 
 
3. Change the Number of points to 5. Create a graph of a 

runner that runs left-to-right for one second, rests for two 
seconds, and then continues running in the same direction. 
Sketch the graph to the right. 
 
How does a graph show a runner at rest? ________________ 
 
__________________________________________________ 

 
 
4. In general, how does a distance-time graph show you which direction the runner is moving? 

 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 

 
 
(Activity B continued on next page)
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Activity B (continued from previous page) 
 
5. With Number of points set to 3, create the graph shown at 

right. Your graph should include (0, 0), (2, 10), and (4, 40).  
 
A. Where does the runner start? ____________________ 
 
B. Where will he be after 2 seconds? ________________ 
 
C. Where will he be after 4 seconds? ________________ 

 
D. In which time interval do you think the runner will be 

moving most quickly? (Circle your answer below.) 
 

 0 to 2 seconds   2 to 4 seconds 
 
 
6. Click the Start button and watch the animation. What about the runner changed after 2 

seconds of running? ________________________________________________________ 

 _________________________________________________________________________ 

 
7. Speed is a measure of how fast something is moving. To calculate speed, divide the 

distance by the time. In the Gizmo, the units of speed are meters per second (m/s). 
 

A. In the first 2 seconds, how far did the runner go? ____________________________ 
 
B. In this time interval, how far did the runner go each second? ___________________ 

 
C.  

 
 
8. Now look at the last two seconds represented on the graph. 
 

A. In the last 2 seconds, how far did the runner go? ____________________________ 
 
B. In this time interval, how far did the runner go each second? ___________________ 

 
C.  

 
 
9. Click the Reset button. Experiment with a variety of graphs, focusing on the speed of the 

runner. In general, how can you estimate the speed of the runner by looking at a graph? 
 

_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
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Activity C:  
 

Two runners, two 
graphs 

Get the Gizmo ready:  

 Click Reset.  
 Under Runner 2, turn on Show graph and Show 

animation. 

 

 
1. Experiment with the Gizmo to create each of the following results. (You can use any number 

of points in your graphs.) Each time you find a solution, click the camera ( ) next to the 
graph. Right click the image, and click Copy Image. Then paste the image into a blank 
document. Label all five images.  

 Runner 1 wins the race. 

 Runner 2 wins the race. 

 Runner 2 catches up to and passes runner 1. 

 Runner 2 is going in the opposite direction as runner 1. 

 Each runner goes at a different speed, but both reach the finish line together. 
 

 
2. Based on your experiments, answer the following questions.  
 

A. How does the graph show if a runner gets a head start? ______________________ 
 
___________________________________________________________________ 

 
B. How does the graph show which runner is faster? ___________________________ 

 
___________________________________________________________________ 

 
C. How does the graph show which runner wins the race? _______________________ 

 
___________________________________________________________________ 

 
D. How does the graph show a runner going back and forth? _____________________ 
 

___________________________________________________________________ 
 

E. What  

___________________________________________________________________ 

 
3. Challenge: For Runner 2, turn off Show graph. Click New to generate a new random graph 

Runner 2. Click Start, and watch her run. Then try to adjust the graph 
for Runner 1 so that his movements match the movements of Runner 2.  
 
Turn on Show graph to check each answer. (For a greater challenge, increase the Number 
of points before selecting New.) 

 
(Activity C continued on next page) 
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Activity C (continued from previous page) 
 
4. Challenge: Use the Gizmo to model and solve the following word problems. Write the 

solutions in the spaces below. Sketch the graph you made to solve the question in the 
space to the right of each question. 

 
A. A dog is chasing a cat towards a tree. The cat has a 10-

meter lead and runs at a speed of 6 meters per second. 
The dog runs at a speed of 8 meters per second. The 
tree is 30 meters away from tarting position. 
Which animal will reach the tree first? 

 
_____________________________________________ 

 
B. A police officer is chasing a purse-snatcher down a 

street. The thief starts 9 meters ahead of the officer and 
can run 20 meters in 4 seconds (5 m/s). The police 
officer can run 32 meters in 4 seconds (8 m/s). How long 
will it take the officer to catch the thief? 

 
_____________________________________________ 

 
C. In a football game, one team kicks off to the other. At the 

moment the receiver catches the ball, he is 40 meters 
from the nearest tackler. The receiver runs left to right at 
a speed of 10 meters per second (10 m/s). The tackler 
runs right to left at a speed of 6 meters per second.  

 
 How long does it take before they collide? ___________ 
 

How far does the receiver go? _____________________ 
 
D. A tortoise challenges a hare to a four-hour race. The 

hare is so confident of winning that he allows the tortoise 
to start with a 10-km lead. The hare runs at a speed of 
14 km per hour, but stops for a two-hour nap in the 
middle of the race. The tortoise plods along at 4 km per 
hour the whole race. Who gets farther in four hours?  

 
_____________________________________________ 

 
 
5. How are distance-time graphs useful? Explain, and if possible discuss your answer with your 

teacher and classmates.  
 

_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
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FREE FALL ON THE MOON 

 
 

CHAPTER 3 SECTION 3  -   FREE FALL 
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FREE FALL ON THE MOON 

1. A boy on Earth jumps straight upward with an initial velocity of 4.9 m/s. On the Earth, the free-
fall acceleration is 9.8 m/s2. (Assume that downward is the positive direction.) 

a. How long does it take for him to reach maximum height? 

 

 

 

b. At maximum height, what is his velocity? 

 

 

 

c. At maximum height, what is his acceleration? Explain your answer. 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

2. An astronaut jumps on the Moon with an initial velocity of 16 m/s upward. On the Moon, the 
free-fall acceleration is 1.6 m/s2. (Assume that downward is the positive direction.) 

a. How long does it take him to reach maximum height? 

 

 

b. What is the maximum height he reaches? 

 

 

c. If you drew a velocity-time graph for the motion of the astronaut, what would be the slope 
of the line? 

 

 

d. Are the vectors for acceleration and initial velocity pointed in the same or different 
directions? Explain your answer. 

 _________________________________________________________________________________ 

 _________________________________________________________________________________ 

 

Date __________________ Period _________________ Name ___________________________________ 
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SECTION 3 Free Fall 
In your textbook, read about free-fall acceleration. 

For each statement below, write true or rewrite the italicized part to make the statement true. 

1. __________________________ A feather does not fall in the same way as a pebble because of 
gravity. 

2. __________________________ Free fall is the motion of a falling object when the air resistance is 
negligible. 

3. __________________________ Galileo concluded that objects in free fall have different 
accelerations. 

4. __________________________ Free-fall acceleration is the same for objects of different sizes. 

5. __________________________ Free-fall acceleration is always downward. 

6. __________________________ If you drop a rock, its speed after 3 s will be 19.6 m/s. 

7. __________________________ The decision to treat free-fall acceleration as positive or negative 
depends on the coordinate system you use. 

8. __________________________ If you toss a ball up, it reaches its maximum height when its 
velocity is zero. 

9. __________________________ If you toss a ball up, its acceleration at its maximum height is zero. 

10. __________________________ If a tossed ball had no velocity or acceleration, it would have no 
motion at all. 

 
  

3 
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The diagram below shows the positions of a ball that was thrown upward at time  Refer to the diagram to 
answer questions 11 14. 

 

11. Assume that the downward direction is positive. For each time shown on the diagram, 
determine whether the direction of the velocity is positive, negative, or zero, and whether the 
direction of the acceleration is positive, negative, or zero. Record your answers in the table 
using the symbols , , and 0. 

 Time 

Variable t1 t2 t3 t4 t5 

v      

a      

12. Still assuming that the downward direction is positive, rank the magnitudes of the velocities v1, 
v2, v3, v4, v5 in decreasing order. 

____________________________________________________________________________________ 

13. Now assume that the downward direction is negative. For each time shown on the diagram, 
determine whether the direction of the velocity is positive, negative, or zero, and whether the 
direction of the acceleration is positive, negative, or zero. Record your answers in the table 
using the symbols , , and 0. 

 Time 

Variable t1 t2 t3 t4 t5 

v      

a      

14. Still assuming that the downward direction is negative, rank the magnitudes of the velocities v1, 
v2, v3, v4, v5 in decreasing order. 

 ____________________________________________________________________________________ 

 

3 



 

 
Flipping Physics Multiple Choice Questions: 

Introduction to Free-Fall and the Acceleration due to Gravity 
 
 

1. (02:29) What is true of objects in free-fall? 
a. The only force acting on them is the force of gravity 
b. No other objects are interfering with it 
c. All of these must be true 
d. There is no air resistance 

 
2. (06:24) An object must be moving downward to be in free-fall. 

a. No 
b. Yes 

 
3. (07:13) What equations(s) can you use for free-fall problems? 

a.  

b.  

c.  
d.  

e.  

 
4. (08:59) Is the acceleration due to gravity positive or negative? 

a. Negative 
b. Positive 

 
5. (10:09) Will a heavier object accelerate faster? 

a. No 
b. Yes 

 
6. (12:07) Acceleration due to gravity is constant and independent of mass. 

a. True 
b. False 
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ACCELERATED MOTION 
Vocabulary Review 

Write the term that correctly completes the statement. Use each term once. 
 

acceleration  average acceleration instantaneous acceleration 

free-fall acceleration free fall velocity-time graph 

1. _________________________ A ____ shows how velocity is related to time. 

2. _________________________ The change in velocity of an object at an instant of time is 
its ____ . 

3. _________________________ ____ . 

4. _________________________ The motion of falling objects when air resistance is negligible is 
called ____ . 

5. _________________________ The ____ of an object is the change in velocity during some 
measurable time interval divided by that time interval. 

6. _________________________ The acceleration of an object in free fall that results from the 
____ . 

 

SECTION 1  Acceleration 
In your textbook, read about changing velocity and velocity-time graphs. 

1. Refer to this velocity-time graph of a jogger to complete the two tables on the next page. 

 

 
  16 

3 
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Segment v t x 

A    

B    

C    

 

t  Distance Run Displacement Average Velocity 

    

 

In your textbook, read about acceleration. 

Circle the letter of the choice that best completes the statement or answers the question. 

2. The slope of a tangent line on a velocity-time graph is the ____ . 

a. displacement c. instantaneous acceleration 

b. velocity d. free-fall acceleration  

3. When acceleration and velocity vectors are pointing in opposite directions, the object is ____ . 

a. speeding up c. moving at constant speed 

b. slowing down d. not moving 

4. If a runner accelerates from 2 m/s to 3 m/s in 4 s, her average acceleration is ____ . 

a. 4.0 m/s2 c. 0.40 m/s2 

b. 2.5 m/s2 d. 0.25 m/s2 

5. The area under a velocity-  ____ . 

a. stop time c. displacement 

b. acceleration d. average speed 

6. The slope of a tangent line on a displacement-time graph is equal to the object's ____ . 

a. velocity c. change in acceleration 

b. weight d. displacement 

 
  

3 

 

Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc. 

Chapter 3  Accelerated Motion 

3 

 

The graph below shows the motion of five objects. Refer to the graph to answer questions 7 11. 

 

7. Which has the greater acceleration, Object A or B? How do you know? 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

8. Which of these objects has a negative acceleration? How do you know? 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

9. Which of these objects started its motion from rest? Which object comes to a complete stop? 
Explain your answers. 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

10. Object D crosses the axis while maintaining a constant positive acceleration. What does this 
indicate? 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

11. Object A and Object E both have a constant velocity and acceleration of zero. What is different 
between these two? 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 

 ____________________________________________________________________________________ 
  

3 



Copyright © Glencoe/McGraw-Hill, a division of The McGraw-Hill Companies, Inc.

SECTION 2 Motion with Constant Acceleration
In your textbook, read about velocity with average acceleration, position with constant acceleration, and an 
alternative expression for position, velocity, and time. 

Complete the tables below. Fill in the values for the initial conditions and the variables. Write a question mark for 
the unknown variable in each table. If a variable or initial condition is not needed to answer the problem, write X. 
Write the equation you would use to answer each question. Then solve the problem and show your calculations. 

1. A ball rolls past a mark on an incline at 0.40 m/s. If the ball has an average acceleration of
0.20 m/s2, what is its velocity 3.0 s after it passes the mark?

Initial Conditions Variables Equation 

t xf vf  xi vi 

2. A car initially traveling at 15 m/s accelerates at a constant rate of 4.5 m/s2 over a distance of
45 m. How long does it take the car to cover this distance?

Initial Conditions Variables Equation 

tf xf vf  xi vi 

3. A car accelerates from 10.0 m/s to 15.0 m/s in 3.0 s. How far does the car travel?

Initial Conditions Variables Equation 

tf xf vf  xi vi 

3 

4. A race car accelerates at 4.5 m/s2 

Initial Conditions Variables Equation 

t xf vf  xi vi 
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Vocabulary: Free-Fall Laboratory 
 
 
Vocabulary 

 
 Acceleration  the change in velocity per unit time. 

o Acceleration is calculated by dividing the change in velocity by the elapsed time: 
a v t. 

o For example, if an object accelerates from 0 m/s to 10 m/s in 2 seconds, the 
acceleration is 5 m/s/s, or 5 m/s2. 

o Acceleration is positive when the velocity is increasing and negative when the 
velocity is decreasing. For a falling object, velocity is becoming more negative 
(decreasing), so acceleration is also negative. 

o Because changes in direction are also considered changes in velocity, changing 
direction implies acceleration. 

 
 Air resistance  the force air exerts on a moving object. 

o Air resistance is also called drag. 

o Air resistance increases as speed increases. 

o Air resistance also increases as surface area (size) increases. 
 

 Free fall  falling motion caused by the force of gravity. 
 

 Instantaneous velocity  the velocity of an object at any given time. 

o Instantaneous velocity is not the same as average velocity (or mean velocity), 
which is equal to the total displacement of an object divided by the time. 

 
 Terminal velocity  the maximum velocity that an object falling through air approaches. 

o At terminal velocity, the force of gravity pulling down is balanced by the forces of 
buoyancy and air resistance pushing up. 

 
 Velocity  the speed and direction of a moving object. 

o Upward motion is considered positive and downward motion is negative. 
Therefore, the velocity of a falling object is negative. 

 
 Vacuum  a region that contains no matter. 

o Outer space is a near-vacuum, containing only tiny amounts of matter. 

o a 
near-vacuum. 

 



 

 

Name: ______________________________________ Date: ________________________ 
 
 

Student Exploration: Free-Fall Laboratory 
 
 
Vocabulary: acceleration, air resistance, free fall, instantaneous velocity, terminal velocity, 
velocity, vacuum 
 
 
Prior Knowledge Questions (Do these BEFORE using the Gizmo.)  
 
1. Suppose you dropped a feather and a hammer at the same time. Which object would hit the 

ground first? _______________________________________________________________ 

 
2. Imagine repeating the experiment in an airless tube, or vacuum. Would this change the 

result? If so, how? __________________________________________________________ 

 
Gizmo Warm-up 
The Free-Fall Laboratory Gizmo allows you to measure the motion of an 
object in free fall. On the DESCRIPTION tab, check that the Shuttlecock 
is selected, the Initial height is 3 meters, and the Atmosphere is Air.  
  
1. Click Play ( ) to release the shuttlecock. How long does it take to 

fall to the bottom? _________________________________________ 

 
2. Select the GRAPH tab. The box labeled h (m) should be checked, 

displaying a graph of height vs. time. What does this graph show?  
 
_______________________________________________________ 

 
 
3. Turn on the v (m/s) box to see a graph of velocity vs. time. Velocity is 

the speed and direction of the object. Velocity is also referred to as 
instantaneous velocity. Because the shuttlecock is falling 
downward, its velocity is negative. 

 
Does the velocity stay constant as the object drops? _____________ 

 
 
4. Turn on the a (m/s/s) box to see a graph of acceleration vs. time. Acceleration is the rate at 

which the velocity changes over time. What does this graph show?  
 

_________________________________________________________________________ 
  

Activity A:  
 

Falling objects 

Get the Gizmo ready:  

 Click Reset ( ). 
 Select the DESCRIPTION tab. 

 
Question: What factors affect how quickly an object falls? 
 
1. Observe: Drop each item through Air from a height of 3 meters. Record how long it takes to 

fall below. For the tennis ball, try to click Pause ( ) when it hits the ground. 
  

Shuttlecock Cotton ball Tennis ball Rock Pebble 

     

 
 

2. Form a hypothesis: Why do some objects fall faster than others? _____________________ 
 
_________________________________________________________________________ 
 
 

3. Predict: A vacuum has no air. How do you think the results will change if the objects fall 
through a vacuum? 
 
_________________________________________________________________________ 
 
 

4. Experiment: On the Atmosphere menu, select None. Drop each item again, and record the 
results below. 
 

Shuttlecock Cotton ball Tennis ball Rock Pebble 

     

  
  
5. Analyze: What happened when objects fell through a vacuum? _______________________ 

 
_________________________________________________________________________ 
 
 

6. Draw conclusions: Objects falling through air are slowed by the force of air resistance. 
Which objects were slowed the most by air resistance? Why do you think this is so?  
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 

(Activity A continued on next page) 



Activity A (continued from previous page) 
 
7. Calculate: Select the Shuttlecock.  Check that the Initial height is 3 meters and the 

Atmosphere is None. Click Play and wait for the Shuttlecock to fall. Select the BAR 
CHART tab and turn on Show numerical values.  
 

A. How long did it take the shuttlecock to fall to the bottom? ________________ 
 

B. What was the acceleration of the shuttlecock during its fall? ________________ 
 

C. What was the velocity of the shuttlecock when it hit the bottom? ________________ 
 
(Note: This is an example of instantaneous velocity.) 
 

D. What is the mathematical relationship between these three values? _____________ 
 
___________________________________________________________________ 

 
 

8. Make a rule: If the acceleration is constant and the starting velocity is zero, what is the 
relationship between the acceleration of a falling body (a), the time it takes to fall (t), and its 
instantaneous velocity when it hits the ground (v)?  
 
_________________________________________________________________________ 
 
 
Express your answer as an equation relating v, a, and t: v =  
 
 

9. Test: Click Reset. On the DESCRIPTION tab, set the Initial height to 12 meters. Click 
Play.  

 
A. How long did it take for the shuttlecock to fall 12 meters? ______________________ 

 
B. Assuming the acceleration is still -9.81 m/s2, what is the instantaneous velocity of the 

shuttlecock when it hits the ground? Show your work below. 
 
 
 
 
 

v = _____________ 
 
C. Select the BAR CHART tab. What is the final velocity of the shuttlecock? _________ 

D. Does this agree with your calculated value? ________________________________ 
 
__________________________________________________________________ 

Activity C:  
 

Acceleration, 
distance, and time 

Get the Gizmo ready:  

 Click Reset.  
 Select Common objects. 
 Set the Atmosphere to None. 

 

 
Question: How long does it take an object to fall from a given height? 
 
1. Observe: Select the Rock, and set the Initial height to 3 meters. Choose the GRAPH tab, 

and click Play to drop the rock through a vacuum. Turn on all three graphs. 
 

A. What is the shape of the graph of velocity vs. time? __________________________ 
 

B. What is the shape of the graph of acceleration vs. time? ______________________ 
 
 
2. Analyze: Select the TABLE tab and look at the v (m/s) column. 
 

A. The starting velocity was 0 m/s, and the final velocity was -7.68 m/s. Based on this, 

what was the average velocity of the rock? _________________________________ 

B. In general, how do you find the average velocity of any object falling in a vacuum? 

(Assume you know the final velocity.) _____________________________________ 

 
3. Calculate: Distance, average velocity, and time are related by the equation, d = vaverage t  

 
A. How much time did it take the rock to fall? _________________________________ 

 
B. What is the product of the average velocity and time? ________________________ 

 
C. Does this equal the distance that the rock fell? ______________________________ 

 
 

4. Calculate: The acceleration of any object due to  gravity is -9.81 m/s2. For every 
second an object falls, its velocity changes by 9.81 meters per second. For several different 
times on the table, multiply the time by the acceleration. 
 

A. What do you notice? __________________________________________________ 
 

B. If you know the acceleration and time, how can you calculate the final velocity?  
 
___________________________________________________________________ 
 

C. Challenge: If you know the acceleration and time, how can you calculate the average 

velocity? _____________________________________________________ 

(Activity C continued on next page)  



Activity C (continued from previous page) 
  
5. Make a rule: So far you have figured out two rules that relate time, acceleration, average 

velocity, and distance. Review these rules now. 
 

A. How do you find average velocity (vaverage) from acceleration (a) and time (t)?  
 
___________________________________________________________________ 
 

B. How do you find distance (d) from average velocity (vaverage) and time (t)? 
 
___________________________________________________________________ 
 

C. Now put the two equations together. Substitute your result in equation A for the 
(vaverage) term in equation B. Your final equation should only have d, a, and t terms. 
 
___________________________________________________________________ 

 
 
6. Apply: Use your rule to solve the following problems. Check your answers with the Gizmo. 

Assume that each fall takes place in a vacuum with an acceleration of -9.81 m/s2. 
 

A. A rock falls for 1.43 seconds. How far did it fall? _____________________________ 
 
B. How long will it take for a rock to fall 12 meters? _____________________________ 
 
C. A rock falls for 4 seconds. How far did it fall? _______________________________ 

 
D. A rock falls for 3 seconds. What was its velocity when it hit the ground? __________ 

 
E. How long will it take for a rock to fall 50 meters? _____________________________ 

2019 

 

 

Student Exploration: Free-Fall Laboratory 
 
 
 

Activity B:  
 

Terminal velocity 

Get the Gizmo ready:  

 Click Reset. 
 Set the Initial height to 12 meters. 
 Set the Atmosphere to Air. 

 

 
Question: How does air resistance affect falling objects? 
 
1. Observe: Select the Shuttlecock. Choose the BAR CHART tab, and click Play. What do 

you notice about the velocity and acceleration of the shuttlecock?  
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 
 
When objects fall through air for a long time, they will eventually stop accelerating. Their 
velocity at this point is called terminal velocity. 
 
 

2. Form hypothesis affect its terminal velocity?  
 
_________________________________________________________________________ 
 
 

3. Experiment: Click Reset. On the DESCRIPTION tab, select Manual settings. Set the 
Height to 100 m and the air density ( ) to 1.3 kg/m3, close to actual air density at sea level.  
 
For each combination of mass and radius in the charts below, find the terminal velocity 
(vterminal) of the object. Use the BAR CHART tab to find the terminal velocity. (Hint: Turn on 
Show numerical values.) 
 

Mass Radius vterminal 

1.0 g 3.0 cm  

10.0 g 3.0 cm  

50.0 g 3.0 cm  

 

Mass Radius vterminal 

10.0 g 2.0 cm  

10.0 g 5.0 cm  

10.0 g 10.0 cm  

 

4. Analyze: Your data show how mass and radius affect terminal velocity. 
 

A. What was the effect of increasing mass? __________________________________ 
 

B. What was the effect of increasing radius? __________________________________ 
 

5. Apply: If you wanted to use a device to slow your fall, what properties should it have? 
 
_________________________________________________________________________ 

__________________________________________________________________________ 



1-D Vertical Motion Activity 

Objective: Use kinematic equations and household measurement tools to investigate one-dimensional 
vertical motion. 

Procedure: 

1. Pick and record a height, in meters, that you can easily and repeatedly toss a ball or other similar 
mass object. You may pick a fixed object such as a basketball hoop, tree branch, roof line, or ceiling 
fan. It is very important the height remain fixed. It is also very important that the fixed object does 
not contact the ball at any point during this activity. Make sure you record all your data in an 
appropriate and easily readable table. 

a. Conversion factor that you should memorize; 1 inch = 2.54 cm. 
b. Remember, your hand will not be at ground level, so the change in height ( y) is only from 

the height of your hand to your predetermined height. 
2. Determine the initial velocity of a ball that you toss up in the air to the predetermined maximum 

height. Solve using only the height, final velocity, and the acceleration due to gravity with the 
appropriate kinematic equation (remember the final velocity at the maximum height will be zero) to 
determine the initial velocity. 

a. Once you determine the initial velocity, calculate the amount of time it should take for the 
ball to reach the predetermined height once released from your hand using an appropriate 
kinematic equation. 

b. Use a stopwatch or a timer to determine the actual amount of time it takes for the ball to 
reach the maximum height. 

c. Determine percent error 

i. Equation you should memorize;  

d. Calculate the total amount of time that it will take the ball to leave your hand, reach the 
maximum height, and then fall to the ground. Use a stopwatch or timer to determine the 
actual amount of time it takes and determine the percent error. 

e. Calculate the final velocity of the ball right before it hits the ground in the previous step. 
How does that velocity compare to the velocity that you calculated in part (a)? Are they the 
same or different, and why? 

3. 
by moving your hand either up or down, and determine the change, if any, that is necessary to the 
initial velocity that you impart on the ball; only the height at which you release the ball will change, 
not the maximum height from the first part. 

a. Explain what happens to the initial velocity that you must impart on the ball when the 
release height changes? 

b. Discuss what happens to the final velocity of the ball if you allow it to fall all the way to the 
ground as in Question 2 part (e)? 

4. Pick a different object with a significant difference in mass (at least 20% greater or less than the 
original ball; i.e. if you originally choose a tennis ball, you could choose a baseball which is nearly 3 
times the mass of a tennis ball). Run the same experiment in Question 2 parts (a)-(c). Did the new 
object require a different initial velocity? Did it take the same amount of time as the original ball? 
Why or why not? Did the results from using kinematics equations match your real-life results using a 
stopwatch and tape measure? Why or why not? 

Name _______________________________ Date ______________ 
 

1 and 2-Dimensional Kinematics Review Problems 
 
Word-Problems-
 

1. Sara skateboards 25.0 meters in 5.8 seconds.  What is her average velocity?  
 
 
 

2. If Karen starts riding her bike and gets to a top speed of 14.3 m/s over 128 minutes, what is 
her average acceleration? (in m/s)  
 
 
 

3. 
fly.  If their stretch of road is only 320 meters long, what must their constant acceleration 
be?  
 
 
 

4. David is riding his bike with a velocity of 8.4 m/s.  He speeds up over 2.0 minutes at a 
constant acceleration of .27 m/s2.  How far does he go in this time? 
 
 
 

5. Bill wants to fly to an airport due North of his current location, with a velocity of 300.0 
km/hr.  The wind is blowing at 55.00 km/hr due west.  What should the magnitude and 

  
 
 
 
 

6. Stephanie is pulling Marcus in a wagon with a force of 44.0 N at an angle of 39  from the 
horizontal.  What is the horizontal component of that force?  What is the vertical 
component?  
 
 
 

7. A rock is thrown horizontally with a velocity of 9 m/s from a cliff 95 meters high.  How 
far from the base of the cliff does the stone strike the ground? 
 
 
 
 

8. Craig swan dives off a board with a horizontal velocity of 6.5 m/s.  He lands in the water 
2.8 seconds later.  How high is the board?  How far from the board does Craig land? 
 



Borrowed and modified from 
https://www.mrbigler.com/moodle/mod/page/view.php?id=7645&forceview=1 

Egg (or Ball) Drop Experiment 

An experiment involving motion in two dimensions.  Students attempt to drop an egg (or ball) 
from the roof of the school their home (or nearby tree; a height approximately 3.25 meters or 
higher) at the right time to hit their physics homeschool teacher (parent, sibling, pet) as they 
walk below at a constant velocity. 

Objective 

To drop an egg (or ball) from the roof of the school a particular height so that it lands on a 
physics homeschool teacher (parent, sibling, pet) walking underneath. 

Plan 

 Use a tape measure or estimate with a ruler to find the distance from the ground 
to the point at which the egg will be released. 

 Using a tape measure and stopwatch, determine the velocity of a physics teacher 
vaguely-aware parent walking on the ground.  (The teacher parent must attempt 
to walk at a constant velocity.) 

 Document and show all the calculations necessary to determine when to release 
an egg so that it lands on the teacher parent as they walk underneath at a 
constant velocity. 

 Sketch the experiment set-up including all labels. 
 Write or type a lab report that includes the following sections: 

o Title of experiment 
o Objective 
o Materials 

- ) 
o Safety concerns (consider the handling or materials and performing the 

experiment; be sure to follow the safety concerns so no one is injured) 
o Hypothesis (this will be based on your calculations of when to release an 

egg) 
o Procedure (obviously you must do this experiment in triplicate for valid 

data) 
o Observations (where did the egg hit your parent, what did their face look 

like, the bowling ball left a bigger crater than the tennis ball, etc.) 
o Data collection/Analysis (put your data in a table for each trial; height, 

time to impact, etc.) 
o Conclusion (was your hypothesis correct? Why or why not? How could 

you improve upon your experiment or revise your hypothesis for next 
time?) 

 

Some legal fine print: 
Obviously safety is a 
primary concern in all 
lab activities. Under 
no circumstance 
should you use any 
object that may cause 
bodily harm to a 
parent, sibling, or pet. 
Sending your egg 
drop target or 
yourself to the 
hospital (especially 
now) will result in an 
immediate failure of 
this lab activity.  

Emotional harm may 
be unavoidable; 
however, therapy 
appointments 
typically abide by the 
6 foot social 
distancing 
requirement. 

Be safe! 

Borrowed and modified from 
https://www.mrbigler.com/moodle/mod/page/view.php?id=7645&forceview=1 

Egg (or Ball) Drop Experiment 

EXTENSION: 

1. Perform the same experimental calculations but this time the egg must roll 2 meters down 
a roof that has is angled 30 degrees above the horizontal. Assume no force other than 
gravity.  
Your egg now has an initial velocity with X and Y components as it leaves the roof. 

2. Run the new angled roof experiment and collect the same information from the dropped 
egg. 

3. You will not need to write a separate lab report for the angled roof. Please add an 
EXTENSION section to each part of your lab report with objective, hypothesis, procedure, 
observations, data collection/analysis, and conclusions from the angled roof experiment 

 Write or type a lab report that includes the following sections: 
o Title of experiment 
o Objective 

 Extension 
o Materials 

- ) 
o Safety concerns (consider the handling or materials and performing the 

experiment; be sure to follow the safety concerns so no one is injured) 
o Hypothesis (this will be based on your calculations of when to release an 

egg) 
 Extension 

o Procedure (obviously you must do this experiment in triplicate for valid 
data) 

 Extension 
o Observations (where did the egg hit your parent, what did their face look 

like, the bowling ball left a bigger crater than the tennis ball, etc.) 
 Extension 

o Data collection/Analysis (put your data in a table for each trial; height, 
time to impact, etc.) 

 Extension 
o Conclusion (was your hypothesis correct? Why or why not? How could 

you improve upon your experiment or revise your hypothesis for next 
time?) 

 Extension 

 

Some legal fine print: 
Obviously safety is a 
primary concern in all 
lab activities. Under 
no circumstance 
should you use any 
object that may cause 
bodily harm to a 
parent, sibling, or pet. 
Sending your egg 
drop target or 
yourself to the 
hospital (especially 
now) will result in an 
immediate failure of 
this lab activity.  

Emotional harm may 
be unavoidable; 
however, therapy 
appointments 
typically abide by the 
6 foot social 
distancing 
requirement. 

Be safe! 


