
1-D Kinematics
Foundation Stage (K1.2)

lecture 2
1-D Kinematics problem solving

Textbook Chapters

BoxSand  ::  KC videos ( 1D Kinematics )○

Giancoli  (Physics Principles with Applications 7th)  ::  2-5 ; 2-6 ; 2-7○

Knight  (College Physics : A strategic approach 3rd)  ::  2.5 ; 2.6 ; 2.7○

Knight  (Physics for Scientists and Engineers 4th)  ::  2.5○

Warm up

K1.2-1:

Description:  Draw a physical representation for a 1-D kinematic problem.

Learning Objectives:  [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement:  A helicopter is traveling upwards at a constant speed of 5.00 m/s.  When the helicopter is 15.0 m above the level 
ground, and still moving upwards, a person releases a ball outside the window of the helicopter.  Draw a physical representat ion for 
the ball if you were trying to find the total time of flight of the ball after it was released.

Kinematics: 1-D Problem Solving
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   Review Page 1    

https://boxsand.physics.oregonstate.edu/ph201/kinematics/1d-kinematics-fundamentals


Selected Learning Objectives 

Identify that the motion all occurs along a line and can be treated with a 1 -dimensional analysis.1.
Define free-fall and identify when a free-fall analysis is appropriate.  2.
Denote that objects speeding up have an acceleration that points in the same direction as their velocity, while those slowing
down have an acceleration that points in the opposite direction of their velocity.

3.

Translate a descriptive representation to an appropriate physical representation that includes a displacement vector, initial and 
final velocity vectors, an acceleration vector, and a coordinate system.

4.

Draw an appropriate physical representation for a system that includes multiple stages or objects by including vector 
representations for each.

5.

Identify known and unknown quantities for each stage or object.6.
Translate from the mathematical, physical, or descriptive representation to the graphical representation.7.
Translate to the mathematical representation with the help of the descriptive, physical, and graphical representations.8.
Identify the appropriate kinematic equation for constant acceleration to use when analyzing the problem.9.
Use one of the kinematic equations to find the value of an unknown, then use that value and another kinematic equation to sol ve 
for desired unknown.

10.

Solve simultaneous equations when there are two or more equations with the same two unknowns.11.
Solve problems that involve multiple objects or multiple stages.12.
Apply any connections between stages or objects when appropriate, e.g. the geometric connection between two runners when 
they do not start at the same location.

13.

Apply sign sense-making procedures to check their solutions.14.
Apply order of magnitude sense-making procedures to check their solutions.15.
Apply dimensional analysis sense-making procedures to check their solutions.16.

Key Terms 

Free-fall○

Multi-stage problem○

Connections○

Trajectory○

Key Equations
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Key Concepts

Choosing a non-standard coordinate system can simplify any algebra involved in solving kinematic problems.○

Free-fall is defined as an object that only moves along the vertical direction and has an acceleration equal to the acceleration d ue 
to gravity.

○

Kinematic problems require two "snap-shots" in time, one at the initial position and one at the final position.  However, 
sometimes there are multiple stages which involved choosing more than 1 set of initial and final positions.  

○

When there are multiple stages, or multiple objects, there will be some quantity(s) that connect the stages, or object, toget her.  ○

Act I: 1-D Kinematics

Questions

K1.2-2:

Description:  Definition of acceleration for projectile-motion.  (2 minutes)

Learning Objectives:  [6]

Problem Statement:  A ball is kicked into the air.  What is the acceleration of the ball during its flight through the air?

(1)  -9.80 m/s2   
(2)  9.80 m/s2   
(3)  -g   
(4)  g   
(5)  Unable to determine

K1.2-3:

Description:  Identify important quantities at the max height for free-fall problems.  (2 minutes)

Learning Objectives:  [1, 2, 6]
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Learning Objectives:  [1, 2, 6]

Problem Statement:  A ball is kicked straight upwards in the positive direction.  Which of the following statements are true regarding 
the instant the ball reaches its maximum height?

(1)  The velocity of the ball is zero.
(2)  The velocity of the ball points downwards.
(3)  The acceleration of the ball is zero.
(4)  The acceleration of the ball is -g.
(5)  The acceleration of the ball is g.

K1.2-4:

Description:  Free-fall problem solving for time.  (5 minutes)

Learning Objectives:  [1, 2, 4, 6, 8, 9]

Problem Statement:  A ball is kicked vertically upwards with an initial velocity of 15 m/s.  How long does it take for the ball to come 
back down to the same level?

K1.2-5:

Description:  Free-fall kinematics problem solving for time. ( 6 minutes)

Learning Objectives:  [1, 2, 4, 6, 8, 9, 15]
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Problem Statement:  A ball is kicked vertically upwards with an initial velocity of 15 m/s.  How long does it take for the ball to come 
back down to 2 meters above where it was kicked?  

K1.2-6:

Description:  Given information about position and velocity, determine what is known about the other kinematic quantities. (3 
minutes) 

Learning Objectives:  [3, 4]

Problem Statement:  An object moving along a straight line has it's velocity pointing in the opposite direction of its position.  Which 
one of the following statements concerning the object is necessarily true?    

(1)  The value of the acceleration is negative.
(2)  The direction of the acceleration is in the opposite direction as the displacement.
(3)  The direction of the acceleration is in the opposite direction of the velocity.
(4)  The object is moving towards the origin.
(5)  The object is slowing down.

K1.2-7:

Description:  Free-fall problem with two object solving for final velocity.  (7 minutes + 3 minutes)
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Description:  Free-fall problem with two object solving for final velocity.  (7 minutes + 3 minutes)

Learning Objectives:  [1, 2, 5, 6, 8, 9, 10, 12, 13]

Problem Statement:  A ball is dropped from a high tower on a distant planet where the acceleration of gravity is unknown.  In one 
case, it is noticed that it takes 3 seconds to hit the ground, traveling at 88.2 m/s upon impact.  In another case, the ball is dropped 
from a higher height and it is noticed it takes 6 seconds to hit the ground.

(a)  How fast is the ball traveling upon impact in the second case?

(b)  How much further did ball B travel compared to ball A? 

(1)  1.41 times
(2)  2 times
(3)  3.2 times
(4)  3 times
(5)  4 times
(6)  4.8 times 
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K1.2-8:

Description:  Free-fall problem with two object comparing final speed.  (5 minutes)

Learning Objectives:  [1, 2, 5, 6, 8, 12, 13]

Problem Statement:  A person standing at the edge of a cliff throws one ball straight up and another ball straight down at the same 
initial speed.  Neglecting air resistance, which ball hits the ground below the cliff with a greater speed?

(1)  The ball that was thrown up.
(2)  The ball that was thrown down.
(3)  Both hit the ground with the same speed.

K1.2-9:

Description:  Free-fall problem with one object and two stages solving for a distance.  (10 minutes)

Learning Objectives:  [1, 2, 5, 6, 8, 9, 10, 12, 13, ]

Problem Statement:  Thor's hammer falls from rest from the top of an unworthy building.  Spiderman notices that it takes 0.20 s for 
the hammer to pass by his 1.60-m-tall window.  Eventually we wish to determine how far above the top of this window is the roof of 
the building.
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(a)  This is a two stage problem, which of the following positions represent the 
beginning of the first stage?

(1)  Above the top of the building.
(2)  The top of the building.
(3)  The top of the window.
(4)  The bottom of the window.
(5)  The ground.

(b)  Which of the following positions represent the beginning of the second 
stage?

(1)  Above the top of the building.
(2)  The top of the building.
(3)  The top of the window.
(4)  The bottom of the window.
(5)  The ground.

(c)  Which of the following positions represent the end of the second stage?

(1)  Above the top of the building.
(2)  The top of the building.
(3)  The top of the window.
(4)  The bottom of the window.
(5)  The ground.

(d)  Which coordinate system will make all the quantities positive in this 
problem?  

(1)  x-axis pointing up.
(2)  x-axis pointing down.
(3)  Neither option will work.

(e)  Thor's hammer falls from rest from the top of an unworthy building.  Spiderman notices that it takes 0.20 s for the hammer to pass 
by his 1.60-m-tall window.  How far above the top of the window is the roof of the building?
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K1.2-10:

Description:  Free-fall problem with two objects solving for how the distance between the object changes as a function of time.  (1 
minute + 2 minutes + 2 minutes + 2 minutes + 2 minutes)

Learning Objectives:  [1, 2, 5, 6, 8, 9, 12, 13]

Problem Statement:  Two balls are released from rest and undergo free-fall.  Ball A is released first, followed by ball B after T0 seconds 
later.  We've learned that the distance between the two increases through a graphical analysis.  Let's use the mathematical 
representation to learn more about the nature of how they separate over time.

(a)  Given the three kinematic equations, which one give you the change in position, as a function of time only?

(1)              
 

 
       

 

(2)               

(3)     
     

         

(b)  Using a coordinate system pointing downward, which of the following set of equations is a simplification of the answer to the
previous question?

(1)       
 

 
       

                 
 

 
       

 

(2)      
 

 
       

                
 

 
       

 

(3)              
  

 

 
       

                        
  

 

 
       

 

(4)       
 

 
                       

 

 
       

(c)  Which of the following equations connects the elapsed time for ball A to that for ball B?

(1)  ΔtB = ΔtA

(2)  ΔtB = ΔtA + T0 

(3)  ΔtA = ΔtB + T0 

(d)  Using the correct set of ΔxA and ΔxB from part (b), which of the following expressions represent  ΔxA - ΔxB ?

(1)  
 

 
      

          

(2)  
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(1)  
 

 
      

          

(2)  
 

 
        

     
    

 

 
       

   

(3)    
 

 
        

     
   

 

 
       

 

(4)   
 

 
      

          
 

(5)   
 

 
      

          

(e)  Given the simplified expression above, how does the distance between the two balls increase?

(1)  constant . 
(2)  linearly.
(3)  quadratically.
(4)  cubically.

______________________________________________________________________________________________________________

Conceptual questions for discussion

Do you agree with the following statement?  When solving a kinematic equation quadratic in time, negative time solutions do n ot 
make sense because negative time does not exist?  Provide an example to support your thought.  

1.

In problem K1.2-8, and other free-fall problems where an object hits the ground, the final velocity of the object is not zero.  
Provide a reason(s) why we don't use a final velocity of zero even though it hits the ground? 

2.

______________________________________________________________________________________________________________

Hints

K1.2-1:  Hold a pencil in your hand and start with your hand on the floor next to a table.  Briskly move your hand upwards at a con stant 
speed and release the pencil when your hand is level with the table making sure to keep the same upwards speed.  Watch the mo tion 
of the pencil.  Does it drop vertically downwards, or does it go a little bit above the table before it turns around and move s 
downwards?

K1.2-2:  No hints.

K1.2-3:  No hints.

K1.2-4:  If you start and stop at the same location, what is your change in position?

K1.2-5:  What is the mathematical definition of average velocity?.

K1.2-6:  Sketch a physical representation. 

K1.2-7:  Fill out the knowns and unknown lists first, then identify which kinematic equation(s) is must useful.  What kinematic var iable 
connects these two objects (i.e. what quantity is the same for both objects)?  To answer quickly, try proportional reasoning.

K1.2-8:  Identify which quantities are the same for both object A and object B.  Then identify a kinematic equation that is helpful .

   Review Page 10    



K1.2-9:  Identify the connection between the stages. 

K1.2-10:  No hints.
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