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PSS 2.1 Motion with Constant Acceleration

Learning Goal:

To practice Problem-Solving Strategy 2.1 Motion with Constant Acceleration.

Cheetahs, the fastest of the great cats, can reach 50.0  in 2.22  starting from rest. Assuming that they have constant acceleration

throughout that time, find their acceleration in meters per second squared.

Problem-Solving Strategy: Motion with constant acceleration

IDENTIFY the relevant concepts: 
In most straight-line motion problems, you can use the constant-acceleration equations. Occasionally, however, you will encounter a situation in
which the acceleration isn’t constant. In such a case, you’ll need a different approach.

SET UP the problem using the following steps:

1. First, decide where the origin of coordinates is and which axis direction is positive. It is often easiest to place the particle at the
origin at time ; then . It helps to make a motion diagram showing the coordinates and some later positions of the

particle.
2. Keep in mind that your choice of the positive axis direction automatically determines the positive direction for x velocity and x

acceleration. If  is positive to the right of the origin, then  and  are also positive toward the right.

3. Restate the problem in words, and then translate it into symbols and equations.
4. Make a list of known and unknown quantities such as , , , , , and . Write down the values of the known quantities, and

decide which of the unknowns are the target variables. Look for implicit information.

EXECUTE the solution as follows: 
Choose an equation from the following list

that contains only one of the target variables. Solve this equation for the target variable, using symbols only. Then, substitute the known values
and compute the value of the target variable. Sometimes you will have to solve two simultaneous equations for two unknown quantities.

EVALUATE your answer: 
Take a hard look at your results to see whether they make sense. Are they within the general range of values you expected?

IDENTIFY the relevant concepts

This problem involves the motion of an object, the cheetah, whose acceleration is assumed constant. Thus, the equations given in this strategy
apply.

SET UP the problem using the following steps
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Part A

Which of the following sketches and choice of coordinate axis best describe the physical situation presented in this problem?

ANSWER:

Part B

The next step is to translate the problem statement from words into symbols. Which of the following is an appropriate restatement of the
problem, "Cheetahs, the fastest of the great cats, can reach 50.0  in 2.22  starting from rest. Assuming that they have constant

acceleration throughout that time, find their acceleration in meters per second squared."

Hint 1. Find the initial velocity using implicit information

The problem states that the cheetah starts running from rest. What is the initial velocity  of the cheetah?

Enter your answer in meters per second.

ANSWER:

Hint 2. The condition for the equations of motion presented in this problem

The equations presented in the strategy above only apply to situations involving motion under constant acceleration.

ANSWER:

A

B

C

D

   = 0     

Cheetahs can reach  50.0  in  = 2.22  starting from . What is ?

Cheetahs can reach  = 50.0  in  = 2.22  starting from . What is ?

Cheetahs can reach  = 50.0  in  = 2.22  starting from . Assuming , what is ?

Cheetahs can reach  50.0  in  = 2.22  starting from . Assuming , what is ?
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Now you compile a list of known and unknown quantities. You can organize this information in a table as shown below.

Known Unknown

 = 50.0 _

 = 2.22 _

Keep in mind that your target variable is .

EXECUTE the solution as follows

Part C

Finally, you are ready to answer the main question. Cheetahs, the fastest of the great cats, can reach 50.0  in 2.22  starting from

rest. Assuming that they have constant acceleration throughout that time, find their acceleration in meters per second squared.

Enter your answer in meters per second squared to three significant figures.

Hint 1. Identify what equation to use

Which of the following equations would be the best to use when solving for ?

ANSWER:

Now, solve for . Before you substitute the known values, be sure to convert all quantities to SI units.

Hint 2. Convert to SI units

How many meters per second are equivalent to 50.0  ?

Enter your answer in meters per second to three significant figures.

Hint 1. The conversion factor from miles to meters

To convert miles to meters, use
.

ANSWER:
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ANSWER:

EVALUATE your answer

Part D

Imagine you looked up the accelerations of the following objects: snails, humans, Thomson's gazelles, the space shuttle, Formula One race
cars, and F-16 fighter jets. Which of the following statements about the acceleration of a cheetah would you expect to be true?

ANSWER:

The acceleration of the space shuttle on takeoff is 29.4 . Thomson's gazelles can accelerate at approximately half the rate of a

cheetah, which is why they often become tasty snacks for the fast cats.

If you had solved for the acceleration of a cheetah and calculated a number greater than 29.4  or smaller than 30  (the

acceleration of a snail), you most likely made an error and would want to review your work.

A Man Running to Catch a Bus

A man is running at speed  (much less than the speed of light) to catch a bus already

at a stop. At , when he is a distance  from the door to the bus, the bus starts

moving with the positive acceleration .

Use a coordinate system with  at the door of the stopped bus.

Part A

What is , the position of the man as a function of time?

Answer symbolically in terms of the variables , , and .

Hint 1. Which equation should you use for the man's speed?

  50.0  =  = 22.3     

   =  = 10.1     

The acceleration of a cheetah is greater than the acceleration of a snail but less than the acceleration of a human.

The acceleration of a cheetah is greater than the acceleration of a Thomson's gazelle but less than the acceleration of the space
shuttle during liftoff.

The acceleration of a cheetah is greater than the acceleration of a Formula One race car but less than the acceleration of an F-16
fighter jet.
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Because the man's speed is constant, you may use .

ANSWER:

Part B

What is , the position of the bus as a function of time?

Answer symbolically in terms of  and .

Hint 1. Which equation should you use for the bus's acceleration?

Because the bus has constant acceleration, you may use .

Recall that .

ANSWER:

Part C

What condition is necessary for the man to catch the bus? Assume he catches it at time .

Hint 1. How to approach this problem

If the man is to catch the bus, then at some moment in time , the man must arrive at the position of the door of the bus. How

would you express this condition mathematically?

ANSWER:

Part D

Inserting the formulas you found for  and  into the condition , you obtain the following:

, or .

Intuitively, the man will not catch the bus unless he is running fast enough. In mathematical terms, there is a constraint on the man's speed 

so that the equation above gives a solution for  that is a real positive number.

   = 

   = 
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Find , the minimum value of  for which the man will catch the bus.

Express the minimum value for the man's speed in terms of  and .

Hint 1. Consider the discriminant

Use the quadratic equation to solve: . What is the discriminant (the part under the radical) of the solution for 

?

Hint 1. The quadratic formula

Recall:

If
 

then

ANSWER:

Hint 2. What is the constraint?

To get a real value for , the discriminant must be greater then or equal to zero. This condition yields a constraint that  exceed 

.

ANSWER:

Part E

Assume that the man misses getting aboard when he first meets up with the bus. Does he get a second chance if he continues to run at the
constant speed ?

Hint 1. What is the general quadratic equation?

The general quadratic equation is , where , , and  are constants. Depending on the value of the discriminant,

, the equation may have

1. two real valued solutions if ,

2. one real valued solution if , or

3. two complex valued solutions if .

In this case, every real valued solution corresponds to a time at which the man is at the same position as the door of the bus.

   = 

Also accepted: 

   = 
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ANSWER:

Clear the Runway

To take off from the ground, an airplane must reach a sufficiently high speed. The velocity required for the takeoff, the takeoff velocity, depends on
several factors, including the weight of the aircraft and the wind velocity.

Part A

A plane accelerates from rest at a constant rate of 5.00  along a runway that is 1800  long. Assume that the plane reaches the required

takeoff velocity at the end of the runway. What is the time  needed to take off?

Express your answer in seconds using three significant figures.

Hint 1. How to approach the problem

As the plane travels along the runway, it has constant acceleration. To solve the problem, you'll need to use the kinematics equations
for such motion. In particular, you need to use the equation relating the distance traveled and time.

Hint 2. Find the equation for the distance traveled by the plane

Which expression best describes the distance  traveled by the plane during a certain interval of time ? Let  and  be,

respectively, the initial position and speed of the plane, and use  for the acceleration of the plane. Remember that the plane

accelerates from rest.

ANSWER:

ANSWER:

If using this answer in subsequent parts, please retain full precision and only round as a final step before submitting your answer.

Part B

What is the speed  of the plane as it takes off?

No; there is no chance he is going to get aboard.

Yes; he will get a second chance

= 

   =  = 26.8     
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Express your answer numerically in meters per second.

Hint 1. How to approach the problem

Since you are given the constant acceleration of the plane, and you have also found the time it takes to take off, you can calculate the
speed of the plane as it ascends into the air using the equation for the velocity of an object in motion at constant acceleration.

Hint 2. Find the equation for the velocity of the plane

Which expression best describes the velocity  of the plane after a certain interval of time ? Let  be the initial velocity of the plane,

and use  for the acceleration of the plane. Remember that the plane starts from rest.

ANSWER:

Alternatively, you can use the relation  (recalling that in this case ).

ANSWER:

If using this answer in subsequent parts, please retain full precision and only round as a final step before submitting your answer.

Part C

What is the distance  traveled by the plane in the first second of its run?

Express your answer numerically in meters.

Hint 1. How to approach the problem

Apply the same equation that you used to solve Part A.

ANSWER:

If using this answer in subsequent parts, please retain full precision and only round as a final step before submitting your answer.

Also accepted: 

= 

   =  = 134     

   =  = 2.50     
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Part D

What is the distance  traveled by the plane in the last second before taking off?

Express your answer numerically in meters.

Hint 1. How to approach the problem

Use the equation that gives the distance traveled as a function of time. Note that you are looking for the distance traveled in the last
second before the plane takes off, which can be expressed as the length of the runway minus the distance traveled by the plane up to
that last second.

ANSWER:

Since the plane is accelerating, the average speed of the plane during the last second of its run is greater than its average speed during
the first second of the run. Not surprisingly, so is the distance traveled.
If using this answer in subsequent parts, please retain full precision and only round as a final step before submitting your answer.

Part E

What percentage of the takeoff velocity did the plane gain when it reached the midpoint of the runway?

Express your answer numerically to the nearest percent.

Hint 1. How to approach the problem

You need to find the velocity of the plane by the time it covers half the length of the runway and compare it with the takeoff velocity.
Apply the same method that you used to determine the takeoff velocity.

ANSWER:

This is a "rule of thumb" generally used by pilots. Since the takeoff velocity for a particular aircraft can be computed before the flight, a
pilot can determine whether the plane will successfully take off before the end of the runway by verifying that the plane has gained 70% of
the takeoff velocity by the time it reaches half the length of the runway. If the plane hasn't reached that velocity, the pilot knows that there
isn't enough time to reach the needed takeoff velocity before the plane reaches the end of the runaway. At that point, applying the brakes
and aborting the takeoff is the safest course of action.

Tossing Balls off a Cliff

Learning Goal:

To clarify the distinction between speed and velocity, and to review qualitatively one-dimensional kinematics.

A woman stands at the edge of a cliff, holding one ball in each hand. At time , she throws one ball straight up with speed  and the other

straight down, also with speed .

For the following questions neglect air resistance. Pay particular attention to whether the answer involves "absolute" quantities that have only

   =  = 132     

70     
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magnitude (e.g., speed) or quantities that can have either sign (e.g., velocity). Take upward to be the positive direction.

Part A

If the ball that is thrown downward has an acceleration of magnitude  at the instant of its release (i.e., when there is no longer any force on

the ball due to the woman's hand), what is the relationship between  and , the magnitude of the acceleration of gravity?

ANSWER:

Part B

Which ball has the greater acceleration at the instant of release?

ANSWER:

Part C

Which ball has the greater speed at the instant of release?

Hint 1. Consider the initial speeds

Both of the balls were given initial speed .

ANSWER:

Part D

Which ball has the greater average speed during the 1-s interval after release (assuming neither hits the ground during that time)?

Hint 1. How to approach the problem

This question asks which ball has the greater average speed during the first second after release. You already know that the speed of
the two balls is the same at the instant of release. However, the ball thrown downward starts to speed up due to gravity, whereas the
ball thrown upward starts to slow down. So the instantaneous speed after the first second of flight is different for the two balls.

ANSWER:

 

 

the ball thrown upward

the ball thrown downward

Neither; the accelerations of both balls are the same.

the ball thrown upward

the ball thrown downward

Neither; the speeds are the same.
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Part E

Which ball hits the ground with greater speed?

ANSWER:

Rearending Drag Racer

To demonstrate the tremendous acceleration of a top fuel drag racer, you attempt to run
your car into the back of a dragster that is "burning out" at the red light before the start
of a race. (Burning out means spinning the tires at high speed to heat the tread and
make the rubber sticky.)

You drive at a constant speed of  toward the stopped dragster, not slowing down in

the face of the imminent collision. The dragster driver sees you coming but waits until
the last instant to put down the hammer, accelerating from the starting line at constant
acceleration, . Let the time at which the dragster starts to accelerate be .

Part A

What is , the longest time after the dragster begins to accelerate that you can possibly run into the back of the dragster if you continue at

your initial velocity?

Hint 1. Calculate the velocity

At , what will the velocity of the drag car be?

Your answer should not contain tmax, as that time is not yet known.

Hint 1. Consider the speed of both cars

No collision can occur if the dragster has greater speed than the speed of the car behind it.

ANSWER:

ANSWER:

the ball thrown upward

the ball thrown downward

Neither; the average speeds of both balls are the same.

the ball thrown upward

the ball thrown downward

Neither; the balls hit the ground with the same speed.

   = 
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Part B

Assuming that the dragster has started at the last instant possible (so your front bumper almost hits the rear of the dragster at  ), find

your distance from the dragster when he started. If you calculate positions on the way to this solution,
choose coordinates so that the position of the drag car is 0 at . Remember that you are solving for a distance (which is a magnitude,

and can never be negative), not a position (which can be negative).

Hint 1. Drag car position at time 

Taking  at the position of the dragster at , find , the position of the dragster at .

Express your answer in terms of  and given quantities.

ANSWER:

Hint 2. Distance car travels until tmax

Find , the distance you travel from  to .

ANSWER:

Hint 3. Starting position of car

Express , the distance the car travels in terms of the starting distance of the car from the starting line at time , , and

the position of the drag car at time , . Note that  is a distance and can't be negative. This should affect your use of

signs.

Express your answer in terms of , , and .

ANSWER:

Hint 4. Obtaining the Solution

Equate your two expressions for the distance traveled by the car up to , substitute for  in terms of  and , and solve for 

, the initial distance of the car from the starting line. Your answer should be in terms of  and .

ANSWER:

   = 

   =  . 

Also accepted: 

   = 

Also accepted: 

   = 
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Part C

Find numerical values for  and  in seconds and meters for the (reasonable) values  (26.8 m/s) and . 

Separate your two numerical answers by commas, and give your answer to two significant figures.

ANSWER:

The blue curve shows how the car, initially at , continues at constant velocity (blue) and just barely touches the accelerating drag car

(red) at .

A Flower Pot Falling Past a Window

As you look out of your dorm window, a flower pot suddenly falls past. The pot is visible for a time , and the vertical length of your window is .

Take down to be the positive direction, so that downward velocities are positive and the acceleration due to gravity is the positive quantity .

Assume that the flower pot was dropped by someone on the floor above you (rather than thrown downward).

Part A

From what height  above the bottom of your window was the flower pot dropped?

Express your answer in terms of , , and .

Hint 1. How to approach the problem

The initial velocity of the pot is zero. Find the velocity  of the pot at the bottom of the window. Then using the kinematic equation that

relates initial and final velocities, acceleration, and distance traveled, you can solve for the distance .

Hint 2. Find the velocity at the bottom of the window

What is the velocity  of the flower pot at the instant it passes the bottom of your window?

Express your answer in terms of , , and .

   = 

Also accepted: , , 

  ,  = 0.54, 7.2  s, m 
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Hint 1. Find the average velocity

What is the average velocity  of the flower pot as it passes by your window?

Express your answer in terms of  and .

ANSWER:

Now, think about when the pot actually has this velocity .

Hint 2. Find the time when 

As the pot falls past your window, there will be some instant when the pot's velocity equals the average velocity . How

much time  does it take, after the pot's instantaneous velocity equals its average velocity, for the pot to reach the bottom of

the window? Recall that, under constant acceleration, velocity changes linearly with time. This means that the average velocity
during a time interval will occur at the middle of that time interval.

Express your answer in terms of .

ANSWER:

Now combine this with the acceleration to find the difference between  and . Adding this difference to  gives .

ANSWER:

Hint 3. The needed kinematic equation

To solve this problem most easily, you should use the kinematic equation . Note that you are looking for 

, the distance traveled by the flower pot from the moment it was dropped until it reaches the height of the bottom of your window.

ANSWER:

Part B

If the bottom of your window is a height  above the ground, what is the velocity  of the pot as it hits the ground? You may introduce

the new variable , the speed at the bottom of the window, defined by

.

   = 

   = 

   = 

   = 
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Express your answer in terms of some or all of the variables , , , , and .

Hint 1. Needed kinematic equation

The initial velocity of the pot is zero. The total distance it falls is . Using the kinematic equation that relates initial and final

velocities, the total distance traveled, and the acceleration, you can solve for the pot's final velocity.

Alternatively, you could use the same kinematic equation, but set  and .

Hint 2. Find the initial height of the pot

From what height  above the ground was the pot dropped?

Express your answer in terms of some or all of the variables , , , , and .

ANSWER:

ANSWER:

   = 

Also accepted: 

   = 

Also accepted: 


