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2.5 Motion Equations for 
Constant Acceleration in 

One Dimension



Final time: ΔT=T

Expression for displacement: ΔX=X-X。

Expression for change in velocity: ΔV=V-V。

Displacement and Final Position 



 

Displacement and Final Position 



A bullet in a gun is accelerated from the 
firing chamber to the end of the barrel at 
an average rate of 6.20×10^5 m/s^2 for 
8.10×10^−4 s. What is its muzzle velocity 
(that is, its final velocity)? (Answer in m/s)

Problem #22



Solving for final velocity uses the formula 
below





25. At the end of a race, a runner decelerates from a 
velocity of 9.00 m/s at a rate of 2.00m/s ^2. 
    
A. How far does she travel in the next 5.00 s? distance 

traveled                                    
B. What is her final velocity?
C. Evaluate the result, does it make sense?

Problem #25







Q: A powerful motorcycle can accelerate 
from rest to 26.8 m/s (100 km/h) in only 
3.90 s. 

A. What is the average acceleration? 
a. AX = ΔV/ΔT

B. How far does it travel in that time? 
a. X = ½ A x T^2 

SEE BOARD FOR ANSWERS.

Problem #28





answer is expressed in m/s^2
both use same equations
deceleration expressed as negative

Acceleration/Deceleration



v(f) - final velocity
v(i) - initial velocity
t - time taken
d - distance covered

Variables



v(f)^2 - v(i)^2
2d

Time Known
v(f) - v(i)

t

Distance Known





34. In world war 2, there were several reported cases of airmen who jumped 
from their flaming airplanes to escape certain death. Some fell about 20,000 ft 
(6,000m), and some of them survived, with few life-threatening injuries. For 
these lucky pilots, the tree branches and snow drifts on the ground allowed 
their deceleration to be relatively small. 
A. If we assume a pilot’s speed upon impact was 123 mph (54m/s), then what 

was his deceleration? Assume that the trees and snow stopped him over a 
distance of 3.0m.

Now try #34



Dragsters can actually reach a top speed of 145 m/s in only 4.45 s-- 
considerably less time than given in example 2.10 and example 2.11. 
A. Calculate the average acceleration for such a dragster. 
B. Find the final velocity of this dragster starting from rest and accelerating 

at the rate found in (a) for 402 m (a quarter mile) without using any 
information on time. 

C.  Why is the final velocity greater than that used to find the average 
acceleration? Hint: Consider whether the assumption of constant 
acceleration is valid for a dragster. If not, discuss whether the 
acceleration would be greater at the beginning or end of the run and 
what effect would that have on the final velocity?

Now try #37



IMPORTANT: ****All have a constant acceleration****

Variables: 
- x = final position    - x0 = start time (usually 0)     - v = average velocity

- t = time    - v0 = start velocity     - a = acceleration

- v = velocity 

-   TIP: If you get stuck, draw a picture!    

Summary of Kinematic Equations
final position 

average 
velocity

final velocity
final position w/ velocity 
NOT constantfinal velocity w/ 

velocity NOT constant





2.6 Problem-Solving Basics 
for One-Dimensional 

Kinematics



● The ability to apply the broad physical 
principles is essential in a quantitative 
course in Physics 

● Analytical skills and problem-solving 
skills are important to apply Physics in 
everyday life and to distinguish if the 
answers are reasonable in an equaition

Problem-solving Skills 



NOT a simple step-by-step method. 
This is a general procedure 

You can perform these steps in a different 
order and/or do them simultaneously 

Problem Solving Steps



Step 1:
● Examine the situation to determine 

which physical principles are involved 
● The equations are based on these 

physical principles. 

Problem Solving Steps



Step 2:
● Make a list of what is given or the 

knowns of the problem

Step 3:
● Identify what needs to be determined 
● Make a list of the unknowns

Problem Solving Steps



Step 4:
● Find the equation or set of equations 

that can help solve the problem
● There may be more than one equation 

needed to solve the problem depending 
on the amount of unknowns

Problem Solving Steps



Step 5:
● Substitute the knowns along with their units 

into the appropriate equation, and obtain 
the numerical solutions complete with units

● Produces the numerical answer and 
provides a check on units that help find 
errors (If the units of the answer is 
incorrect, then an error occurred)

Problem Solving Steps



Step 6:
● Check the answer to see if it is 

reasonable
● Does it make sense?
● The goal in Physics is to accurately 

describe nature. This step brings the 
problem back to the conceptual 
meaning. 

Problem Solving Steps



● Some problems have results that are 
unreasonable

● Why?
○ one premise is unreasonable 
○ certain premises are inconsistent with one 

another 

Unreasonable Results 



If a person is starting a foot race 
accelerates at 0.40 m/s^2 for 100 s, his 
final speed will be 40 m/s (about 150 
km/h). 

Reasonable or Unreasonable?

Example



● Solve the problem using strategies as 
outlined and in the format followed in the 
worked examples in the text

● In the example- identify the givens as the 
acceleration and time and use the equation 
to find the unknown final velocity

Step 1:



● Check to see if the answer is reasonable 
and what makes it unreasonable

● In our example it is easier to convert into a 
more common unit (miles/hour)

● This velocity is much faster than a person 
can run- so it is too large 

Step 2:



● If the answer is unreasonable, look for what 
specifically could cause the identified 
difficulty

● In our example the time is too long because if 
someone accelerates at .40 m/s^2, their 
velocity is increasing by .40 m/s each second. 
If this is reasonable the time must be too long. 
It is not possible for someone to accelerate at 
a constant rate of .40 m/s^2 for 100 s

Step 3:


