
LECTURE 06:  1-D Motion with Graphs

Select LEARNING OBJECTIVES:

Qualitatively and quantitatively describe motion of an object based off of a graph.i.
Demonstrate the ability to construct a graph if given a written description of an objects motion.ii.
Demonstrate the ability to construct a graph if given a visual representation of an objects motion.iii.
If given a graph of position, velocity, or acceleration vs time, be able to sketch all other graphs 
from the original.

iv.

Understand the meaning of average velocity and average acceleration.v.
Understand the meaning of instantaneous velocity and instantaneous acceleration.vi.
Demonstrate the ability to estimate an area under a non-linear curve.vii.
Understand how the shape of the graph reflects the relationship between two quantities.viii.
Construct a set of equations from a graph or set of graphs.ix.

TEXTBOOK CHAPTERS:

Giancoli  (Physics Principles with Applications 7th)  ::  2-8ω
Knight  (College Physics : A strategic approach 3rd)  ::  2.1 ; 2.2 ; 2.3 ; 2.4  ω
BoxSand  ::  Kinematics ( Graphical Analysis)ω
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https://boxsand.physics.oregonstate.edu/ph201/kinematics/graphical-analysis-fundamentals


Recall we have various representations at our disposal when analyzing the motion of an object.  Typically, the 
mathematical representation is heavily relied upon for valid reasons (who doesn't like a simple equation that is 
rich in descriptive context yet can be written with just a few variables without taking up much space on a piece 
of paper).  However, this mathematical emphasis early on tends to lead towards a disconnect between the 
other types of representations.  Remember, all the representations are valid ways to solve problems.  In this 
lecture, we will use the physical representation as a tool to help us construct a graphical representation.  Then 
from the graphical representation we will solve for unknown quantities.  With this under our belt, we will then 
have a much better appreciation for the mathematical representation we will be using in the following lectures.  
And in the end, the more neural connections you make when solving kinematics problems, the better 
everything you learned will stick.  

Hopefully from last lecture, you are comfortable with analyzing position vs time, velocity vs time, and 
acceleration vs time graphs.  We will now use these techniques to look at full blown 1-D kinematic problems 
and see how we can actually solve problems by constructing graphs and analyzing them.  But before we jump 
ƛƴǘƻ ŀƴ ŜȄŀƳǇƭŜ ǇǊƻōƭŜƳ ŀƴŘ ǎƻƳŜ ǇǊŀŎǘƛŎŜ ǇǊƻōƭŜƳǎΣ ǊŜŎŀƭƭ ŦǊƻƳ ƭŀǎǘ ƭŜŎǘǳǊŜ ǘƘƛǎ ƘŀƴŘȅ ǘƻƻƭΧ

A(1)
B(2)
C(3)
D(4)

WARM UP:  Which of the following position vs time graphs represent an object that is speeding up?
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Χƴƻǿ L ǿƻǳƭŘ ƭƛƪŜ ǘƻ ǇǊƻǾƛŘŜ ŀ ƳƻǊŜ Ǿƛǎǳŀƭ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ŀōƻǾŜ ǘƻƻƭΦ  .Ŝƭƻǿ ƛǎ ǘƘƛǎ Ǿƛǎǳŀƭ ǾŜǊǎƛƻƴΦ  ϝ²Ŝ ǿƛƭƭ 
only work with constant acceleration scenarios so below is the most general form for constant acceleration, 
where there is some initial non-zero x-component of velocity (v0), and an initial non-zero position (x0).  

Notice the key features, first and foremost, all three graphs are plotted vertically, so that the instances of 
time line up for each graph.  This is highly recommended every time you construct position, velocity, and 
acceleration graphs.  The area under the x-component of acceleration vs time gives us the change in 
velocity during that same time interval.  The area under the x-component of velocity vs time gives us the 
change in the x-component of position during that same time interval.  The slope between two time 
intervals of the x-component of position vs time gives us the average x-component of velocity, which is 
indicated by an x in-between the time interval.  The slope of the x-component of velocity vs time gives us 
the x-component of the average acceleration, but in this case since the vx vs time is linear, the average x-
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the x-component of the average acceleration, but in this case since the vx vs time is linear, the average x-
component of acceleration is the same thing as the instantaneous x-component of acceleration (i.e. it is 
constant). 

The goal now is to translate a problem, into a set of graphs.  Once we label the graphs properly, we can 
then solve the problem by looking at areas and/or slopes.  An example comes first here, followed by a few 
practice problems.

EXAMPLE:  A 2008 Dodge Viper ACR is traveling at 26.82 m/s (60 mph) when the driver suddenly slams on 
the brakes.  If it slows at a rate of 12.19 m/s2 , how far does it travel before it comes to a stop?  Draw  
position vs time, velocity vs time, and acceleration vs time graphs with all the pertinent information 
provided on the graphs.  Solve via graphical analysis.  
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Notice how the first step is a picture.  This picture contains all the important kinematic quantities at 
both the initial and final snapshots of time, along with the most important piece of information, the 
coordinate system.  After the picture is drawn, with a defined coordinate system, I was then able to 
construct the graphs.  Since we will only be quantifying constant acceleration problems, starting with 
the acceleration vs time graph is typically the best choice, followed by the velocity vs time and 
position vs time.  From the graphs, I then used two areas to create two equations, which resulted in 
two simultaneous equations.  

PRACTICE:  After a light turns green, a person on a bicycle pedals forwards with an acceleration of 1.5 m/s2.  
For how long must the person maintain this motion before they reach a speed of 7.0 m/s?
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PRACTICE:  Nicole throws a ball straight up.  Chad watches the ball from a window 5 m above where Nicole 
released the ball.  The ball passes Chad on the way up with a speed of 12 m/s.  How fast did Nicole throw the 
ball?

PRACTICE:  Derive the kinematic equations with graphs, under the assumptions that acceleration is 
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Conceptual questions for discussion

The area under a velocity vs time graph between two times has units of length, and 
represents the position.  Discuss the validity of the statement.

(1)

A car moves at a constant speed on a straight road headed East.  Is it possible to construct a 
velocity vs time graph, or a position vs time graph for this scenario without defining a 
coordinate system?

(2)

PRACTICE:  Derive the kinematic equations with graphs, under the assumptions that acceleration is 
constant, the object of interest has some non-zero initial velocity, and it starts at some non-zero position.  
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