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9  One-Dimensional Motion Graphs 
 

Consider an object undergoing motion along a straight-line path, where the 

motion is characterized by a few consecutive time intervals during each of which 

the acceleration is constant but typically at a different constant value than it is for 

the adjacent specified time intervals.  The acceleration undergoes abrupt changes 

in value at the end of each specified time interval.  The abrupt change leads to a 

jump discontinuity in the Acceleration vs. Time Graph and a discontinuity in the 

slope (but not in the value) of the Velocity vs. Time Graph (thus, there is a 

“corner” or a “kink” in the trace of the Velocity vs. Time graph).  The thing is, 

the trace of the Position vs. Time graph extends smoothly through those instants 

of time at which the acceleration changes.  Even folks that get quite proficient at 

generating the graphs have a tendency to erroneously include a kink in the 

Position vs. Time graph at a point on the graph corresponding to an instant when 

the acceleration undergoes an abrupt change. 

 

Your goals here all pertain to the motion of an object that moves along a straight line path at a 

constant acceleration during each of several time intervals but with an abrupt change in the value 

of the acceleration at the end of each time interval (except for the last one) to the new value of 

acceleration that pertains to the next time interval.  Your goals for such motion are: 

 

(1) Given a description (in words) of the motion of the object; produce a graph of position vs. 

time, a graph of velocity vs. time, and a graph of acceleration vs. time, for that motion. 
 

(2) Given a graph of velocity vs. time, and the initial position of the object; produce a description 

of the motion, produce a graph of position vs. time, and produce a graph of acceleration vs. 

time. 
 

(3) Given a graph of acceleration vs. time, the initial position of the object, and the initial 

velocity of the object; produce a description of the motion, produce a graph of position vs. 

time, and produce a graph of velocity vs. time. 

 

The following example is provided to more clearly communicate what is expected of you and 

what you have to do to meet those expectations: 

 

Example 9-1 
 

A car moves along a straight stretch of road upon which a start line has been 
painted.  At the start of observations, the car is already 225 m ahead of the start line 
and is moving forward at a steady 15 m/s.  The car continues to move forward at 
15 m/s for 5.0 seconds.  Then it begins to speed up.  It speeds up steadily, obtaining 
a speed of 35 m/s after another 5.0 seconds.  As soon as its speed gets up to 
35 m/s, the car begins to slow down.  It slows steadily, coming to rest after another 
10.0 seconds.  Sketch the graphs of position vs. time, velocity vs. time, and 
acceleration vs. time pertaining to the motion of the car during the period of time 
addressed in the description of the motion.  Label the key values on your graphs of 
velocity vs. time and acceleration vs. time. 
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Okay, we are asked to draw three graphs, each of which has the time, the same “stopwatch 

readings” plotted along the horizontal1 axis.  The first thing I do is to ask myself whether the 

plotted lines/curves are going to extend both above and below the time axis.  This helps to 

determine how long to draw the axes.  Reading the description of motion in the case at hand, it is 

evident that: 

(1) The car goes forward of the start line but it never goes behind the start line.  So, the 

x vs. t graph will extend above the time axis (positive values of x) but not below it 

(negative values of x).   

(2) The car does take on positive values of velocity, but it never backs up, that is, it never 

takes on negative values of velocity.  So, the v  vs. t graph will extend above the time 

axis but not below it. 

(3) The car speeds up while it is moving forward (positive acceleration), and it slows down 

while it is moving forward (negative acceleration).  So, the a vs. t graph will extend both 

above and below the time axis. 

 

Next, I draw the axes, first for x vs. t, then directly below that set of axes, the axes for v  vs. t, 
and finally, directly below that, the axes for a vs. t.  Then I label the axes, both with the symbol 

used to represent the physical quantity being plotted along the axis and, in brackets, the units for 

that quantity. 

 

Now I need to put some tick marks on the time axis.  To do so, I have to go back to the question 

to find the relevant time intervals.  I’ve already read the question twice and I’m getting tired of 

reading it over and over again.  This time I’ll take some notes: 
 

 At t = 0: x = 225 m 

  v = 15 m/s 

 0-5 s: v = 15 m/s (constant) 

 5-10 s: v  increases steadily from 15 m/s to 35 m/s 

 10-20 s: v  decreases steadily from 35 m/s to 0 m/s 
 

From my notes it is evident that the times run from 0 to 20 seconds and that labeling every 

5 seconds would be convenient.  So I put four tick marks on the time axis of x vs. t.  I label the 

origin 0, 0 and label the tick marks on the time axis 5, 10, 15, and 20 respectively.  Then I draw 

vertical dotted lines, extending my time axis tick marks up and down the page through all the 

graphs.  They all share the same times and this helps me ensure that the graphs relate properly to 

each other.  In the following diagram we have the axes and the graph.  Except for the labeling of 

key values I have described my work in a series of notes.  To follow my work, please read the 

numbered notes, in order, from 1 to 10. 

 

                                                
1 How does one remember what goes on which axis?  Here’s a mnemonic that applies to all “y vs. x” graphs.  See 

that “v” in “vs.”?  Yes, it is really the first letter of the word “versus”, but you should think of it as standing for 
“vertical.”  The physical quantity that is closer to the “v” in “vs.” gets plotted along the vertical axis.  For instance, 

in a graph of Position vs. Time, the Position is plotted along the vertical axis (a.k.a. the y-axis) leaving the Time for 

the horizontal axis (a.k.a. the x-axis).  Incidentally, the word mnemonic means “memory device”, a trick, word, 

jingle, or image that one can use to help remember something.  One more thing:  You probably know this, but just in 

case: “a.k.a.” stands for “also known as.” 
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The key values on the v  vs. t graph are givens so the only “mystery,” about the diagram above, 

that remains is, “How were the key values on a vs. t obtained?”  Here are the answers: 

 

(6) a is slope of 
v vs. t above;  
v vs. t is straight 
line with “+” 
slope, so, a is 
constant “+” 
value meaning 
a vs. t is 
horizontal. 

t  [s] 
0 5 10 15 20 

(8) Put point 
here since 
x = 225 m at 
t = 0. 

x 

[m] 

(9) v is slope 
of x vs. t, so, v 
being constant 
and “+” means 
x vs. t is a 
straight line 
with “+” slope. 

(10) v (below) 
is increasing 
meaning slope 
of x vs. t is 
increasing 
meaning 
“curved up” 

                     (11) Value of v is  
         decreasing meaning slope  
   of x vs. t is decreasing meaning 
it is “curved down”.  Note that 
values of v are still “+” so x is 
increasing. 

     (12) x vs. t just 
becomes horizontal 
here, like the top of 
a hill.  Must be 
horizontal here 
since v = 0 at t = 20 s. 

t  [s] 0 5 10 15 20 

15 m/s 

35 m/s 

(3) Steady 
increase in v 
means straight 
line from value 
at 5 s to value at 
10 s. 

   (2) Draw hori-
zontal line here 
since v is con-
stant at 15 m/s. 

(4) Steady decrease 
in v means straight 
line from value at 
10 s to value at 20 s. 

v 
m 
s [ ] 

t  [s] 
0 5 10 15 20 

0 

(5) Constant v 
means 0 
acceleration. 

(7) Above, v vs. t is a straight line with  
“−“ slope, so, a is constant and “−“.  When 
a is constant, a vs. t is horizontal. 

4 m/s2 

−3.5 m/s2 

a 

[ ] m 
s
2 

500 

0 

100 

300 

400 

600 

200 

(1) Put point 
here since 
v = 15 m/s at 
t = 0. 

0 

5 

15 

20 

25 

30 

35 

10 
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On the time interval from t = 5 seconds to t = 10 seconds, the velocity changes from 
s

m
15  

to 
s

m
35 .  Thus, on that time interval the acceleration is given by: 

 

2

i

i 4
s5s10

s

m
15

s

m
35

s

m

ttt
a ====

−−−−

−−−−
====

−−−−
−−−−

========
f

f vvv
∆
∆

 

 

On the time interval from t = 10 seconds to t = 20 seconds, the velocity changes from 
s

m
35  

to 
s

m
0 .  Thus, on that time interval the acceleration is given by: 
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