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Section 1.5: Graphing Accelerated Motion

In this lesson you will

- =
Construct d-t and v-t graphs for an object undergoing

uniformly accelerated motion.

Use the d-t graphs to determine the instantaneous and
average velocity.

Use the v-t graphs to determine the displacement of
the object during any specific time interval.

Use the v-t graphs to determine the acceleration of the
object.

Describe the motion of an object given its
displacement-time graph or velocity-time graph.
Compare and contrast displacement vs. time and velocity
vs. time graphs.
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Recall:

Uniform Motion

1. Position-time graph (Displacement-time graph)

e  The position vs. time graph for uniform motion is
linear. (a diagonal line or a horizontal line)
« The slope of the line represents the velocity.
- If the slope is positive: moving to the right at a
constant speed
- If the slope is negative: moving to the left at a
constant speed.
- If the slope is O: the object is at rest.
e  They-intercept of the graph represents the initial
position.

2. Velocity-time graph

The velocity vs. time graph for uniform motion is a

horizontal line.

The y-intercept of the graph presents the average

velocity.

e If thegraphisin the first quadrant, the object is
moving to the right.

e If the graphisin the fourth quadrant, the object is
moving to the left.

e  The area "under” any part of a v-1 graph (between
the x-axis and the time axis) represents the
displacement for that time interval.

- If the area is above the time axis: positive displacement
- If the area is below the time axis: hegative displacement
@ Average velocity = area + fime
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Accelerated Motion

1. Position-time graph (Displacement-time graph)

e  The position-time graph for uniform acceleration is
parabolic. (curved line)
e The slope of the line fangent to the curve represents
the instantaneous velocity.
To construct a fangent fo a curve:

1 Choose a point on the curve.

2 Draw a straight line parallel to the
direction of the curve at that point. The
line touches the curve at that point only:
and the angles between the curve and the
line on either side of the point are equal.

3 Thendraw a rise-run triangle and calculate
the slope.
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e  The slepe of the line that joins two points on the
curve represents the average velocity.

Find TFA\) beboeen R4C . Vav = 54m - |0 m
&U'SS)\Om\ 3.55 - 155

= ddm/s
L3 h%sy)-ls;u#ehpc)ept of the graph represents ‘mé initial
position.
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2. Velocity-Time Graphs

e  The v-t graph for uniform acceleration is a diagonal
line.

e The slope of the line represents the acceleration of
the object.

e  The y-intercept represents the initial velocity.

- If the graph is in the first quadrant, the object
is moving to the right.

- If the graph is in the fourth quadrant, the object
is moving to the left.

The area "under” any part of the graph (between the

x-axis and the ftime axis) represents the displacement

for that fime interval.
- If the area is above the time axis: positive

displacement
- If the area is below the time axis: negative
displacement

e  Average velocity = area = time

e  The v-t graph for non-uniform acceleration is a parabolic
curve.

« The slope of the line or the slope of the line tangent
to the curve gives the instantaneous acceleration of the
object.
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Note: Important

If velocity and acceleration are in the same direction (same
signs), the object is speeding up.

If velocity and acceleration are in opposite directions
(opposite signs), the object is slowing down.

Therefore:

1 TIfvis+andais+: objectis moving to the right and
speeding up.

2 Ifvis-andais-: object is moving to the left and
speeding up.

3 Ifvis+andais-: object is moving to the right and
slowing down.

4 TIfvis-andais+ objectis moving to the left and
slowing down.
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Examples:

1.

To the right is a graph of a section of

a roller coaster ride. 0
a) Find the instantaneous velocity T
at0s,30sand50s. 3

0 1 2 3 4 5 6
Time t (s)

To find the instantaneous velocity we need to draw tangents
to the graph at O s, 3.0s, and 5.0 s and then find the slope
of each.
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(05,0m)

oA 10 V207 30 40 50 60
Time t (s)
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b) Find the average velocity of the roller coaster
between 0 - 3.0s,and 3.0s-5.0s.

Average velocity = slope of the line joining two points.

0-35 “Pinds (05,0«\\ (35 \b2m)
Vay =
a %2_;1. 207 m[s= QAlm[s
3-S5 Mojabs (35,62m) (55, 75m)
‘/A‘l - "gm'ﬂm = LS.N\IS
55 3s
c) Describe the motion of the roller coaster.
’Tko I'O,/ar (‘003-/‘" /S mow'ng upu.)oro’
omd Slawvn7 s -

d) Sketch a graph of the corresponding v-t graph.

v (m/s)

40 OS - SOM\S
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2. A) Describe the motion of the following objects.

i) ii) Q
v dgm t
d
t

v

ﬂvo ,ec'l rs m::w'nq 4:Mdllil‘ﬁ r(jh',' amd
to Ho right (v+) Slowng <lowm
and speeding w. (s B Sl-ops(clan in
0y T dicechony ©
- movinj \-(_fl- 4
Speeding up-

B) Sketch the corresponding velocity-time graphs.

"/ £V X

3. Draw a position-time graph to represent a ball falling
from the top of a building. Draw the corresponding
velocity-time graph.

i N -\,*\Jc
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4. A Honda Civic produced the
following V-1 graph.

P
=

".-relun:it-,r_p.: (my=)
=

=]

10 20 30 40 50
Time t (s)

@ Find the acceleration of the car. ((S'/eyae )

a: g’(fP-Pa 20 - 2
~—315-5_S H.om[s

b) Find the displacement of the car in 5.0 s.

T rens 1 (5.09)(20m) .
d+area b, L(50)202) . 50w

c) Describe the motion of the car.
Tho car 15 Moving to o right
Sdoeec//'n? up
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30 +

5. The v -t graph at the right
represents a a cyclist's
motion.

DOE-

30

a) Find the cyclist's acceleration for each section.

A. Q= —20m(s _ _ 5.0 m[s?
4.0s

Y.0s
b) Find the cyclist's fotal displacement.

A, = Lbh< L(4.05)(20mfs) = 0m
i“ *A5ohs ‘-a(“-O%(‘QO*{Q).- ~YOm

0
JT=OMJ

SZ

c) Describe the cyclist's motion.

A: CUC'(S': is drrufng wp Lu“ <+ Slo'wwub

B: Sleps ..1 c/\anqos divechon

C. maoving down W\l & speediny up.

ha’r is The cyclist’s velocity at 4.0 s? What is his
acceJer'a’rion at 4.0 s? >
l\k}/\]:Od\fs Q‘_—S.ON\\S

10
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6. Using the velocity -time graph below, answer the
following questions.

v (mis)

i og 1575
105 f/< /g

Je

y/g./r/dlcﬂj t(s)
i

i e

(_O S,= ] O M/SB
a) What is the object’s initial velocity? — l D N\(g

b) What is the object’s acceleration?

Q= Sl(rpQ > /S"m[s — (—lov«\\s\ ) \“V)M\S

—

bs~05s
Gat. 1) or 42

@ What is the acceleration of the object at 2.4 s?

A mls*

d) Describe the motion of the object.

A moumc\ ’€§¥ <+ S(owir\e\ clom
d: S{'o-*ps o Q\;\o\\no\eg é'\\rechm\
C. v\:\om\ﬁmo\ku speeciing up.

11
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Overview of d-t Graph Manipulations

Instantaneous
e % position
Kinemati /F e YES  Instantan
inematic b nstantaneous
= I—P Data }—P g—f —PSle.E—h- m/s —= 'I.I'E|G-EI1:}‘ }—D t;n;gnt? — \"Ell:ll:itj"
N\
= - (Nﬂi\am) b=
Average
velocity
Graph Analysis for a v-t graph
Instantaneous

»| Read —> m/s —>

velocity

F_ih — Slope — m/s? — Acceleration

> Area —» m — Displacement

12
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Summary of d-t Graph Analysis

d-t
graphs

!

Is s

the graph g5 theline  vES d d d
a straight = Frontalr & | ¢ }—t }—f —= Stopped
line?

J‘ MO lHD
: d d
Accelerating 74 4
~

|

Constant velocity

d d
t t — Speeding up

Is
the initial
slope of the
graph
=07

lHD

YES

—

13
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Determining the Action of an Object

September 29, 2011

gm_ph

3
Take slope and find acceleration - YES.  Constant
acceleration - .D._?I velocity

s

Is si
ofa same ~ YES_ Speeding
as for up

v
*N'D

Slowing
dowm

14
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Speeding up
d-t v -t velocity acceleration
_ L i .

ﬁ i v<0 a<0

Slowing Down

2o
23
D~ %
A

velocity acceleration

i 7 v <0 a:
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