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Motion with constant acceleration
An object with constant acceleration
has a constantly changing velocity. Its
velocity graph is linear; its position
graph is a parabola.

V% T

Kinematic equations for motion with
constant acceleration:

(Vx)l' = (Vx)i i ay At -

xp=x+ (v At + %ax(A[)z

(vx)f2 = (vx)iz S2aq, Ax

SYNTHESIS 2.1 Describing motion in one dimension 4 . .
9 ConcepTest 2 Kinematics
We describe motion in terms of position, velocity, and acceleration.
: If the velocity of an object
For all motion: : For uniform motion: The velocity is constant, Final and initial R f Y J 1. yes
! .accelerationiszero ¥ *othe \lu}p;’ of the position  position (m) is non-zero (V % O)' can -rhe 2
Velocity is the rate of graph s constant as well, E . ho

change of position, in m/s.....

«velocity is constant +rlAr o (24)

+position changes

acceleration of the object
2 The slopeis v, Velocity “Time
steadily

M interal (9 be zero?

Acceleration s the rate of
change of velocity, in m/s

3. depends on the velocity

For motion with constant acceleration:

« acceleration is steady; it does not change  * the position changes as the square of «we can also express the
The acceleration is constant, so the the time interval change in VElOCily in terms
sop fthe veocyaraph s consn The ety sty e o e ope - Of displacement, ot ime Follow-up: How about
3 of the position graph steadily increases.
o . - the other way around?
The siope s Squdon, wiicn Can an object have a
(9

” Kinematics problems.

non-zero acceleration,
but zero velocity?

« velocity changes steadily t

Final and initial velocity (m/s) Final and initial position (m) ~ Time interval (s)  Final and initial velocity (m/s)

(0= (0 + a At @11 =2+ )i At da AP (212) VP =0,

Acceleration=*" " Time interval Tnitial velocity “Acceleration Acceleration Change in

(m/s?) (s) (m/s) (m/s?) (m/s?) position (m)

4 . .
ConcepTest 4 Kinematics
If the velocity of an object
is zero (v = 0), can the 2.
acceleration of the object
be non-zero (a # 0)?

N/

yes

Give a specific example for each
of the following situations:

41]

3. depends on the velocity

1)a=0 but vz0
2)v=0 but az0
3)v<0 and a >0
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Indicate whether the quantities in the table
are positive (+), negative (-) or zero (0).

¢ ‘ A B C D D 0 Has misal elocity
initial
position

final
position

initial
velocity

final
velocity

01 40 sans | accel of #1

Indicate whether the quantities in the table
are positive (+), negative (-) or zero (0).

1.30 PHYS 21: ChEE. 2,Pg7

7
The kinematic variables for position, velocity and
acceleration have 8 possible combinations of signs,
such as (x,v,a) = (+,-,+) for example.
List all 8 combinations. Draw a motion diagram
for each case and draw the corresponding velocity
and acceleration vectors.
x=0 x
1.31 PHYS 21: Chap. 2, Pg 9
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A truck driver has a shipment of apples to deliver to a
store 500 miles away. The trip usually takes him 8 hours.
Today he is daydreaming and realizes 150 miles into his
trip that he is running a half hour later than his usual
pace at this point.

How fast must he drive for the remainder of the trip in
order to complete the trip in the usual amount of time?

v = 68.6 mph

%
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Stops Star
cl] !
1 A B C D D 0 Has imital velocity
initial
position 0 o 0 +
Al o+ + (0]
position -
initial
. -
velocity + o 0
final
] - + -
velocity 0
04 0 Starts accel. - - + - il 1
PHYS 21: Chap. 2,  1.30
LGXT3a8 FIGURE 2.26 Determining the sign of the acceleration.
‘The object is moving The object is moving The object is moving to ‘The object is moving to
501, >0, the left, so v, < 0 the right, 50 v, > 0, the left, s0 v, < 0.
Because it is slowing Because it is slowing Bec: is § 2
down, its acceleration down, its acceleration its acceleration vector
points in the same vector points opposite (o vector points opposite to points in the same
direction s ts velocity its velocity (i.c. to the its velocity (i.c., to the direction as ts velocity
(i.e.,to the right), right), s0.a, > 0. left), s0.a < 0. (i, 10 the lefr),

s04,>0. 504, <0.

i i

Positive a

lope positive slope
- 4

SUCIACRGITEEN An elevator is moving downward. It is slowing down as it approaches the
ground floor. Adapt the information in Figure 2.26 to determine which of the following velocity
graphs best represents the motion of the elevator.

o]
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A truck driver has a shipment of apples to deliver to a
store 500 miles away. The trip usually takes him 8 hours.
Today he is daydreaming and realizes 150 miles into his
trip that he is running a half hour later than his usual
pace at this point.

How fast must he drive for the remainder of the trip in
order to complete the trip in the usual amount of time?

500 mil 5 o
,,wf%:&s%es v = 68.6 mph
£ - .
150 miles 6= 350 miles _ s6h
o Normally: L= 25 mph =2.4hrs 2= Gasmph rs
[ .
& But today: t; = 2.9 hrs t, =5.1hrs
| ] So t K lost time: 350 miles miles
0 o make up lost time: Vfast = 5 itme 68.6 =
N PHYS 21: Chap. 2, Pg 12
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A truck driver has a shipment of apples to deliver to a
store 500 miles away. The trip usually takes him 8 hours.
Today he is daydreaming and realizes halfway into his trip
(at the 250 mile mark) that he is running a half hour later
than his usual pace at this point.

How fast must he drive for the remainder of the trip in
order to complete the trip in the usual amount of time?

v = 71.4 mph

PHYS 21: ChEE. 2,Pg 13

For the x vs. t graphs, draw corresponding v vs. t graphs.

AL _—B _—

A=
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Follow-up: Which of

these figures could be
the x vs. t graph?

of

17
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A truck driver has a shipment of apples to deliver to a
store 500 miles away. The trip usually takes him 8 hours.
Today he is daydreaming and realizes halfway into his trip
(at the 250 mile mark) that he is running a half hour later
than his usual pace at this point.

How fast must he drive for the remainder of the trip in
order to complete the trip in the usual amount of time?

500 miles il v=714 h
Vavg = Sihrsih = 62575 < (7
£ =1
. . 250 miles
e ) Normally each half of the trip requires: t; =t, = 25 mph =~ 4 hrs
| .
>’ But today: t; = 4.5 hrs t, =3.5hrs
] i ;
So to make up lost time: Phrags = 250 il = 71.4 miles
C = 3.5hrs g
N PHYS 21: Chap. 2, Pg 14
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For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words. Assume that x, = O.

‘J( A ‘J‘ B

00 i 3 r' ().° 1 a:

2.8 PHYS 21: Chﬂ.) 2,Pg 18

18




For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words. Assume that x, = O.

A B

2.8 PHYS 21:Ch_aE.2, Pg 19
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For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words. Assume that x, = O.

A ’ E

2.13 Pg 20

For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words. Assume that x, = O.

213
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Draw x vs. t and v vs. t graphs for each motion diagram.
Show the motion of both cars A and B on the same graph.

Do the cars have the same position at one instant in time?
Do the cars have the same velocity at one instant in time?
Show these points on the motion diagram and your graphs.

0 5

Ae ° [ ] (] [} [ ]

Be ® ° [ ] [ 1]
0 5

o \ .
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Draw x vs. t and v vs. t graphs for each motion diagram.
Show the motion of both cars A and B on the same graph.

Do the cars have the same position at one instant in time?
Do the cars have the same velocity at one instant in time?
Show these points on the motion diagram and your graphs.

0 5
A o o o o o

Be L) L] L] o

7Y Y

@

li
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a) Where is the object moving the .
slowest (without being at rest)? B

b) Where is it moving the fastest? D

c) Where is the object at rest? ACE E

d) Has constant non-zero velocity? BD —%

e) Moving to the left? D

a) Where is the object moving
the fastest?

b) Moving to the left?

c) Speeding up?

d) Slowing down?

e) Turning around?

2.8:20 | PHYS 21: Chap. 2. Pg24
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a) Where is the object moving the fastest? D
b) Where is it moving to the left? CDE
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Sketch x vs. + and v vs. T graphs for the following:

1) A parachutist opens her parachute at an altitude of
1500 m. She descends slowly at a constant speed of
5 m/s. Start your graph when the parachute opens.

2) A rabbit hops to the right at a steady speed of
1 m/s for 4 seconds. Then it sees a coyote and
instantly increases its speed to 3 m/s.

3) Quarterback Bill throws the ball to the right at a
speed of 15 m/s. It is intercepted 45 m away by Tom,
who is running to the left at 7.5 m/s and carries the
ball 60 m for a touchdown. Draw a graph of the ball.

c) Speeding up? C % i
d) Slowing down? AE
e) Turning around? B y /‘\C
t
D
EL»—
a v
E
A
b F : L t
B e/
A B C b
C PHYS 21: Chap. 2, Pg 25
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Sketch x vs. + and v vs. T graphs for the following:
1) A parachutist opens her parachute at an altitude of
1500 m. She descends slowly at a constant speed of

5 m/s. Start your graph when the parachute opens.
Bim)

000
1feo
\eco

soo

2) A rabbit hops to the right
at a steady speed of 1 m/s
for 4 secs. Then it sees a
coyote and instantly increases
its speed to 3 m/s.

P L OowoO
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Sketch x vs. + and v vs. t graphs for the following:

3) Quarterback Bill throws the ball to the right at a
speed of 15 m/s. It is intercepted 45 m away by Tom,
who is running to the left at 7.5 m/s and carries the
ball 60 m for a touchdown. Draw a graph of the ball.
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Sketch x vs. t and v vs. t graphs for the following:

1) A car starts from rest, steadily speeds up to 40 mph
in 15 s, moves at a constant speed for 30 s, then comes
to a halt in 5 s.

2) A rock is dropped from a bridge. It is moving 30 m/s
when it hits the ground 3 s later.

3) A pitcher throws a baseball at 40 m/s. One-half
second later, the batter hits a line drive at 60 m/s.
The ball is caught 1 s after it is hit.

210 PHYS 21: Chap. 2. Pg 29
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1) A car starts from rest, steadily speeds up to 40 mph in 15 s,
moves at a constant speed for 30 s, then comes to a halt in 5 s.

i Ho
S } ¢ 4 el
rnsf/;o':s:o T s 3w ws s s)

| \
usm\
0 S S,
Il a

| :
2) A rock is dropped from a bridge. \ : ?
|

It is moving 30 m/s when it hits the .
ground 3 s later. %)

20 -
3) A pitcher throws a baseball at 40 m/s. One-half second later,
the batter hits a line drive at 60 m/s. The ball is caught 1 s after
it is hit. b £ i P —

20 + 0+ '

~4o -
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Frank and Ernest

WHAT PO YaU THiNK IS CAUsING Youg 22
r () - WEIGHT pRogLem] %z GRAVITY.
v

Z-17
TerbvEs
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ConcepTest 2 Kinematics

What is the direction of the visdp. alsup
velocity and the acceleration
for the ball in the following
stop-action photo?

\ 5. hmm, I just don't know 3
R e

ConcepTest 3 Free Fall

A ball is thrown straight up into the
air. At the top of its rise (maximum
height), what is the magnitude of
the ball's acceleration?

v is up, a is down
v is down, a is up
v is down, a is down

What is the velocity of
the ball at that point?

/

ConcepTest 5 Free Fall

A rock is thrown straight down from : - b I e
a bridge. Immediately after being : n g I

released, what is the magnitude of : a

the rock’'s acceleration? :

Follow-up: Just before Dropplng a $1 oo bl"
hitting the river, what is
the rock’s acceleration?

FF 955947314
o
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Measuring
Reaction
Time
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PROBLEM-SOLVING
APPROACH
The first step in solving a seemingly complicated problem is to break it down into a series of smaller steps. In worked
examples in the text, we use a problem-solving approach that consists of four steps: siraregize, prepare, soive, and|
assess. Each of these steps has important elements that you should follow when you solve problems on your own.

straeGize The Strategize step of the solution is where you address the big-picture questions about the problem. Here,

you take a step back from the details of the problem to ask:

= What kind of problem is this? From reading the problem statement, try to categorize the problem in terms of what
you've learned in the chapter. If, for instance, the problem refers to a bicyclist riding at a constant 7.0 m/s, this sug-
gests the problem is about uniform motion.

= What's the correct general approach? What principles, strategies, and tactics that you've learned are relevant in|
solving this problem? For example, if you're given a position-versus-time graph and are asked to find the velocity, the
principle that the velocity is related to the slope of the position graph is likely to be important.

= What should the answer look like? Is a numerical answer asked for? Do you need a graph or a sketch?

39

soLve The Solve step of a solution is where you actually do the mathematics
or reasoning necessary to arrive at the answer needed. This is the part of the
problem-solving strategy that you likely think of when you think of “solving
problems.” But don’t make the mistake of starting here! The Prepare step will
help you be certain you understand the problem before you start putting numbers
in equations.

assess The Assess step of your solution is very important. When you have an
answer, you should check to see whether it makes sense. Ask yourself:

Does my solution answer the question that was asked? Make sure you have
addressed all parts of the question and clearly written down your solutions.
Does my answer have the correct units and number of significant figures?
Does the value I computed make physical sense? In this book all calcula-
tions use physically reasonable numbers. You will not be given a problem
to solve in which the final velocity of a bicycle is 100 miles per hour! If
your answer seems unreasonable, go back and check your work.

Can | estimate what the answer should be to check my solution?

Does my final solution make sense in the context of the material I am
learning?

1/14/2022

Is this right?

@m Problem-Solving Strategy

PREPARE The Prepare step of a solution is where you identify important ele-
ments of the problem and collect information you will need to solve it. It's
tempting to jump right to the Solve step, but a skilled problem solver will
spend the most time on this step, the preparation. Preparation includes:

Drawing a picture. many cases, this is the most important part of a

problem. The picture lets you model the problem and identify the important
elements. As you add information to your picture, the outline of the solution
will take shape. For the problems in this chapter, a picture could be a
motion diagram or a graph—or perhaps both.

® Collecting necessary information. The problem’s statement may give you
some values of variables. Other important information may be implied or
must be looked up in a table. Gather everything you need to solve the prob-
lem and compile it in a list.

® Doing preliminary calculations. There are a few calculations, such as unit
conversions, that are best done in advance of the main part of the solution.

A policeman hiding behind a billboard sees a speeding
car zoom by him at a constant speed of 35 m/s. The
policeman starts from rest and takes up the chase,
accelerating at 5 m/s? until he catches the culprit.

How long does it take him to catch the speeding car?

t=14s

Kinematic equations for motion with
constant acceleration:
(vx)f = (vx)i ar a, At x

xp=x; + (v,); At + %ax(Az‘)2 t

“ 2 2 C hi
v =) +2a. Ax an you represent this
F e'.d 0o = (i b problem graphically?




A policeman hiding behind a billboard sees a speeding
car zoom by him at a constant speed of 35 m/s. The
policeman starts from rest and takes up the chase,
accelerating at 5 m/s? until he catches the culprit.

How long does it take him to catch the speeding car?

t=14s
Xcar = Veart = Xpolice = Eapolicetz
k=4
o
1 2, 2(352
[ Veart = Eapalicetz ‘ t= —CL acl‘:; = —(5 ﬂS) =14s
w» P s?
w
] X
Can you represent this problem graphically? +
NI —Fap. 2,Pg43
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ConcepTest 6 Speeding Ticket!

The policeman catches the speeder

at t = 14 s, as seen on the left. 1. t<14s
At what time does the policeman 2. t=14 s

have the same velocity as the

>
\ Speeder, as seen on the right? 3.1>14s /

Speeder

Speeden

speeder
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Speeder

Police

Speeder

o

Police

A Vo
=
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area under v vs. t curve = displacement

Velocity
[m/sec]
60

40

area

2

3 4 5 ¢ [secll

height - width
v-At
displacement!

Time?

Velocity

[m/sec]
60
50|

40
30—+

20

10

Time?

4 5 ¢ [lsecl

area = % base - height

FAT v,
1 At-aAt = £ a(At)?
displacement!

PHYS 21: Chap. 2, Pg 46

46




