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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?

What is the velocity of
the ball at that point?

4 ConcepTest 2 Kinematics ' 4 ConcepTest 5 Free Fall

What is the direction of the vis up. ais up

velocity and the acceleration
for the ball in the following
stop-action photo?

A rock is thrown straight down from
a bridge. Immediately after being
released, what is the magnitude of
the rock’s acceleration?

v is up, a is down

v is down, a is up

v is down, a is down
hmm, I just don't kniw/f

Follow-up: Just before
hitting the river, what is
the rock's acceleration?

angible an9

Dropping a $100 bill Measuring

=
Reaction
=
Time

w=15.6 cm Mo
w/2 = 7.8 cm

t=0.126 s PHYS 21: Chap. 2, Pg 6
5 6
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see page 51

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: strategize, prepare, solve, and|
assess. Each of these steps has important elements that you should follow when you solve problems on your own.

. strateGize The Strategize step of the solution is where you address the big-picture questions about the problem. Here,|
Is this rig 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 whatf
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?

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.

@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:

B Drawing a picture. Dh 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.

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 I 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?

A policeman hiding behind a billboard sees a speeding 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)t' = (vx)i A a, At x
xe=x+ (v); At + 3a,(Ar)? t

# 2 — ()2 c hi
vir=mwy +2q. Ax an you represent this
ﬁ e'.a 0o = (i i problem graphically?

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
=
[ =]
1 2, 2(351)
L Veart = Eapolicetz ‘ t= —a C:r = —5 ﬂs =14s
w» police 52
o
| ] X
o Can you represent this problem graphically? +
NI —ap. 2, Pg 12
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area under v vs. t curve = displacement
Velocity Velocity
[m/sec] [m/sec]
60 ‘ 60
50)
40 40
30 I FYe) M —
20| 20)
10 10
Time? Time?
o 1 2 3 4 5 ¢ e o 1 2 3 4 5 ¢ el
area = height - width area = & base - height
= v-At = ATy
_ B _ 1 2
= displacement! = $At-aAt = Fa(at)
= displacement!
PHYS 21: Chap. 2, Pg 15
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This is the v vs. t graph for a moving object whose
initial position is x, = 20 m. Find the object's position,
using the geometry of the graph, at the following times:

a)att=3s: x=50m % (ms)

10+
b)att =5s: x=675m 5 N\
0 T T T T T — t(s)
c)att=7s: x=675m 1 2 3 4 5 é\
75,

What can you say about the motion between t+ = 5 s
and t = 7 s? What has happened in that time interval?

214 PHYS 21: Chap. 2, Pg 17,
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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> 145 /

Speeder

Speeder

Police

A

speeder t
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This is the v vs. t graph for a moving object whose
initial position is x, = 20 m. Find the object's position,
using the geometry of the graph, at the following times:

0) att=3s: x=50m 1, (m/s)
b)at+ =5s: x=675m

c)att=7s: x=675m

What can you say about the motion between t = 5 s
and t = 7 s? What has happened in that time interval?

2.14 PHYS 21: Chap. 2, Pg 18
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A driver has a reaction time of 0.5 s, and the
maximum deceleration of her car is 6 m/s?.

She is driving at 20 m/s when suddenly she sees
a deer in the road 50 m in front of her.

Can she stop the car in time to avoid the deer?

X,y = 43.3m

Kinematic equations for motion with
constant acceleration:

(Vx)f = (Vx)i i ay At

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

(Vx)fz = (Vx)iz 2, Ax
2.45 J S 21: Chap. 2, Pg 19

A driver has a reaction time of 0.5 s, and the
maximum deceleration of her car is 6 m/s?.

She is driving at 20 m/s when suddenly she sees
a deer in the road 50 m in front of her.

Can she stop the car in time to avoid the deer?
Xiop = 43.3 m

x; = vpt; = (202)(0.55) =10m

v (208)
—2a (6 sﬂz)z

=333m

X, =X +x,=433m

tot

PHYS 21: ChEE. 2, Pg 20

Slzo=dCron

A model rocket is launched straight up with constant
acceleration a. It runs out of fuel at time t.

You need to figure out the maximum height that the
rocket reaches.

What is your strategy for solving this problem?
Outline the steps that you would follow to solve it.

2.22 PHYS 21: Chap. 2, Pg 21
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Bill can throw a ball vertically at a speed
1.5 times faster than Joe can throw it.

How many times higher will Bill's ball go,
as compared to Joe's ball?
2.25 times higher

2
g v,
Joe's throw: v =yi-2gp, =0 EEEED y, = o

Bill's throw: v (Bill) =1.5-v,(Joe)

2 L5v) 9 () 9
vj:(l.Svo)i—zgyBru:O ‘ YBut:( 2;]) :Z'[Vi]:i)’m

2g
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Slzo=dCrow

Bill can throw a ball vertically at a speed
1.5 times faster than Joe can throw it.

How many times higher will Bill's ball go,
as compared to Joe's ball?

2.25 times higher

Kinematic equations for motion with
constant acceleration:

(Vx)f = (Vx)i i ay At

X =x; + (v); At + %ax(At)2

YS 21: Chap. 2, Pg 22

P‘eg J (Vx)fz = (Vx)i2 + 2‘1,\' A)C
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You are standing on the roof of a building, 30 m above the
ground. You drop a ball off the roof — it leaves your hand
with zero velocity.

When the ball is halfway to the ground, you throw a second
ball downward such that this second ball reaches the ground
at the same time as the first ball.

With what speed did you have to throw the second ball?

Kinematic equations for motion with vV = 38.1 m/s
constant acceleration:

)= (v + a, At

X =x; + (v); At + %ax(At)2

PHYS 21: Chﬂ.) 2, Pg 24

P‘e:a (vx)E = (vx)iz + 2ax Ax
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You are standing on the roof of a building, 30 m above the
ground. You drop a ball off the roof — it leaves your hand
with zero velocity.

When the ball is halfway to the ground, you throw a second
ball downward such that this second ball reaches the ground
at the same time as the first ball.

With what speed did you have to throw the second ball?

_ [V _ [20B0m) _
s tu(ball) = = ,m =247s v = 38.1 m/s
[ = ]
[ 1,(balll) :\/ZI‘ = J@: 1.75s
g 9.8m/s
w (balll) = t,,,(balll) - t,(balll) = 0.72s = t(ball2)
ty(balll) =t,,(balll) —t,(balll) = 0.72s = t(ba
w
[ ] 1, Y2 *%gtzz
Ba(ball2) = vy + gt ) VofT*%Jm”
N PHYS 21:Crﬁe. 2, Pg 25
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A rock is thrown vertically upward with a speed of 19 m/s.
Exactly 1.0 s later, a ball is thrown upward along the same
path with a speed of 27 m/s.

a) At what time will they hit each other? t=179s
b) At what height will the collision occur? h=183m

1 .,
Y, =19t ——gt”
2 collision occurs wheny, = vy,

32 =27(-1)- gle-1
1 1 .
=¥, 19t -—gt* =27(¢-1)-=g(¢ 1)
vy, EEp 19— g =27 1) gl
solve for t (involves some algebra)

then put your value for t back into
Eqn. 1 or Eqn. 2 to find the height

PHYS 21: Chap. 2, Pg 27

Slzo=dcCrow

(Do not use a calculator! Approach this question conceptually.)

Time (s) Velocity (m/s)

0 0
1 2
2 4
3 6
4 8
5 10
223 PHYS 21: Chap. 2, Pg 20

1/19/2022

A rock is thrown vertically upward with a speed of
19 m/s. Exactly 1.0 s later, a ball is thrown upward
along the same path with a speed of 27 m/s.

a) At what time will they hit each other?
t=179s
b) At what height will the collision occur?

h=183m
(vx)f = (vx)i A ay At

X =x; + (v,); At + %ax(Al)2

(Vx)l'z = (vx)iz ar Zax AX

What would happen if the order is reversed, i.e.,
if the ball is thrown 1.0 s before the rock?

(Do not use a calculator! Approach this question conceptually.)

Time (s) Velocity (m/s)
0 0

W

s
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For the v vs. t graphs, draw corresponding a vs. t graphs.
Draw a motion diagram for each case.

29
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For the v vs. t graphs, draw corresponding a vs. t graphs.
Draw a motion diagram for each case.

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

31
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For the a vs. t graphs, draw corresponding v vs. t graphs.
Describe the motion in words. Assume that v, = O.
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t, 1, ke t, t, St
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