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Kinematics

2.1 | Quantitative Concept Building and Testing

EQUIPMENT

o Two constant-motion cars that move at different constant speeds
(slower with one battery or faster with two batteries)

O Sugar packets or other small objects that won’t bounce

D Metersticks _

0 Watch with a second hand

O Fan cart

0O Metal track

O Motion detectot

0 Computer

O Stopwatch

O Pulleys

O Strings

0 Small block of about 30-50 g

2.1.1 Observe and describe Imagine that you ride your
bicycle along a straight path beside a river. A coordinate
axis is shown above the path; see the illustration at the right.

activity confintes »
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The table indicates your position along the path at different clock readings.

Clock reading ¢ (s) Position x (m)

to=0 xo =640
1,=20 x1 =500
1, =40 X%, =360
t3=60 x3=220
£,=180 x4=80
ts= 100 x5=—60
16 =120 xg=-200

Write everything you can about the bike ride and indicate any pattern in the data,

Every 2o seonds e position clance A

Totol ¥ime ! \dDs
Vodo\ &ickance 1 9UDOm

b. Construct a position-versus-clock reading graph for the bike trip.
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€. Write a function x(f) of the graph in part b,

d. What is the physical meaning of the slope of the function and the intercept on the vertical x axis? Explain what it means if
these quantities are positive or negative.
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2.1.2 Observe and describe In the table, we provide data describing a glider moving on an air track.

Clock reading 1 (s) Position x (m)

fp=0.000 x=0.01
4 =0.133 x =0.07
5 =0.267 x;=0.13
;= 0.400 x;=020
t,=10.533 xs=0.26
ts =0.667 x;=1033
s =0.800 xs =039

activity continues p-
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a. Create a position-versus-clock reading graph using the data. Explain the meaning of the slope of the graph.
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b. What common name could you use for the slope?

\,Q \OQ: \_\‘ \-? [l :,(3 w8 t‘:"

€. Use the graph from part a to write a mathematical function that gives the position of the glider as a function of the clock
reading.
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d. Would the answers be different if data were taken for the back of the glider?
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2.1.3 Analyze The figure at the right shows a velocity- v (m/s)

versus-clock reading graph that represents the motion
of a bicycle modeled as a point particle moving along a
straight bike path. The positive direction of the coordi- 4
nate axis is toward the east. )
0 I T T TR
-2
-4

a. Use the graph to estimate the bike’s displacement from a clock reading of 10 s to a clock reading of 15 5. Explain.

t=10: — X= vtz H2 . 1Ds = UDwm
£:\Se —> X = HE S5 O

A= %=X = (Oa-Hom= T

b. Use the graph to estimate its displacement from a clock reading of 0 s to 20 s.

tz0—~> Xz On
t= A0s ~» Xz Onm

& = Xi" \,4;' = %lh - O,-ﬁ ey (;"JO A
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¢. Formulate a general rule for using a velocity-versus-clock reading graph to determine an object’s displacement during
some time interval if the object is moving at constant velocity.

A \)($“th T VA, VR s V({L"'{—,‘:\‘) = Vat

C\]*f" r\ = ey ;j_.{r':ﬁ?(‘* C e Q/cef‘u;‘c;, 'i"i me. ‘;‘(T‘l"e,f‘\/q;/.

2.1.4 Predict and test Gather two motorized cars.

a. For car A4, use sugar packets, a meterstick, and a watch with a second hand to design an experiment to decide if the car
moves with constant velocity. If it does, determine the magnitude of the velocity (the car’s speed). Make a data table to

record your measurements.
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b. For car B, use the same equipment as in part a to design an experiment to decide if this car moves with constant velocity.
If it does, determine the magnitude of the velocity (the car’s speed).
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¢. Fill in the table that follows to make your prediction of where the two cars will meet if you release them 2.0 m apart and
moving straight toward each other. To make a prediction, use your knowledge of the cars’ speeds gathered from parts a
and b and the relationship between the initial state, velocity, time elapsed, and the final state of an object.

Experiment » Write the position-versus- ™ Choose the origin and
clock reading data for the write x(#) functions.
car.
w(Car 4 t, X ey
o o XNz O+ (o.zogﬁt
\ 3.720
) O35
3 O el
§ o.%1
< 1.0
#«Car B Ay Yooty
o 2.06
! Lo Y= 2.0+ (040t
2 V.20
3 O-¥0
4 0.40
S | ec.e0

a Predict where the cars will = Perform the experiment;
meet. record the meeting loca-
tion and compare it to your

prediction.
e = Ry
(030 )t = X om-043{E) ey me_@-;‘ﬂ ot 0.6
(D'bo %\t = 4o, \ery close  de our
t_i};_ééﬁ;a Voo Mo et
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«
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2.1.5 Observe and analyze You placeacartona )

smooth metal track tilted at a 10° horizontal angle. e
The data table provided records the position of the 10°
front of the cart at different times. The x axis points
along the track.

Clock reading ¢ (s) Position x (m)

to =0.00 x, =0.00

4 =0.50 x, =021

b= 1.00 IQ:O.SS

£=1.50 x=191

4= 2.00 X4 = 3.40

t5=2.50 x5=5.3l

a. Draw a motion diagram for the cart; consider the cart as a particle.

b. Draw a position-versus-clock reading graph for the cart. Discuss whether the graph resembles a position-versus-clock
reading graph for an object moving at constant velocity.
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€. Calculate the average velocity for the cart for each time interval and fill in the table that follows.

» Time interval At =¢,—t,

O

IS

©.90

]

0.5

# Displacement Ax=x,—x,_,

" Average velocity %it‘

oy, U

v

2%

LA

2%

activity continues
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d. Plot this average velocity on a velocity-versus-clock reading graph. The clock reading coordinate for each average veloc-

I

N f\ ity coordinate should be in the middle of the corresponding time interval. Make a best-fit curve for your graph line.
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e. Discuss the shape of the graph: How does the speed change as time elapses? Suggest a name for the slope of the graph.
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f. Write an equation for the velocity as a function of a clock reading that is consistent with the graph line. Discuss how
your equation would change if you started observing the cart when it was already moving down the same inclined
ptane. Discuss how the equation would change if the cart was slowing down instead of speeding up. How would it
change if it was moving in a different direction?

N = o8 (15T

b
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2.1,6 Derive Use the method developed in Activity 2.1.3 to find a relationship between the displace-
ment of the cart described in Activity 2.1.5 during some time interval, its velocity at the beginning of
this interval, its acceleration, and the length of the time interval. Start by drawing a velocity-versus-

ff.{lock reading graph and examining the area under the graph line.
7 & cooTee acen weder Ywe curve  olue;
5 A ! At s +the dis lace ; : A L"L’lrmf
T R /_f—--- QQM_ duf'iY‘-(f‘:} Zl-é:{: ement O’f the
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- A .»"/ v ’ = N - .}_. .
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pava Ve =\ + A 2
A // - At é @ ae
~ P >
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2.1.7 Analyze Assemble a fan cart on a metal track, a motion detector connected to a computer, a
meterstick, and a stopwatch. The cart is known to move with constant acceleration, but the acceleration
is not known. Start the fan cart at rest on one end of the level track.

a. Measure the time interval needed for the cart to travel along the track.

T Q.0 & 0.1 s

¥ \.So L 0.0\ ¢

b, Use the concepts developed so far to determine the acceleration of the cart, assuming that it is constant.

AX = th * %&{‘L
4 X &(\.S'm\ _ , :

t’i - T ’fxl. \:2\ i 0,3 M/S?‘“

{oda

activity continues p
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¢. Then use the motion detector to measure the acceleration.

d. Compare the results and account for the differences. Think of the assumptions that you made and experimental uncer-
tainties as a result of your equipment,
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2.1.8 Predict and test Place a low-friction cart on a
long, smooth table (or you can place a cart on a metal
track). Assemble a motion detector connected to a
computer, a pulley, a string going over the pulley con-
nected to the cart on one end (see the 1llustration at the
right) and to a small hanging block (an object of about :
30-50 g) on the other end. Collect a meterstick and a L
watch with a second hand.

a. Use the motion detector to find the acceleration of the cart after the hanging block is released. Record it here.

Shudevis  Con @@ r"ﬂ‘hf‘ PP S e €y qu“ Fep ,"
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b. Now place a toy motorized car on the right end of the table (you now know its constant speed from Activity 2.1.4). Pre-
dict where the car and the cart will meet on the table if you face them directly opposite each other and then release them
simultaneously. Use the position-versus-time relationship for constant-velocity motion and for constant-acceleration
motion o help you make your prediction.

. ~-.\ ” R ® \ I 2.
e Aer doit D X = At

i
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¢. After you make your prediction, release the car and the cart and test your prediction. Do the results support your predic-
tion in part b within experimental uncertainties? Explain carefully.

33( A L\\ @f“{ = jﬁ & ?_?A'i‘i E-‘"«( o T R I ;\ l"\" o
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2.1.9 Analyze The data recorded in the completed table are a record of the up and down motion of the
center of a ball thrown up into the air (the y axis points up).

Clock reading £ (s) Position y (m)
te = 0.000 yo = 0.00
Hho= 0.067 y, = 024
t, = 0133 y: = 044
t5 = 0200 yy = 060
fy = 0267 ya = 0.71
ts = 0333 ys = 0.78
ts = 0400 ye = 0.80
t; = 0467 yr = 0.77
ty = 0533 yg = 0.71
ty = 0.600 ys = 0.59
tiy = 0.667 yio = 042
o= 0.733 yi = 021
fi, = 0.800 Y12 =-0.04

activity continues p
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Fill in the table that follows.

» Sketch a motion diagram
for the ball modeled as a
particle.

mtg-\ic\ ~
2 prrome
-
o =

< <)<

= Draw a velocity-versus-

# Draw a position-versus-
clock reading graph.

+ Arimnd

oMds

= Use the velocity-versus-

71

= Use the velocity-versus-

0.5

clock reading graph. clock reading to determine clock reading to determine
the ball’s acceleration at the distance that the ball
the top of its trajectory. traveled during the trip
from clock reading 0.000
t0 0.800 s.
Vo V!
At

v

Find its slope. What do
you cali this slope?

S\D(Pé’, =-\0.3 M\sz
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2.1.10 Summarize Analyze the information in the table below and complete the empty cells to sum-
marize your knowledge of motion with constant velocity and with constant acceleration, using differ-

ent representations of motion.

= Describe the motion. » Motion with constant

velocity

® In words, providing an
P morocized

C_ﬂkf\* [ E Y G,

Dox Yo\

example

= Motion with constant
acceleration

The object’s velocity is
increasing by the same
amount every second -—
for example, a cart going
down a smooth track
tilted at an angle.

= With a motion diagram

® With a graph of position-
versus-clock reading

= Mathematically as x(7)

=N, ¥V

X=Xxgtvgt —at

activity continues p-
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m Describe the motion. » Motion with constant = Motion with constant

velocity acceleration
= With a graph of velocity- v, ’ v
versus-clock reading
10 + |0
= Mathematically as v(£} W(#) = const
V)= N s o
¥ With a graph of a_h - &
acceleration-versus-clock
reading
0 ! Q
= Mathematically as a(f) c;(t) : const
aly=0
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2.2 | Quantitative Reasoning

EQUIPMENT

DO Track

0 Low-friction cart
0 Stopwatch

0 Meterstick

O Cotton balls

Problem-Solving Strategy: Kinematics Problems

PICTURE AND TRANSLATE

@ Sketch the situation described in the problem.
» Include a coordinate system and indicate the origin on the sketch.
» Write the known and relevant information as physical quantities on the sketch.

s Decide if you can consider a moving object as a particle.
® Decide whether you have enough information to consider this as motion with constant velocity
or with constant acceleration.

REPRESENT PHYSICALLY

» Decide what physical representation is helpful to solve the problem.
= Draw a motion diagram or if appropriate an x(f), v(¢), and/or a(f) graph.

REPRESENT MATHEMATICALLY

» Use your physical representation to construct mathematical representations of the process. Be
sure to consider the signs of the velocity and acceleration.

SOLVE AND EVALUATE

u Solve the equations and evaluate the results to see if they are reasonable. To assess for reason-
ableness, check the units, limiting cases, and the magnitude of the unknown quantity and make
sure they make intuitive sense.

CHAPTER TWO HIREMATICS
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2.2.1 Represent and reason A car moves west at 40 m/s on a straight highway. The car’s motion at
the time we start describing it is presented in the illustration below using three different reference
frames. Note the description in the first reference frame. Answer the following questions.

=ore)
}

T N L] ! ! x(m)
=200 —1060 t] 100 200

ty=0,x=0,
Vo = —40 m/s

| | | | | x (m)

100 0 — 100 —200 -300
tp=0,x=—-100m
| | | | - x ()

0 100 200 300 400
f = 0, xp = 4200 m

a. What is the car’s velocity in the two other reference frames?

Qege(er\(_e -Qr&ma 45 Nz HD '“/s

Dxe(;e;re,\'\ce, -Qfm_\a\e 30 V= ‘LLDMfg

b. A bicycle moves east at constant speed on the same straight road. The bicycle’s motion is described in the illustration
below at one particular time using one coordinate system. Describe the bicycle’s location and velocity at the same time,
using the last two coordinate systems shown in the illustration for part a.

oft

| | | | | x (m)
—200 =100 0 100 200
tg :O, Xg ™ —200 m, vy = 10 m/s

Qegcrcﬂce ‘erxmc a: Y. 10O m \i:-\OMIS

!

D\eg—e;re_vxc,c. Qroux«e.?)i N, = O j V= 10"“‘5
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€. A motorcyclist rides west on the same road at constant speed. Her motion is depicted in the illustration below at one par-
ticular time using one coordinate system. Describe her location and velocity at the same time, using the last two coordi-

nate systems given in part a,

| | | | | x (m)
—200 —100 0 100 200
t0 :0, Xp =+200 m, vog = —15m/s

r¥a§ Mo T~ 200 m \f‘.‘.’.\gm)s

] b

B T T 1 P

i 0

2.2.2 Picture and translate The driver of a car moving east at speed v, sees a red light in front of
him and hits the brakes after a short reaction-time interval. The car slows down at arate of a; ,. A
typical reaction time is .8 s. The situation is represented in the picture below. Note the details in
the illustration.

Wants to stop: Foot gets to brake: Finally stops:
Iy = 4 = reaction time t, = time when car stops
x =0 x| = position when x, = final position when
Ve~ foot hits brake car stops
- - ~solf— —
ag =0 a
(©&—o ! 1.2 (B—O>
X
«——— Partl ——f¢—— Part I1 —r

a. Where is the origin of the reference frame?

=0
X=0

b. What information given in the problem is missing from the illustration? Add it to the illustration.

:f;{\¥‘\0\\ \J({\bc_\\shl 18, o \rxé{,«:_@}ﬂc,é‘_\ FATAY é_('a\w‘( o,

i
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2.2.3 Picture and translate Assume Jabari is running at a constant speed vy, trying to catch a bus
that starts at rest and moves with the acceleration ay,,.

a. The illustration below represents when and where Jabari catches the bus. Note the details in the illustration.

Object 1: Object 2: Objects | and 2 later:
f o t
Xoerson Lhus Thus = Xperson
Vperson Vius = 0 —_— Vperson = CODStant, vy,
= @person 0 < apus
A o?
! Aﬁ X
Object 1 Object 2
accelerates from rest
Part I Part IT

b. What is the reference frame used in the illustration?

_T‘(\Q (“GS"Q’.(‘CV\C,Q. ‘Q(“ QW€ o“g: Aae \DUS T 0L (}\ _CO r‘
e \‘\\\.\iS&croé‘-?sﬂ .

¢. What information given in the problem is missing from the illustration? Add it to the illustration.

2.2.4 Represent and reason An apple falls from a tree, starting a distance of 2.0 m from the top of
the grass. While falling, the apple has a downward acceleration of 9.8 m/s2. As the apple sinks into the
grass, its speed decreases, until it finally stops after sinking 0.050 m into the grass. Represent this situa-
tion with a picture, using the techniques from Activities 2.2.1 through 2.2.3.

S \ -

f 4= o Nelice W postine  u-dicection LS
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*af \ Dhosen Yo Ve Acueh. e 3igng o—g«
Za 2"“1’1\ e  olCelerod sn vechars OLE ConS ‘B-x.u’!-’!'
- ‘!, i .
‘5 Wit A - g ¢

= SZ ~ 1o \é:Q.OOM
(Y ST RS B > KN L'S: 2 L0 m

Wiy,
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2.2.5 Represent and reason Truck 4, starting at rest, moves faster and faster toward the east so that
its speed increases by 3.0 m/s each second. At the same time that truck 4 begins to move, car B, 200 m
east of truck A and moving at speed 16 m/s toward the east, begins to slow down by 1.0 m/s each second.

TR % B
a 0
= 4 B
| X
b. 0

Fill in the table that follows, using a different description for each coordinate axis shown.

® Truck 4 (coordinate ® Car B {coordinate

system a) system a)
® Indicate the value of the
initial clock reading.

| _to -0 t = O

i [+

® Fruck A4 (coordinate » Car B (coordinate
system b) system b)

ct
O
ct
11
O

activity continues p
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= Truck 4
(coordinate system a)

wCar B
(coordinate system a)

= [ndicate the value of the
initial position.

X, : O

® Truck 4
(coordinate system b)

Xo = QBO P

aCar B
(coordinate system b)

Xﬁ =" 300 BA

= Truck 4
(coordinate system a)

X= O

s Car B
{coordinate system a)

® [ndicate the value of the
initial velocity.

O

bt

N,

» Truck 4
(coordinate system b)

mCar B
{coordinate system b)

2-22 CHAPTERTWG KINEMATICS
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® [ndicate the value of the
acceleration.

» Write equations that can
be used to determine the
position and velocity of
the vehicle at any given

clock reading in the future.

* Truck A
(coordinate system a)

mCar B
(coordinate system a)

Q\m: Bmlsf‘"

= Truck 4
{coordinate system b)

Oz SW\ \_51

® Truck A4
(coordinate system a)

PNOERTC N
| tl

-
-

e

= Truck 4
(coordinate system b)

Oy = = Im sk

»(Car B
{coordinate system b)

®Car B
{coordinate systern a)

mCar B
{coordinate system b)

Y ()= (‘?.Oon\ 3-
2 (et

%W =0uD)t x5 ()
Yol - & 4t

T
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2.2.6 Represent and reason The motion diagrams in the illustrations represent the motion of differ-
ent objects modeled as particles. The arrows are velocity arrows.

N
a. —|— g-—————y——— X b. I

+0

A different coordinate axis is provided in each situation. An open circle indicates the location of interest.

a. Draw acceleration arrows on each diagram above.

b. Fill in the table that follows. Be sure to make your choices relative to the coordinate axis shown in each motion diagram.

= Describe the motion in # Determine the sign (+, 0, = Determine the sign (+, 0, ® Determine the sign (+, 0,
words. or -} of the position. or —) of the velocity. or —) of the acceleration.
a. Location I Location I: Location I

3\0&5\ NG AOUJ‘/\
Ay .5 .
N e nec.gt\?u@, X @ NG m@

Arvreckion

b Location I Locationl: | Location
-
‘ S\ouad f\i ém'\m(\ X @ \J @ N @

W Phe N'»SO% e Location II: Location II: | Location I

(E\Ff(:\h‘\}n Comes
. 7
4o o S)rop Faen X @) v ® & @
Speeds, up in

AL ;
POLVR oy feet i
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= Describe the motion in
words.

C.

S\OLM\\ &g, ét}b\) A
. X = .
Vi ‘t\f\p fosiivve
CE' £ecss o | Come

i '\"3 (e ‘?_."\\_-4;‘} {;- -‘.\‘\\‘\ f23TaY

o e v, o
SEEEAL 0D v dler :
f\egwlﬁ L€ Areet

AR

® Determine the sign (+, 0,

or —) of the position.
' Location I
D ®
- Location II:
SRR
Location II:

W

)

® Determine the sign (+, 0,
or —) of the velocity.

e ——

: Location I:
v ®
Location II:

V=
I Location Il

vV

= Determine the sign (+, 0,
or —) of the acceleration.

Location I
NS

Location II:
N

Location II:

O (=>

2.2.7 Represent and reason A stoplight turns yellow when you are 20 m from the edge of the inter-
section. Your car is traveling at 12 m/s. After you hit the brakes, your car’s speed decreases at a rate of

6.0 m/s each second. Fill in the table that follows. (Ignore the reaction time needed to bring your foot
from the floor to the brake pedal.)

s Sketch the situation.

XL{) = O *Ll&‘%}\% P (_:c%\}tl

IR

Crag)=(en)

2

+

# Draw a motion diagram. ® Draw an x(¢) graph.
. Rl ; ) ! ?(
V= lebims ’% a1
O.‘L'to“{!{s';m" o e
_—j : _\? > 7
SueX — R s
pL%e) A2 200 ; E‘(?
& o
® Write x(£) and v(¢)
expressions.

CHAPTER TWO

= Draw a v(f) graph.

-
1L
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2.2.8 Represent and reason You ride your bike west at a speed of 8.0 m/s. Your friend, 400 m east of
you, is riding her bike west at a speed of 12 m/s.

a. Fill in the table that follows. (Consider the bikes as particles.)

PICTURE AND TRANSLATE
» Draw a sketch of the initial situation

and choose a coordinate system to
describe the motion of both bikes.

REPRESENT PHYSICALLY

® Draw a motion diagram for each bike.

'REPRESENT MATHEMATICALLY

® Construct equations that describe the
positions of each bicycle as a function
of time.

SOLVE AND EVALUATE

= Use the equations to determine when the
bicycles are at the same position.
Does your result make intuitive sense?
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After you fill in the table, complete the following:

. Draw a position-versus-clock reading Zraph for each bicycle using the same set of axes.
X4 |

Yo Y0 AN U SR 7
" o }'}"’/ //
v Pid //‘ 4
< s /£ + (.SQC>
* Nl T
o)

¢. Are the slopes of the two lines and their initial values consistent with the actual motion and the coordinate system used to
describe the motion?

%&S

d. Does the appearance of the graph correspond to the calculated answer for the time when the bicycles are at the same
position? Explain.

\))QS i “VBV\Q,, \\'\(\E’.B \lr\.}\('f‘é\'iﬂ., "‘..,.\"V ‘\’\/\e PO\t ~ (\OQ,%OQ\ Yo

e Clodk rcoxc\__}‘_n.c\ o Yhe Yime of Fre iakersect 3
\'\ KN 100 secan Q}f‘,f’;,

activity continues p
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e. Draw a velocity-versus-time graph with lines representing the velocity of each bicycle.

(rfe)

v

(ﬁccon&«:}

f, Are the signs consistent with the word description of the motion?

\{@S b T mede  pegitive \m\og',\l\'v\ ecavse e mMptisn
SE e A Pos"r-\."; e Y-, Ftc,l;'abﬂ .

2.2.9 Represent and reasen An object moves horizontally. The equations below represent its motion

mathematically. Fill in the table that follows to indicate actual motion that these two equations fogether
might describe.

a. v=1+20 m/s + (-2 m/s?)¢

b, x =200 m + (+20 m/s)¢ + (1/2)(-2 m/s¥)?

# Describe the motion in words.
B coc e opp Coacin Ny o Yeod T

\\ c_\)\f\*\ ‘“\’(‘m\)@\?‘-fﬂ\% Q\J( A0 Ms . 00
W\Q\‘e_,f & ‘bepb\"(f__ ~Hr\e_ \L CS\{\J( |')r b(’g‘ hs

do S\ous douvan ot

A e g

b
o 1 (11 e <.'35 o ’"*‘(J '?-

-
=
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s Sketch the process.

[
o6 Crt = 2m]s
f i
G 8]
(Mmeders)
= Draw a motion diagram. -
- - =y
NOT VN
e ——Se—Je—pade
—
' AV &
® Draw a position-versus-time graph. X Y
: i Lot es
G- _( i R ]
!
ey, 1 R
T i //"—'_.
g | e
t
é : /‘/
! v
| 200k
T
l
= Draw a velocity-versus-time graph. VI
%]
[
=
; ~
%
(5e (_ar\éa\

= Determine when and where the object

K= -Z2o0m (ag%\t s

- will stop.
V=a0el - A%t X =-200m  (30%)165 ~15 (o)
o JOE-J T = - 100m
t= T2 iDsec
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2.2.10 Regular problem While traveling in your car at 24 m/s, you find that traffic has stopped 50 m
in front of you. Will you smash into the back of the car stopped in front of you? Your reaction time is
0.80 s and the magnitude of the car acceleration is 8.0 m/s? after the brakes have been applied. List all
the assumptions you make.

LTG\AP PC@L\(’V‘/\ -‘. r\""«rw -% TR Qo (‘4 <, é\ stance JV(O\VQ\GC_‘\ é-\‘-,c‘\ g e \f_‘!!-_,,;,. Tieng N
O d WA AL ROCE S e wanile \ora "-A e ﬂf«“)uﬁ'\P"" DS
3':1(7,??"‘ W= 3’ n"\‘s‘l ‘ \f TRt - 0 Cor 4 modeled ag
— 1- !_“] o perri e
[O_UJ @ : ‘”"5“#'";*“ n‘o ) Pecelerad inn s g;x;m'joue"
o ol 2o ey -
A \E ) ) \";\ - it éurh"t Slo i Aavun Pﬁa 114
Phose l ! e 3\' Koathe 1 ;’»" ?(c"ii:”ff‘
' Plpse o nstond\y
Yy =% xNE A | Y
. i Yo 2 49\] & }, LA
Y = SOn-(345Y0.73) o * X VL Y et
! ib f.‘*"“
X, * 20, 7w Moo T 2008 = {295) 350+ 3 T 1) (3)
b : Lo e = 5,2 ~¥is §
ECase ':‘,: Ao AN T A {‘\ 5o ¢ O '\4\\’5 v Sﬂ Meli RS ..\ o
2y Y 0 dreula Yallpe e Veld % e 3@3{7@_&
™Me 3 seendy o Qo Leom =LYMe g Omij, Cors , T wiM e 2y

2.2.11 Regular problem Your summer job is with an automobile accident avoidance research team.
The system they are investigating sends out infrared radiation from an avoidance device in the car. The
infrared signal reflects from an object in front of the car and returns to the avoidance device. The device
measures the time delay and is able to process the signal in 0.010 s. If a hazard is indicated, the signal
causes the car’s brakes to be applied in another 0.060 s. The car can slow to a stop with an acceleration of
8.0 m/s2. Determine the shortest distance to a stationary object on the freeway that can be avoided with

this device if the car is traveling at 28 m/s (63 mph) Infrared radiation travels at a speed of 3.0 X 10% m/s.
To solve , Voreelh pro\olem Tate 4 parts

n ST rAAe m W AR
1 az Qg i e BRI m\ 1'" e_ ! e Qm- e S*beptm\ d-s*qnce X5
Q ( \ i ‘ Q eaNd wock \oc‘ckward.c Ay Y.,
*=0 ® So\\ie 'QQF 'Kf,
@ Solve -CQ(‘ X'b lL:ED 50\\16 'Qvar 1 Y 1 IE\SSU_L"}_G “{"Q < r(‘\'&\ Y cove Lo Z_X
. - - — x r e =7
N R b
s e i 2% 0.06%
O’(’Zg‘gj42(9_sl)y\3 qqm x‘( \{‘ \) ! X :X '\"\ft
"’%‘LJ xz- SO.6% m ; v 2] Il \
,z, ------ e e P “ PN -1
Ha A O “o\ve - .?M ¥, (SDAQem) = Yo -u(» 28‘:)( Bodxsn s
Yoz 4 - Karxoene ' = €0.96
* R N
T ﬁ\),c?(o
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2.2.12 Regular problem During a heated conversation, you step backward off a 1.2-m ledge. You
land stiff-legged and stop in 0.020 m. Determine your speed just before reaching the floor and your

acceleration while stopping. What assumptions did you make? Can you model yourself as a particle to
solve this problem?

? ‘ 0oz | v, = ';1(({ %L XL\ 'Lw‘\?m ;‘qmi/ ) _ Ti:?’fi»\r"\. Ceirn (f‘i‘g“(’
;; @ Dec ol o \\\! R *..D - - The @\f"\‘x’c’l( s

: ‘L N -CRAOSR A i ’k‘"@@”“% {V‘s ‘wxeo as A
. Q(O.UZA\\ S

*Cno.’\q\_\ e accelelodion L e Qs‘(\f}piﬂ(’ ‘o ‘e

“\ O\E\Mhﬁ'\f GO imer oo, This o\c,c.c\ero.‘.ao.n L,\\)uf_al,)li\ ‘:;.Q('G".\J

taane Y’ Y S ;
Covne ”\b‘”“?‘ ENN rm‘-""\““‘,- PoYourt Wodu s et woeutd

\oevf\c\ 0\.\!:1.»4\ r\<~ g :L.‘C_(,e.\.eg(@c\-; A TS Ceur AuEC o \ e
- {\)({( ‘-.)c\ o~ \ A ""‘L , )

2.2.13 Regutar problem The fuel in a bottle rocket burns for 2.0 s. While burning, the rocket moves
upward with an acceleration of 30 m/s?.

a. What is the vertical distance traveled while the fuel is still burning, and how fast is it traveling at the end of the burn?

4\ N cee Qasome_\ N, =0 5
. zion. 3% 230U = GO
L \}‘ \ V= 2B )T 00
EJT \]5; = {0 <
Vi
| 1

b. After the fuel stops burming, the rocket continues upward but with a velocity decreasing at a rate of about 10 m/s?. Estimate
the maximum height that the rocket reaches. What assumptions have you made while working through this problem?

77: - (bO M)
\51 = "‘—"_"“2 (” LO_—/s), \ S)O e
}jl \)jmmf’uﬁ\*k\l: (0Om + V80 = JHO

¥ Pecome * Coost ot Acceleradma, Ta Al \le\ocAT 15 zer,
o fodted Tn wodeled @z o foi o oty Licle
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2.2.14 Regular problem While concentrating on catching the football, a wide receiver on a football
team runs into the goalpost. He was originally moving at 10.0 m/s and bounced back at 2.0 m/s. A video
of the collision indicates that it lasted 0.020 s. Determine the acceleration of the receiver during the col-
lision. Indicate any assumptions you made. How will you model the receiver to solve the problem?

e O S VORI S i
V —> I —
! [RSREUT 5 DS
’ WNrEo AV e
& 7o vt e ;?“‘)‘
v v 7 [VARRVRYs
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)

) i} % dotiag ) U:g?of\
<vanece weteractiine Lrom oter Q\{S?SQ.CJXLS
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"F * \" \ .\, kS _.,'§ - \
o0 \QC’\\\ & o ed “ {‘ﬂ{)é\,ﬁ\(_q, Sn O (;L‘c‘:j:s\t\*% PG\(““C\&’ “

2.2.15 Evaluate the solution

The problem: A firefighter slides a distance of 2.0 m at increasing speed for 2.0 s down a firepole (she
holds on so she doesn’t move too fast at the bottom). She bends her knees at the bottom and stops in
0.10 m. Determine her speed at the end of the slide and just before she contacts the floor. What is her
acceleration while stopping?

Proposed solution:

v=vo+at=0+(9.8 m/s2)(2.0 s)= 19.6 m/s
a= (v —vo2) 12(x — x0) = [02 — (19.6 m/s)2]/2(0.10 m) = ~1920.8 m/s?

a. Identify any errors in the solution.

The -Q?\resﬁ%\{\%er\;‘, r;}ﬁ?.(.ﬁ\@.(“&&--i‘on wos not 9.9 Mz Hec owerage

Speed as (zm\/cgg)? ) M, Bssomine tonstant occelerativa,
her $inal peed mucd e Q"

-
. s. So 'H’\-e Cx.(.'Cf_i-ﬁ’('a_i»s’{:;/) woh e
i\opgif\.q\ et 4 W

N S'\!ﬁ"“\“}"?‘) = 2 (“2"0@. = Q0 Ve
LY~ Yo 20 =01 000
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b. Provide a corrected solutton if there are errors.

: e

i

~ L
N A L =D o
- - _ T 20T/
20040 1 (-0 low)

O~

2.2.16 Evaluate the solution

The problem: You are driving at 20 m/s and slam on the brakes to avoid a goose walking across the

road. You stop in 1.2 s. How far did you travel after hitting the brakes?
Proposed solution:

(x—xo)=vi=(20m/s}(1.28}=24m

a. Identify any missing steps and/or errors in the solution.

e QVELORE \Je,\bc'\%'\.| s opoX Q0™ b [IRS

O% &
FOETO L ovg
2

b. Provide a corrected solution if there are missing steps and/or errors.

K-¥%)= Ve = () {129z \Qan
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2.2.17 Design an experiment You have a track tilted at a small angle, a toy car (not motorized),

stopwatch, and a meterstick.

a. Describe in detail an experiment that you can use to determine if the car moves at constant speed, constant acceleration

or changing acceleration along the track.

T order Yo dehecmine e %-\i;pe..
crbioide o Wil Creade o Ye<dalo\e
Oul e.‘ﬁfwr"\meﬂ"c L,oe, W W SYert  Ywe cor ox Se\fer_\
A ECecent po brong o\cﬁ the  Yrock ond meoasure

"(}V\Q *\ﬁ'\@_ \‘\‘ A&‘o\\kcg '\‘O reo\r\r\ ‘\’\[\Q \QQ‘\‘*OM 'ﬂ/\en
WAL o piw‘}\' Ahe whogdies o N s e yu(w;r" C,\*Dck reo»c{m

M linece ar a; ~3h lm]’)/w& CONStamt ve loc w? ora(oo(i c. |mPhe_r;
b. Sketch the apparatus. Wntc on the sketch what you will measure and what you will calculate. C,Ohs*t:am—(; acce fevertien.

xn Q B

ok motion e Toy Cor
\r\ﬁpoﬁ—\/\eslg. For

i;"**.-“

€. List experimental uncertainties and how you will minimize them.

Where, ode  opeertoantisry o oot c?ucm-%l%'ieg We Mea el
e

e dcdpnce ond e Clodk reedina. Lie con pMinimize

oy perlocming ma y Yreale,
~
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d. Perform the experiment; record the data in a table and use a best-fit function for the data to make a judgment.

Sroden® s shoold pertarm The  eyperimpns

N N

e, Write your judgment about the car’s motion.

T™e  doXa SRR Yee  Conshant accelerotion
| ‘M’Dé@,\. ~  pantian

2.2.18 Design an experiment You have a cotton ball, a stopwatch, and a meterstick.

a. Describe in detail an experiment that you can perform to determine whether the cotton ball falls with constant accelera-
tion or changing acceleration.

for Wi ‘??‘#P@:*“’*-ﬁ"‘*"” we wa N uge o vaokien dedeclo . Qonn&(,.‘i:'ﬁ.c\i
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b. Sketch the apparatus.

- “retian
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; O ~CoXen \Cb\\\

. ' ) o o activity continues »
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¢. Write the physical quantities that you will measure and the quantities that you will calculate,

e Qc._-,.mpu*\-er e\ mecsore Peﬁi“\i%f\ anad Cloe i r*eo\c;;f\g.

'—'\'\[\e- (. Lo W\|(-:U \ (¥ 2 k \f \e’\[\ c \\‘&L) \G_ x : ‘ \JQ.\ .] . ’ , ‘{ f\/‘\ ) |
’! 1 : % e r \ . 3

d. List experimental uncertainties and how you will minimize them.

V\Wwere. ate WUNACerdal rxlr e A Ywe QoS! Trawvy
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Poewn Wi oA narease XV fuaer o 'C.’..E_x\\e(_jknﬁﬂ 3

Se ot pore Qode. 1L da e

e. Perform the experiment; record the data in a table and use a best-fit function for the data to make a judgment.

Shodensts oyt Vaﬁf v Pae  evpen peret

NG inlude  dimeir dole

f. Write your judgment about the ball’s motion.
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