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EQUIPMENT

u 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

O Metersticks

WV atch with a second hand

Fancart

Metal track

Motion detector

Computer

Stopwatch

Pulleys

Strings

Small block ofabout 30-50 g

O O O o o o o O



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

=0

80
t,= 100
t,=120

Clock reading t(s)

Position x (m)

xth =640
X, =500

=360

xh=220 t=

X,=80

X,= 60
X¢=-200

a. Write everything you can about the bike ride and indicate any patternin the data.
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1%46 & lace: 240%
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b. Construct a position-versus-clock reading graph for the bike trip.
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. Write a function x() ofthe graph in part b.

1&) = bt
P EHER

1%+ O,
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i
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|
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d. What is the physical meaning ofthe slope of the function and the intercept on the vertical x axis? Explain whatit means if
these quant ities are positive or negative.

! e A
e o .\ :
| pec unid of Aime. -
¢ YX=10deccept L +Be Fime
>ead Y-0.

2.1.2 Observe and describe In the table, we provide data describing a glider moving on an air track.

Clock reading t(s) Position x (m)

t,=0.000 x%=0.01 {,
=0.133 X,=0.07
t,=0.267 %043
t, =0.400 X=0.20
t,=0.533 X064,
=0.667 x,—0.33

t,=0.800 % =6.88

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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~ 0,500 2o EERICN rteen + 7
V, 4 ~

b. What common name could you use for the slope?

\JQ \OQ_ \'\\' \} o :(93 o

C. Use the graph from part a to write a mathematical function that gives the position of the glider as a function ofthe
clock reading.

XY = 0.0V + (0ug Dy
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d. Would the answers be different if data were taken for the back of the glider?
r - sm

Yes, the @l gecinn woold ve Ailfrond

+kece A€ +he X-oxie reccepr 0010 |5 ALl cont

i

2.1.3 Analyze The figure at the right shows a velocitys v(m/s)

versus-clock reading graph that represents the motion
of a bicycle modeled as a point particle moving along a Ji
. . i o : 4
straight bike path. The positive direction ofthe coordie |
nate axis is toward the east 2 ;
ot
0 5 10 5 700 ©)
—2. I
.
4 ‘

t=10: —> Xz vtz H2 - 1Ds = UDm
t—.\gg ____) X . '%.\S":): (QOM

' d = \L“Xi = (pDN'qOM - sy

b. Use the graph to estimate its displacement from a clock reading of0 s to 20 s.
r‘ —
‘ t_ - — X-0O+

t= O->»Y- O%

A: X;'Y‘, = %m‘ Ov'v-: ((?Ol\v\

activity continues p
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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 ifthe object is moving at constant velocity.

d= R~ X & Vi, V&, = V({z'ti\) “ V&t

aleor, o T QUeN codec Carve. Oty time \nterval

4

2.1.4 Predict and test Gather two motorized cars.

a. For car A, 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 ofthe velocity (the car's speed). Make a data table to
record your measurements,

-Dt‘(){b SUR0.C Fc):‘_"“s{‘_,; ¢ o Yho (;o..r ~ e coe Ly :,:n_,C\ ClOC‘k
(‘ee.‘:\.\r—.o__:'-_. 'y PG  COMETD 108 Lot 4. proutiee Ab o b of ARG i it el
o
P
f Qe
[ 6.
: 0. )

0. %2
1.07

.

x-0+(0.z ; €

-~
L

V= 0.20F

U.l;_{.JN"

b. For (_:ar B, use the same equipment as in part a to design an 'experiment to decide ifthis car moves with constant velocity.
~_Ifit does, determine the magnitude ofthe velocity (the car's speed).

&) E—
o 0 X(= 0+/6.524
| 0.40 '
a 0.72 Y
. V- 0.40

3 \ \q J

l\ ’ (e

Y 2.00

¢ 1al

3 3 [
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c. Fillin 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.

 Write the position-versuse

Experiment

Car A

«CarB

» Choose the originand

clock reading data for the write x(t) functions.
car. ‘
R, o — W ISRV N P T . 7
| s -
i 0.20 Xl = O (0-’1og\t
B 0.3 g
f 3 o.tel !
t g o.=
i 5 | .02
|
|
1@ | Yu—
o 2.00 ‘
| 1.to0 | Y(=: 2.0+(-0.40?7)t
) v.a0
3 0:0O
A 0.400
‘ S 0-Oc
* Predict where the cars will < Perform the experiment;

meet.

record the meeting locas
tion and compare it to your
prediction.

[

i

1.=X%

|
1}

po5) :20_0;(() Thhey meed ot 0.5

(po#) -2.0%
t - 3.33su

~

o 20305 335)

Y = 0. blewm

Very close 4o our

'i) » L\ pe. o \3(".\' .

WL
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2.1.5 Observe and analyze You place a cart on a
smooth metal track tilted at a 10° horizontal angle.

The data table provided records the position of the

front of the cart at different times. The x axis points
along the track.

Clock reading t(s) Position x (m)

t,=0.00 x¢=0.00
t =0.50 x,=0.21
t,=1.00 x,=0.85
t, =1.50 x=1091
t,=2.00 X,=3.40
t, =2.50 X, =5.31

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

-

\'

v &

/,-
T
A
Tt g

b. Draw a position-versus-clock reading graph for the cart. Discuss whether the graph resembles a position-versus-clock

l.reading graph for an object moving at constant velocity. s AR
—im—t-— o —-- ' .
* T ] e 03‘«9\'\ 'S Aoy o
= 1 | stashs lie . Te cack
BN roves +ojller o«d Hgler
Te elol . 0s cosly
! P :
A e ikt 2 v -
— T
6 % T
i > 3 7
\ \ 4
KINEMATICS
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C. Calculate the average velocity for the cart for each time interval and fill in the table that follows,

e Timeinterval At = t,—t

0.So0

O.£0

Displacement Ax= X, —X, -

\ , ta

AN

» Aveage velocity 3

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 veloce
N A\ ity coordinate should be in the middle of the corresponding time interval. Make a best-fit curve for your graph line.

o S -(m e —p—
1 ! | }

L‘ e x ...i.......__y_‘.....-.__..

1<

-
N
|
=
|

e. Discuss the shape ofthe graph: How does the speed change as time elapses? Suggest a name for the slope ofthe graph.

e arapn 1L o Shredary Vine o e \;‘Ol\.wc_.i'\\\-'(

~

C-\‘\N\“‘-f“-a >y @ Concko,d rodp
~—

-

Soag@leg\ MEme dac Ve flaie b @rcelerudisa

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 ifyou started observing the cart when it was already moving down the same inclined

plane. Discuss how the equation would change if the cart was slowing down instead of speeding up. How would it
change ifit was moving in a different direction?

VE) = o s (\.'7 ::y;t

- J¢ se slotrael ogwra 4. ‘1\ clat' d +ke

Be vopaccht . I -
o0 ld be areal«r Kk\Ac 28¢c0
-TC Ve Cord were <. na . RPN +ae

Weudd o ramakior slopt
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2.1.6 Derive Use the method developed in Activity 2.1.3 to find a relationship between the displaces
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-
£lock reading graph and examining the area under the graph line.

AR e d o oo

, the éCﬁs oake« ke core cducine

a.- - t L etc+ £ +ie ™
: - ae
) w 7 e (\)
\J o
— At +

=\/ At + B/to4c

7 = Ae"la4d

Ho 9 — o>

2.1.7 Analyze Assemble afan cart on a metal track, a motion detector connected to a computer, a
fneterstick, and ajsf—op\ga{&u. Tlle @r{ \is RAGWN to move with constant acceleration, but the acceleration
?s not known. Start the fan cart at rest on one end ofthe level track.

- - +
) = \. O\
a. Measure the tlme\l‘nerv}ﬂ Réaed 'for%e Cart 10 travel along the track.

AX = th + -\:_c\tl

. dF 2 (V.5
b. Use the concepts G%VeTopeatsg farto detem%ne;’fi’rg:acceleratf??_; .of\t_l_g@arti a@ymng*ﬂ}egdt is constant.

.S
o




activity continues b
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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 uncers
tainties as a result of your equipment.

Te &tFrecce bOre«w Ae rcssocd ons ca\clad v\e

'S \)*-).\ ‘\"\/\:_ N *'\\( \\‘M“ 3 s A(: aw FF L % .|"n ok {\-:&Q ‘ Ve '_r_: '&A* (e s
™ t‘* - .
UJQ&%MF.;“qé—Dcceeakim \)f f&@aﬁdlﬁ(e ‘cloe& < o.h Sec
4 & Caska+ rs%. e We |
e r i ruler?> ()’Ole-
C\(l" re

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 cone ;
nected to the cart on one end (see the illustration 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 |
watch with a second hand. y L

»

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

S‘\x)c‘\@.«\r"\& \CKXY\ 9?(\'(‘0((\'\ —\—\\Q QYPZ“.,“AY-_.Q-I,%
|Ge.
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b. Now place atoy motorized car on the right end of the table (you now know its constant speed from Activity 2.1.4). Pres
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 to help you make your prediction.

Motion mOde\ re ,»,\_l_ y X= }et

, I . -
C Mallar B & st Gt CoE Y X = ¥y * Vt
1wy . . \ )
tee ;;‘, ", s .! AN & = (XC \.t ¢ Il U Q‘;\ (‘_O ‘.\l':”{i‘\\? \ & e ”?' :\_1- ‘ A:”'.l

C. After you make your prediction, release the car and the cart and test your prediction. Do the results supportyour predice
tion in part b within experimental uncertainties? Explain carefully.

Skoderts  Yeud pee it ian putha

Q\/\PQf“\ mey—,

2.1.9 Analyze The data recorded in the completed table are a record of the up and down motion of the
center ofa ball thrown up into the air (they axis points up).

Clock reading t (s) Positiony (m)
v = 0.000 yo = 0.00
t, = 0.067 y = 024
2 = 0.133 vi ¥ 044
t = 0200 y = 0.60
tt = 0267 g = 07
t5 = 0.333 ys = 0.78
ts = 0.400 vk ¢ 0.80
t = 0467 y = 077
ts = 0533 ys = 071
to = 0.600 yo = 059
‘0o = 0.667 /lo = 0.42
ti = 0733 ¥ = 021
41 = 0.800 s12 =-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.

'rOe\.%a

d..eglr6_

vi >

3 > e
MY S A VAR
v

v

[V
D w%velocity-versus-
clock reading graph.

* Draw a position-versuse
clock reading grapt -

U se the velocity-versuse
clock readingto determine
the ball's acceleration at
the top ofits trajectory.

S
N
A=
(’.\.\
b & \
r ¥| ‘.
PO I
oMs 0% T

UJse the velocity-versuse
clock reading to determine
the distance thatthe ball
traveled during thetrip
from clock reading0.000
t0 0.800s.

Yo o
W -

Find its slope. What do
you call this slope?

Slee =-0.2 «I

his «s +ke
acceleral .n

V-V,
£ =Sloe
B, -T,

_ 102 «/+
Tci #ke slope
S ¥ 1m?P, -
s k<e sdre ' e\
k& > trouS():

\‘
ke Lo\lI's ro)won

What is its velocity at
the top?

\“\op - OMIS

Can you reconcile these
two answers?

Is alsy:
+tree—| 2co,}

VEBoe.k pe>s
Coos\oak.

Tke sh«e& crec in&ales

+he di<lace krauelel IU
+ke object. Srace Ake O

tcaa)es ar< osgreak,i+
's on\y eccssary_ # Clalo\¢
+le ocea e# one cad Oble .,

r- 2 -20,(05)02))

¥: Mo «

: '\\? N

' yes 1t is possiple tS hove zero veloe ' d
0 -on-zero “4gts

lecakio. Toe No\lI: velocity
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2.1.10 Summarize Analyze the information in the table below and complete the empty cells to sume
marize your knowledge of motion with constant velocity and with constant acceleration, using differe

ent representations of motion.
* Describe the motion. » Motion with constant

+ Motion with constant
acceleration

~—t+

“The object's velocityis—
increasing by the same
amount every second --¢

forexample, acart going
down a smooth track

| tilted at an angle.

velocity
* In words, providing an e a_« _____
" example =
(A er a
{\a . coc
X
i
WVith a motion diagram
~
L]
o T v
e
R:O
« With a graph of positions

versus-clock reading

\

+ Mathematically as (t) I

-

4

P U L -

x=»+vi+ 1 g
B

2

activity continues b
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« Describe the motion.

» With a graph of velocity«
versus-clock reading

Mathematically as v(t)

* With a graphof
acceleration-versus-clock
reading

* Mathematically as a(t)

Motion With constant
velocity

v

jyms [|

v(t) = const

[ g ST =

f ¢
all\= 0

Milotion with constant
acceleration

T =

v
i
!
\)(t\'l \J& 2 (Lt
e
a(t) = const

2-16 CHAPTER TWO KINEMATICS



2.2 | Quantitative Reasoning

EQUIPMENT

o Track

o Low-friction cart
0 Stopwatch

u Meterstick

0 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,

SIMPLIFY

« Decide ifyou 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(t), v(t), and/or a(t) graph.

REPRESENT MATHEMATICALLY

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

SOLVE AND EVALUATE
s e

« Solve the equations and evaluate the results to see ifthey are reasonable, To assess for reasone
ableness, check the units, limiting cases, and the magnitude ofthe unknown quantity and make
sure they make intuitive sense.

CHAPTER TWO KINEMATICS
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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.

27

-200 - 100 0 100 200
th=0,x%=0,
V=40 ms
| | 1 I I
2 : — B = BLA4) :
100 0 - 100 -200 -300
to—=0,x% = —100 m
i s | 1 1 1 x
— — &AM '
0 100 200 300 400

to =0,x¢=+200 m

a. WhQisetQ‘% %r{\s (v&loc_’@\i i& ﬂgﬁmag?er rs}e;erﬁgrﬂnﬁs’?

Relerence Lrome 2% Nz -UD ™|

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 coﬁnate systems shown in the illustration for parta.

t=0x%= -200m, v = 10 m/s

QeQ—crcnce ‘Crcw«Q Q A ’-‘lOOm' Vz-\0ng

Roekerence Frone 32 Y= , V= \0Om|g
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¢. A motorcyclistrides west on the same road at constant speed. Her motion is depicted in the illustration below at one pare
ticular time using one coordinate system. Describe her location and velocity at the same time, using the last two coordie

nate systemsgiven in part a.

} } } } } x (m)
--200 =100 0 100 200
t¢=0,x¢ =+200m, Vo = —15 m/s

V'c L. YOT’BODM \}1\5"“,5_

] '

FPEE s lmon | Wa -l

0

2.2.2 Picture and translate The driver of a car moving east at speed vo sees a red light in front of
him and hits the brakes after a short reaction-time interval. The car slows down at arate ofd ® A
typical reaction time is 0.8 s. The situation is represented in the picture below. Note the details in
the illustration.

Wants to stop: Foot gets to brake: T Finally stops:
=0 t = reactiontime t - time when car stops
x¢=0 X = position when X,= final position when
V,=— fiot hits brake car stops
al%,=0 Erl i
o= - O de
- —,
—— | —— —Patd——— - ————— — —Pagt |l f— .
a-Whereis the originof thereference frame?
t=0
X=0

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

Ink6\ velets s ssh caked on drauina
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2.2.3 Picture and translate Assume Jabari is running at a constant speed vo, trying {0 catch a bus
that starts at rest and moves with the acceleration aS.

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

Object 1: O-~jects | and 2 later:
to Object 2: 1
-person 1) % -~ person
"'person 5 -V / xe[so constant,
— Oecon Vhus = 0 i o= bus

0<am

8 ‘
| _ (D i H
—‘;O»ﬁﬁ ST
accelerates from rest
Part | Part 11

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

Y clcqce {core S € Los s sed 4.
\he llislclion.

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

2.2.4 Represent and reason Anapple 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 0f9.8 m/s? As the apple sinks into the

grass, its speed decreases, until it finally stops after sinking 0.050 m into the grass. Represent this situas
tion with a picture, using the techniques from Activities 2.2.1 thréugh 2.2.3.

A&lice. K€ gos. .t o—rec}an S

- ( A 1 B O
{ “% Bose to be do. Te sias
- - ¥z0
\ 3 +ke - occelecs” - wvcscs CB as-le+
il | w— Ak . Cr.ce '
gmf
L7 |
. 3
. e \A:Q.OOM
—2— \»37-3.05'(\'\

&
«
> 4

L5
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2.2.5 Represent and reason Truck A, starting at rest, moves faster and faster toward the east so that
its speed increases by 3.0 MIS each second. At the same time that truck A 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 mis each second.

ofa 656 .

0

A B
cf% 6> _
0

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

* Truck A (coordinate * Car B (coordinate
system a) system a)

I ndicate the value ofthe
initial clock reading. i

: t'o_O Tt -o

* Truck A (coordinate bar B (coordinate
system b) system b)

activity continues b»
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I ndicate the value of the
initial position.

« Indicate the value of the
initial velocity.

2-22 CHAPTER TWO

T ruck A
(coordinate system a)

-CarB
(coordinate system a)

ke = O

* Truck A
(ooordinate system b)

*TruckA
(coordinate system a)

Xo . QOQN

«CarB

(coordinate system b)

i

} A,

-CarB
(coordinate system- a)

«TruckA
(coordinate system b)

\/\3: \L-‘M {t)

-CarB
(coordinate system b)

KINEMATICS

= \lom s




+Truck A
(coordinate system a)

+Car B
(coordinate system a)

« Indicate the value ofthe
acceleration.

Q\‘j 3«\/\{5‘

e Truck A
(coordinate system b)

Ono= SW\ \51

aTruck A
(coordinate system a)

e Write equations that can S i SIS SUER

be used to determine the
Y G712

position and velocity of
S
g =

the vehicle at any given
T ruck A

(coordinate system b)

clock reading in the future.

EESCRATVES

CarB
(coordinate system b)

-Car 8
(coordinate system a)

»Car B
(coordinate system b)

‘ Y()= (’2()0'\\ +
LT

x<<-Cu?)b , ! (‘\'%Stl
XZ6.th

\ 8
st
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2.2.6 Represent and reason The motion diagrams in the illustrations represent the motion of differs
ent objects modeled as particles. The arrows are velocity arrows.

>
fcHNS WY WS W S W — X
0 |
)
C.
Q
Il ?
1 |
a.[
V

0

b. I
S € — A
X — %
] —
(] TO de 0
Il
(o]l
~

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
words.

a

Slcnce dco»

is +he edll e
dcec\ion

b.
516«g dos
?i +he oegetive

rec\\ss, ‘Eores
to. a SOp €N
Sped o¢ is ‘W

PC-e cc

* Determine the sign (+,0,
or --) of the position.

« Determine the sign (+, 0,
or ) ofthe velocity.

 Determine the sign (+, 0,
or -) ofthe acceleration.

Location I

X®

Location I:

X 6
Locatid @,

Location I:

NO

Location I:

Locatigyt @

Location I:

@

Location@

a

Locatign @
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v,

» Describe the motionin
WQWS.
[ | -
U-S ] dl | |

jd-rec=~, Ccres

|
:40 <<tp heri'
E)S,Z, @, lr

r

ngg@so ~re.m

*» Determine the sign (+, 0,

r -) of the position.
Iocatioh) I: @

Location I1:

a'@

W (&
¢ =

Location ill:

« Determine the sign (+, 0,

or) of the velocity.
r. " G .
| LocatioQ,I@

Location II:

V=0
V&

Location IIE;

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

Location I

a®

Location 1I:

O

location Il

0,0

2.2.7 Represent and reason A stoplight turns yellow when you are 20 m from the edge ofthe intere
section. Your car'is traveling at 12 m/s. After you hit the brakes, your car's speed decreases at arate of

ﬁe—rms each seg?% —Fill in-the-tablte-that -fotlows: (Igmor;the-reactron time neeqeql-to bring your-foot-

frbivtke floor t brake pedal.) S 2
-—S+<e&1h the snuzﬂ&’f + Dray a motion diagram. : Draw an x(t) graph. Dray aW{) graph.
= : |
x-o £: 200 " |
| . 27 |
| = > | ° :
! % |

+ Write x(t) and v(t)
I expresyo

6+(sS - 4(5)

—(25)-(5)¢
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2.2.8 Represent and reason You ride your bike west at a speed of 8.0 mis, Your friend, 400 m east of
you, is riding her bike west at a speed of 12 mis.

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 ofeach-bicycle-asa-function
of time. o

SOLVE AND EVALUATE

* Use the equations to determine when the
bicycles areat the same position.
“Does yourresult make intuitive sense?
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i
A
%

W .-13,,_ SO S S S VL VO WS = S
. o -
*Nr Fenlg Vz\aml,
e o
o
o jp s
™ o oo 2
[ (eesee
—l..\"

BEVI=X, VT
«=(2)¢

Y

co-(d)

Loo m

" -
-

S

Y
T2 100

Y = :
~(3)t=10-5t
4c0.=(a3)t -Z)

€
~ ok
exd= X,+Vt

X«)--0a , (35)%

Yes, beco9se Iy
Tenm +rue'na

be Too <csds Is
" ,
‘@-'ok P

\1
A,Cc«ts« ce

is Ca.ke *+ «slI}

> HN/=at



After you fill in the table, complete the following:

$"‘/ ~" Draw a position-versus-clock r—~din ——ph for each bicycle using the same set ofaxes.

400 4

o m..’r.._-..\"......_f_..~i.._.l. -._.....E ’
N N W 7 4

e (9

X (Ef\e"rc )
D

g

D

- & l{r y

C. 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?

es

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

| U@, +he l«e 'ksec A he poar (100,00) 5%
+€ cloc rcadire ot Be ioe 4 Ake ilecseckr

-
-

\S 100 seconqe

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

N a
n ==
e T
(6) r =
(Sam&.\)

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

VeS, I rae pssiwe VIO\ becsose ke on\isS
<r Ke posSty Y-Adecna

2.2.9 Represent and reason 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 together
might describe.

a.v=+20m/s t (-2 m/s)

b, r=-200 m + (+20 m/s)t + (1/2)(-2 m/s) 2

» Describe the motion in words.

cos Is S
1o IO i St +r6ale at 5078 200
AT ) mlg? meteI’S bel're 4he %+ |+ beg|ns

anﬂza)”‘ -
Ao Slewa Aowun 4 O cale ay osi.
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« Sketch the process.

» Draw a motion diagram.

+ Draw a position-versus-time graph.

Draw a velocity-versus-time graph.

* Determine when and where the object
will stop.

O 0 caz =2m|s
| g r
(meders)
s .
T T v v
| s o o
i —
! AV &
|
|
f x PO, ]
i S I
,;r:'\ \ //‘
:Q' i /"
tx VI P
i€ ;
™~ §/
[ i/
iy
A
P
¥
i
¥
£
! L, 3
(5econds)

K=-200-CoDe - (23—
- Y=-200% +(36;)16, -1£ (s~

| X = = 100m
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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 ofyou?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.

Tfssopg20

& _s red-led as
O poiO (gsce

D Rece63,s s Co:-a”™
ACE sle des.r pasé
O 6ce ) Ls« eprs:se

ins+oh 2 I
Y=X; +Vvt

-S0,-(33.2) Yor

bccoose 1 cs slor —Hi5 is S<«<el«ws %
O 0? Kk ho- 4a¢ +He ef+ R —+e slppd
re 3stders8. + g 4.. -2/. 4 O], corz, I 1l cca-

2.2.11 Regular problem Your summerjob is with an automobile accident avoidance research team. The
system they are investigating sends outinfrared radiation from an avoidance device in the car. The
infrared signal reflects from an object in front ofthe carandreturns to the avoidance device. The device
measures the time delay and is able to process the signal in 0.010s. 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/s?. Determine the shortest distance to a stationary object on the freeway that can be avoided with

- ]
.jg-res»=Eksl € e re oorer ith 4 pats

this device itﬁ?e car is travelin 8 mis (63 mph). Infrared radiation travels ata speed 0f3.0 X 10 m/s.

I 6
0 - 'L 17 11 ~oT\--e —— Y4t s\o—0~ ~Sittlce X3
( OC © 00 p° O0h oc tockcards 4 ¥,
¥=0 Xt - X %
€ sole G, X B e Y%
V,-v" . 2Ax X=1,vt
o:&zg, - 2(25) L A — 2%%)@33) X=X +VE
MA 4, I m 11N
y + $09.)- . (-22(3D
_ JH70 K,=X,+vt — o
Y- H1% 0.0 .- . —?(OS) Y,= $0.%

¥,- 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 yourselfas a particle to
solve this problem?

- Te vkiecl is

(oele s
<t gee.

ol«ssh GO {>>e . Tis «cckler8so <o € Soc'y
Case igre Ta reld4u, your Oki s YyoO pa ld
ea aloin to accelecBn Ae ©C €I . |ger
Period c{ Ise ,

2.2.13 Regular problem The fuel ina bottle rocket burns for2.0 s. W i le burning, the rocket moves
upward with an acceleration of 30 m/s2

N
4sre
a. What is the vertical distance traveled while the fuel is still burning, and how fast is it traveling at the end of € burn?

4). ea —(=°. .
) a=z00 — \0eXa)'-go

«
V" - 2003X _ 31005

'S

b. After the fuel stops burning, the rocket continues upward but with a velocity dccrcasing at a rate ofabout 10 M/S. Estimate
the maximum height that the rocket reaches. What assumptions have you made while working through this problem?

o-—<(5"Pl-

|£f | S; re>> lo,.
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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 mis. 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?

= Ll
_r
=TT i s
N 7\- == ))—y—')
L 7 s 2
od-:0

A&M“‘Q.: - Accelerodion i B (Qﬂ-f.lﬁ-f“;;*.' dorvaa collies N
> VY

- anoce okeracdiane Lrom other Q\éiecﬁ\s_

‘FOO*\QC\\\ P\Q\fe( vi enodeled S O («'«..S\(\‘\ P&f*ki(,\e i

2.2.15 Evaluate the solution

The problem: A firefighter slides a distance 0f2.0 mat 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 sp'eed at the end of the slide and just before she contacts the floor. What s her
acceleration while stopping?

Proposed solution:

v=vih+at=0+(9.8m/s)(2.0s)= 19.6 m/s
a=(—Vv)/2(x--x%)=[0 -(19.6 m/s)]/2(0.10 m)=-1920.8 m/s?

a. ldentify any errors in the solution.

\

TI% < F "uers oeelacokisn «as 61 n1 B . €I overage
Sped as (2)/(a- ~\"1, AssONs coOsAa+ accelerskion,

ker Ll speed ocl € 2"/, S% the accelecason akiie

._::,\efpgﬁ:.@ %: e R, Y M [
LY Yo) O- (2 52) ]

2(-0.10>>
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b. Provide a corrected solutionifthere are errors.

| Becelerodion m\:\"z\e sdepp! no;\"
V, -V.

i

o- 2w

:

)

e —— —
- -

2.2.16 Evaluate the solution

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

2¢-¥.  2(-0.10")

T 20 M

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

Proposed solution:

(x—16) = vi=(20 m/s)(1.2s)=24 m

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

-

[ 'n_e, <UU"2F \ie_\cc\*‘i b

] 200
—a— = \OMYs

no‘k 30‘ 4

SR

b. Provide acorrected solution ifthere are missing steps and/or errors.

P - - e ————

| (%% = Ve = ()1 2= \
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2.2.17 Design an experiment You havea track tilted at a small angle, a toy car (not motorized), a
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 O delecci«e +l1e type cnoNion ke O coc
it: oe i1l creole c le:loBe hypothesis. OF

(PR

r apefseat .ue ill Skork —+e car+ Ot severel
Geres\ post-sos oleo. #le CAC ad oeosOre
Rue kce skes O reock- Be beltow, Ten

We ce plot ke :Ar-irt (o tw versi: clock reeding

leer prop ioples conscone velecrty d-a Porkolc irpls
at-you-will measure and what you wil'calculate. CO»Ste»t> accelercrt i .

% Q ®
LA

£-List-experimental-uneertainties and-how-you-wHl minimize them.

*Cat h"‘

Tere e oncem— - g in boll qualies «e easoG,
M

A
+le d|<Ia([10e owd € clock fedO. € o winize lke
Petlorm "o A 0\
by \ MA \ 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.
Whodens =, shoold peciacm Yine evper,mens

e enhode dHade Ao

€. Write your judgment about the car's motion.

Te daa suppocB -+le Coos\an+ ace\ecotea
oldel $ —isa.

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

a. Describe in detail an experiment that you can perform to determine whether the cotton ball fall Is with constant acceleras
tion or changing acceleration.

S W

:\ 6 AC eypet>>e te S\ use

be o, (sgtec He plot MWe go&risn uk kcae., and tke

|Vé4<sts‘, ; e Ace. Ue (O «ele R£E(tea\ genclias Kr ea
) e

49ype > «HBsn.

Ox. «“Ao-\\zm Ae*\cc'\or Qonne(..l'ez\_\

h

b. Sketch the apparatus. ot ———-—ﬂ ~wotian

o Aetecta

- ~tatton \on)\

activity continues p
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c. Write the physical quantities that you will measure and the quantities that you will calculate.

Te compler UN Gapee pesdis ond Clock reading .

—te& computer € ca\cololc: B O+S uwsing +he
dals. allecAe~

d. List experimental urcertainties and how you will minimiz them.

I \&Ce cre . 45 poOS#ion

‘ VNCe oy nties N *\I‘\ne. \
On clo< feadie voecom-okl T€ Silsize
Mot BB €0A AL le nu«<oec I, es\leeN\ _¢

|
i So Yo pote Qoo 1L dalhen.

p.-Perform-the-experiment;- record-the-data—in-a-tabte-and use a best-fit function for the data to make a judgment.

Studemts ol ¢ v twe  eypen pent

X
ond Sinc\ude  Hneir c'xoa-,\?c? o

f.-Write your judgment-abeut the ball's metion:-———
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