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Fill in the correct information for segment A, in the
graph on the right.

10

Displacement = ?t‘«

Vaverage = Zm /8

Distance traveled = ‘/”l

Position at end of segment = iﬁ i |

: >/
] 2 4 6 3—"10

Time (seconds)
]

Fill in the correct information for segment B.

Displacement = ZIVL

At= 25

Vaverage = _Z (s (é

Distance traveled = ZM

Position at end of segment = g

Fill in the correct information for the entire trip (segments A-D).

Displacement = —Zm

at=__10s. s
“
Vaverage = 0’ Z" S
3
Distance traveled = / 41‘1 2
e _ 1 =
Position at end of segment = _{ 2m Velocty |
(m/s) ¢ } ! )
EY
2
3
Use previous answers and the distance vs. time “
graph above to fill in the velocity vs. time graph e J
on the right. Time [seconds)
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Physics 100 (Stapleton) Name:
Notes: Acceleration and Motion Graphing :

Acceleration Notes: l/ ;‘,A/r Q/ ,/,,«

\/"f'&(,:"’! / tells you how something’s posmon cha.nges dunng one second.

[444 | / era 7‘/ 2~ tells you how something’s velocity changes during one second.

Is acceleration r’s:c:’éfa? quantity?

Acceleration can happen in two fundamentally different ways:
1 S/ﬂeao( can. chanse ﬁas/«v’ oL/ ‘f.>

2) p;‘rga,ar'fo - et c__Azm, L2

Negatlve accelerauon is also called ﬁ'{«"

Common metric units for acceleration are: /‘y
A or

The Analogous Relationship between Velocity and Acceleration;

.e&‘t‘»/{“u o 7/r£‘zzL

If Pam has a velocity of - +6m/s that means she travels 6m for every second that ticks by Another way
to say this is that, for each] passing second Pam adds 6m to hier position.

Analogously, if Pam’. sacceler '\on1s+61;/vs/s,j]nsmeans 7/'f ”’RV-/L PR 5 “‘
gcc}m.{/ 542 4/625 5/‘/{ % her Ve/ﬂ4'7z)/

Velocity adds 5{205 7o, each second. i \\"
Acceleration adds__ Ve loe 71/ each secondo ! z'\‘
K3

Aﬁﬁ;ranon is the slope of 4 a V [ l’é\cr ¢ '/)/\vs f 2. graph
N AX
Th lerati . T
e acceleration formula: v = A ¢

Velocity describes a change in position over a time interval. Acceleration describes a change in eloclg
over a time interval,

AV
pata

Qaverage =
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Acceleration Formula Practice Problems:

1. Suppose your veloclty @ ne second later, your velocity is 6m/s What is your average '
acceleration over this ume p io

d?
O
-y
<
2 ‘When your watch. reads 8: OI@AM your velocity is 6m7s At 8:01; 40 AM (on the same day),
your velocity is 2m/s Whag}syou: average acceleranon over this time period?

022 [29af ) y%

Motion Graphs: A{-’ . 35, ™ \

\

Each row of graphs below comprises a position vs. time graph a velocity vs. time graph, and an
acceleration vs. time graph. Every graph in a row conveys the same motion. For each row, use the
one completed graph to fill in the incomplete graphs with reasonable curves. Some rows will have
a wider variety of possnble answers. Assume that all acceleration is constant.
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Geaph Comparlsons use the information provided i one graph to complete the other two graphs. Be
wware that some graphs may be wnrenistic, and some may have multiple correct solutions.
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V.. Ax =AvV
Physics 100 V= A/é & ngme: éﬂ Svers

Motion Graph Calculations Practice

Show calculations for velocity for two intervals. Then use those velocities to find acceleration. _)5A
P vz
@ : Vz-6nm 4 / s
i Ts 5 ° =Z/_&”_s
»
=
\ \ Ed -
=L -/~ € Z—+ /5=,
AN 4:(4 (L)»ygéu = a,g Do
§ H
H /s ® s
) s = _
R as ~-¥mf o =S5
{ s /5
J \
2

/s
R RNl 4
T

=<\ .
»w
U
=)
ALl ?
I
)

° 5 g @ fo
@ = R ve b dy
:
= lstogy - & 4v_ 044
£ 2 a= R Qs ==
L £ PR - 4 2
s Z
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Physics 100 Name: j/ &

Free-Fall, More Kinematics Formulas, and Kinematics Problems

Free-fall: The state of being acted upon by only the force of gravity. Objects can be in free-fall if they are moving
upward or downward —as loqg as there is no air resistance or any other force (other than gravity).

Free-fall acceleration: -9.Sm/s’}or -g. But we will probably use -10m/s? most of the time.
N

The diagram below is intended to represent an object that is launched vertically upward in the absence of air resistance
{i.e.in free-fall). The diagram appears to show the ball moving sideways, but it isn’t moving sideways. The apparent

sideways motion is unavoidable if we’re going to separate upward-moving objects from the downward-moving objects
(as we need to do for clarity).

1 Fill in one of the blanks in the diagram with a made-up value. Based on that value, fill in the rest. Estimate by
using g:lOm/?
1
1
/ {
N A
\Y
l
o ra e
2. Write the formula for - -

acceleratnon@@g >
/ from rest), based on
“time and displacement:

n/ =0
Example Problem: Stzrtingfr 9 student travels ame m atime @acceleratlng the entire

time. What s the student’s acceleration over this 2s time penod?

SEER 0
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3. Write the formula for A\/SQ: / 4 t Z
displacement, based on &
acceleration (starting

from rest) and time: ,t.)(\;c“ “s m‘”[‘ DY Aa f,‘&‘r\./"y/‘

Example Problem: If a ball is dropped in the absence of air resistance, how far does it fall during the first 3
seconds of its fall?

pyeot?e K (CopEsSe —suge (7&}

'/\/J.f.u\fc A}/ﬁ —75’»1_

Review and practice Problems: 411 p)l o \/Gf/' P /

- -
4. Write the basic formulas for average velocity and acceleration. /IS /‘& “ce '@

A” s BY

/= T =
A AT
5. Starting from rest, a rubber band car travels 5m in 2.82 seconds.

a. Whatisiits average velocity?

7222 A

b. Whatisits acceleratlon?

. ZAX _
o= AKX =

6. The rubber band car travels over the'fast flocr tile in a time of 0.076 seconds. If the distance across the floor tile
is 0.305m, what is the rubber band car’s average velocity during that time?
— AX _ 0,305
V> ./'6 = ____3__,_.-. = C/I O/

A 0,076

7. A runner stands motionless. Then she accelerates at a rate of 3m/s? for 3 seconds. How far has she traveled?
= ’/ 'f z - |/ 2 2 2 2y
Ax = fatt = ) (BofD)(%) = ).542(%D 5y

8. A car speeds up from 3m/s to 8m/s over a time of 2 seconds. What is its acceleration?

azfl= L

9. A ferrari SF90 can accelerate from 0-60mph in 2.0 seconds. If 60mph is 26.8 m/s...

_ Lo~ - /- 26mf2

a. What is the Ferrari’s acceleration?

i A/\/. 2 é:g"z_s =
o 2s

b. How far does the car travel in those 2 seconds?

Axz g et = (zs'n/; (2:)®
e g,7ﬁ54(z/s)-2é.£m
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Physics 100 Name: /ZC}/

Notes and Practice: Converting Between Units

Example Problem: A car is traveling with a speed of 55mph. What is its speed in m/s?

2. 215K
Why does this method work? ) "4/5 _
Since Ite=d.2ph, Zo0 00"
We can @lways o /ff// 6 moasSuremtea 4y

Zz wi ot c/»arl? ing /‘){;’ Va/uc, Lt 7‘%@ wn s can

Some basic conversions: d&/yﬁ/ /63 cansSe souC

1m/s = 2.24mph 1 foot =0.305m 1km = 0.62miles 1m =100cm b {S
inch=2. = = i =

linch =2.54cm 1km = 1,000m 1gallon = 128 fluid ounces 1 gallon = 4 quarts ca nc_e/1

1 mile = 5280 feet

8 feet= Z—‘/Qm g&% = Z ‘/7.1

2 1sm= 492 teet /Spt A~z = Y92 £L
0,305y

[

3. A 5km race is 5 o miles long. 5/404(@452»“‘/:2
lewt

Z
4. Az{";mile marathon is 2 Zr-? km long 2 é. ZM /'/e_S /'é"‘\- >
/e

O 62 it
R TR 2 z,z‘/m_pz,)

/ m/;
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/09/44

. |
/2 /’%&{/2'596’>=30,&2~ 30.5=< /I

8. 7 quarts = /'7'rgallons ! fluid ounces
%{—iﬁ) 1755l 7%(/” > 22402

9. 5 hours = o'm Y1 &VP days = Q qu %eeks

. T )=l
_Ftxgs dcug-

10.  300feet= dagmile= O’D?zkm= 94 m

11.  Sm= 509 = /77 inches = /é ’qfeet

5 /00¢>’ Ry s, ‘/%\: 1977+
/}m/ - 2.5
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Physics 100 Name: ___ /750
Kinematics Test Review

Part1

1

What does each of these symbols stand for?

A A
R ?fsffcc»-w T4 b M O /.Vj‘::‘—/ 71;_:c
¢ x Pos/Towm o8 e . A 0" 7
et Flee (A /s Y wwr
. S ] eto ity Kew /e
0
e o aceslerton 5*“'”"5,,154.

Label each of the following with either a “v" or an “s,” depending on whether itis a vector (V) or a scalar
(5) quantity.

ance Velocity Acceleration Speed Displacement
s v v < Vv
What makes a vector different from 3 scalar m}lnh’lv? © ) /
1t e,

A vechr has Airection pmol smosn

T(45¢"/“f /0;5//"1’71' ,‘Ay/:'u»/c_ ﬁ/;fw//’o«

e number ine on the right shows the starting point il stnct
and the ending point of a student. The student leaves

the starting point when her watch reads 8:07:35. ' ' }
When she reaches the finish line, her watch reads

\

8:07:49. St —Ha Om 3. See
a. Whats the student’s At for this event?( YP— 3.%>

b. What s her displacementy” — 7, ~ —3-!_>

c. What distance did she travel?” 7, % P

d. Whatwas her avemgespnw 5/0,( T = _//q;
e. Whatwas heraveragevelnclw@ Vel J/: av T
¢ 7 TIg L

Arunner runs 400m around a track in a time of 50s, ending at the same point that they started.

a. What distance has the runner traveled? 400»1

i Fim
b. Whatis the runners displacement? £ (F‘;-w/ anel iy ot /
g Vions 2
c. Whatis the runner's average(gpesg? ﬁw/'; / .7%; Same

b. What is the runner’s average velglity? 0,,4/5 V= éx Oon

==

Sts

ﬂ;*:ﬁmg

r’(g Svs
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6. Match each of the position graphs with B (o] D
one velocity graph and one . 5 e . .
acceleration graph that represent the i i /“/"_ § o g o S
same motion. /

Position | Velocity | Acceleration
Graph | Graph | Graph E F G H
A

> ES r
[4 H

‘_,<, | J K

B F| D i i £

5 5 H

3 o Tmo 5o o g L o

A car traveling with a velocity of 21m/s slows down to 15m/s. If it takes 3 seconds for the car to slow
down, what is the car’s acceleration during this time period?

DAY -2 _éM i
AT QT 7 < = [22/5Y

A ball is dropped from a high place. The ball free»falls for 5 seconds.

a. What s the acceleration of a free-falling object? ab/h—"//}' O
az o fo2 ((Closrto ~9.8~/52)

b. How fast is the ball traveling after falling for 5 seconds? 74_
— ﬁ»\r( Sukotree
= Sopy (Shrt wtzere Ao O
/0»«—/; every Sece

The graph on the right shows the positions of a A 65
moving object at three different moments in time. : - N
\
3
a. What was the average velocity of the object 24
between points A and B? TX
— o Yan 7 4 N
V; T AL : 2 A
24 g 3 X
-
b. What was the average velocity of the object L \\7
between points B and C? ﬁ % T
—- =2~ = F
V - / a \
25 i 1C
c. What was the object’s acceleration? 12 =
a3

=Y —/—'—7)%__%; O
Aﬁ’ Zs 2s ’
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Kinematics Test Review, Part 2

Formulas that always work: Formulas that only work when starting from rest
Aax - av 2
=== a<= — =)
v 7 e az Z:;)( axz ), at

10. Write the basic units for each of the following:
a. Position M b. Speed ""/5

b. Acceleration M/‘}Z c. Displacement /M1

d. Velocity m/$ e. Time S

11. Suppose an object is launched directly upward in the absence of air resistance (i.e. it is in free-fall). Between

the time it is launched and the time it lands, a time of 6 seconds elapses. The object begins and ends at a
height of zero meters.

Fillin all of the missing data below, given that the entire trip takes 6 seconds. [Hint: Start by writing “6s” next
to the final time (t).]

L, ¢?
Al 7ot ,
= yz ('/ 0.4)(3 3)
= 4’5’ Lo
Vascent = Vescent = :5~/_$
a=—b~f - _AX
N At
h#= h= Om —\7; %
S

Some basic conversions:

1m/s = 2.24mph 1foot =0.305m 1km = 0.62miles 1m =100cm
1inch =2.54cm 1km = 1,000m 1gallon = 128 fluid ounces 1gallon = 4 quarts
1 mile = 5280 feet

- L4
12. If a spool tractor travels 5m, how many feet is this? g)ﬂ J——- e é » #
O35 pa 1 7#7

13. A car is travelling at a speed of 60mph. What is its speed in m/s? /
- M 0 /
éﬂ?é" _ /5):226;2%(

22 T
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14.

Identify each of the following as either positive velocity or negative velocity.
Speed to the Ieﬁ@ Speed to the right

Speed upwarz@ Speed downward

Match the descriptions in the left column to the descriptions in the right column

15.
16.
17.
18.
19.
20.
21.

22

Negative velocity and positive acceleration a. No speed, but beginning to move rightward,
Negative velocity and negative acceleration D—No-speed;butbeginningto-move-to-the left.
_2- Positive velocity and positive acceleration —£—— No-movenent—
Positive velocity and negative acceleration de—Moving-teftward;speeding up—
—€Zero velocity and zero acceleration -e—Noving-rightward-speeding-up—
> zero velocity and negative acceleration —f———Moving-leftward,-slowing-down=
_G- Zero velocity and positive acceleration g————Moving-rightwardyslowing-dow

Use the information from the position vs. time graph, below, to complete the velocity vs. time graph.

|
|
I
\

Position

(meters) \ Velocity
. s ° T %
‘ 4
2

0

: — 1 1 1

1 i

]
|
AN EEN

Time (seconds) Time (seconds)

23.

A helicopter is sitting still on the ground, Suddenly the helicopter takes off and begins to accelerate upward.
If the helicopter travels a distance -@' 1.55, what is its acceleration?

2ax z ‘/»

€
G T L > frsiag

24.

Abus can accelerate at a rate o The bus leaves a stoplight (where it was sitting motionless) and
accelerates at this rate fof#secopds). At the end of 3 seconds...

/g%sezw‘ 20 Seco ,/serw(
’/(,r—‘>3n/5’ &5»-,_/;/ \D‘iAA

b. How far has th US‘mAei; - é &f—a -:Z (3,—\/59(.%) 51/_?';“'-;

¢. What s the bus’ average speed over these three seconds?

o AX /3.5m

a. What is the speed,ofthe bu
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Motion

Position vs. Time Motion Matching Activity Questions:
On a motion sensor graph of position vs. time...

1. What does a positive (upward) slope tell you about the object’s motion?

/waj Aay Forsan %S%“fﬂzﬁ'f/%u)y

2. What does a negative (downward) slope indicate?

Nor' 5 %oasors ‘“‘SD’(/”‘ZA""%égeas;ﬁ

3. What does the steep? of a slope tell you about the object’s motion?

g/faeefz <He ?ef = -,4’5 74%)
4. What does a constant (straight line) slope indicate?

Sl ne

5. What might a smoothly curving line indicate? .
Speed [5 chargiag (nectlert's)

6. Sketch a negative slope that is becoming less steep. What does this curve indicate al)out the motion of an
object? B 2
) JShovs g Fordord ,
5&"-509 _§/>M/» nj &é.\/&

7. Sketch a negative slope that is getting steeper. What does this curve indicate about the motion of an

object? /ﬁo;/:‘:) 7{%‘/?‘ A e
Sensor, _%/ea///_fﬁ o

8. Sketch a positive slope that is becoming less steep. What does this curve indicate about the motion of an

oblect? W“”:’? CAwmy Fro %
Al

/- 5@/\-50/‘/ -5/0\//:? /"WVL

9. Sketch a positive slope that is getting steeper. What does this curve indicate about the motion of an

oveet? /%o./," Py #oan /%&
Seasor, speeclis g
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Physics 100 (Stapleton) Name:
Notes: Kinematics Intro, Basic Terms, Average Velocity

Kinematics: The study of motion without considering its causes.

Scalar: A quantity with magnitude but no direction. Give an example:

Veetor: A quantity with magnitude and direction. Give an example:

A =Delta = “change in”
Formula for A = Final — initial.

Example Problem: Calculate the “change in position” for an object that moves from the 4m

mark to the 1m mark. 7 A
I’}nm?7
ccmcn G
¢ D;st.}nce'/ S /\ 1o
Spec 24
Symbol Meaning (what it’s Vector | Common
supposed to mean) or Units
Scalar?
Position X or y ml:z:ﬁ::mmg isona 5 //le‘/'/r:/.'w AL)
Displacement “Change in position”
Ax o rdy V | »m
Distance Like displacement, but
ﬁl doesn’t include direction. < 71

What a car’s odometer

keeps track of.
Total f/ Sum of all of the distances
Distance %/ traveled on a trip. S m
ghange in Af }-Iow long some event '77? Seco 5/5 A)

ime asts. M

Speed \/ How fast something is

moving. A ratio of my

distance traveled to travel 'S > ;’f( o

time elapsed. P
Velocity \/ Speed and direction. l/ m/

s
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If T have a velocity of 3 m/s, what does that mean? E{/&r/ ~SZcen ("//
I rrove 3 ,';u)[\"f;a‘ b revacl.,
L gl a5t F st
One Definition of Velocity: 7%& A7 D7 ‘/‘- oS s e /¢

- £ i /
3 addeod or subiractod odeh Seconc,

Average Velocity (symbol = V/ ): when we measure velocity, average velocity is whfﬂ we will
actually measure. This is the average speed of an object as it travels through a given distance. The

object may speed up or slow down over that distance, but the average velocity that we calculate will not
show this,

Average Velocity Formula (Hint: the units provide the formula)
. AN L s placemen
= —— A
4 AT E— a/:_w,m iz

“Initial velocity” symbol = Yo

Final velocity symbol =}/

-5m Om 5m
Terminology Practice: A student starts a
timer. When the timer gets to 11 | | | L L
seconds, an object is at the 6m mark on 1 T, 1 1T 11 Nl
the number line to the right. When the §
timer gets to 13 seconds, the object’s new _ ?
position is -2. Show these positions and /Y’ e Xz é -
times on the number line to the right. . /3 \o
Then calculate each of the following. 'é “I25 ZL_. He

2

R
Displacement? A% Z XKy Z “2m "6-4. '7’{?\34}/ w

Distance traveled?

Average velocity? =

Average speed'z’—f qﬁﬂ- Z;;{/
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Vclncig.' Practice: The graph on the right shows the movement of an object in front of a motion sensor.
Determine _thc velocity of the moving object for lettered each segment, and use your calculations to fill
out a velocity vs. time graph for the object (bottom of page).

1

w

Fill in the correct information for segment A, in the graph on the right.

Displacement = {g ~

At= L/(

- 2
Vaverage = __ £ /S Position

(meters)

Distance traveled = g Lt

Position at end of segment = g*‘L

Fill in the correct information for segment B.

Displacement=_ 8 ~

at=__2s

Vaverage = __ L/"‘ZS ¢ o
Distance traveled = 5 M v Z
Position at end of segment = ,{2-» Z 2 n »/‘

27>
Fill in the correct information for the entire trip (segments A-D).
Displacement = q"b s et
s
at=_/% .
Vaverage = él L/h’}/$ 2 =i
-77 1
Distance traveled=__2D s Velocity
q (mfs) =4 1 1 s 1)
Position at end of segment = " B
2
3 ——
4 =
Use t}'le dista{we vs. time graph(above to fill in the 5 et
velocity vs. time graph on the right.





