Physics 100 Name: /@_ 4
Motion 7
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?

%wfﬁ ﬁwz:./ 4P %Smwrﬁiﬁgiz }:_7

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

/7,;/":5 Lo ars : SM‘SDKK/MZA”‘:Q@%&@:&S;@

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

é;aeeﬁ( ﬁ?‘er;aer :-»45 Her
4. What does a constant (straight line) slope indicate?
g ne 7o ,SNM&(S ness
,Clﬁeef( 2 staying rege Gays
5. What might a smoothly curving line indicate?
_gpew( /S &Aﬂpj /y aéﬁ&/efé-ﬁ 1,9
6. Sketch a negative slope that is becoming less steep. What does this curve indicate about the motion of an

object? /%Mg VZDM/A’?,( 7%&/__
Se,n.Sor} _§/JMnj 54«/&_

Same

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

object? /%M‘:) %owa A Ao
(9 éﬂ-&‘-b// _%/e,g/{;ﬁ 7@ _

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

object? . 4 %
V7,492 ”9 a4

9. Sketch a positive slope that is getting steeper. What does this curve indicate about the motion of an
object? . 40 #
Wat/fy Qusta T4 e
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Physics 100 (Stapleton) Name: (N )
Notes: Kinematics Intro, Basic Terms, Average Velocity i
Kinematics: The study of motion without considering its causes.
” 2 [ =
Scalar: A quantity with magnitude but no direction. Give an example: /~ ‘}’-5. 2 a / =
¢

S

Vector: A quantity with magnitude and direction. Give an example: .. ()z Ve foe s // 54

2/
/5 c(-z le o Tl

A = Dclta = “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. A X;’ X = X - //4 — (}Im_ = ""3: &
- -
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Symbol Meaning (what it’s Vector | Common
supposed to mean) or Units
Scalar?
Position /\/ or )/ r\?fu}:ne;z rs;)ir;l:thmg isona 5 P /E&r/a'& /‘ t)
Displacement “Change in position”
Ax o rd )/ V !
Distance Like displacement, but
0{ doesn’t include direction. < 71
What a car’s odometer
. keeps track of.
Total // Sum of all of the distances
Distance M/ traveled on a trip. S m
i 7
g?;:ge in A f lP;;)tvsv long some event '77 ; i As é)
Speed How fast something is e
\/ moving. A ratio of & IM/ ( 1t efer>

distance traveled to travel 2 ’;c i

time elapsed. e »
Velocity \/ Speed and direction. ‘/ m /
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IfT have a velocity of 3 m/s, what does that mean? f{/af-/ ~SCc o (://
I rtove 3 ;:z.uzé"f_,:f *’5 Y g Zvargs (. ,
e t/ .
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One Definition of Velocity: 7‘4@ Ardianr 7 D7 /{',d;’ i ha ’ f,/
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Average Velocity (symbol = Vv ): when we measure velocity, average velocity is what 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)
. DAxE—displacencn

V= ;Bi","c_"ff:———-g/a:,

2Se Fr

“Initial velocity” symbol = VO

Final velocity symbol = \v/

-5m Om om
Terminology Practice: A student starts a
timer. When the timer gets to 11 | | | | 1L | | | | | | 1|
seconds, an object is at the 6m mark on [ ] | [ 1,1 | l 1T T 1 l N |
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’ -2 V4
times on the number line to the right. - / >\o" M
Then calculate each of the following. 'é K s ~_ ,ZL__—. // -

= —y T T
Displacement? AX = X-K p = Zm 5»1... ""f- "'gi'-}/ W
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Distance traveled?

-

e

' _.-_,AX_‘:_Q_':L_-/. 7 t = )2, /75
Average velocity? L/.-— = ‘f 25 e %ﬂ/‘ﬁ .j AL’ / 2

o/ 7
Average speed? ql-ft. Z& s
Z.-- > (

—————



Velocity Practice: The graph on the right shows the movement of an object in front of a motion sensor.

Determine .lhc vclqcity 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. Fill in the correct information for segment A, in the graph on the right.
Displacement = é " a / 1\ o \
¢ / l ! O
At= [( ’ 7 [ ’ )
ol | \ !
Vaverage = 2-\ !S Positlon ¢ (o8} ~\ 3 \ /
(meters) | \\r’
Distance traveled = g - s ] ,
Do _ 4 /L I\l
osition at end of segment=__ @~ 2 ] !
VANR'

|
0 2 a § si 10

2; Fill in the correct information for segment B. Time {sgtonds)
Displacement=__ — 3 ~ > /
At = 25 @ /OMI“ :;_.‘/'; /
- ) “ « < .

- oo, / 4
Vaverage = = C/""Z > oo e (P00
b e
Distance traveled = g A L o
Position at end of segment = {2»» Z el pn /.;

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

w

Displacement = q'\‘\, 5 =
4
At=__/O¢ ]
'7-7 1
Distance traveled = 5 dis Velodity |
L/ Lo ] ] ] P
Position at end of segment = L 1
-2
-3 e
4 —
4. Use the distance vs. time graph above to fill in the 5
% y . Time (seconds)
velocity vs. time graph on the right.




Fill in the correct information for segment A, in the =
graph on the right.
Displacement = 7 i .
At= —ZL Position
meters) /
Vaverage = Z m Z:Q : 4 ’.
L H .
Distance traveled = / \ 3 } : 5
Position at end of segment = ,"’ 2oN P ! : \L ¥
0 2 4 s 78—
'I'Amg (seconds)
Fill in the correct information for segment B. : {
Displacement = Za : : > Y
2 A 7/ b2 (25, )
At= 5 \ ’-—/Zf' i Nl
Vaverage = -2 s / é k
: P g
Distance traveled = Z”‘- - :é;: Y/ DSy

Position at end of segment = g ~" 12

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

Displacement = =Zm

At= / 0-5 5
4
Vaverage = 0’ Z"‘ S
3
Distance traveled = / ‘/ﬁt 2
1 Ty
Position at end of segment = (2m Velocity |
(m/s) b | pa T AT
-1
2
-3
Use previous answers and the distance vs. time -4
graph above to fill in the velocity vs. time graph %
on the right. o
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Physics 100 (Stapleton) Name:

Notes: Acceleration and Motion Graphing T s
il 7 )

Acceleration Notes: M’f/ﬁ//rf % V= :?:/)

\434;?{:,«; "‘z;f‘ . tells you how something’s position changes during one second.

[44.6 — / era 7[;9 #4__ tells you how something’s velocity changes during one second.

Is acceleration ;’s?:?aqu? quantity?

Acceleration can happen in two fundamentally different ways:
1) 5/'99.&6{. can.. cémnje, imsder o 5 Y ,-)

2) pjl"ﬁ’raf?{'\&) A, C.CLe (:..-Ailm_ .ﬁ*;p‘

Negauve acce]eranonls also called 3, 1?,/\4‘7-‘.1’5“ 7/.- Ler,

"——._....—o—-"

¥ '."':r.\

Common metric units for acceleration are: /‘y

The Analogous Relationship between Veloéitv and Acceleration:

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’ sacceleratzon 1s+6m/s/s, j]us means.. 7/or ﬁab_/x. 7 LI585 A &- E
_Dc:‘cio;ﬂ«{/ 546 aﬁ/ﬁz_‘; 6;"‘/5 ”!D Ae./ ve ac:-»?z)/

. )
Velocity adds 25 f'/r o~ each second. i 'y
— 2 “.4,]\ o
Acceleration adds __ V& / ve/ 7‘ 4 each second! 0\-‘ ]
Velocity is the slope of a ,095 s 7/&"’* vs 7L/ wC graph.
Acceleratlon is the slope of a ;/ e A’-w- 4 7'!2/ VS _ ?’ . graph.
_\ﬁ_wﬂ R A
Th lerati : ey
e acceleration formula: = A t:'

Velocity describes a change in position over a time interval. Acceleration describes a change in e[oc1m

over a time interval,

AV
At

Aaverage =



Acceleration Formula Practice Problems:

1. Suppose your velocity @/@@ later, your velocity is 6m/s. What is your average
acceleration over this time p/tod‘? o

A Vv
A= -
2t
e When your watch reads 8: OI@AM your velocity is 6m73 At 8:01; 4:0 AM (on the same day),
your velocity is 2m/s. Whaggs,your avcrage acceleration o over this time period?

A\% /'/ ‘/nls*( Ty ﬁ\\

Motion G*raphs: A't 85, \-

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 posmble answers. Assume that all acceleration is constant.

i+ v

S A

e 4
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aware that some graphs may be unrealistic, and some may have multiple correct soluti
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Ax = AV j
Physics 100 Vr ‘;;é 2 A'ﬁNamE " S OO
Motion Graph Calculations Practice .
Show calculations for velocity for two intervals. Then use those velocities to find acceleration. _)S5A
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Physics 100 Name: ////a "‘ N

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 O
upward or downward - as lqr}g as there is no air resistance or any other force (other than gravity). :
®

ol
Free-fall acceleration: -9.8m/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).

5 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=10m/s\‘

. i)
| | Vascent = 30‘/’%
\ N A N -
3 NS e

\/
| =
l hg= O
T TN
p %
e= _9\
& 0s \
12 4
- VR & ¢
PR J.. N . S i ;
2. Write the formula for 7 R ' - -
ac,celeratio,_rygtgrting:\‘: ’ o Z A)( a
(frorrl‘gfl’,basedon —\ X A= ‘_—"z—. >
“timeand displacement: o f /
~— S - o oA
Vo

Example Problem: Startingfr student travels a@gj m a time gf 25/accelerating the entire

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

_zox _ 2(b=)  1Za
a=z 7‘232~ 7 O
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Write the formula for AGQ: / a 'C Z'
displacement, based on &
acceleration (starting

from rest) and time: )t‘)\/\:..hgg " m;)#- ma ;$ A‘) . yﬂ/ﬁ/

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?

sy Yrt?z K Clomf)5S= s (362

Joce emse A)/ﬁ ""fs—n

Review and practice Problems: Fe fl o \/@({' e /

4.

Write the basic formulas for average velocity and acceleration. /I,S /"‘-"'-C-ﬁ @

']7 ,-’-\V P AV

—
A AT

Starting from rest, a rubber band car travels 5m in 2.82 seconds.

a. Whatis its average velocity?

rﬁ - -T:;Z-.S‘ “m

b. What is its acceleration?

The rubber band car travels over the'tast floor 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 _ D,305m
= — = = =/ 0/m
A€ 0.0765 z

A runner stands motionless. Then she accelerates at a rate of 3m/s? for 3 seconds. How far has she traveled?
= e o ( 2 27
Ax = fatl® = ) (Bef?) (%) = ).547(% sy

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

_AV . Su/

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

a. What is the Ferrari’s acceleration?

o= 28X i‘é 2‘——uf: 2 - ZM

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

ax= b «tE =05 (12047 (25)?
§.7ge (4:2)526-8m;
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Physics 100 Name: lke}/
Notes and Practice: Converting Between Units

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

55%:'}&/ ]~/ - 24 cfm/g
<0 22k

Why does this method work? )ﬂ/; _

Slace /M-Zg -'-‘Z'Z‘q"}?oz"/ ﬂ/&[’ l-

We con always malbply o wmoaseremeast &y

_z. h/;'/zah-/' C-Aa_r_l’ /':t_f /‘é’ Va/u&, Lot %" '-—M'""é & N

Some basic conversions: chan &/ /be can~sSe_ so-C

im/s =2.24mph 1 foot = 0.305m 1km = 0.62miles 1m =100cm L 7&
inch=2. = = i =

1inch = 2.54cm 1km = 1,000m lgallon =128 fluidounces  lgallon=4quarts . . /,

1 mile = 5280 feet

1 gfeet=_2Z-5%m gﬁ(%ééi}? = 2. 99

2. 1sm=_49 2 feet /St [ = Y92 4L
308 ¥

3. A 5km race is 3 e ! miles long. Stém(&n 52 mf)eé
I

.
4. Az{é;ﬁmite marathon is_ﬂkm long 2 é: Z-M"r/e.s / 'g'ﬁ' ﬁ)
/es

Orb2m.,
s aomis- 358w B % Z:2 "’Mfz)

/ m/_;
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