Physics 200 (Stapleton)
1-D Kinematics Notes, Part 1

Name:

Kinematics: The study of motion without considering its

causes.

Scalar: A quantity with magnitude but no direction.

Vector: A quantity with magnitude and direction.
Numerically, may be positive or negative, depending on the
chosen reference frame. Usually, signs follow the same
conventions as an x/y grid... upward = positive, downward
= negative, rightward = positive, leftward = negative.

K&y
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T=x5+ vt

Preview of
Kinematics
Formulas
to Come
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v =1y + at

1
T =xy+ vl + —2-at2

A = Delta = “change in”. If x changes from 3m to 1m, then 'v2 = vg + 2a (.’1) — xg)
Ax =-2m.
Symbol Meaning (what it’s Vector | Common How to
supposed to mean) or Units estimate or
Scalar? convert
Position x (ory, Current distance (in a Meters (m) | 1 long step
depending on | positive or negative c‘%
axis of motion) | direction) from some - 0.305m = 1foot
chosen point of origin.
Displacement | Ax (or Ay) Final position minus Meters (m) | 1 long step
(often called | Sometimes =d | original position(e.g. x- /
“distance.”) Xo); “Change in position” 0.305m = 1foot
Distance d How far something has Meters (m) | 1 long step
traveled from its original
position, disregarding 5 0.305m = 1foot
direction. Distance is not
negative.
Distance d Sum of all of the distances Meters (m) | 1 long step
traveled traveled on a trip.
Distance traveled is what g 0.305m = 1foot
is recorded by a car’s
odometer.
Time t ? 5 Seconds (s) | 1s=“one
mississippi”
Speed v (even though | How fast something is Meters per | lm/s=
v is technically | moving. A ratio of S second 2.234mph =1
velocity) distance traveled to travel (m/s) long step per
time. second
Velocity v Speed and direction. Meters per | lm/s =
Speed that may be V second 2.234mph
positive or negative. (m/s) 4.5m/s =

6min/mile pace




Practice: At t=5s, an object leaves position X, and travels to position x .

-5m Om 5m
o
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Position: xo = & X =
. \ == -—n'ﬁ —‘4'/ - b I
Displacement: X =X, = s T

Final Distance From Origin: \;_"3/
Distance Traveled: /L~ _

o T S T
Average Velocity: V= _*_‘.\:.->: T e & e D (T )
.‘*' ',..,"':. S/ (:‘ N
Average Speed: .—— -y / 2, : -
- - " » o~
i i R=>,
Average Velocity (symbol = ): 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.
Instantaneous Velocity: the velocity of an object at a single point in time
“Initial velocity” symbol = Vo

Final velocity symbol = V

If I have a velocity of 3 m/s, what does thgt mean? ‘ '
I '}rn.\/@/ [~ - L{'%‘L«ce, 9‘4 S f fia 0_/0&5/7['&

%ra G?[o‘/\) @M _Se,co»‘/( y
Explain how to walk with a velocity of 1m/s.

Toke ome lony, Step €Very seconst.

Average Velocity Formula (Hint: the provide the formula) &_‘ ‘/J 4 e
5 & P

I AX L I/J/Aceme/t/
B fﬁ—d—"“dnﬂ/o.&’/{ AP




Velocity Practice: The graph on the right shows the movement of an object in front of a motion sensor.
Determine the velocity of the moving object for letiered 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.

Dnsplacement = (g wilin

Distance traveled = 2

Position at end of segment = )'? ~e

Fill in the correct information for segment B.

Displacement=__— 2 i

At=_ Z o gz,-\\
7 (—

vlverage =7 4"" ""S/

Distance traveled = CZ .

Position at end of segment = O

N _of

Distance
(meters)

</ 1\l

\l/

v

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

Dlsplacement = 4

At= é
Vlvcngc_ 4 ?“zs‘ (/‘2’

Distance traveled = ?é A

Position at end of segment = ‘fm..,

Use the distance vs. time graph above to fill in the

velocity vs. time graph on the right.
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Fill in the correct information for segment A, in the 10
graph on the right.

Displacement = n, (6«. - 2_,> 8] 6

At= Distance O
) _ 7'“'/9 / (meters) 4 T

Vaverage

Distance traveled = 2 /

Position at end of segment = é A

\—'g

0 2 4 6
Time (seconds)
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Fill in the correct information for segment D.

Displacement = Zen.
At= ﬁ
7 M/5 ( ﬁ?

Distance traveled =

Position at end of segment = a*

— e

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

Displacement = 2 L, =W &' z

D -
o ok (E ’> ~ '

Distance traveled = / ‘/M— "/ ¥+ ¢ "2\

- . s 1
Position at end of segment = [2 e e

Use the distance vs. time graph above to fill in

the velocity vs. time graph on the right. Time (seconds)




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?

P /Wo'//‘p/\_ /2 aWa._?/ 7‘//"0’ — %.Se—’ksdﬁ

2. What does a negative slope indicate?
Pl fronr  Poeva A %-' SenSo,~

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

4@,0’( (S/e-c;{o er— = 745 'f}e/)

4. What does a constant (straight line) slope indicate?

5. What might a smoothly curving line indicate?
/&C &/&fh'/r DAL é, 7%,-/0.,;.5 ,\-//'ue_ or n eja%'fé

6. Sketch a negative slope that is becommg less steep. What does this curve indicate about the motion

OfanobjCCt” ’é @&74 px4 ,_.é,/__) ﬁwam’(

\} 7%__ _Q:/\.saf a.«/// A s _S‘/o«-uj
Hoen

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

oblee] Y/ ./,‘9 7@W¢’V< 7z€, SEense, Zen 0(
= ,0@ = O[ ;'rﬁ o f
8. Sketch a positive slope that is becoming less steep. What does this curve indicate about the motion
of an object? s, m p '4"/ N ..../4.//
_5 ) owv)/ I.’\ﬁ 5/ 2L
9. Sketch a positive slope that is getting steeper What does this curve indicate about the motion of an

object?
Mp\/ ) A V\/ﬂy/

s/oaeyb /9



Physics 200 Name:
Notes: Acceleration )

/ , ,:} Y™, ég tells you how f*"«"'} something’s position changes during one second.
é& =2 /c, /a.J 2~ tells you how 37 "*’:@hmg S velocxty changes during one second.

i

Is acceleration 01' scalar quantity? \-/;/ 7 JHS 7 ra-ag 1 7/4-.1/
_/_2“5\.-‘_?, fl' L /_,1‘.‘)
N Aireeoo
D CA”LJ'/? y‘;‘gv’{ 7¢or éo,*»“i\ S Zjo/‘
2) &}'\.g: “j }? Ve C--‘?[f Vet 'd(
Negative acceleration is also called ﬁ/ CL// T Ao O{ ~ gy w |

A om @5 ; e L>
Common metric units for acceleration are /% Sp=-e7’ ™ \ S~ €5
3

-z' m-s'er%/s \""'--H______J,.-/'

The Analogous Relationship between Velocity and Acceleration:

Acceleration can happen in two fundamentally different ways: "\

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 her position.

Analogously, if Pam’s acceleration is +6m/s/s, this means. .. W:% M /0» 55/~

5‘-‘-’-":"""’(/ é‘-—-/b’ % ﬁé(f/e./( o her v /ac:»‘//
Velocity adds m@ each second,

Acceleration adds mﬁé,é_ el ,acg,ga'éach second.

Velocity is the slope of a _y2 $' o Vs ___'/7'_Mﬁ,_ graph,

Velocity is the slope of a Mci{/ Vs # o~ graph,

The acceleration formula:

Velocity describes a change in position over a time interval. Acceleration describes a change in velocity

over a time interval.
[ "7/.5
. AV

Aaverage = A = At— ‘&-5



Acceleration Formula Practice Problems:

AT Y — :
1. Suppose your velocity i§ 2m/s: \,\Oxmfie/gplad later, your velocity is'6m/s. What is your average

acceleration over this time period? -

- _ O _ Yo _

295 = b = ()
AE /s

When your watch reads 8:01:32 AM, your velocity i At 8:01:40 AM (on the same day),
your velocity is’\.’Z}g/pWhat 1s your average acceleration over this time period?

.—;A\/_ '9‘-“/5
7T a¢ " s “’0'5"‘/‘2'

Motion Graphs:

o

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 possible answers. @;sliime that all acceleration is constant. ™,

oot Qﬁ}/’“@f‘

=+ \}
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Graph Comparisons

-+ Y

"
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| ' 5"

Graph Analysis (20 pts)

Using the i i i
ng the information provided in one graph, complete the other 2.

Va

\0’5f.,f VoA
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Notes: Kinematics Formulas

Deriving some formulas:
Starting with a velocity of 6m/s at a position of 30m, the car below accelerates at a rate of 2m/s over a
time of 4 seconds. Fill in the following information about this even

M=Ys  a- 2.4T

/428 /Mwwé"/
e V s b,
—HO0" 4= i O P

- Us < 2%
0= 3P Vo= éw/& X= PP V= /%,/5

o= Qs - JO/fs ,‘ = Yo

\

In order to fill out the information above, we should have just derived (or realized) three new kinematics
formulas — a new formula for average velocity, and formulas for final velocity an acceleration. Show

their derivations here, i | terms, 9
vations here, in genera AV—"-"’M/ ,éeaaw_se d/:é\,/-

7 AT

Vof%’éafz f: =V 4ot &%

V&/o&/‘7é/ 53 % &y re-5 & ”47%
e A ual Veloeties (Z’ﬁ w5 A7 S~
'7‘/(& m,“///ellx |
Fir-s/gi’fy’(,' Vel at

A HheH 5
we wube —_VY,
7}3 A V’%
oaveret9e v \\)’

Ve i, + (% +2

s
T
mv\“/e, wsed oo e ™ 7 o

&
19 et dgplace ~ert, .
j f\?&% '\7-; ZVe +£.f

bl ML
Z

A/ ~—e_




11

Here are all of the basic kinematics formulas that you will need for this unit. The last one (v? =
vo™+2aAx), is a time-saving formula that is derived based the other basic formulas. We can derive it
later.

""..l/'f'Vo ':AY =
e V-Zt" V=V, +a.€

:A\/ - | 2 2: *
a=8% axsvit+gat® VT +2a8x

!
By convention, rightward and upward directions are __ £0$ / %/' Ve, , and

leftward and downward directions are e ,/6 a 7/ S e

Practice With Motion Equations:

The G.U.E.S.S. method...

o Steps: Identify what is Given. Identify the Unknown(s). Find an *Equation that incorporates
the givens and the unknown. **Substitute givens into the equation. Solve.

e *Sometimes you will need more than one equation

e **It will sometimes save time and confusion if you solve for the unknown algebraically before
substituting givens into the equation.

* On tricky problems, a lot of students find it helpful to list all of the possible variables first, and
then use the equations to fill in the blanks until you’ve found the unknown you’re looking for.

‘-‘
Example 1. A quadcopter ascends a distance‘w hile nndergoing constant acceleration. If its
starting velocity W@d this ascent las @_ what is thecacceleration.of the

quadcopter?




G A/ &
If gravity accelerates the nut at a rate ofoﬂ )

Of the nut after those 6 seconds?

V=2

Ve =Safe T € 7.9 /02) (&)
ﬂ P/

X X
1. A grouse-takes off from th¢ 8 yard Iine of a football ﬁeld and travels to th€40 yard lihe over a time
of 8 secopds. What is its gverage valocit V=

Example 2. A nutis falling at a rate of -5m/s%
additional seconds, what will be the e

V=V, Fal—Es

,4;\4/5 T, S o>

AR VE V= ax. =776 w-— ?2/“"’/
AT’ AL Z - 2. ~

Vo o -
! 'l
2. A caraccelerates from@30m o@ovcr atime of @hm is the car’s average

velocity during this time period? (Assume constant acceleration) /I/of NnecelSsarsy”

AIIEITS i Vo " A

;/J{ 9~ ,
3. ny drop a rock off of a very high bridge. Starting fmn@ﬁe rock accelerates at a rate of -
@i Youseea splasl@ﬂer you release the rock. What is the rock’s eloc:%vhcn it
1ts the water? .
A =

+a.‘f"
o M, # 8o (-7842) =78t
4. Starting ﬁ-or@ car accelerates o 10 secondy) What is the car's dimduring
A - K—/ /

this time?
Vo O & \
A=Yt +Hatl A

= 0t +é(7~./,>(/0.§ -
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S. Aruxmcr svcloclty 4@ ttiﬁrm 12:34:38P
Aé {»-ép = 5s = Rl e

Vo
6. A child tra &at a rate of 15m/s"along a zip line. After slowing down at a constant rate over a

distance of 40mthe child comes to e,
esh EB— 1/ =0

a. What is the child’s average 4cceleration o%rsthls 40m? 2 (
2z, 2 O=2257 + 4o c\.)
V =V -:’—2 a Ax ﬁ / ke

/
A CARTIVET™ Slkiad ”“(:5') :

b. How many @ozs it t_;ke for the child to travel this 405 distance?
nh "5
V=V . ﬁ—f'. {g o e

T 7
Oufi= 1594+ (C2HI

7. (*requires multiple f las) A dgi A;‘é .
? ormulas VET sees a turtle in the road |
seconds and a distance o o slow to \?Jh:?(\iwglst:l:: Zg:zkes leofbenbis
during this three second time period? "‘ZS v's rate of
= -« N V i

' ey Vr—
TRy s v e
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Physics 200 Name: L. o/
1-D Kinematics: Free-fall (mostly), plus Areas Under Curves =

Free-fall: The state of being acted upon by only the force of gravity [Note that an upward-moving object may be
in free-fall.)

g: the absolute value of free-fall acceleration near the Earth’s surface.
Free-fall acceleration: -9.8m/s? or -g

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. Fillin 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?

Free-Fall Hint #1: Free-falling objects that go up and then come down have symmetric flights. The trip up is
the same as the trip down, only backward. It is often easier to analyze the fall rather than
the ascent, because we know the initial velocity of the fall is s

Example 1: A ballis launched directly upward from ground level (in the absence of air resistance). It stays
in the air for What height did it reach at its highest point?

C m&!:(c,f"f'/ ;C,\//;,, ) 5
|/:= Co /s - Ax= %t #+/hal ,
DNt=Ss AX = 0(5_;,) */'2'("%“/-‘5(5‘>

a= =98mts AXz = )22.5u

ot e, 3 o
Ac_f')&"‘ s



Helpful Hint #2:

Helpful Hint #3:
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Draw a diagram.

If you're having trouble getting started, list all of the usual variables and fill in the ones

you know.

Example 2: A ballis released, from rest, above a couch. After free-falling for 4 seconds, the ball contacts
the couch cushion and then travels another 0.2m downward before coming to a stop. What is the ball’s

Eoll

i

Tmpee
’)‘/J;?

Voo

A4
A = .
AX z=02m
pt=7

N

V= V. +ot
7z O +(-2}

Areas “Under” curves:

acceleration while it was being stopped by the couch cushion'r‘

V A +2¢AX

ngég@)'

1. What kinematic information can we get by calculating the area "under"
the curve of a velocity vs. time graph?

are.c.— = V(A&)’AX or /{)-—

2. Whv dﬂ

w o emn #c.
3. Wha oes ﬁ?e areaﬁder the curve of an acceleration vs. time graph teII us?

o (Aé)-—

4. Suppose we graph the acceleration of a sticky Nerf dart that is shot across
the room, sticking to the opposite wall. How can #2, above, help us draw that
graph more correctly? Tryit, and we wi

—
—

orea.

loce me ndt

put quotation marks around * under?"

Erve

15 )OG o

4y <

Cha
VeloeiZy

|02L{ 5%9()5’
M endk M’g"”’/@ﬁ

[lr/w/s)"“

e X oxi,
H«. oren above. (1 andd Y

e—fﬂ-—-

= 3924 20»(0'2'4) f“

P B e —

O%:=o

LE* os.
a- - % 3#‘/&2

bme

{min)

Pl

-40

>

10

41

3

H

b !

20

A

[~

Z; 40 60

(470

()

S,
_Sa

owywd

l!l;bli\s:tflj

Y=
fho Fotal orra M/ef
wrre s EelP -
/
as,-}me« g ngd’z ’/E’

s A OC g
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NAME: K‘ev\ WK p(‘@b
\_} S——

I

Chapter 1 & 2 Test 2015-2016 2 385

MULTIPLE CHOICE: Select the one best answer for each question. Where g is used,

assume it equals 10 m/s? and neglect air resistance for falling/moving objects.

1

Which of the following five position versus time graphs represents the motion of an
object moving with an increasingly negative velocity?

Py AN

. The slope of a positjgmyersus time graph gives
A) position, e!ocity. C) acceleration. D) displacement,

Which one of the following situations is impossible?
A) A body having a positive velocity and a negative acceleration
B) A body having a negative velocity and a negative acceleration
C) A body having zero velocity and positive acceleration

A body having constant acceleration and positive velocity
-E) A body having constant velocity and positive acceleration

A parﬁes on the x axis. When its velocity is positive and increasing:

Its acceleration must be positive
B) its acceleration must be negative
C) its acceleration must be zero
D) it must be slowing down
E) none of the above must be true

The slope of a velocity versus time graph.giyes
A) position, B) velocity. cceleration. D) displacement,

Consider the following five graphs (note the axes carefully!). Which of these

represent(s) motion at constant velocity? v 2
A) IVonly 1/ V
4 H "

B) IV and Vonly i it
€) I,1I, and IIT only

I and II only v @
and IV only

H
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7. A particle moves along the x axis from xo to x. Of the following values of the initial
and final coordinates, which results in the displacement with the largest magnitude?

A) Xo=-4m,x=2m
x0=-4m,x=4m
C) Xo=4m,x=-2m
D) xXo=4m,x=6m
E) xo=-4m,x=-8m

Questions 8-11
A car starts from Burlington, goes 60 km in a straight line to Montpelier, immediately
turns around, and returns to Burlington. The time for this round trip is 2 hours.

8. What is the average speed for thiseound trip?
A) O B) 30 km/hr @:O km/hr D) 120 km/hr

9. What is the average velocity for this round trip?
@o B) 30km/hr  C) 60km/hr D) 120 km/hr
10. What is the distance traveled on this round trip? -
A) 0 B) 30 km €) 60 km 120 km

11. What is the displacement for this round trip?
B) 30 km C) 60 km D) 120 km

12. A car starts from rest and goes down a slope with a constant acceleration of 5 m/s?.
———

A) bm/s B) 12 m/s ) 25 m/s E) 1 Om/s

After 6 seconds the car reaches The bo‘rTom of t e nII I‘r peecL§'r the bottom of
the hillis: Y =Vov OF =>

13. The graph represents the straight line motion of a car. How far does the car travel

between t = 5 secondsand t = 9 ) AV‘Q,O\ AX

seconds? 12
A) 4m

E) 60 m fangiive e =

B) 12 m 6 “(X‘fl}
4 m
:} 36m 2 5 5 i{(s)

< Hm
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