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Displacement/Velocity/Acceleration Graphs

Displacement vs. Time Graphs

This graph describes the motion of an object. (Note: Displacement & Position mean the same
thing)

The instantaneous
velocity 1s the slope at a
iven point. If the point
7& curved, draw your P
best guess of a tangent
line
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Find the average veloc1ty over the whole movement

Slope= Om/

Using instantaneous ve]outy, we can constmct a velocny graph from any position time graph
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Velocity vs. Time Graphs

2 5
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_E‘
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S 2
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time (s) 10 15

To find the displacement from a Velocity-Time Graph you would find the average velocity then
multiply that by the amount of time it travels at that velocity. S22
ply Y Y _\, +V-F

D
VQ\/& - —
¥ Find the displacement travelled during the 2s to 4s time interval. 2
A\*erna{'e s F-Md tHee afea uNl\!\f'
Metuod.  Hre v-E 1;3

\/av5: H’:fo = zmls
Ak B
2

fa Fl‘. J L{ ‘ S
L _ y W m 1 C!:Vo«vs ,-é; Q\xZ}:.uL(m
Acceleration is the rate of change of velocity. It is the slope of a Velocity Time Graph.

Describe the motion (moving forward/backward) and find the acceleration of the two graphs.
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t
We c%\also make an a(?gl{eratlon tn%%rapll from any velocity tlmwaph. e A
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We can also make an a(@l)eration ti raph from any velocity tim@aph.
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Accelerated Motion

\
Whenever a body experiences a Chanjem UQ'( oY £Y , that experience is called an
acceleration. !

Dd:';?\'z::ﬁ}&,bn ! The rote oF change oF ve l°°N7
Acceleractic

€ ..
So= Ve =/ =1

A: Fraol=Tniha | {:

Methods to Solve Problems with Uniform Accelerated Motion:

“Reao( 'H'VC Probkm OM(I In+€f)>€+ qu'm'f' (s hafPem"ng.
¥ Ts 4 one smodTh mation? Are The Mu"h):lg P‘*f“}s?

WAnk Thende
ZII&"HQ Your var'ad les.
3. l‘/\(’l 'HA'L cor(‘ec?" “Brmwlo\ Yow vkeecQ~

+ Solve  (reed 0»\9"*1’ =)

i Ex. Chloe is jogging North at a pace of 3m/s. A velociraptor jumps out in-front of her so she spins around and sprints

i in the opposite direction, taking only 0.7s to reachb}er top speed of 10m/s. What was Chloe’s acceleration?
' — - \

/UI ¢ =+ 2 _ (Vv
/}:* \\j-F ?gl/‘; ‘ Chloe accelerte !
; = =(0m/s i
- 3-7 qoems o [Bhuh> Suy
4= 6.7 —
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Ex. The velociraptor is groggy from cryosleep and thus only accelerates at Chloe at a rate of 2.7m/s?. How long does
it take the dinosaur to match Chloe’s speed?

- Context Lot VeY Ve -0y ’/\\
t

-

_yf=OM/5 " [\ (no qke_s 5 /
Ve-toms o, 27s ho riates |

L Qe—2.Im /A - Ve -0; . i
q M/S X aQ CA/OQS SPeQO(' i

S& £ = e

47 e —

When the acceleration is uniform (constant) the average velocity can be used to determine the
displacement of objects. 20D
2 = Ui+Ve

J: Vw& . t \/wg - >
NG 4

Ex. Tim sacrifices himself to tackle the velociraptor. Tim and the dinosaur fall to the ground and slide to a stop in
2.3s. How far did they slide on the ground? —_—
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Accelerated Motion — Part 2

Review:

: - . >
The variables used in Kinematics are: =, = A Ol t

UL) Uf’ )&

Our two Kinematics Formulae from last class were:

> Ve —0) i Tm-?m)
G= "7 Jd=(*)¢

Use #1 if you don’t want the: Use #2 if you don’t want the:
> o
d 73

What can we do if we don’t want to use V{?

Sd/Ve for \Icm Eg,#i Subfl’f{'\fh l'\+° EQ/#Z
taG = Nt o] <U,+u,c)z. > T &A

t v 13t

J_t - )f-ﬁ.‘ / ! > -f—é
4%; ’ yui / J<\) +g' at))t J=oit +jéc:'2‘:z
G+ 29 = e

(e

d= (& 3Ly

E u.a'hb"

J -(: f,ﬁq’b :FFB
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E Ex. Jacob is driving a car and slams on the brakes. He slides 27m in 3s. He is accelerating at a rate of -4.2m/s?. What

1 was Jacob’s velocity before slowing down? v/ | [7 2) (3)1
> x U: = - "
Jic 7 T-oit elfd G272

% . -4at* - l}az‘:.‘ >
*fz-—“t/ J‘_ {S-:B M/S

d: 2.m = ra 3;c ob S+Q(1-€0( QF
< L= (S.3m/s ‘-Forw"u”(

What can we do if we don’t want to use t?

Solwe For T in £y3( " Subhihife info EQ#ZZ:%[ SR P

+u'E w2
f"j: -6":"-)0 —d' ‘) j =
Z T U +2X0h =0¢
R Y \; oz//-:\ ‘
= a) =

i Ex. Jeffery throws a water balloon downward at 3.2m/s from on top of a 65m high building. Gravity accelerates it
i downward at 9. 8m/s%. What is the velouty of the balloon just before it hits the ground?

A T )

7
f‘ = 93m/s i | 3Si8m/ss down
J - gy‘m '{”?: t\(?,z) +2.(7%.8X65) s ['7L hit Ve

S 8*"7/5 9 POW‘d' J
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Summary

The four Kinematics Equations are:

L Te —3. = Ui+
5= YV 4= )t

n 2

- 42
J:G“t*’iat -‘_Fz___,ﬁt?—_‘_’z.a

Extra Notes:

Remember to watch your units! Calculations can only work when using compatible units.

Converting between km/h and m/s: —> \/e (O C/‘ %7 O 4 l\/

- 3. &
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Using Quadratic Formula in Physics

Ex. Graham is on a 45m tall hill and is shooting a cannon at a castle at the base of the hill. He shoots with a
downward velocity of 1.3m/s. The acceleration due to gravity is 9.8m/s? downward. How long does it take

the cannon ball to hit the castle? = o t [ = 2
= wtl 2 f
—pup Un l:3m/5 dewt+{ad

YS =13t + L8t
q 9 Bm /s? g £ 1'_L/ Q4%

: LIS—M ’:lzig ot

- (3¢t +‘M@w

Note:’,‘;\f, oloes no"' solvg mte’)’ Haro»gg‘\
OL[&QLM

The quadratic formula is used to help solve for any Q 'AdA-fdh C (Sq,M'%ZIatlon

In Kinematics we use it for equation #3 when we are lookmg for the tl me

cloum

The Quadratic Equation

A
For any quadratic of the form: O:t + \LDt Y =0

where O~ | b , and C are constants (numbers), the following equation can be used to solve for
the unknownt
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 Ex. Graham is on a 45m tall hill and is shooting a cannon at a castle at the base of the hill. He shoots with a '
' downward velocity of 1.3m/s. The acceleration due to gravity is 9.8m/s> downward. How long does it take
i the cannon ball to hit the castle?

: 2
VY = 3m (s QL: Uné""/gﬁt
L M .
1 &7 Tag? @I(Bﬁf-/—/ﬁt
e’odﬂ-{"?‘{S‘ \—_?
= cz+bti~c
,§+_€E_i, Ocganize yous femula  to O=a v

‘llf +
§+£E— -LJGA‘I‘I‘F7 o § l:) and C, N PV
eshf 3 Play into Tha Quadndie Foemsls Za

-3 * &1.3)“— q(4.9)45)" \\

{/ = Z(thqs —/L\g CQKMAL«”

it tg st
S

f- 13* Jl6q — (-952) 235 o /:(
= Far |

Y

t -~ ||3i’ .;%K3¢€°’ - 3+24.7 :ZLOLS

9% + A Q.3
g2 2ud / Rejedf
1% \ "1‘3/’7—-—0'—"i S
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Projectile Motion and Gravity \
(& the Larths surface)
a

The accepted value for an object accelerated by Earth’s gravity is q ‘% m /Sl 0( J
ownwer

This assumes:

Mo air fesishance.
Cw\d/

The Shape of a,Ero!'ectilg’s Path
Unpowtrei J exPerienu‘M ‘Fﬁee‘FQ” Before f"L

Back in “ye olde days” la‘t n 0[ s
Artillerists through a projectile would
wi Pl‘eali‘c, fon - Pad‘&bo lq ol .H.me 4
- [
-

- {
/’;/(\ ~ N d—_‘wh‘kQQ%kn./[?/ b\qPFev\J

) RN L
29’ // \\\ﬁ_ e oF air o5 itz

Trereeic

In Physics 11 we will fqr\ol‘& Os\‘r- f\eSlS\}?\ACQ :

J
The shape of a projectile’s path is a P&mL ) l&
| bz Om s - Key Features:
s . SymMQ‘/‘rl\Cc\ ' o\kouﬁ‘

-Ho\{ Feqlt
-Accq[era‘l'for\ s the Sange
ot all poi nks.

V4+ e f’eﬂé the
Vertical ve (oq'fy (S 2erp

Extra Note:
When something is\W it means

LéVi:Om/J

Kinematics Page 11



————————————————————————————————————————————————————————————————————————————————————————————————————————

a) A cannonball is launched from the ground upward at a velocity of 25m/s towards Steve. If Steve 1s
standing on a 12m tall scaffold. How long does Steve have to live?

E Vi Z25m / =0 1
‘f{* \l?\-z s c!— Wi Zf ""—i C\.t

deion~ E’_ P | ' jf;‘iz-im/sz 12=25¢ + ﬁi(‘?—?)lfz
¢ 127 ™ IZ;ZZY{:"'L‘M: t:%:\- ig-_qaq._
2a !
O =-44t +25t -12
_—25* 251 4 ) JO" f&‘;; wey |
= 2¢H “) —257+14.7
E (0.5 4s
5 -zS’“r 3575 1 %9 - "
t’ / On Q Wwes/
! - 7. )
t: 25;/5/7 . -23‘ (9.7 @ !“,’ Qlown
i b) When does the cannonball reach 32m in helght‘?
i Evefyfh,.‘g is the same exc-ePt
L O=-4.9t%25t-32
i : Can't dlo this!
e T2 Yes—4er)iE) This meshs the
; R Y re«
ba [l does nd
= LTl ee =3 2m.
- ¥
¢) What is the maximum heiEht of the cannonball?
Vj=25m/s e Vrmui2ad
Ve = Ou” VgZu? = Z ol
Q-_-;.l'm/sz F;\h = Z: Q/:BI‘QM
dl—. o= be s Thum ht@z‘l
t= <N The mek el 75
(
ej _ O”-(ZS'Z) o:F ‘Hﬂg ¢; N
262.3) 3(Im

.......................................................................................................
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¥ F""'T eyldl'(:\k lar vectors acT
Projectiles and Vector Direction F

| V\dQFeKO(Hdb @'F e_q()\ QVHI\QT*

Imagine a ball is rolling on a table to the left at 3m/s. <0
What would its initial velocity be? {
3 m/S LQ-F+ 3msf
, , —0
When it rolls off the table what would be the ball’s acceleration? J

1.5 ml 52 Down Pt

. . . . Ce
Consider the directions, can you use these values in our usual formulas? &rate s

\ awr€
/U0~ YOUL Car&ffo\:(}:”k Lowh.

For all motions you can split the problem into the HOrl z’”ﬂ‘l and \)Q':Hc“' parts. The only value
that is shared between the two parts is é Ime

' Ex: A ball rolling at 3m/s to the left rolls off of a 2m high table. How far (horizontally) does the ball move
i away from the table before it hits the ground?

: = Bm

: Wy = "5 o

! ~

. - J

: 7/ Q,,.

i / v ?‘%'42 V=2M
E /

i : 4

5 \)efhh« HO(‘ | Eor’d\‘l)

g Uy = Omss Vig=3w/s

; Vo = VeH=3ms =V.

i &v:quM/’L Ql"l""OMJsz O
i dy=2m dy =2 o ()¢
t= t/‘-\OaCB‘is C

Icl=vff f'//éa‘ﬁz t ” 9 J o :Q%’>(6.63°1)
> —ot+Les)tt =063
Zi :0 ﬁ/ﬁ?‘(q&)f : & =b92p
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11-Challengel
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More Challenging Kinematics Problems

Type 1: Lack of Information OR Interpreting Solutions

To solve these you have to use CONTEXT and ideas learned in class, like: projectile SYMMETRY or
constants like the acceleration of gravity on Earth’s surface.

Ex. A)

A dog jumps straight up with a velocity of 2.7m/s. How long is it in the air?

How do we know this?

v 2. Imls | &6Gilven In te rprob/em
2Am/ls | Pro\ec;H& s\/mfne“H‘y

F—-‘[.gm/s" & acc{[zrq*[—zor\ o(uL‘fQ qr&“l'l‘y

dj?OM e The °L°“ Falls back to ifs oo‘lq)na{ pos/f:a,\

Ex. B)

A ball is hit into left field and has an initial vertical velocity of 5.2m/s upward. Jim takes 7s to get to the
ball. Does he catch it?

How long IS F inthe air? , Where ooes Jim cateh A2

Vi=5.2m/ ,’ ’gé=371“/s . ,
=yt + L ¥%

Ve _ 52k o AT vt tal

A=A Tmsz ‘ d=7 d =52(7) to “3.8)(7)?
&:OM QA= \/.L'UI ) 6275
172 & , o 2-203.7m

T | Vi

é = Vg-v/ ‘ Underyg rovL"”(
A

t: -S.2-S.2
| _——7.3’ :/-055 / C—Q_\{_tk T'Lll‘_‘o L)\H.
Tim 8°7L ‘o the b/ "‘-ég I
efter 1 Wt the ‘jrounlf,.
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Type 2: Two Motion Problems

These problems have two separate motions. Either one object moves one way, then another, OR two
objects are moving at once. This type of problem doesn’t have one set way to solve the problem and will rely on
your problem solving abilities.

Helpful Steps:

1. Sketch the situation
2. Split the problem into two motions.
»¢ 3. Identify values that are the same OR relationships between the two values. &€
4. Use your critical thinking and problem solving skills to work your way towards a solution.

Ex. C) Easier 2-motion problem

Graham sprints 100m, starting a@and accelerates at a rate of 2m/s?. After his sprint, Graham walks
back to his starting point walking at a gonstant 1.7m/s. How long does it take Graham to do a sprint, then walk
back to the starting point?

Q= 2;11/5
= apein Lol =
SF“'/N‘ Wa (é - -tTo‘Fo (

v/-0 100m 1

SP‘\,';/N— Wq ,k

V:=Onls 3;-[.7»'1/5

\)F: Q =0n/2 d;v 1t
Q=2m/s™ d ==[00m ¥
d=(00n £=7 =<

2
- ( =l
c/_\,.f +/qu Zf 5/78
=583
- 2 W, S
100 = o +.L(2)t ¢
[o6=¢;

‘-;,\7‘:(03
G L Lrewi=45":
l&rahﬂ ﬁéz-s £3.%s {3 o[o one C;I‘culfj
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Ex. D) Harder 2-motion problem

Jasmine is speeding, going 90km/h in a 50km/h zone. A police ghost car at rest begins to accelerate the
moment Jasmine passes it. If it accelerates at a rate of 2.8m/s’, how long does it take the officer to catch up with

Jasmine? Le_e_) foé-'/ﬁ:, — -- "ﬁ
Do

jQSm;n& / % \ice

/ [
\);T:?OA,,,/‘ = 2S5 mls Vip :0m /s .
V4‘P=¥Do‘f’ the sam€ s Jasmine™®

QP.: 2»5“/52.

Cl:r:A, & Sam€ ;;?dP :J'

i ]
t°t “<sime e

Muke o -Formu.lq Tor each side Using The l‘elq‘{‘eo( uam‘a‘o/es

d=upt +4art’
d =Vy-T d= Cff < Lo’

d=25¢) EGD,

(\ Use subsz‘iﬁﬁ‘m/\)

2572 =4t

A E —
2 5= [ The pe lice Take
Xzl

[T o cakh up

fo J;SM;II/C.
L -~

t= (79
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Ex. E) Actually Hard 2-motion problem

Thomas is climbing up a 150m cliff at a @nstant pace of 1 .Zlnisl Ally is on the top of the cliff, and the
moment Thomas starts climbing she drops a spider. How high off the ground is Thomas when he encounters the

spider?
A)&;'R'(_ Vis = Onls
as= -q3Im/s?

Uiz [ Zm/s Vi =Om/s
Ve,
% G = ~9.8 m/s?
C]T = Re lates ) 7 ts fé /9"’;"3 J,OU"
t'r <t & Somé > ”
Jdeud *'é&fz ( °‘T+(~JS): 150

) J:u-t ) -ZLQ#,B\—
- *;/(‘7-7)
:#l\ C!T:I'ZJC) os=C*

2o | ds= -43¢" |
 substiiction Yo sole

here.

[hore  are  multiple paths
#() inte (¥2
O a Q CIS:"f.?@: >2:> cls""{ J

d T Lz 44
Al
(CI =3, ‘l()Jr'LS H\V"O @ c[r+( ds)= 1w,

dr+ (-G3rar))=t50 Q(T 3404 =(ST - S340dr +JT-‘M>

|t ) 12— 4GAC50)

o= AR The S)Dl'c/ef [anded on
It Jzof) N Thomes when  Le was

‘,______Z‘,?_/— 6374/\ 6’ §M oJoOVe The Jrounl
+ 5 S Y —
A o--1x 45.2 /7 »
T ——Z—?—‘ % ejec

Kinematics Page 17



R

-

,———S'T-'— < @feje cf

Kinematics Page 18



