Topic 2.1: Kinematics

 How do we analyze the motion of objects?



../../../Videos/Crazy reaction to Tesla model S p85 D first test drive with 0-60 3.2 seconds.mp4

Characteristic Graphs

* The most common kinematics problems
involve uniform acceleration from rest

* These have a characteristic shape for
each of s-t, v-t, and a-t graphs



Displacement vs. time

(ur) yustuaoedsi(q

Time (s)




Information from Graphs

* We can get information from a graph using
one of three strategies:
— Read data directly from the graph
— Calculate the slope
— Calculate the area under the graph



Velocity vs. time

(s/ux) AJ10019A

Time (s)




Acceleration vs. time

(£S/U1) UOIRIS[IIIY

Time (s)




Graphical Integration

 |f we go from s - v = a by finding slope,
how do we go the opposite direction?

e Areal

* The area under the a-t graph gives v, the
area under a v-t graph gives displacement

sl



(;S/W) UONIRIS[IIIY

Acceleration vs. time

V=u-+at

at

Time (s)




Ex 1:

* Find the initial velocity of a car that
takes 3.0 s to accelerate at 4.9m/s? up
to 42 m/s

Variables: V=1 -+ le
¢ a=4.9m/s?

c uU="?

. v=42m/s u=v-—at
e t=3.0s

u :42%_49’%52 -3s :27%



Displacement

* |f we got velocity from an a-t graph, can
we get displacement from a v-t graph?



(s/ux) AJ10019A

<

Velocity vs. time




Ex 1:

* Find the displacement of a car that accelerates
for 2.5s from a stop light at 3.5 m/s?

Variables: S :}/} 1 at’

¢ a=3.5m/s? 2

* u=0 1 ,
. o= o s=53.57%2(2 55)
¢ t=2.5s



Ex 2:

* Find your reaction time, given the ruler is
falling at -9.8 m/s?

Variables: § = t+%atz

¢ a=-9.8m/s?

« u=0 [ 2s

e s=-0.11m+/-0.01 a

tEs t_\/z(—o.n)
-V -938

t=0.15s



Practice:

 Read p. 35-53
« Watch Ringo
» Exercises p. 53 #1-8






How does gravity work?

* Do we disappear if we sail off the edge of
the Earth?

N

© 2008, www.john-howe.com


../../../Videos/How People Disappear.mp4



http://www.youtube.com/watch?v=1lWJXDG2i0A
http://www.youtube.com/watch?v=1lWJXDG2i0A
http://www.youtube.com/watch?v=1lWJXDG2i0A

Gravitational Acceleration “g”

* How fast do things fall?

— First, do heavy objects fall faster than light
objects?

— Try it!!

* |If all free falling objects fall with the same
acceleration, can we find this elusive “g"?
— Throw a golf ball, take a video

— Graph the variation of vertical velocity with
time, find the slope!!



Gravitational Acceleration “g”

* How fast do things fall?

— First, do heavy objects fall faster than light
objects?

— Try it!!
* |If all free falling objects fall with the same
acceleration, can we find this elusive “g"?
— Drop a ball from a height of 1.00 m
— time its fall, solve for g!!



Ex 1:

* How long should a ball take to fall
1.00m?

. _ 1
Variables: . L/+ L 2s
* a=g 2 g

e u=0
s 1 00m 4o \/2(—1.00m)

. = —9.8'%2

t =0.45s




. ~[2(~1.00m)
Showing your work t_\/—9-8%2

» Without the "why” you are powerless!



../../../Videos/The Matrix Reloaded (2003)  Causality.mp4

Ex 2:

* Find the position of a ball that is thrown
up at 24 m/s, after 4.5s of flight

Variables:
| S
* a=g S =ut+ E at
e u=24m/s i
.« 5= 7 S:24mS-4.5S+—(—9.8n/2}4.5s)2
e t=4.5s 2 >

s =8.8m



Projectiles

Any object in free
fall

“l told you guys to slow down and take it easy
or something like this would happen.”



Yes, even you!
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What do we know about free fall?

» Horizontal acceleration is zero (neglecting
air resistance)

 Vertical acceleration is -9.8m/s? (on Earth)
* The path is always a parabola

* \We can solve each component
iIndependently, using “t” to connect them



Ex 1: A student runs off a 10m cliff at 8.5 m/s
a) How far from the bottom does he land?

X y

Variables:
¢ a=-9.8m s

_ | 2
¢ s=-10m x:””l/fz S_%f_l_éat

. u=?8.5 m/sx =8 5m .S_l .1.43s t:\/zgq
o t= "%

. x=7 tz\/ 2010m) -y 434
—9.8m/s

1

u =ucosd=85m-s" u,=usind =0

x=12m



b) With what velocity does he hit the water?

X y

— — m — ” —
ux—ucosﬁ—S.SA u, =using =0

v, =, + gt

/z —9.8m/s-1.43s =—14m/s

v=viev v=16m/s

0 = tan{v—yj G =—-59°

v

X



Exercises

» Continue p. 53 #1-33
 FIAQD



Special Cases

Horizontal Launch: u,=0
Vertical launch: u,=0

Max height: v,=0

Level ground: v,=-u,

— range formula:R=(-u?sin20)/g
Max. range for 45°



Ex 1: Find the location at maximum height
for a projectile launched at 32m/s, 41°

X

Y

_Am
ucostd =24 A

Variables: S =ut

¢ g=-9.8m/s?

- u=32mis § = 24(2.14)
« O=41°

. y=? s=351m

e =17

usmb =21m/s
v=u-+at




Ex 2: Golf ball launched at 48m/s, 45°
above horizontal. Find range for a level

landing
X y

Variables: u =ucos@ =33.9m/s u, =usin® =33.9m/s
° - 2

g=-9.8m/s ;/ / -

—_ S=ut+—dt = ut +—at

* Vo= 48 m/s 5
) e: 450 1
e t=7 s =33.9-6.92 f(u+5at):0

t=6.92s



Ex 2: Motorcycle launched at 35m/s, 35°
above horizontal. Find range for a level

landing
X y
Variables: U, =1ucosb = 29% u,=u sin ¢/
* g=-9.8m/s® . _ . v, =V, + gt
. VO_= 35om/S . Av  —40m/s
: ?_‘735 s=29m/s-4.1s T e Z98m/s?
B s=118m

* X=7 t=4.1s


../../../Videos/MP4/Nitro Circus tricks.mp4

Ex 3: A student launches her textbook out a 5m
window at 23m/s, 15 © above horiz. Find x

X y
ucos<9=22.2m-s_1 usin6?=5.95m-s_1
2 2
Variables: ¢ =yt Vi =u"+2as
— 2 T

* 9=-9.8m/s p = £4/5.95% + 2(~9.8)(=5)
* vo=23mis =222m/s-1.78s
« B=15° v=-—11.5m-s"
° \y=- X = 4()m —

y=-om v=u+at t:(" u)
o t=7

d

« X=7

t=1.78s



f{%’an you Control / our flight?
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http://www.nytimes.com/interactive/sports/olympics/olympics-interactives.html

Ex 4: Projectile launched at 32m/s, 41° up

onto a 6.5m roof. Where does it land?
X y
V., =V, cos9:24% Vo =V,8in@=21m/s
— yzvyt+1 gt2

Variables: rEnd " A
¢ g=-9.8m/s2  x=24m/s-3.95s —4.9t"+21t-6.5=0
* Vy= 32 m/s =957, x:—bivzbz—4ac
. ©=41° ’
. u— _—21%177

z/ (ra;.Sm t=—— s

. X=? t=0.34s t=395s




Puzzler! Projectile launched at 17/m/s, 32°
up onto a 8.0m roof. Where does it land?

X y

V=V, 0050:14.4% Vyo = Vo SINO =9.0m/s

Variables rEvd Y=Vl %gtz

| :

. g=-9.8m/s? —4.9t*+9.0:-8.0=0
« V=17 m/s x:—bivzbz—“ac

. ©=32°

« y=8.0m 7 A

=2 N\

o X=7

"




“Real Life” Ex 1: Projectile launched at 15°
above horizontal. Find the launch velocity

X Y

Variables: X=vt
¢ g=-9.8m/s? L_x 6.08m
.+ vy=7? t 0.7837s
« ©=15° V., =V, cos0
« t=0.7837 v, 71758

Vo = =
e x=6.08m " cosf cosl5

=&8.03m/s



“Real Life” Ex 2: Projectile launched at
8.66m/s, theta® above horizontal. Find
range and compare (% diff)

Variables:

g=-9.8m/s?
v(;=9.01 m/s
©= choose®

t

=?
=-1.18m

V., =V,cos0

v.i

v

0 =V, sind

_ 1 2
y—vy0t+§gt

—~4.9* +2.87t+1.18=0

,_—hEVb —d4ac  __345,0.68123s

2a



“Real Life” Ex 1: Projectile launched at
?’m/s, 35° above horizontal. Find range and
compare (% diff)

e The x=7.50
« Exp x=7.80m odiff = Expemmentzl—]jheoretlcal
Theoreticd
7.80m—"7.50m
%diff =
odiff 7.50m

%diff = 4.0%



“Real Life” Ex 3: Projectile launched at
13m/s, 45° above horizontal. Find range

X y

_ _ V,o =V,8Inf

Variables: Vo =V, Cc0s
v, =13"/ sin45

¢ g=-9.8m/s? v, =13f% cos45 >0 A

— _ m
* Vo= 13 m/s v, =9.19m/ o =017
. ©=45° x * -
. = x=vt y:Vy0t+5gt
o X=7 x=10.27Y .0.7356s ,

' S 0=—49t"+9.19¢+1.195
x="74m

2
,_—bEVb —dac _ 33150073565
2a




“Real Life” Ex 4: Projectile launched at 13
m/s, 23° above horizontal. Where does the

ball hit”?
X y
Variables: u, =ucost u, =usinf  =5.080"/
+ a=-9.8m/s?2 v, =137/ cos23 S:w%aﬁ
* u=13m/s vy =11.977/
e ©=23° — 4.9/ +5.08:-1.22=0
. t= o) S =ut
_ £ = 0.66s
* X=7 s =11.97(0.66)

. y=1.22m
s=7.9m



“Real Life” Ex 2: Projectile launched at
?’m/s, 35° above horizontal. Find range and
compare (% diff)

e The x=9.48
« Exp x=9.50m odiff = Expemmentzl—]jheoretlcal
Theoreticd
9.50m—-9.51m
%diff =
odilf 9.5 1m

%diff =0.1%



“Real Life” Ex 3: Projectile launched at
9.27m/s, 15° above horizontal. Find range
and compare (% diff)

v, =, cos¢9:8.95% Vo =V,sin@ =2.40m/s

Variabl xX=vt y:VyOt_l_%gtz
ariaples.
. g=-9.8m/s? x=8.95m/s-0.79s —4.9¢" +2.40f+1.15=0
* V=927mls  __-0s, v T e
) a
. ©=15°
 —2.40%5.32

* y=—115m - _9g8
o =17

t=7 t=0.79s

o X=7



“Real Life” Ex 3: Projectile launched at
9.27m/s, 15° above horizontal. Find range
and compare (% diff)

e The x=9.05
« Exp x=9.08m odiff = Expemmentzl—]jheoretlcal
Theoreticd
9.08m —9.05m
%diff =
odilf 9.05m

%diff = 0.3%



Experiment
* Design and carry out a lab, measuring
launch velocity and angle

» Calculate horizontal displacement, then
compare to measured displacement



 The x=9.05
 Exp x=9.08m

% difference

Experimentil —Theoreticd

%diff =
odiff Theoreticd
Yodiff = 9.08;%0—5?7;051%

%diff = 0.3%



Exercises
o Start p. 56-57 #25-33



One does not simply...

...mix up their x and y variables
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Einstein discovers that time is actually money.



What if we don’t know time?

* WWe can combine these two equations to
eliminate t:

| B
v=u-+at S=ut+§at

V—1U (v—uj 1 (V—ujz
— — S=U +—a
a a 2 a

wv—u’ 1 (vz —2vu+u2j
a

2
A

as =2uv—2u’ +v> = 2vu +u’



2 2
v o =u"+2as

Variables: < Ex 3: Find the acceleration of a car

¢ a=? that stops from 35 m/s in a distance
e u=35m/s o0of59 m 5,
2 2 VvV —Uu
.« v=0 vi=u"+2as =a
28
¢ $=59m

N (0)2—(35'%)2

— m
2*59m a:—10.4—2



* The last equation of this unit solves
problems involving quadratics:

* Ex 4: How long does it take for a ball
thrown upwards at 13 m/s to reach a
height of 3.2 m? |

S:ut+—at2
2



 Ex 4: How long does it take
for a ball thrown upwards at
13 m/s to reach a height of

3.2 m?
Variables: Pp——— latz latz +ut—s=0
) a:g 2 2
e Uu=13m/s

—4.9Mm/ 2 413M/ -3 2m =0
° t:? S S

rs=32m L pa 1324137 - 4(-4.9)-32)

2a ) 2(-4.9)

X =

t:—”jlgo-% t=24s t=028s




 Ex 2: When does a ball thrown upwards
from a 4.5m roof at 3.2 m/s hit the

ground?
Variables: 1 1
* a=Qg=- S:ul‘-|——az‘2 Eat2+ut—S:O
9.8m/s? 2
*uUs3.2mis _49m/ £ 432M) t4+4.5m=0
e t=7 S S
o S==415m >
“bb* —dac ~3.2+4/3.22 —4(-4.9)4.5)
S 2a 2(_4-9)

= 2200% 1=1.34s t=-0.69s




* Ex 3: When does a ball thrown upwards
at 1.4 m/s hit the 3.2m high ceiling?

Variables:
1, 1
* a=g s =ut+—at —at"+ut—s=20
¢ Vo= 1.4m/s 2 2
+ =7 —4.9m 2t2—|—1.4mSt—3.2m=0
. d=3.2m S
b+ —4ac t:—1.41\/1.42—4(—4.9)(—3.2)
A= 24 2(-4.9)
—1.4+err?
[ = S

-9.8



Which one?

* A quadratic yields two roots.

« Sometimes the physics rules out the
possibility of one of the roots

— eg. negative time, etc.

* |In the first case, we had two solutions to
the problem:

— one on the way up, one on the way down
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 Ex 4: How long does it take for a ball
thrown upwards at 13 m/s to reach a
height of 3.2 m”? Solve without q.f?

Variables:

* a=g v =u’+2as
 u=13m/s

¢ t=7? v:i\/u2+2as
¢ 5=3.2mM

y=113>+2(-9.8)3.2

v=+103m-s"



 Ex 4: How long does it take for a ball
thrown upwards at 13 m/s to reach a
height of 3.2 m”? Solve without q.f?

Variables:
v=u-+at
° a:g
e Uu=13m/s V—1U
e t= ? t:
a
e 5=3.2m
_103-13
— 9.8

t =0.28s



Problem solving strategy
« Step 1: start with what you know

« Step 2: find a formula

Variables: - |
. o= containing only those variables
* U= v=u-+at

* =7 « Step 3: rearrange if

° S= necessary W dnl

a
« Step 4: insert numbers

and calculate
« Step 5: bask in the admiration of all your
family and friends :)



Practice:

« Continue Chapter Review Problems p.
40-41 #11-17

* Finished? Start Test Yourself p. 43 #1-8



Scalars vs. Vectors

e Scalars: have a e Vectors: have
magnitude but no magnitude and
direction: direction
— mass — force
— time — momentum
— distance — displacement

— speed — velocity


../../../Videos/Vector Despicable Me.mp4

Adding Vectors

* We always rearrange vectors to add
them tip-to-tail.

 The resultant is the vector that reaches
from the tail of the 15t to the tip of the 2nd

N




Adding Vectors

Ex: Draw a scale diagram for:
5 m North + 3 m South

4 N East + 3 N South

10 m North + 5 m Nor;theast

=




Subtracting Vectors

* We can think of vector A — B as being
equivalent to A + (-B)




Exercises

« P. 18 #1-2
« P. 19 #1



laglTSE] "Best Line”

* Must have:
— title il
— appropriate labels,
— scaled axes

— best fit line, not
connect-the-dots!

« Should take up most
of the page

« Should give us useful
iInformation...

log(T SE)




Displacement

» Distance is a measurement of how far you
have travelled and depends on the path

Tl

* Displacement is independent of path
because it simply measures the change
In position
d =12km < West




« Ex 1. Eric walks 15 blocks North then
10 blocks South. Find his:

— distance:
d=15 blocks + 10 blocks=25 blocks
— displacement

W

d =15blocks+ (~10blocks)N

d = 5blocks T North

Ex 2. Ken walks 7 m East then 10 m
North. Find his displacement :




« Ex 2. Ken walks 7 m East then 10 m
North. Find his displacement :

a’+b’>=c’

d*=7"+10°

d=12m

= tanl(zj =tan~ (Qj 0
X 7

W

d =12m,55° NofE



Components

* What is the opposite of adding

perpendicular values to get a 2D
vector?

* Finding Components ©

0

 Ex: Vector A=55N, 30° above horizontal
A = Acosl A, = AsinoG
— 48N = 28N



Ex 2: Motorcycle launched at 35m/s, 35°
above horizontal. Find range for a level

landing
X Y
Variables: U, =ucosf = 297% U, =usin = 207%
’ a=-9'8m/82 S=u,t vy =u, tat SquH—%atz
« U=35m/s
Oqut+yat2
e ©= 35° s=29m/s-4.1s 2
e t=17 Ozt(uV—l—%at)
* X=7 Av  —40m/s

=4.1s

g - —9.8m/s>
x=118m


../../../Videos/MP4/Nitro Circus tricks.mp4

Ex 3: A student launches her textbook out a 5m
window at 23m/s, 15 © above horiz. Find x

X Y
V.=V, =V, cosf = 222% VyO =V, sin@ =5.95m/ s
_ 1/ 2
_ X=vt Y=Vt 7,81
Variables: : g A
« g=-9.8m/s2 x=222m/s*1.78s —4.9" +5.95t+5=0
° —_ —b++b*-4
Vo= 23 m/s = 40m X= Vza ac
e O=15°
¢ y=-dm
.ty_ ) t:178S

o X=7



Exercises
* Finish experiment p. 53 choose 10
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Free Body Diagrams

* The point of a FBD is to simplify the
dynamics involved

* We only point out the forces acting on the
body in question

* To get to the point, we draw the body as a...
point!

F1\ / F2  « The forces are drawn
) pointing away from the
body

v F3



How do you reach equilibrium?



../../../Videos/My Videos/Ice Age 2/VTS_01_1.avi

Translational Equilibrium

* This is a fancy way of saying a=0

e |t then follows from Newton’s 2nd that:

Efzet:() ZFUU:O



 Since we deal with Newton’s 2" |aw in
one dimension at a time, we can also say:

—and
DF =0 MF =0

* Ex 1: Traffic light equilibrium

— find the weight of the traffic light from the
following diagram:
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Ex: draw a FBD for a book
resting on your table

T Y F=o0

Fy If the book weighs 13 N, find R
* Fg+R=0 R=-Fg=-(-13N)=13N



Ex: draw a FBD for a book

sliding across your table
'R

Fo o




Ex: draw a FBD for a book
being pushed with constant
velocity across your table

'R

Ff o F

d




Ex: draw a FBD for a rocket
ship in space



* Draw a free body diagram for this traffic
light

F

—F

000




e Find F2if F1 is 427N of tension

52° 38°

000




Find F2 if F1 is 427N of tension
Equilibrium, so Fg+F1+F2=0
F2=427/tan52

F2=334N -

|:2 3
529

000

R
n

52°\]




Exercises

 Read p. 31-35
o P. 33-35#17-21



What if we all jumped at once?



../../../Videos/What If Everyone JUMPED At Once-.mp4

Newton’s 1st Law

* Objects with mass have Inertia: the
tendency to stay at rest (or moving!)

 The more mass an object has, the more
difficult it is to move it (or stop it!)







Percent Difference

Experimental — Theoretical

% Diff = x 100S

Theoretical

4.64—-4.
%Diff = 649 9><IOO% —5.39%




Evaluation

Your conclusion should describe the
results, relevant to the research question

(forces and equilibrium), and supported
by the data

List limitations and sources of error.
Address each with suggestions for
improvement



* Mini Quiz:
* 1) Find T2 (3 marks)

« 2) What will happen to the magnitude of
T1 if we increase from 42 to a larger
angle? (3 marks)

42°

T2
Tl

125N

000




e Mini Quiz: Find T2

sin104 sin438

F 427N

g

48°

Tl

000

42°

T2

125N




D=M"V



What is the momentum of a 120 kg
rugby player running at 11 m/s?

p=mv
p=120kg - 11 m - s
/S

p=1320 kg ‘m s’



../../../Videos/Jonah Lomu - The Human Beast - Career Tribute.mp4

Newton’s 29 Law

« “Impulse": change in ok
momentum B e

Impulse = FAt = Ap



Can we find the impulse
Venus applies to this 579
tennis ball?

She returns a 46m/s serve §
at 35m/s

'I

DT O - ’-
r .
g

Impulse = Ap

= my —miu o .

= 0.057(35) — 0.057(—46)

R


http://www.youtube.com/watch?v=usnMVP1j64E

0. 38 #24-25

« Start "Personal Engagement”
assignment

* Using the iPads, write an introductory
paragraph for a possible |A topic.

* Include a research question, and reasons
why you chose that particular topic



Can we find the Force
Venus applies to this 579
tennis ball?

She returns a 46m/s serve i
at 35m/s and the ball only
contacts the racquet for
6.5ms



http://www.youtube.com/watch?v=usnMVP1j64E

Newton’s 2" Law

* Rearranging the impulse formula gives
us:

F =ma

 Ex 1: how much force is necessary to
accelerate a 80kg student at 10 m/s??

F=ma=80(10) =800N




What do we mean “net” force?

 Net force is zero if there are no
unbalanced forces

* We usually do not notice forces until
they become unbalanced

« Ex. What are the forces acting on a
suction cup?



Find the acceleration of T =4500N
A

this 300 kg rocket

F=mg =300-9.8

a = —
m

_ 4500N +(—2940N)
300kg

a

2 52m-s?

i \‘f"
a=52m-s = ~=0.53¢g e

0.8m-s” W '




Find:
A) the acceleration of these masses,
neglecting friction

W —mg =6-9.8 ]

6.00 kg




Find:
b) the tension in the string

F = ma

-2
42m- s
8.00 kg

T =8-42 ——
T =33.6N I

6.00 kg



Find R for this 55 kg elevator
passenger

F = ma

W + R =ma

R =—W +ma
R =—(—539)+55(—-3.2) 32m-s~’

R=363N



0. 41 #26-31

« Start "Personal Engagement”
assignment

* Using the iPads, write an introductory
paragraph for a possible |A topic.

* Include a research question, and reasons
why you chose that particular topic



Newton’s 3™ Law

* For every action there is an equal and
opposite reaction

* When you hit something, it hits back!



http://www.youtube.com/watch?v=LDbR-yW8Pf0&feature=related
http://www.youtube.com/watch?v=otHZwjElXwQ&feature=related




A Normal Force

Normal Force |

W =mg

When an object is in contact with a supporting
surface, it pushes down on that surface

Newton’s 3rd Law states the surface pushes back
with an equal and opposite force

This is often (but not always!) equal to the object’s
weight

We sometimes refer to Normal force as the
“apparent weight”




Simple case: object at rest

* Ex 3: What is the normal force acting on
the 2.5 kg book resting on your desk?

— What forces act on the book? . PN
« Gravity and Normal force O
— Free body diagram =

— Apply 2nd law |

F =ma=0

net






Extended object at rest

* Ex 3: what is the normal force acting on
your book as you lean on it witha 35 N Fy
force?

— What forces act on the book?”?

» Gravity, Applied and Normal force ©
— Free body diagram = l =
— Apply 2nd law v a

F =ma=0

net



F =ma=0

net
F,+F,+F,=0

Fy=F,~F,

F, =—(=24.5N)—(-35N)
F, =60N




Accelerating object

* Ex 4: find the apparent weight of a 50 kg
student accelerating upwards at 3.4 m/s?

— What forces act on the student?

» Gravity and Normal force N
— Free body diagram .
— Apply 2nd law
. F,
. =ma

net



F, =-50(-9.8)+50(3.4) ¢
F, = 660N



p. 41 #32



GRF "Mini” Quiz

« Use the graph from the force platform to
a) identify regions of positive, negative
and zero acceleration (4 marks)

* b) Solve for the maximum positive
acceleration (3 marks)

* ¢) What differences would you see on

the graph if this hefty fellow gained even
more mass over the holidays? (3 marks)



Total momentum
before is equal to
total momentum

after the collision

This is true for all

C

osed, isolated

systems

No No

one allowed het external
in or out force

E
S
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=
=
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=
=
=
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=
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v ”—J' -
Photo Credit: © Phil Walter/Fotopress/Touchline Photo



Chabal: timing



http://www.youtube.com/watch?v=cxljHECox1M
http://www.youtube.com/watch?v=j62HQuGs9Lo

SETANTA

F snnnTsi



Rokocoko has a
mass of 105 kg and
runs at 7.5 m/s into
92 kg Betson

How fast are they
moving after the
collision”?







Most common physics 11 collision: moving object collides with

stationary one; they move off together
Ex: a student with a mass of 105 kg runs at 7.5 m/s into a 92 kg

classmate, find v

Y — 40m m,v,




Variables

m4= Pi=Ps o
_ P1+P2=P1+ P2
u1= MqUq + MaUz = MqVy+ Myvs
m2= mqUq + MoU, = (m1 + mz)V?
— 0=mqv i+ myv,?
U,= 14+ MaVy

V'=



Variables

m=0.320 kg

Pi=DPrs
V1 =7

0= mqVv4+ moVvs
m,=0.850 kg M1V4 =-MaVy

V,=-25 m/s Vi=-mava/m;
v4=-0.850kg(-25m/s)/0.320kg

vV{= 66 m/s



Try p. 46 #33, 34



Area under the graph

* This should give impulse
F(N) Point of maximum
800 < compression
600
400
2004 Contact Contact
4 begins. ends.
0 1 I \ | | I / I | I 'r ([nh}
0 20 | 40 60 | 80 100

A = "
Duration At



Ex: a) Find the impulse

F/N

b) Find the change in velocity of the
0.32 kg ball



Finish p. 46 #33, 34



