PHY131 F Fall 2020
Class 19

Today:
6.7 Collisions in 2D

7.1 Work and Energy

7.2 Conservation of Energy

Poll Question (Ch.6 Review)

* A 1.0 kg block is dropped from a
height of 1.0 m above the floor.

» When it collides with the floor, it takes
to come to a complete stop
inetastic collision). st =1.0%/p"3 5
* What was the magnitude of the

average force of the floor on the
block during the collision?
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A yellow Hummer (my, = 3900 kg) was driving 1 EITAR My = 3700 )7
South and collided with a blue Toyota (m; = T <1 (M Hwe)
1200 kg) which was driving East. The speed y = V9

limit on both roads is 50 km/hr. Defins - y(No )
After the collision, the two cars stuck together
and the combined mass skidded along the M= \ZWk][ﬂ—» '
ground. Vs =T (positin (Eay)
The police ure that the skid marks are a Finl: Wcombined masy”
line 10 m long, angled 32° East of South. at Mepy = th y+mMo
The coefficient of kinetic friction between
rubber and road is 0.8. 537\ 1V, oF ol
How fast were the cars going before the \'3’ =V of
collision? Who is at fault? / skio(dra?
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How fast were the cars going before the Collig i  + Ix Pix
collision? Who is at fault? pix !

’ SIMPLIFY & DIAGRAM ‘ X ﬂ B ﬂ
Z Séym{g o&" mohon- @ Colligian . T -\--H/ + — =
® Skfﬂfo{"ﬂg_ .‘ - .
W of () =T, of @ y: _ Py s Py
L@'}" stack 57 o\'\o.fw'»ﬁ Seg @ : o E + - ﬁ

For(,[ 0( “ﬁgfﬂh oﬁ ’ REPRESENT MATHEMATICALLY ‘
Com (hn?J mas!. K §7-_7 =0 = M"’/ﬂcn‘ﬂ

(!

. . 0 = \j S B

f N < 2NMemy § eV O Wem V20005
L o~ R"\CM == . “ . = - "

Ao <Fy Z%KN :ﬂhmcmj v 0 My Vi D= Me U}_Cosza;)

wl':“ j%g"c"l awZ_Wﬁ:»/uk ng D% Vi ® %W 110
L Ust &4.2.7 Zml-_%,vm'qr
~Te 2, - mc
Vet g B2 V= e Jeucd osd

Collrsron - [SOLVE & EVALUATE |
Pix * de = Pes = 120073990 Tz (0.0)9.2(10)
. S - e R
AR [or =2t ]
v ‘) =
Py + Iy Rey Vi = MO Jg(o.x)?-s(@
| G| 3700 a2
T =+

\

2.9 @

(1) e ‘Toyﬂ”'ﬂ WA § jw'»y Wk
VA O ~ My, +0 = M V3000 fode Yus Yoo Humme .
R () Ve = Zg.z_u_q_( @:ﬂ)(ébrya>(&
(1> Ve, = Mom JZugd si6 = | (o= NTh 1000y,
Me V= )02km & in 2 S0kw)
h

2)>) = Mem s 2 . ,
() ,U-H| TH JZ/‘//(ﬂ (9 _.rcqoo“;\q Ve a_' ‘%L,Hm

| REPRESENT MATHEMATICALLY | t\)\H ;
X My VL +0 + D = M Ur smd

N_

6



What’s the Big Idea?

Chapters 6 and 7 introduce the principles of conservation of
momentum and conservation of energy. These concepts give us new
useful ways of analyzing motion.

Some quantities stay the same while other things around them change.

For example, when a dish falls to the floor and shatters, the initial mass
of the plate should equal the total final mass of all the pieces. This is
“Conservation of Mass”:. M, = M.

Similarly, we have “Conservation of Momentum” (p; = ps), and
“Conservation of Energy” (E; = E;): two new principles which we will use
to solve problems.

What is “energy”?

Energy is a property of an object, like age or height or
mass.

= Every object that is moving has some Kinetic Energy K.

= An object in a gravitational field also has some
Gravitational Potential Energy U, ST

' > k) "Joules”
= Energy has units, and can be measured. “" s are Joukes

= Energy is relative; kinetic energy of car is different for an
observer in the car than it is for an observer standing on
the side of the road.



Kinetic Energy: The energy of motion




Potential Energy: The energy of position

Elastic Potential Energy
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Here “«<” means “is proportional to”
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Dominoes

= A domino is a rectangular solid
which can be balanced on its
edge

= When standing upright, its
gravitational potential energy is a
maximum

= This is a state of unstable equilibrium: a small
perturbation can cause the domino to fall,

transforming its gravitational potential energy into
kinetic energy

= As itis falling, it can perturb its neighbor, which
then releases its potential energy: a chain reaction
can ensue! ~

The most basic form

: -
of energy: Work L

* involves force and distance.

* is force x distance. - F 2ma

* in equation form: W =F d cos 6 Unds-

* Here 6 is the angle between the force N = ":’} W
and displacement St

N -y =kg m’

Two things occur whenever work is S| Unit of work: N}
done: newton-meter (N-m) v

« application of force or joule (J)

« movement of something by that force



Work can be positive, zero or negative

* Your hand (H) pulls a briefcase (B) to the right
and it moves to the right.

* When the force and the distance are in the same
direction, you are helping the motion with the
force, so the work done on the object is positive.

« The force is adding energy to the object +

environment. W< Fd coso
« Maybe this force F =0

is speeding the cos@ =+

objectup. = [ S = — = — — = >
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Work can be positive, zero or negative

» Your hand (H) supports a briefcase (B) with an
upward force, as the briefcase moves to the right.

« When the force and the distance are at right angles,
you are not helping the motion with the force, so the

work is zero.
* This force is not changirlg the energy of the object.
F w = F 17{ cos &
* This force won't HonB Cos 10° =D

speed the object
up or slow it
down.

16



17

8
L

18

Work can be positive, zero or negative

Your hand (H) pulls a briefcase (B) to the left,
while, for some reason, the briefcase moves to the
right. Aispcemn > _

When the force and distance are in opposite
directions, you are hindering the motion with the
force, so the work done on the object is negative.

This force is reducing the energy of the object.

. 9,/,/300 wao(Cbsb'
» Maybe this Cos JQ()DZ )
force is 6
slowing the Bl - - - — — = > W= -
object down. g
HonB
L 9

%o..%a

W =F 4

Poll Question

> N

® « Justinis doing a bench press, and he slowly
pushes the bar up a distance of 0.30 m while
pushing upwards on the bar with a force of 200 N.
The bar moves with a constant velocity during this

time.
* During the upward push, how much work does

6:’0

{Zo v N )(0 3 ) Justin do on the bar?

=60 )

60 J
120 J
.0J
.-60J
-120J

mo o =)
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Poll Question

 Justin is doing a bench press, and he slowly

lowers the bar down a distance of 0.30 m while
pushing upwards on the bar with a force of 200 N.
The bar moves with a constant velocity during this
time.

During the downward lowering, how much work
does Justin do on the bar?

A. 60 J
B.120J
C.0J
-60 J
.-120J

Poll Question
Justin is doing a bench press, and he slowly
lowers the bar down a distance of 0.30 m while
pushing upwards on the bar with a force of 200 N.
He then pushes it up slowly the same distance of
0.30 m back to its starting position, also pushing
upwards on the bar with a force of 200 N.

During the complete downward and upward
motion, how much total work does Justin do on
the bar? A. 60 J

B. 120

E.-120J

10
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Midterm Assessment #3

Each online half-hour assessement is worth between 10%
and 12.5% of your mark in this course.

The lowest of five assessment scores will be dropped.

The assessment will become available on Quercus to start at
8:10pm tomorrow evening, Toronto time (ie 32 hours from
right now)

If you are registered for the alternate sitting, then you do the
whole thing exactly 2 hours later.

If you miss the assessment, you get a zero.

Midterm Assessment #3

The assessment is "open book"; allowed aids include your
course notes, the textbook, videos, google-searches for
static web-pages, a calculator, Excel, Python, etc.

You must work on the assessment individually.

No group work or chats with other students are allowed
during the assessment.

Once you start there will be a 30-minute timer

The assessment ends when your personal 30-minute timer
elapses, or 8:45pm, whichever comes first.
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Midterm Assessment #3

You will see one question at a time, in a random order.

You must submit each answer by clicking Next in order to see
the next question; you will not have the ability to go back
change any answer after it has been submitted.

After completing all 10 questions you must click Submit Quiz
before the time has ended.

There are 4 conceptual questions and 6 numerical questions.

You will need a calculator, or Excel or something to do these.
You should have pencil and paper ready for rough work.

Midterm Assessment #3

All questions are Multiple Choice, marked automatically.

The average time per question is 3 minutes, but numerical
questions will likely take longer than conceptual, so do not
linger long on the conceptual questions.

Material will cover mostly questions and problems from
Chapters 5 and 6 from Etkina. Chapters 2-4 are also important
to remember, but are not specifically tested in this assessment.

There will be at least one question based on your work in
Practicals 2a and b and 3a.
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Before Class 20 on Wednesday

Please read:

7.3 Kinetic Energy, Gravitational Potential Energy
7.4 Elastic Potential Energy

7.5 Work of Sliding Friction

Good luck on tomorrow’s test! 24 + 8 hours from right now!
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