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e Conservation of energy:

The total energy of a system stays constant,
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e Conservation of mechanical energy:

If all forces doing work on a system are conservative, then
its mechanical energy Is conserved.
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Last few weeks - conserved quantities

e Conservation of energy:

The total energy of a system stays constant,
as long as energy doesn't leave or enter the system.

2 E= 2k

e Conservation of mechanical energy:

If all forces doing work on a system are conservative, then
its mechanical energy Is conserved.
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DEMO (82)

Dropping things on an anvil
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Elastic versus inelastic collisions "
e Throughout a collision: ".Z:\A_‘)_Vé" Yf”_,\g)z
¢ Momentum is always Approach
conserved (when the net
external force is zero or . % o DB

when using the impulse
approximation)  Ay= A+ N O

Collision
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e Momentum is always

Elastic versus inelastic collisions "
e Throughout a collision: '.Z@_Vé" ‘ff”_@:.
Approach

conserved (when the net

external force is zero or DD

when using the impulse 9
approximation) Collision

Kinetic energy is {}Af | _ ;}Bf
conserved when the e A)— — (B—
collision is elastic (i.e. no [f elastic
nonconservative work, no In this case

change in potential AE, =0 > AKFAT =0

energy)
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Elastic versus inelastic collisions o
e Throughout a collision: Z\Q_T}éi h.@}
e Momentum is always Approach

conserved (when the net
external force is zero or

when using the impulse AB)
approximation) Collision

* Kinetic energy is S .
conserved when the Var . VB
collision is elastic (i.e. no —&- o
nonconservative work, no [f elastic

change in potential energy)

* Kinetic energy is not -

Var Vg
conserved when the J;._.A ‘B f

collision is Iinelastic
It inelastic
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Conceptual question esponsewareeu  ® S,

Session ID: epflphys101en center

A ball is thrown at a wall. The ball bounces off and returns
with a speed equal to the speed it had before colliding with
the wall. Which of the following quantities are the same after
the collision as they were before the collision?

(A) The kinetic energy of the ball.

B. The momentum of the ball.

C. Both the kinetic energy and the momentum of the ball.
D. Neither the kinetic energy nor the momentum of the ball.
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Elastic collision in one dimension = suis.

Center

A
X = _ ‘/\
« Remember elastic collisions conserve ™ /Ar-\/A,X
both momentum and kinetic energy =" VAi ®-

Cans. oF Momemtum Zﬂ ZFF - Approach
MA\/A "MB\/BI = W)A\/AF t vM @
= Mphi Flgvg; = A\/AP+MB\’8F > MAM;“‘W)'S%(\@P“\/@;}@@
Since e_\asﬁc K, e 3){ s @hserved @ =K ==K Collision
gMA\/Ar*gmg\/e( %’YIA\/AF i—gmg\/ef‘ VAf o o {}Bf
WA (‘/Ar t) = vlg(Vep=i ~—- ——

It elastic

N (\/A( "\/AF> <\/A "‘/AF) M,g (‘}@F *‘/2‘) (‘/SP"‘@O @

[\)O"‘/ We a‘f\/r’ole @ éy @ '['o Ob]LO\IV): \/A; +Vp = \’BP"‘\/B{ @
Now we waltigly @ by Mg g ke = WVap + Mgy &)

16



Elastic collision in one dimension
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\/ ¢+ MB\/BI

Fs'no\”y | sabtract @ Prom @) !
MgNpi = NgVpp =

MA \/AF ¥ MB)JB/P' - % - mg\/g,‘

D VA =lg) + pp (=g 1) = Vi (-5 g) = — 2 Ve
= \/AP(W‘AW> = (Mg~ p) Jar t g,

~ Wa-rig
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WJ@"’"A \/.g(
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DEMO (766): Elastic collision, same mass*" :::.

Cart A, with mass m moving with speed v, ., collides head-on
with cart B of equal mass. What are the speeds of the two

carts after the collision, assuming it is elastic?
VV‘A“M3=M

A. CartB is |n|t|aIIy at rest (vBl = 0)
\/AF - \/A| /VH'M' O
it - @@P 2= v

w)4M
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DEMO (766): Elastic collision, same mass*" :::.

Cart A, with mass m moving with speed v, ., collides head-on
with cart B of equal mass. What are the speeds of the two
carts after the collision, assuming it is elastic?

MA“MRT-'M
A. CartB is |n|t|aIIy at rest (vBl = 0)
Vat “@\/Aa Mrm' =)
\/g[: %@P ’ﬂ"‘\/A( \4“
B. Cart B is also moving with an initial velocity vp.

70
Vaf = %‘IAI* mwn‘/et = Vi

VoS Vi
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DEMO (766): Elastic collision, same mass- :::.

Cart A, with mass m moving with speed v, ., collides head-on
with cart B of equal mass. What are the speeds of the two
carts after the collision, assuming it is elastic?

 \WWhen objects with equal mass collide elastically in 1D,
they simply swap velocities
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DEMO (89): Newton’s cradle
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DEMO (89): Newton’s cradle
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DEMO (89): Newton’s cradle
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DEMO (89): Newton’s cradle
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DEMO (766): Elastic collision, different mass = ;.

Cart A, with mass m, moving with speed v,;, experiences a
head-on elastic collision with cart B, which has mass mz and
Is atrest. ;=0

A. What are the final velocities of the carts?

Mr—n
\/AF B M%W%\/At \/QF MA 3 'ﬂe\/
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DEMO (766): Elastic collision, different mass = ;.

Cart A, with mass m, moving with speed v,;, experiences a

head-on elastic collision with cart B, which has mass mz and
IS at rest.

B. What if mA is much larger than mg?  wm,>>mg  yeans that

VAl ——A-\/A, =wi | B> ® Wyt g & My
\ -y ¥ M
\’eF“'-mM" Uiw avg| Yo fe Tl T T
A @ g—h,__@
C. What if m, is much smaller than mg?  m, <<, means o
Vap & 208, f - = =y Wipt Vg 2 Wl
AF ~ mB Ar Al M:“MB N —alg

%@4\40
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Two small balls are dropped from the same height /2, one on
top of the other. Ball 2 is on top, while ball 1 is below and is

much more massive with m; > m,. First, ball 1 collides with
the ground at speed v, and rebounds elastically. Then, as
ball 1 starts to move upward, it collides elastically with ball 2

which is still moving downwards also with speed vy. What is
the relative speed between the two balls after they collide?

’;”lz
m, lg

hi
1y 8
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Seismic accelerator
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Conceptual question esponsewareeu  ® S,

Session ID: epflphys101en center

A small spacecraft with speed v; approaches Saturn, which

Is moving in the opposite direction at speed vg. Due to

gravitational interactions with Saturn, the spacecraft swings
around Saturn and heads off in the direction opposite to its
approach. After it is far enough away to be effectively free of

Saturn’s gravity, the final speed of the spacecraft vfis. .
1\4 >>M Q@ -

AV — Vg Vp= Vi Y
®) v, +2v <« <D,

l > ) V50
C. v, —2vg ,_,h/(:; ......
D. V. + V. Vi S
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Inelastic collisions = guiss

Center

* |nelastic collisions do not conserve kinetic energy, but still
conserve momentum (as long as the system is isolated)
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* |nelastic collisions do not conserve kinetic energy, but still
conserve momentum (as long as the system is isolated)

 Energy can be lost to potential energy or thermal energy
(i.e. heat) due to friction
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Inelastic collisions

P
C

* |nelastic collisions do not conserve kinetic energy, but still
conserve momentum (as long as the system is isolated)

 Energy can be lost to potential energy or thermal energy
(i.e. heat) due to friction

* A“perfectly inelastic” collision is when the objects stick
together afterwards,.so there is one final velocity

@«%/Af X5 — Y%
Ma
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Center

* |nelastic collisions do not conserve kinetic energy, but still
conserve momentum (as long as the system is isolated)

 Energy can be lost to potential energy or thermal energy
(i.e. heat) due to friction

* A“perfectly inelastic” collision is when the objects stick
together afterwards, so there is one final velocity

a

MA W'B M,\*‘MB
e Impose v, = vpr = V, Instead of energy conservation
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Inelastic collisions = guiss

Center

* |nelastic collisions do not conserve kinetic energy, but still
conserve momentum (as long as the system is isolated)

 Energy can be lost to potential energy or thermal energy
(i.e. heat) due to friction

* A“perfectly inelastic” collision is when the objects stick
together afterwards, so there is one final velocity

e Impose v, = vpr = V, Instead of energy conservation

e Kinetic energy can even be gained through an inelastic
collision!

e "How?!", you ask...
34



Fusion! = guiss

eeeeee

*He + 3.5 MeV
n+141MeV

Proton

Neutron

9
J .
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We've already seen inelastic collisions =z

Center

1. Acrobat and clown

grabs a clown of mass m¢, who is standing stationary at the edge of a platform They o -
together. Assume that the time it takes for the acrobat to grab the clown is very short.

What is the maximum height h; reached by the acrobat and clown? Write your answer in terms of some or
all of the following: ma, mc, g, ho, and vy.
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Perfectly inelastic collision in one dimension = &z

Center

. - Yy Vg,

e |nelastic collisions conserve | :@_Al L.@)-
momentum, but not kinetic o Approach a
energy (so we need an
additional constraint) A

AB)

* In this case, we can find a Collision
completely general solution for .
the final velocities in terms of the o~ VF

AB—

Initial velocities
Cons. of Mamentam =7 = =7,
i & M or = 1 7
ANAi + MigNpi = MA\//"F & gVigp
Pest. i/\@lmsfr'c (0“!15(9(\ . "ZF-‘- \'/;, = \7;

If perfectly inelastic

A IR Xy 0 Mk Mol
2 Wit Mgl = iy 5 MgV = (Matig)Vp = |\p= A WA\\'t MBR i
A
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DEMO (766): Perfectly inelastic collision = .

Cart A, with mass m, moving with speed v,;, collides head-

on with cart B, which has mass mg and is at rest. What are
the speeds of the two carts after the collision, assuming it is

perfectly inelastic? Vg =0

O her
Ve Maai + Dl . 7,
MA'FM W+ Al
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Collisions in two or three dimensions "
y

o

@ — ‘ \@A X

‘ va
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Collisions in two or three dimensions o

Y
o

@ — ‘ \QA X

‘ VBf

o Still apply conservation of momentum and kinetic energy
(or alternative condition), but significantly more math
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2D elastic collision, same mass o

Center

A ball of mass m moving with speed v,; without friction on a

horizontal surface collides elastically with another ball of an
equal mass, at rest. After the collision, what is the angle

between their velocities 0, + 057? MA" Mg=l V=0

Cons. OF MO’Y}ZA’MW] \/WA; 4—;@\/& WJ\\/AP F WlQ\/BP >, \/Ar.‘.jp \/Ap -J-Jgp
Aion3 T W = Vap 05(as) + Ver o3 (8s)
Alglkj y: 0= \/Apsfﬂ(eA)-—*\/Bpsi/I (6e)

Now | sqﬂqf'(; both 6‘2}/‘5 a/lol orold] them |
Wi+ O = [Var<os(Qe) Vap cos(@e]* + [Nigp $(8x)~ Ve 5(Bey]?

= VCOS (on) ~ it cOS6) - 2 O5(E) o 05 (25) ] o5 K)+ 5 R) =1
o \/Al’ 5:0 CG/O-\- \/gf.ff/\%Qe) -2 \/Apém (6A> \/8‘\5(/](98>

T Vgpt Vegp + 2apVar] G05(0n) 05(s) - 5in(en)s(Pe)]
2 2
2 \/AP %-\/Bp-i' Q\AF\/‘){J COSC@A“‘e,g) @ a4



2D elastic collision, same mass

Cons. of dech. eneray K+ 2 = Sk v S

) .M 2
Lagve = Lo v b > 2 = By @
Now we SJ.H(’O\C{' @ P!’om @ a/lo{ We, fjcf ;
() = 2ypVap <05 (6416,)

T;) [‘5 CQ")(?‘ fh‘ol) ca) é@, 54""'5 ﬁ.e,{ wh en
1) VAF =0 Hqu{“Ov’\ CO”Br'OA C’ﬂ) case>
2) Vgp=0 No «lligion

3) W5(6418) =0 D Gt =t7
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2D elastic collision, same mass o

Yy

A

* To solve for the 4 unknowns (v Vg 0y, 0p), we need a
fourth equation

* Knowing the “impact parameter” d, allows you to directly

determine 0
46
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Billiard table

47



EPFL
Conceptual question SotsonD: sptphys1oten i

Cart A is at rest. An identical cart B is moving to the right and
collides elastically with cart A. After the collision, which of

the following is true

A. Carts A and B are both at rest.

@ Cart B stops and cart A moves to the right with speed
equal to the original speed of cart B.

C. Cart Aremains at rest and cart B bounces back with

speed equal to its original speed.
D. Cart A moves to the right with a speed slightly less than
the original speed of cart B and cart B moves to the right

with a very small speed.
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Conceptual question Session ID: epfphys10ten Gkt

Cart A is at rest. An identical cart B, moving to the right,
collides inelastically with cart A. They stick together. After
the collision, which of the following is true.

A. Carts A and B are both at rest.

Carts A and B move to the right with a speed less than
cart B's original speed.

C. Carts A and B moves to the right with speed greater than
Cart B's original speed.

D. Cart B stops and cart A moves to the right with speed
equal to the original speed of cart B.
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Session ID: epflphys101en center

An explosion splits an object initially at rest into two pieces of
unequal mass. Which piece has the greater kinetic energy?

The less massive piece

B. The more massive piece

C. They both have the same kinetic energy
D. There is not enough information to tell

50
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An experimental setup to study the collision of two carts:

Il. sl v T
In the experiment, cart A rolls to the right, away from the motion
sensor at the left end of the track, and hits cart B, which is at
rest. The graph below shows the distance from the motion
sensor to cart A as a function of time. Which objects collide at
timefr =1.5s?
A. Cart B and the spring. & oo
B. Cart B and the
motion sensor.
@ Carts A and B.
D. Cart A and the spring.
E' Cart A and the 0 0.20 1.00 1.50 2.30
motion sensor. Time (s)

Distance (

0.1250
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Summary o]

Center

 Aslong as the system is isolated, momentum is conserved
iIn any collision

e |f the collision is elastic, kinetic energy is also conserved

e Elastic means that the nonconservative work Is zero
and there is no change in the potential energy

e |f the collision is inelastic, kinetic energy is not conserved,
so you need to find some other condition

e |f the collision is perfectly inelastic, the objects stick
together, so the other condition is to set the final velocities

of the objects to be equal
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See you tomorrow for fusion reactions
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