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In a given inertial reference frame,
the total momentum of an isolated system stays constant.

e Conservation of momentum:
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e Conservation of momentum:
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e Conservation of energy:

The total energy of a system stays constant,
as long as energy doesn't leave or enter the system.
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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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e Conservation of energy:
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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 ene fy IS conserved
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e Throughout a collision: — YA ‘ffﬁ'_\]?)z
e Momentum is always Approach
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external force is zero or oo o
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when using the impulse
approximation)

Collision
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Elastic versus Iinelastic collisions
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e Throughout a collision: —@ VAi

e Momentum is always
conserved (when the net
external force is zero or
when using the impulse
approximation)

* Kinetic energy is -
conserved when the VAf o
collision is elastic (i.e. no ~—&-
nonconservative work, no
change in potential energy)

Vg
&
Approach
AB)
Collision
... Vpr
[f elastic
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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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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?

@ 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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» Remember elastic collisions conserve _
both momentum and kinetic energy =7 Vai VB B-
. —' 4 B —
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It elastic
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Elastic collision in one dimension
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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?

A. Cart B is injtially at rest (vBl =0)  Wy=ag=m
VAR = @‘VAI 5 Q'fm' 9

o @'VBI t lﬁiﬂm Vp = \/Al
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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?

A. Cart B |s |n|t|aIIy atrest (vg; = 0) y,=m,=n
4O

B. Cart B is also mpvmg with an initial velocity vp.
\/AF =l @\/Al +@/31 \43‘

VR = Vi

19



=PrL
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 (766): Elastic collision, different mass = s:.

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. Vg; =0

A. What are the final velocities of the carts?

- Wil
W g
Var = 04 v

My g
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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. Vg; =0

B. What if m, is much larger than mpg? M>> g meafls Thot

Vap = anﬂ"l‘—_ﬂ&'\’ﬁ N '—,V-],,A'\/A' = Vi | ™ @ Wptlg R My
~ ZMA on {L Chq% MA_"/ﬂB ‘q\f MA
Vaf-= F/ﬁ’m Vg "AVA. =2V | mwuh{M
& <—@
C. What if m, is much smaller than mB’? My <Ky Meang thaf
Vat = mc:vge Vii % 4VA: = = Vi Wyt g % Mg
) ) "o X e
= 2
VaP —Nﬁm‘s’\/ 2 M, ¥ J Wy a 0

Vg
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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?

ny
\{' fS :\7‘/9 T : l
ofice thot ) The m g
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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 spacecratft Vris.. A 1 <<l
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* |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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* |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, 3)0 there is one final velocity
Bt

— [ )—>
M@A—ﬁé%%QD :

MA{-MB
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Inelastic collisions

* |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
\fﬂt , ~
O é‘%} = O—%
M/\ W ‘f‘MB
o Impose vAf = va = vf instead of energy conservation
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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

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

« Impose v, = Vg, = V; instead of energy conservation

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

e "How?!", you ask...
34
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*He + 3.5 MeV
n+141MeV

Proton

Neutron
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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.

36
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VAi VBi —

* Inelastic collisions conserve @ (B -
momentum, but not kinetic o Approach -
energy (so we need an
additional constraint) o\ i

AB)

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

initial velocities
If perfectly inelastic

Cons. of vnommjrum 2',0( pr
i ai + M < Madpe  MgVe

‘ﬂ (Q(PQC:H)’ \'/]elds-[_rc Cd_fe) \/AP:\’/;PT“\?P

= — - N e DS )' Lb'
= My gy = WpVp MgV = (Wt Ve > |Vp = %iﬁ;ﬁ&
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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? Var =0

7 = Malhc+ " My U
MAHWB VAAanB '
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Collisions in two or three dimensions "
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vAf"‘
Vaf [COS (QA) %
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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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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 + 0? My=mg=n Vg =0

Cone. of‘ momﬁﬂ{'wf\« WlA\/A"“m 4 = MA\_/;F*% B D W= VetV

| = ap Q05 (8n) + Vi mﬁ(eb)
1/) 9 O Vap 5m(eA> Vg 510 (e.g)
Now l 54[q01('€, éo'ﬂ'\ S!o{@ﬁ a/)a[ G\CH ﬂ'ﬁrﬂ :
Ja+0 = [Npp CO5(6a) v Var 605(9&):]2 F [Vae 310(n)~ g 511 (8))”

= Vi oY () + Vab 05 Bg) + 2Var g ©5(8y)cos(Be)

4 5 (00 + Vg 55) ~ Qg ien) 5]
\/Af + \/g? + 293¢ Vep ] 695(9/9 ¢05(88)~ 5i(6a) 511 (95)]
= \/Ae-)w’gl:{—.Z\/AF\/gg 05(e+95) ) 41




2D elastic collision, same mass

E\o»ﬂLfc calliston - 2K = ZKF

Noy [ sdbftad @ Fom @:
0= 52\//\;\/3{: (Qﬁ(@A 4'98)

Ths <oJ\aA[+|'O~I\ (s $0\'}f'5E'(ol \«/L\U] :

1) Vap=0  Head 04 <o”:'5nb/)

oc 2) Y20  No collision
o 3) COS(@A*"@B) =0 = Ot 66

-1z

=

2
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Billiard table
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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
44
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 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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