This Week

Continue describing interactions from the
viewpoint of CONSERVATION

Conservation of Energy - ascalar
Etinal- Einitia= Einput- Eoutpu
DEgystem = DE transter
Egsten=KE +PE Erangier = oF - d7
NEW Theory pan

Conservation of Momentum - a vector
A bit of Chapter 8 - 8.4, 8.6

Competent Problem Solver Chapter 5
Laboratory 5

New Equations

Bfinal - Binitial = Pinput - Poutput

DI sytem =DPtrangfer
B =mv Ptransfer = Fdt
Psystem path

Conservation Theory

Conservation of Energy
Useful but not complete
No directional information

Energy is a scalar
Need a vector quantity
Property of vector
perpendicular components are independent
Momentum in x direction p, =mv,
Momentum in y direction Py =Mmvy
Momentum in z direction Pz =MV,

Conservation of momentum in each direction
isindependent

Pxtina = Pxinitial = pxinput - pxoulput
pylmal 'pymmal = pymput - pyoulpul

P zfinal = Pzinitia = pzlnpu! 'pzou!put

Why We Need Momentum

Example:

Your experience in the Lab

Behavior of collisions (interactions)

Take an extreme example to see why
conservation of energy is not enough.
Situation: Two objects go towards each other
same mass, same speed
stick together after they hit
Stick together means:

Vit = Va = Vi
initial time final time

Vi Vi Vi
[iT21

Whatis v;?

Conservation of Energy
Ei-Ei= Empul - Euutpul

system: both objects
initial energy of system

Ei = (KE)ii+ (KE)2i
final energy of system
Er = (KE)t + (KE)at

energy transfer between initial and final time

No external forces in the
direction of velocity

Weight and normal force
cannot transfer energy to
system

Neglect friction

Empu! =0 Eompm =0

Ef - Ei = Einput - Eoutput

(1/2) mv? +(L/2) mvi- (1/2) mvi= (1/2) mvi =0
ViV vV = 0
2vi=2 v
Vi = Vi

or

Vi =-Vi

Conservation of energy gives
two possibilities!

What does this mean?

Is something wrong with the theory
of Conservation of Energy?

Test this prediction

Results

Conservation of Energy for 2 object system
predicts
VISV or Vi=-Vi
We observe
vi=0

Either the theory of conservation of energy
iswrong
or

we have not identified all of the terms in the
conservation of energy equation

Could there be any energy transfer?

The discrepancy is large

No large interactions with other objects
that are not accounted for

Could there be a system energy different from

Kinetic Energy
Potential Energy




Conservation of Energy

The objects in our system are not really

single objects o Bon e B o 2]
| Lot b0 o
nternal Structure
Internal parts have energy M@@

Kinetic Energy @@@%
Potential Energy W&X’Qﬁ

Energy of the system of two objects =
KE, +KE, + PE,
+ internal KE; + internal PE;

+ internal KE, + internal PE,

[Conservation of Energy

Ei-E = Einpm - Eoulpul
E; =KE, + PE, + IE;
E; =KE; +PE, +IE

To use conservation of energy you must know
how the internal energy of your system

thanaes

A Vector Theory

Suppose an interaction changes
the internal energy of a system

For example a collision that increases
the motion of the molecules

Velocity of the molecules is in
random directions

Energy is a scaler
It all adds up

If the quantity conserved were a vector

Velocity in opposite directions
would cancel

No effect of random
internal motion changes

Invent a new vector quantity to conserve

Test to see if it describes
the real world

Another Conservation Theory

Conservation of Momentum

Momentum input

system system
system

(momentum)i 4 (momentum):

initial time final time

Momentum output

Pt -Pi =Pinput = Poutput
Dpsystem = Dptranster

Pxf= Pxi = Pxinput = Pxoutput +y

Pyi = Pyi = Pyinput = Pyoutput

Apply Conservation of
Momentum to This

Interaction
initial time final time
Vi Vi Vi
[T] [Z] [I1=]
X +X

System: both objects

Initial system momentum is the sum
of the momentum of each object
before the collision

Pix = MVix +ITI<-V‘X)
Final system momentum is the sum of

the momentum of each object after
the collision

Pix SMVig +MV g = 2MV g

No external interactions in x direction.
Interactions with air (friction and sound
can be ignored)

Prransterx = 0

Conservation of Momentum

Pxf- Pxi =pxinput' pxoutput
2mvgy - (mviy - mvi,) =0
2mvy =0
Vi =0

This is exactly what we
observe !!

[There were no internal momentum changes
Random velocity of molecules gives
S Pinterna = 0

Calculate the internal energy change

+X
Pzt~ Pzi = Pzinput = Pzoutput vz
Internal Energy Change
initial time final time
Vi Vi vi=0
[a1 [21 112
*x +X

Conservation of energy E; - E; = Ejnput - Eouput
System both objects

E\ :KE\ +IEi Ef :KE1+IEf Elransfer =0
1 2 a2 6_
z(an)vf +1E - éz(m)v, +1E,=0

&, 2, eb_
IE¢- ZmNF+1ES=0

IE¢ - IE; :%(m)viz

The change of the internal energy
(DE))equalsall of the initial kinetic energy

Large change of internal energy




Another Example

What if m:1 =2 m2 when objects stick together
How is vr related to v?

(] +X I
m

initial time final time
Vi Vi Vi
[ 21 +x 112] +x
m 2m

Pix =MV iy - 2mviy P = MV + 2mV
Piy = - MV iy P =3mV g
Conservation of Momentum
System: both objects
Pxf= Pxi = Pxinput = Pxoutput
Prranster = 0
3mvyy - (-mvi)=0

3mvy = (-mviy)

_ 1
Vix == 3 Vix

3

Internal Energy Change

initial time final time

v vl — vi=(W3vi

2m

Conservation of energy  E; - E; = Ejqput - Equtput
System both objects

E\ = KE\ + IEi Ef = KEf + IEf Elransfer =0
Lo od & B a2 6
2(3m)giviﬂ +1Eg - é2(3m)vi +1§,=0

1 1,1
IE; - IE; :E(am)viz- E(Bm)gviz
IE; - 1E, = 88 (gm0

9€2 2

The change of the internal energy (E)
equals 89% (8/9) of the initial kinetic energy

Large change of internal energy when
objects stick together

Conservation Theories
Two conservation theories to explain
everything (so far).

Conservation of Energy |

Er - Ei = Einput - Eoutput
DEsystem =DEtranster
Esysien (Ei and B ) = KE + PE + IE
Evanster (Eimpur aNnd Eouou ) = Gy, F - i

Energy is a scalar (no direction)

Conservation of Momentum |

p_" p_‘:E\PU‘ 'Eutpm
Dpsystem :DEransfsr
means
Pix - Pix = Prransferx
Pty - Piy = Prransfery
Ptz -Piz =Ptransferz
Psystemx (P @nd prx )= S m vx

Pransferx (pmpuzx and poutputx ) = ?

Momentum is a vector ( has direction)

Momentum Transfer
How can we know the momentum transferred
to or from a system? Pranster
The system interacts with external objects.

There must be an external force
on the system.

Want a theory of the relationship between the
momentum transfer and the external force

Think about a situation you know

If system is object 1, momentum
is transferred from it
Eu‘pu(
system: single object (1)
one external force -during collision
exerted by other object (2)

initial time final time
Vi Vi
p—R, vi =0
| +X +X
m m

Initial time: Just as Final time: Just as
the objects first the objects stop
touch

DLV: I:l vi= 0

Force is probably not constant

How does the change of momentum
depend on the force?

F=ma

L_dv )

asg ais not a constant

- d{)

FEmic

- _d(mv, .

F= pm m is a constant
_dp
Tt
g4 Fa=gd 9By
Beginning Beginning dt

end Edt =pglend - '
Qeginnind:d' ’plbeginning’ Pt - Pi

d A ——
Qfgginnin&dt =Pf - Pi = DPsystem
Conservation of momentum:
mwsen = DO transfer
) . ﬁ_f - Bi = Poutput
Since in this case:
end T
'Qeginnind:dt = Dpsystem
&9 Fdt =p
eginning output

Momentum is transferred to a system by
an external force on that system acting
over a time interval

Direction of momentum transfer is in
the direction of that force.

Because momentum is a vector
An external force in one direction (y)
does not effect the momentum in a
perpendicular direction ( x).
end —
Qeginninngdt =Px transfer

end _
Q)ec:;lnnmq':)/dt =Py transfer




Compare Momentum Transfer
and Energy Transfer

Momentum Transfer
d = )
fzgmmnd:dt = Ptransfer

Momentum is transferred to a system by

an external force on that system
acting over time

All external forces on a system
transfer momentum to or from it.

Energy Transfer

F -d7=Epander
path

Energy is transferred to a system by

an external force on that system
acting over adistance

An external force perpendicular to the
velocity does not transfer energy.

Types of Interactions
Internal Energy Does not Change
Called an ELASTIC interaction

Very rare
Mostly an approximation
How good?
Your laboratory measurements

Both conservation of energy and
conservation of momentum are useful

Internal Energy Changes
Called an INELASTICinteraction

Usually only conservation of momentum
is useful

Internal energy change shows up as
Temperature change
Shape change
Form change

| argest internal energy change if objects stick

ogether - PERFECTLY INELASTIC interaction

Example

To determine the muzzle velocity of a bullet
fired by arifle, you shoot the 2.0 gm bullet
into a 2.0 kg wooden block. The block is
suspended by wires from the ceiling and it
initially at rest. After the bullet is embedded
in the block, the block swings up to a
maximum height 0.5 cm above its initial
position.

initial time final time

Vb
ES cm

20 kg 2.0gr

Question: What is the speed of the bullet
when fired?
Approach:
Try conservation of energy:

System: bullet, block, Earth

System energy: KE, GPE, |IE

Initial time: just before bullet enters block
Final time: block at highest point

External forces on system

Force of wires - perpendicular to path
No energy transfer

(o] (i
| vo J M [y
mO Ty *
L +X
initial state final state
yi =0 yi+ =0.50 cm
m=20gr. M=20kg +20 gr
System: bullet, block, Earth

Ei-E= Empul - Eoulpu(

Ei=KE +PE +IE

Er =KEi + PEs + | Es

Since the bullet and block stick together

Perfectly inelastic collision
Large internal energy change

Don’t know how the internal energy changes

Conservation of Energy is true but useless

New approach  Conservation of momentum
System: bullet, block

+y +y,
5 | |
+X | +x |
initial time final time
Pix = Pixbultet + Pixblock Ptx = Pixbullet + Pixblock
P =M Vs pr=0

conservation of momentum

E ‘F:mput 'Eulpul

There are external forces acting over time

+y,
ﬁ T
W +X W

_ Jlime at top
Px tranfer = Qime at bottom Tt

Don’t know time of swing or T

Conservation of momentum is

true but useless




Neither conservation of energy
nor
conservation of momentum is useful

For the entire event
Wrong initial time
Wrong final time
Wrong system

Need to make some decisions

Is conservation of energy useful
for part of the event?

What time interval? What system?

the internal energy of the
system is not changing

there is no energy transfer

Is conservation of momentum useful
for part of the event?

What time interval? What system?

there is no momentum transfer

Approach

Break problem into time intervals over which
each conservation theory is useful

Time interval when conservation of momentun
is most useful

From just before the collision (bullet
has not entered the block)

to just after the collision (bullet is not
moving with respect to the block but
the block has not yet moved )

system: bullet, block

initial time final time

T 1T _ voue veook | T | T

ms - m - M
Pxi = MbulletVbullet Pxt = (Mplock *MbutieVbiod

[Conservation of momentum:

(Morock *MbuitetMblock~ Mpuitelbultet =0

Time interval when conservation of energy
is most useful

From just after the collision (bullet is not
moving with respect to the block)

to when the block (with the bullet in it)
reaches its highest point.
system: bullet, block, Earth

No change of internal energy
No energy transfer

Conservation of Energy

initial time final time
velock | T | T VBlock =0 ’—ZT T
[ | = -
L— 1 y=0

1 2
Ei :E(mb\ock+ MouteVoioc  Ef = (Mprock + Mpuliet)OVA
Conservation of energy:

1 2
Myiock +Mpulted)BYs - —Z(mmock + MyuitetMBlock

Target: Vyyjer

Plan unknownsg
Find Vouet Vbullet

Mbtock *Mbuiet Mblock~ MoulleVbullet =0 VBlock

Find Vaiock

1
Mok *Mpuna) s - 5 Molocict MputieeMBlock
2 equations, 2 unknowns.....can solve it!
15
QY1 - 5 Valok =0

2(ay1) = Voo

N2ay; = Voo

(Mprock +Mbuine N29Yr - MpuiieVbutler= 0

(Mpiocict MpuneWZ9Y; _
= Vbullet
Mpullet

Moiock™ Mpuiiet W29Vt _
= Vbullet
Mbullet

Any algebra mistakes?
check units

Since we have mass units in numerator
and denominator

[E0G - [EY_em .

e_szg = gTs i ésa ok units of v
g( g 9

£ 00x 22 87 (0005m):

000Xg = Voullet

Voulet = 310 m/s

Check

Question Answered? the speed of the bullet
leaving the gun is the same as its speed just
before it enters the block.

The units of speed are correct (m/s)

Reasonable?
Bullets travel at about the speed of sound

speed of sound approximately 1100 ft /s

3 ftis about 1 m

Voutet = 930 ft /' s
seems to be about as expected




Now we could find the change in internal
energy of the system ( probably signaled by a
rise in temperature of the bullet and block).
Use Conservation of Energy
Ef - Ei = Einput - Eoutput
System: bullet, block, Earth

initial time : .
final time
Vbullet ; ;
[ ] - —

Yo
We now know
*KE of system before bullet enters block

*KE of system when block swings to
maximum height

*Change in PE over this time interval

Ei=KEi +PEi +IEi Einput = 0
Er =KEs + PE: + | Es Eoutput = 0

o 0_
Mpjock + Mputier JO% + 1Ef - &m bulletVouiter +! Eg=0)

1 2
1E¢ - 1B =5 Mbuie Voulet - (Mblock +Mpuiet JOYs

_1 2
DIE= > Myuiebuttet™ (Mplockt Moutier)9Y%

DIE = (1/2) (.002 kg)(310 m/s )?
- (2.002 kg) (9.8 m/s®) (.005 m)

DIE = 96 kg m’/s - 0.10 kg m’/s °
Note that DKE >> DPE

Almost all of the bullet's original KE
goes into internal energy of the system

DIE=959mkg m/s, =959 m N=959J]

To what height would this energy lift
the block (2 kg)?

Example
Because of your physics background, you
have been chosen as atechnical advisor for a
new James Bond movie. In this scene, Bond
and his partner, who is 2/3 his weight
(including skis, boots, clothes, and various
hidden weapons), are skiing in the Alps. She
goes on ahead down a slope while he stays at
the top to adjust his boot. After skiing down a
vertical distance of 100 ft, she stops to wait
for him and is captured by the bad guys. Bond
notices that she is standing with her skis
pointed downhill resting on her poles. To
make as little noise as possible, he starts
from rest and glides down the slope right at
her. He grabs her and they both continue
gliding downhill together. At the bottom of
the hill another slope goes uphill and they
continue gliding, hand-n-hand, up that slope
until they reach the top of another hill and are
safe. What is the maximum possible height
that the second hill? Both Bond and his
partner are using new frictionless stealth skis
developed for the British Secret Service by Q .

& 2 6
(Mblock +Mpuies )9Ys + 1 Ef - & MoulletVbullet +IEi ;=0

B?’?d Bond+Girl
W = @3)W
1001t Girl ¢ ® /i\yz

ye ~

frictionless skis

collision

Question:
What is the maximum height of girl+Bond?

Approach:
Inelastic collision - internal energy of
girl+Bond changes during the collision

Don't use conservation of energy from
beginning to end. (Don't know the change
of internal energy)

Don't use conservation of momentum

from beginning to end. (Don't know

momentum transfer)

Use conservation of energy before collision

frictionless skis --no energy transfer

Bond, Earth system

Use conservation of momentum from just

before collision to just after collision.

[Target quantity: y
Time interval: Just after collision to top of hill
System: girl, Bond, Earth
M = Msond + Mygirt
Energy diagram

oM
M
yc =01 O Yac
initial state final state
Et - Ei = Etranster
Etranster = 0
Ei=(2)M Vi Er = Mgy:

Need to KnOw Vac

Use conservation of energy after collision

Time interval: Just before collision to just
after collision

System: girl, Bond
Momentum diagram
+X +x

initial state final state
Pix - Pix = Ptransferx

Pix = Mbond Vic Prransterx = 0 pPix =M Vac
need Voc

Time interval: Just before collision to just as
Bond starts gliding
System: Bond, Earth

Energy diagram
Y1 TO Meond

Meond
ye =0 ow

initial state final state
Er - Ei = Evanster E: = (]j2 ) Msond vbzc

Ei = Meona gy1 Etranster = 0




Can not easily use conservation of energy
or conservation of momentum from
beginning situation to end situation.

Break problem into 3 time intervals

Time interval |

Conservation of energy: system Bond + Earth
Ei=PEBEB=msgy: Etranster = 0

E =KB=(12) msve’ DE=0

(1/2) meVé -megy:1=0

Time interval Il
Cons. of momentum: system Bond+ girl
pi=ms Vs

=0
pi= (mB . mc)vc Pranster

(ms +Mc)Ve-meve =0
Ve =Ve [Me/ (Ms + mc)]

since We = (2/3) We
me = (2/3) ms

Timeinterval llI
Cons. of energy: system Bond+girl+Earth

Ei = KEe+o) = (1/2) (Me +Ma) Ve
Er = PEg+c) =(Ms +Mc) g
Exanster = 0 DIE =0
(Ms +ma) g ¥ - (1/2) (Ms +Ma) Ve = 0

ye = [1/(29)] ve*

Findy,
From time interval Ill

y2 = [1/(29)] Ve*

Findy,
From time interval Il

Ve = (3/5) v
Find yg

From time interval |

y2 = [1/(2g)] (9/25)2 g y:

2 = (9/25) y1 It is less than (3/5) yx




