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Dimensions and Units of Energy and WorkDimensions and Units of Energy and Work

 [1/2 mv2] =M-(L/T) 2 = ML2 /T2

 1 kg-m2 /s2 = 1 N-m = 1 Jouleg
 Other units of energy are common 

(and will be discussed later)(and will be discussed later)
– Calorie
– eV (electron Volt)eV (electron Volt)
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Foothold ideas:Foothold ideas:
Kinetic Energy and WorkKinetic Energy and Work

 NewtonNewton’’s laws tell us how velocity changes Thes laws tell us how velocity changes The NewtonNewton s laws tell us how velocity changes. The s laws tell us how velocity changes. The 
WorkWork--Energy theorem tells us how speed Energy theorem tells us how speed 
(i d d t f di ti ) h(i d d t f di ti ) h(independent of direction) changes.(independent of direction) changes.

 Kinetic energy = Kinetic energy = 2
2
1 mv

 Work done by a force =Work done by a force =
(part of force parallel to displacement)(part of force parallel to displacement)

2
Fxx  or   F�r

(p p p )(p p p )

 WorkWork--energy theorem: energy theorem: ( 1
2 mv2 )  F�

netr
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Momentum vs energyMomentum vs energyMomentum vs. energyMomentum vs. energy
 If we are changing the motion of two interacting If we are changing the motion of two interacting 

bj h f h h i hbj h f h h i hobjects so the momentum of each change in the objects so the momentum of each change in the 
same way, it might be useful to look at the KE same way, it might be useful to look at the KE 
in terms ofin terms ofin terms of in terms of 
that momentum.that momentum.

 Suppose each startsSuppose each starts

pA  
pA  

pB  
pB

m2v2  p2 Suppose each starts Suppose each starts 
with 0 momentum with 0 momentum 
and they move as and they move as 

KEA  1
2 mAvA

2  1
2

mAvA 
mA


pA

2mA

 
yy

a result of a result of 
each othereach other’’s forces.s forces. KEB  1

2 mBvB
2  1

2

mB
2vB

2 
mB


pB

2

2mB
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Momentum vs energyMomentum vs energy
If each object gets 
the same momentum, Momentum vs. energyMomentum vs. energy
 If we are changing the motion of two interacting If we are changing the motion of two interacting 

bj h f h h i hbj h f h h i h

which has bigger KE?

1. The object objects so the momentum of each change in the objects so the momentum of each change in the 
same way, it might be useful to look at the KE same way, it might be useful to look at the KE 
in terms ofin terms of

. e objec
with the 
bigger m.

2 The objectin terms of in terms of 
that momentum.that momentum.

 Suppose each startsSuppose each starts

2. The object 
with the 
smaller m.

pA  
pA  

pB  
pB

m2v2  p2 Suppose each starts Suppose each starts 
with 0 momentum with 0 momentum 
and they move as and they move as 

3. The have
the same KE.

KEA  1
2 mAvA

2  1
2

mAvA 
mA


pA

2mA

 
yy

a result of a result of 
each othereach other’’s forces.s forces. KEB  1

2 mBvB
2  1

2

mB
2vB

2 
mB


pB

2

2mB

13Physics 131

B B



When you go 80 mph on the beltway rather than 20 mph on When you go 80 mph on the beltway rather than 20 mph on 
campus, when you slam on the breaks as hard as you can,campus, when you slam on the breaks as hard as you can,campus, when you slam on the breaks as hard as you can, campus, when you slam on the breaks as hard as you can, 

how much further do you skid on the beltway than on how much further do you skid on the beltway than on 
campus?  (don’t try this at home)campus?  (don’t try this at home)

11 di tdi t1.1. same distancesame distance
2.2. 2 times the distance2 times the distance

4 i4 i h dih di3.3. 4 times 4 times tthe distancehe distance
4.4. 8 times the distance8 times the distance
5.5. 16 times the distance16 times the distance
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Foothold ideas:Foothold ideas:
Potential EnergyPotential Energy

 For some forces For some forces between objects between objects 
((gravity, gravity, electricity, springselectricity, springs) ) the work only the work only 
depends of the change depends of the change in relative position of in relative position of 
th bj t S hth bj t S h f ll df ll d titithe objects. Such the objects. Such forces are called forces are called conservativeconservative..

 For these forces the work done by them For these forces the work done by them 
bb ittittcan be can be writtenwritten 

F  
rrel  U

 UU is called a is called a potential potential energyenergy and can be and can be 
considered an considered an energy of place belonging to energy of place belonging to 
th t bj t th t b h d ith KEth t bj t th t b h d ith KE
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the two objects that can be exchanged with KE.the two objects that can be exchanged with KE.



Foothold ideas:Foothold ideas:
Potential EnergyPotential Energy

 For some forces work only dependsFor some forces work only depends For some forces work only depends For some forces work only depends 
on the change in position. Then the work done on the change in position. Then the work done 
can be writtencan be written 

F  
r  U

UU is called a is called a potential energypotential energy..
F r  U

 For gravity, For gravity, UUgravitygravity = mgh= mgh

For a spring, For a spring, UUspringspring = = ½ ½ kxkx22

F l t i fF l t i f UU kk QQ QQ //
16Physics 131

For electric force,For electric force, UUelectricelectric = k= kCCQQ11QQ22/r/r1212



A young girl wants to select one of the A young girl wants to select one of the 
(frictionless) playground slides illustrated below(frictionless) playground slides illustrated below(frictionless) playground slides illustrated below (frictionless) playground slides illustrated below 

to give her the greatest possible speed when she reaches the to give her the greatest possible speed when she reaches the 
bottom of the slide. Which should she choose? bottom of the slide. Which should she choose? 

3 2 m3.2 m

1.1. 11 5.5. She should jump straight She should jump straight 
2.2. 22
3.3. 33

44

downdown
6.6. It doesn’t matter.  It would It doesn’t matter.  It would 

be the same for eachbe the same for each
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4.4. 44 be the same for eachbe the same for each..
Whiteboard, 

TA & LA



If the girl starts from rest at the top of the slide, calculate the speedIf the girl starts from rest at the top of the slide, calculate the speedIf the girl starts from rest at the top of the slide, calculate the speed If the girl starts from rest at the top of the slide, calculate the speed 
of the girl at the bottom of the slideof the girl at the bottom of the slide

3 2 m3.2 m

1.1. 16 m/s16 m/s 5.5. Depends on the weight of Depends on the weight of 
2.2. 32 m/s32 m/s
3.3. 8 m/s8 m/s

4 /4 /

the girlthe girl
6.6. We do not have enough We do not have enough 

informationinformation
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4.4. 4 m/s4 m/s informationinformation
Whiteboard, 

TA & LA



Where does kinetic energy of Where does kinetic energy of 
h hild f ?h hild f ?the child come from?the child come from?

1.1. Potential energy of the earthPotential energy of the earth
22 Potential energy of the childPotential energy of the child2.2. Potential energy of the childPotential energy of the child
3.3. Another sourceAnother source

19Physics 131

From the potential energy of the interaction



Foothold Principle:Foothold Principle:
P i l EP i l EPotential EnergyPotential Energy

Kinetic Kinetic 
Energy Energy 

K

Potential energy U:Potential energy U:
Potential Potential 
EnergyEnergyPotential energy U:  Potential energy U:  

 Internal energy of a SystemInternal energy of a System
 Related to interactions (forces) within the SystemRelated to interactions (forces) within the System

gygy

U
 Related to interactions (forces) within the SystemRelated to interactions (forces) within the System
 Can turn into kinetic energy (or other energy) Can turn into kinetic energy (or other energy) when the when the 

objects in the system moveobjects in the system moveobjects in the system moveobjects in the system move
 Stored in INTERACTION (line between objects)Stored in INTERACTION (line between objects)20



Lets look at electrical force Lets look at electrical force 
moving objectsmoving objectsmoving objectsmoving objects

Object 1 Object 2

q
m

q 
m

“Initial”:  t1

Objects at ElectricalObjects at 
rest

P t ti lPotential 
energy U

2121Whiteboard, 
TA & LA

Where does the potential energy go 
when the charges move apart?



Now lets make object 1 Now lets make object 1 
1000 times heavier1000 times heavier

q M
“Initial”:  t1

Object 1
Object 2

M=1000mM=1000m

q 
mElectricalM 1000mM 1000m

2222Whiteboard, 
TA & LA

Does object 2 get more kinetic energy?



Foothold Principle:Foothold Principle:
P i l EP i l E Ki tiKi tiPotential EnergyPotential Energy Kinetic Kinetic 

Energy Energy 

K

Potential Potential 

K

Potential energy U:  Potential energy U:  
 Internal energy of a SystemInternal energy of a System

EnergyEnergy

U
 Related to interactions (forces) within the SystemRelated to interactions (forces) within the System
 Can turn into kinetic energy (or other energy) Can turn into kinetic energy (or other energy) when the when the 

objects in the system moveobjects in the system move
 Stored in INTERACTION (line between objects)Stored in INTERACTION (line between objects)
 The object that moves more gets/supplies more of the The object that moves more gets/supplies more of the 

potential energy!potential energy! 23



Energy Conservation for SYSTEMEnergy Conservation for SYSTEMEnergy Conservation for SYSTEMEnergy Conservation for SYSTEM
Total energy of system is conserved unless Total energy of system is conserved unless 
e ternal forces mo e object(s) ithin the s steme ternal forces mo e object(s) ithin the s stem

KineticKinetic

external forces move object(s) within the system external forces move object(s) within the system 
(i.e. do work on the object(s))(i.e. do work on the object(s))

Kinetic Kinetic 
Energy Energy 

Child

EarthEarth
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A rock is dropped from the top of a 40 m tall A rock is dropped from the top of a 40 m tall pp ppp p
building. What is the rock’s speed when it has building. What is the rock’s speed when it has 

fallen halfway to the ground?fallen halfway to the ground?

1.1. 10 m/s10 m/s 5.5. Depends on the mass of the Depends on the mass of the 
kk2.2. 20 m/s20 m/s

3.3. 40 m/s40 m/s
8080 //

rockrock
6.6. We do not have enough We do not have enough 

informationinformation4.4. 8080 m/sm/s informationinformation
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Foothold ideas:Foothold ideas:
Potential EnergyPotential Energy

 For some forces work only dependsFor some forces work only depends For some forces work only depends For some forces work only depends 
on the change in position. Then the work done on the change in position. Then the work done 
can be writtencan be written 

F  
r  U

UU is called a is called a potential energypotential energy..
F r  U

 For gravity, For gravity, UUgravitygravity = mgh= mgh

For a spring, For a spring, UUspringspring = = ½ ½ kxkx22

F l t i fF l t i f UU kk QQ QQ //
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For electric force,For electric force, UUelectricelectric = k= kCCQQ11QQ22/r/r1212



Foothold ideas:Foothold ideas:
Conservation of Mechanical EnergyConservation of Mechanical Energygygy

 Mechanical energyMechanical energy
–– The mechanical energy of a system of objectsThe mechanical energy of a system of objectsThe mechanical energy of a system of objects The mechanical energy of a system of objects 

is conserved if resistive forces can be ignored.is conserved if resistive forces can be ignored.
 KE  PE   0

 Thermal energyThermal energy

 
KEinitial  PEinitial  KE final  PE final

 Thermal energyThermal energy
–– Resistive forces transform coherent energy Resistive forces transform coherent energy 

of motion (energy associated with a netof motion (energy associated with a netof motion (energy associated with a net of motion (energy associated with a net 
momentum) into momentum) into thermal energy thermal energy (energy (energy 
associated with internal chaotic motions and associated with internal chaotic motions and 
no net momentum) no net momentum) 
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A springA spring‐‐loaded toy dart gun is used to shoot a dart loaded toy dart gun is used to shoot a dart 
straight up in the air. The dart reaches a maximum straight up in the air. The dart reaches a maximum 
height of 24 m The same dart is shot straight up aheight of 24 m The same dart is shot straight up aheight of 24 m. The same dart is shot straight up a height of 24 m. The same dart is shot straight up a 
second time from the same gun, but this time the second time from the same gun, but this time the 
spring is compressed only half as far before firing.spring is compressed only half as far before firing.spring is compressed only half as far before firing. spring is compressed only half as far before firing. 
How far up does the dart go this time, neglecting How far up does the dart go this time, neglecting 
friction and air resistance and assuming an ideal friction and air resistance and assuming an ideal 
spring?spring?
1.1. 96 96 mm

48482.2. 48 m48 m
3.3. 24 m24 m
44 12 m12 m4.4. 12 m12 m
5.5. 6 m6 m
6.6. 3 m3 m
7.7. Something elseSomething else

Physics 131 28



Foothold ideas:Foothold ideas:
Conservation lawsConservation laws

 MomentumMomentum
–– The momentum of a system of objectsThe momentum of a system of objectsThe momentum of a system of objects The momentum of a system of objects 

is conserved IF the external is conserved IF the external 
forces acting on them cancel.forces acting on them cancel. 

pn
initial

n 1

N




 0gg

 Mechanical energyMechanical energy

n1 

pn
initial

n 1

N

 
pn

final

n 1

N


 Mechanical energyMechanical energy

–– The mechanical energy of a system of objects is The mechanical energy of a system of objects is 
conserved IF resistive forces can be ignored.conserved IF resistive forces can be ignored.

n1 n1

conserved IF resistive forces can be ignored.conserved IF resistive forces can be ignored.

 KE  PE   0
KE PE KE PE
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KEinitial  PEinitial  KE final  PE final


