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Common Exam 3, Friday, April 13, 2007

8:30 – 9:45 A.M. at KUPF 205

Chaps. 6, 7, 8

Bring calculators

(Arrive by 8:15)

HW #8 and HW #9: Due tomorrow, April 6HW #8 and HW #9: Due tomorrow, April 6thth(Fri)(Fri)

Quiz #10

Today….

Chapter 8Chapter 8

Hints for HW #9

Course evaluation

Chapter 8. Potential Energy and Conservation of EnergyChapter 8. Potential Energy and Conservation of Energy

Conservative forces �Work independent of path

Conservation of mechanical energy

Last class, we learned…

Mechanical energy:

( )gU h mgh=Gravitational Potential energy: 

Elastic (or, Spring) Potential Energy: 21
( )

2elasticU x kx=
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Sample Problem 8-3
In Figure, a child of mass m is released from rest at the 
top of a water slide, at height h = 8.5 m above the bottom 
of the slide. Assuming that the slide is frictionless because 
of the water on it. Find the child's speed at the bottom of 
the slide.

Work done on a system by nonWork done on a system by non--conservative forceconservative force

What if non-conservative forces do work on an object, in addition 
to conservative force?

Non-conservative force: friction force, tension, force from a hand, …

Example: Surface with friction

Gravitational force

Normal force
Friction force

Displacement
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First, let’s review sliding on surface without friction

Gravitational force

Normal force

2h

1h

Height

0

1v

2v

,1 ,2mech mechE E=

Displacement

2 2
1 1 2 2

1 1

2 2
mgh mv mgh mv+ = +�

,2 ,1 0mech mech mechE E E− = ∆ =�

Now, with friction……

Gravitational force

Normal force

2h

1h

Height

0

1v

2v
Displacement

Friction force

2v with friction is smaller than 2v without friction.

,2 ,1 0mech mech mechE E E− = ∆ ≠�

Relation between              & friction force?mechE∆

� Mechanical energy changes

mech frictionE W∆ =
Generally, 

mech non conservativeE W −∆ = (see p.180 for proof)
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, ,mech mech f mech i non conservativeE E E W −∆ = − =

� Mechanical energy changes 
by the amount of work done by the non-conservative force.   

Work done on a system by nonWork done on a system by non--conservative forceconservative force

If non-conservative forces do work on an object, in addition to 
conservative force,

Example: Surface with friction

Mass of the dog = 10 kg

2v
Displacement = 2 m

30o

1 3.0 /v m s=

Friction force = 10 N

Find the velocity,          . 2v
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Thermal energy and Work done by friction forceThermal energy and Work done by friction force

Mechanical energy is reduced by friction force.

Where has this mechanical energy gone?

Some Mechanical Energy is converted to Thermal Energy

Observation : Friction heats up the object and the surface

thermal friction friction mechE W W E∆ = = − = −∆

� total mech thermalE E E= +

Total energy of the whole system, dog + surface, is conserved. 

General principle of Conservation of Energy

Many types of energy

Mechanical energy, thermal energy, chemical energy, 
light energy, electric energy, magnetic energy,………

Total energy of an isolated system is conserved.
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Sample Problem 8-7
In Figure, a 2.0 kg package of tamale slides along a floor with speed 
v1 = 4.0 m/s. It then runs into and compresses a spring, until the 
package momentarily stops. Its path to the initially relaxed spring is 
frictionless, but as it compresses the spring, a kinetic frictional 
force from the floor, of magnitude 15 N, acts on the package. If k = 
10 000 N/m, by what distance d is the spring compressed when the 
package stops?

Hints for HW#9

See Lecture 9 notes

Work done by variable force
equals to the + or - area 
in F vs x plot, which is the 
kinetic energy change. 

Here, the plot is F vs. t.

So, you have to find x from t.

At each interval, force is constant,
meaning motion with a constant 
acceleration.

Use 2
0 0

1

2
x x v t at= + +

where a=F/m

(Note: Hints for HW#8 are in Lecture Note 10 Part2)
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Consider two masses as one system.

Heavy mass (say, m1) will go down,
and light mass (say, m2) will go up.

Find initial kinetic and potential energy

Find total final kinetic and potential energy

Use conservation of energy

Work done by a constant force

See Lecture Note 9

cosW Fd θ=
The horizontal force and the friction force are doing work on the object.

1 2total f iW W W K K= + = −
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2 21 1

2 2spring i fW kx kx= −

Using 

find the spring constant, k.

Use it again, to find the extra work.

( )springF x kx= −
See Lecture Note 9

� Find the force constant, k.

2 21 1

2 2spring i fW kx kx= −

For (b), use
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Forces on the elevator:
Gravity, friction, and force from motor

To have a constant speed, the forces
need to be balanced, which will gives
the force from the motor.

cosP Fv θ=
Then, calculate instantaneous power with

For part 2……

Now the elevator accelerates upward, which means the net upward force.

Find the force from the motor to give that net force.

average

W
P

t
=

∆

f iW K K= −


