
Physics 10 Fall 2019

10/16 In Class– Conservation of Energy
with a couple Exam 1 review problems tossed in

Summary from last time

W ≡
∫
~F · d~r

For constant forces, this becomes:

W = F∆r cos θ = Fx∆x+ Fy∆y = F//∆r

Energy ≡ ability to do work. Both work and energy are measured in
Joules. Both are scalars, meaning they have no direction. (They can be
positive or negative, and that matters.)

Today we will learn two kinds of energy: Kinetic Energy (KE) is the
ability to do work because of motion. Potential Energy (PE) is the ability
to do work because of position/location.

Kinetic Energy is defined:

KE ≡ 1

2
mv2

the Work – Kinetic Energy Theorem:

Wnet = ∆KE

Conservative forces
Notice that the work done by gravity is the same in whether the object is

dropped straight down or slides down an incline. For both, gravity did mgh
amount of work. That is not a coincidence. Gravity is a conservative force.
Conservative forces are those for which the work done is independent of the
path. The only thing that mattered is the part of the distance parallel to
the force. In this case, since gravity is down, the vertical component of the
displacement was all that mattered.

All the other forces we have studied so far: friction and tension are non-
conservative.

Potential Energy
For every conservative force, we can define a potential energy,



Potential Energy, PE
PE ≡ the ability to do work because of location or position.
PE ≡ the work you must do to move the object into position
PE ≡ the negative of the work the force does as the object is moved into
position.

The last one is the easiest to write as an equation.

∆PEf ≡ −Wf

I read the above equation as: the change in potential energy associated
with a (conservative) force is equal to the negative work done by that force.

You have already done this for gravity (near the surface of the earth.)

PEg = mgh

I derived the spring in class:

PEs =
1

2
kx2

where x is the distance the spring is stretched from equilibrium.
And for gravity anywhere:

PEG = −GMm

r
Conservation of Energy
In class, we derived Conservation of Energy starting from the Work-KE

Theorem. (You can also find it in the text and in the handout from 10/11.)
At one point we had:

∆KE + ∆PE = Wnc

If there are no non-conservative forces, Wnc = 0, then we have

∆KE + ∆PE = 0

Ei = Ef

where E is the total mechanical energy.

E = KE + PE
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Ei = Ef is the statement of Conservation of Energy. Whenever there are
no non-conservative forces, the total mechanical energy stays the same.

1. Dropping a book Yes, I feel like I’ve done this one 20 times. Your
turn!

An book of mass 1.5 kg is dropped from a height of 1.2m above the
ground. (If you use g=10m/s2 you get nice round numbers!)

(a) What is the book’s potential energy at the start?

(b) What is its kinetic energy at the start?

(c) What is its total (mechanical) energy at the start?

(d) If we ignore air resistance, what is the total energy of the book
just before it hits the ground?

(e) What is its potential energy just before it hits the ground?

(f) What is its kinetic energy just before it hits the ground?

(g) What is its speed just before it hits the ground?

2. A famous conservation of energy problem is the roller coaster. Only
the height matters for the potential energy, so you can find the speed
at any point if you know the speed at any one height. For the picture
shown here, A is at a height of 20m, B is at 3m, and C is at 10m. If
the roller coaster has a speed of 2m/s at A, what is its speed at B and
C?
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3. Imagine a car flies off the end of the track in the previous problem.
Imagine it leaves the track 5m above ground level with a velocity of 12
m/s at an angle of 25◦ relative to the horizontal.

(a) How long is the car in the air?

(b) What is its velocity right before it hits the ground?
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(c) How far did it travel horizontally?

4. I intended the previous problem to be a kinematics problem (like Ch
3), but you can also answer part (b) using conservation of energy and
what you know about acceleration in the x-dir. Do that and check your
answer to (b).

5. A simple pendulum consists of a mass on the end of a string. A mass
of 1.5 kg swings on the end of a simple pendulum of length 40cm The
pendulum bob is released from rest when the string makes an angle of
30◦ wrt the vertical.

(a) Solve for the speed of the bob at the moment it
is at the bottom of the arc.

(b) Find the tension at that point.
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6. A spring with constant k = 10N/m has an unstretched length (equi-
librium length) of 14cm. When you hang a 500g mass from the spring
vertically, how much does it stretch when it comes to rest again?

7. Starting from the definition of potential energy,

∆PE = −W

and using the best definition of work,

W =
∫
~F · d~r

show that for a spring,

PEs =
1

2
kx2

8. A 2kg mass is connected to a horizontal spring with spring constant of
15N/m. The mass is pulled 25cm from equilibrium and released. How
fast it is going when it passed through the equilibrium position?
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9. A 2kg mass traveling at a speed of 5m/s across a horizontal, frictionless
surface, hits a spring with constant k = 150N/m. How much will the
spring be compressed?

10. A spring of constant 25N/m is compressed horizontally a distance of
15cm from equilibrium. A mass of 200g is pushed against the end of
the spring and the spring is released.

(a) What is the potential energy of the spring when
it is compressed 15cm?

(b) If the surface between the table and the mass is
frictionless, how fast will the block be traveling
when it leaves the spring? How far will it go?

(c) If the coefficient of kinetic friction between the
block and the table is 0.3, how fast will the mass
be traveling when it leaves the spring?

(d) In the case with friction, how far will the mass
travel before coming to rest?
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