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Introduction

• A system is any group of objects.

• A system has a total energy E, the sum of the different forms of energy (kinetic,
gravitational, electrical, thermal, chemical, ...)

• Conservation of Energy: Energy is never created or destroyed, only transferred be-
tween systems, or between different forms. (ex. friction converts kinetic energy to
heat)

• Energy is a scalar quantity, measured in Joules (J)

Work

• Work is the transfer of mechanical energy.

• If a constant force F moves an object through a displacement d in the direction of the
force, the work W is defined as

W = Fd

• If the force is not parallel to the displacement, take the parallel component:

W = F · d = Fd cos θ

• Note that this is signed, if the force is in the opposite direction of motion, the work is
negative

• Unit of work is Joules, same as energy

• If the force is variable, we simply integrate small displacements with dW = F · dx,
which gives

W =

∫
F · dx.

• By Newton’s third law, the work done on and object is negative the work done by the
object.

Practice Problems
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1. A block is pulled by a string with tension 10 N at an angle of 60◦ with the horizontal,
across a distance of 10 m, what is the work done on the block.

2. An object of mass 2.0 kg moves in uniform circular motion with radius 0.75 m on a
horizontal frictionless table. If the centripetal force is 10.0 N, what is the work done
by this force when the object moves through one complete revolution?

3.

Power

• Power is the rate at which work is done

• It is defined as

P =
dE

dt
=

Fdx

dt
= Fv

• Unit of power is Joules/seconds, or Watts

Kinetic Energy

• Translation kinetic energy: energy of motion

KE =
1

2
mv2

• Work-Kinetic Energy Theorem: The work done by the net force on a particle equals
its change in kinetic energy

Wnet = ∆KE

• Let a force F accelerate a mass m for a distance d. We have W = Fd = mad By
kinematics v2 = 2ad, so ∆KE = W = 1

2mv2

Practice Problems

1. A 0.20-kg puck slides across a frictionless floor with a speed of 10m/s. The puck strikes
a soft wall and stops. What is the net work done on the puck?

2. A 0.20-kg puck slides across a frictionless floor with a speed of 10m/s. The puck strikes
a soft wall and bounces off with a speed of 10m/2 in the opposite direction. What is
the net work done on the puck?
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Conservative and Nonconservative forces

• The work done by a conservative force does not depend on the path taken, only on
the initial and final positions. (ex. gravity)

• The work done by a nonconservative force depends on the path. Typical nonconser-
vative forces are external forces, or friction.

• Conservative forces conserve mechanical energy.

Potential Energy

• We can define a potential energy for any conservative force.

• Potential Energy is energy stored in a system. In mechanics, we will focus mainly on
gravitational potential energy and elastic potential energy (springs).

• When the gravity force lifts up an object a distance h, it does work W = Fd = mgh.
Thus, it stores gravitational potential energy

Ug = mgh

• For potential energy, we can take the height from any reference point; we only care
about changes in the potential energy

∆Ug = mg∆h

Conservation of Energy

Usually in mechanics, we only consider kinetic and potential energies. If a system is isolated,
there is no external force, so ∆E = Wnc = 0. Thus, the energy is conserved and constant.
We can write this as

E1 = E2

K1 + U1 = K2 + U2

If the potential energy is purely gravitational, this is just

1

2
m1v

2
1 +m1gh1 =

1

2
m2v

2
2 +m2gh2

If the system is not isolted, then there is an external force, and the work done by the external
is the change in the total energy.

Practice Problems

1. A ball of mass m is dropped from rest from a height h. Calculate the velocity right
before it reaches the ground, using conservation of energy. Compare your answer to
kinematics.
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2.

3.

4.
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Work-Energy relationships

By the Work-Kinetic Energy Theorem

Wnet = ∆K

Also, the work done by any nonconservative or external forces equals the change in the total
energy (mechanical) of a system:

Wnc = ∆E

Since the total energy is the sum of the kinetic and potential energies E = K + U , we get
that the work done by conservative forces is negative the change in potential energy

Wc = −∆U

(i.e. conservative forces convert from potential energy to energy)

1. A ball of mass 10 kg is dropped at a height of 4 m from one side of a U-shaped half
pipe. If friction does 35 J of work on the ball What is the maximum height it can
reach when it slides up the other side?

2.

3.
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4. (harder) A block is given an initial velocity 30 m/s up a ramp of angle 45◦. The
coefficient of friction is 0.5. What is the maximum height the block can reach?

Energy diagrams

Recall for variable forces, the work is given by

W =

∫
F · dx.

Thus, if given a function of force with respect to position, the work done is simply the area
under the curve.

Also, recall that
Wc = −∆U

If we consider a small displacement, this is just Fdx = −dU or

F = −dU

dx
.

If given a function of potential energy with respect to position, the force (by conservative
forces) is simply the slope of the curve. This means the force is in the direction of lower
energy. As a result, a particle will in a stable equilibrium (no net force) when the potential
energy is at a minimum (i.e. a system always wants to minimize its potential energy)

• Consider a ball lying on the graph, since U = mgh ∝ h. The ball will fall towards
lower altitudes.

Practice Problems

1.
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2.

3.
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Extended Problems
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