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Conservative Forces and Non-Conservative Forces

Key Idea

A conservative force is one that conserves mechanical energy within a system. When a force
is termed "conservative," it indicates that the total mechanical energy (kinetic energy +
potential energy) of an object remains constant
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Key Characteristics of Conservative Forces:
e Energy Conservation: The ability to convert energy between forms without loss.

e Path Independence: The work done by a conservative force on an object is
independent of the path taken between two points.
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Force of Gravity: A Conservative Force

Imagine tossing an orange upward. The system in question includes the orange and the
Earth, dubbed the "Orange-Earth system."

Initially, the orange possesses KE given to it by the throw. As it goes up, gravity does work on
the orange, converting its KE into PE. Upon reaching the top of its flight, the orange
momentarily has maximum PE and zero KE. As it comes down, the process reverses, and the
PE is converted back into KE.

Observations from the Orange's Flight:
e Atthe peak, the orange's KE is minimum, and PE is maximum.

e The total energy (kinetic + potential) remains constant throughout the flight.

Conservative Forces allow
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How Non-Conservative Forces are Different -
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Non-conservative forces, such as friction and drag, do not conserve mechanical energy. They
convert mechanical energy into other forms like thermal energy. These forms are not
recoverable back into mechanical energy, leading to a net loss in the system's mechanical

energy.

The frictional force f reduces the objects

KE. This KE cannot be recovered by f, by
reversing the direction of motion

Block - Floor System
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Path Independence and Work Done

The work done by a conservative force is independent of the path taken between two points.
For example, regardless of the path an object takes under the influence of gravity, the work
done by gravity only depends on the initial and final positions, not the path taken.
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If the applied force is
conservative

Wrath1 = Wrath2z =W
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‘@ Work done by gravity is same
for both kids, if the starting
and end point are the same.

That is, path does not matter.

w— Path 1
—— Path 2
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Elevation is what determines the position when working around conservative
forces. All points marked B are equivalent since they are all at y1.
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Work done by a non-conservative force is path dependent
AW = FAd
AW = FAd N
e
: = FAd

Work dove depends ov the path takew,
if a Now Covservative force is applied

Conservative Forces and Closed Paths:

When a particle moves under the influence of a conservative force in a closed path (starting
and ending at the same point), the work done by the conservative force is zero.

If the Particle comes back +o
the initial positiow -

q=y2 L
Work done(Path 1 Loop): 0J
Path Work dove(Path 2 Loop): 0J
Path 2
Force is Conservative
\{ —

TIwitial position
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Summary: The Four Conditions of Conservative Forces

To determine if a force is conservative, the following conditions must be met:

1. Expressible Work: The work done can be expressed as the difference in potential
energy between two points (W =-AU = mgy1 -mgy2)

2. Work Restoration: The force does equal amounts of work in opposite directions
during a round trip.

3. Path Independence: The work done depends only on the starting and ending points,
not the path.

4. Zero Work on Closed Paths: The total work done in a closed path is zero.

4 conditions for a force to be
called covservative

Work cav be expressed as difference of
initial and final PE

W1 = - AU = mg¥a - mgb

Work dove during returw jourvey is the
same

W1 =-W2

© WMagnitude of work dove is independent
of path

- Depevds owl\low the itial and

When Starting and end points are same, the fal poiv

+otal work dovie is zero

W1+W2=0

www.thesciencecube.com




Summary of formulas and equations

SN  Equation When to Use

1. | Wdoneby=-AU= To calculate the work done by
-( PEfinal — PEinitial) gravity on an object moving

between two heights.
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Caution While Using ‘
Negative sign indicates that gravity
does negative work when the object
moves upward and positive work

when it moves downward.

2. | Wtotal=0 To affirm the principle that the

(for a closed path) total work done by a conservative

force over a closed path is zero.

Important to understand that this
applies to conservative forces and
closed paths, where the object

returns to its initial position.

3. | AKE =-APE To illustrate the conservation of
mechanical energy, showing that a
decrease in PE results in an
equivalent increase in KE, and vice

Versa.

Ensure no non-conservative forces
(like friction) are doing any work, as
this would violate energy

conservation.

4. | AU =mgy, - mgy, To find the change in potential
energy as an object moves from

one height (y4) to another (y,).

Keep the reference point for height
consistent throughout the problem

to avoid errors in calculating AU.

@ If wi=-w2

Wi+W2 =0

w2

The force is Conservative

" -mgy + (+mgy) = 0

If Zero Work is
2 dove by i
closed loop

are same
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