Lecture 16

Conservative and Non-Conservative
Forces

Examples.

ACT: Falling objects

Three objects of mass m are dropped from a height A. One
falls straight down, one slides down a frictionless incline
and one swings at the end of a pendulum. What is the
relationship between their speeds when they reach the

ground?
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Inall three cases, the only force doing work
is gravity — mechanical energy is conserved.

E =0+ mgh
Same final
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Oscillations

A glider of mass m = 0.5 kg on a horizontal frictionless
surface is attached to a spring with A= 200 N/m. The
glider is pulled 3 cm away from the equilibrium position and
released. Find its speed when the spring has been

compressed 1 cm.
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Hopper-popper

A glider of mass m = 0.5 kg on a horizontal frictionless surface is attached to a
spring with A= 200 N/m. The glider is pulled 3 cm away from the equilibrium
position and released. Find its speed when the spring has been compressed 1 cm.
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EXAMPLE: Vertical spring

A B50-g ball is shot by a vertical spring compressed over a
distance x = 2.0 cm. It reaches a height 4 =2.5 m above
the initial position. Determine the spring constant 4.

Mechanical energy of the ball:
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Mechanical energy with
non-conservative forces.

In a system where only conservative forces are doing work,
mechanical energy is conserved: AE =0

If both conservative and hon-conservative forces are
doing work:

Wiy = MK ——> —AU + W] = AK—> MK +U) =W,

W, = AU+ W, 4

Mechanical energy is
not conserved




A.

Example: Spring with friction
A 5.00 g block is pushed against a spring with 4= 8.00
N/m. The spring is initially compressed 5.00 cm and then
released. The coefficient of kinetic friction between the
block and the table is 0.600. What is the speed of the
block at x= 0?
1.75m/s  B.1.85m/s C.195m/s D.2.00 m/s E. 2.05 m/s
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Because friction (a non-conservative force) is doing work,
mechanical energy is NOT conserved: AE =W, ion

A 5.00 g block is pushed against a spring with 4= 8.00 N/m. The spring is
initially compressed 5.00 cm and then released. The coefficient of kinetic
friction between the block and the table is 0.600. What is the speed of the

block at x= 0? x X= 0; equjlibr‘ium
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Conservative forces.

The work done by a conservative force does not depend
on the trajectory.

* A potential energy function can be defined.

. 1

The wor‘k by a . 8 Wi = Wi+ W,
conservative force ina , W =W,-w, =0
closed path is zero. 2

* Mechanical energy is conserved. A conservative force
allows for the reversible storage of energy.

Examples:
- All fundamental forces of nature (in 221:
gravity and electric force)

- Elastic forces.

Gravity: Conservative Elastic Forces: Conservative

No net work done by gravity here No net work done by the spring here
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Non-conservative forces

Non-conservative force = force that is not conservative.

* The work done by a non-conservative force depends on the
trajectory.

* The work done along a closed trajectory is, in general, not
zero.

+ A potential energy function cannot be defined.

* Mechanical energy is "lost” or "dissipated” (W_ < 0) or
gained through a non-reversible process (W,_. > 0)

Examples:

Friction does negative work when an object is
dragged in a closed path over sand paper.

- Kinetic Friction
- Fluid drag

W,_. < 0, mechanical energy
is "dissipated” and becomes
internal energy of
surrounding objects.

The expanding gases do positive work to

- Gas expansion impulse the plane (even
in a closed circle) x
W, >0, internal energy

of the gas is transformed
into mechanical energy.

- Any other process that converts between
mechanical energy and internal energy DEMO: !i<

(chemical energy; nuclear energy...) (Ir);i\;i;sslsbelzl

EXAMPLE: Spring and incline

In the system below, a 200-g box is pushed 4 cm against
a spring with 4= 250 N/m and released. The box slides
along a frictionless horizontal surface and then up an
incline which makes an angle of 30° with respect to the
horizontal. The coefficient of kinetic friction between
the box and the incline is 0.2. How far along the incline
is the box when its speed is half its maximum speed?
Vinax/ 2
L

Compression:

4=02 7MA>< x=4cm
m= 2009 ]mm
6=30°
k=250 N/m

In the system below, a 200-g box is pushed 4 cm against a spring with A= 250 N/m
and released. The box slides along a frictionless horizontal surface and then up an

incline which makes an angle of 30° with respect to the horizontal. The coefficient
of kinetic friction between the box and the incline is 0.2. How far along the incline
is the box when its speed is half its maximum speed?

What is vyax?
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=14m/s
In this part of the motion,

mechanical energy £= K+ U, joqtic
is conserved.
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In the system below, a 200-g box is pushed 4 cm against a spring with 4= 250 N/m
and released. The box slides along a frictionless horizontal surface and then up an

incline which makes an angle of 30° with respect to the horizontal. The coefficient
of kinetic friction between the box and the incline is 0.2. How far along the incline
is the box when its speed is half its maximum speed?

For the whole process, mechanical energy £= K+ U, + U,ostic
is not conserved due to friction: AE= Wj.ition
Erva =0+0+ 2 hx?
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