P221, Spring 2001, Chapter 8 Summary
Work

- Work doneby any force, F , onasystem of mass, m, is W:f: F-dr
where the integral is along the path of the system from theinitial to fina point.

— The units of work are N m or Joules (J).

— If the force is constant (in both direction and magnitude) along the path, then
W=FE-AT where AT isthechangein position vector from theinitial

tothefinal point AT=7 -7, .

— The work done by aforce can be >0, <0, or = 0 depending upon the orientation
ofthe F and AT,dr vectors.

— The work done by a conservative force (e.g. gravity, force from aspring) is
independent of path.

— The work done by a non—conservative force (e.g. kinetic friction) depends
upon the path.

— A zero—work force (e.g. static friction, normal force) always does zero—work
regardless of path.

Potential and Kinetic Energy

— The work done by a conservative force is equal to the negative of the change
of the potential energy function: W =—APE .

conserv

— The potential energy function depends on alocation in space and upon a choice
for azero—point of PE. The physics depends only upon the change in PE.

— Potential Energy Functions:
- gravity (near earth surface): PE,__ =mgy ( ] pointing up)
_—GMm
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— gravity (general form): PE

— Hooke's Law Spring: PE :;— kx?

spring

- Kinetic Energy: KEz%mv2



CWE Theorem (Conservation of Energy)

— CWE Theorem: Work done by total force on system is equal to changein
kinetic energy of system: W _=AKE

total

— The work done by non—conservative (other) forces on asystem is equal to
the change in total mechanical energy of the system:
W, =AE=A(KE+PE)
— If al forces acting on system are conservative (or zero—work forces), energy
is"conserved”: AE=A(KE+PE)=0 or (KE+PE), ., =(KE+PE)

final

— The escape speed is the speed that gives a system sufficient energy to
1

overcome the gravitational binding energy: v :(ZG_M)Z
escape R

— A smple harmonic oscillator has total mechanical energy:

E:% kAZZ;— kx2+% mv® . The energy "oscillates' from potential to kinetic.

Power

— Power is the amount of work done in a given time and has units of
J/s or Watts (W).

. . W
- The average power of aforce on a system is defined: Pavezz
. . . dW =
— The instaneous power is defined: P:?: F-v

Energy Diagrams

— A plot of PE asafunction of position for asysemwith W _,_ =0 isan

energy diagram. The total energy E is a constant and the KE may be read
as the difference between PE and KE.

— The force associated with the PE is the negative of the slope of the PE on the
—d(PE)

energy diagram: F =
dx



