Chapter 5

Work & Energy

5.1 - Work

· Examples of things NOT considered work:

· A student holds a heavy chair at arm’s length for several minutes.

· A student carries a bucket of water along a horizontal path while walking at constant velocity.

· A force that causes a displacement of an object does work on the object.

· W = F d  

· (Work = Force x distance)

· SI unit for work = Joules (J)

· Work is not done on an object unless the object is moved because of the action of a force.

· The application of force alone does not constitute work.

· Work is done only when components of a force are parallel to a displacement.

· When the force on an object & the object’s displacement are in different directions, only the component of force that is in the same direction of the object’s displacement does work.

· For example, if you push a crate along the ground, only the horizontal component of your applied force causes displacement & does work.

· W = F d (cos )

· Refer back to the two examples at the beginning; they do not agree with the definitions of work.

· If many constant forces are acting on an object, you can find the net work done by first finding the net force.

· Wnet = Fnet d (cos )

· Remember that force has the unit N, so a Joule = N m.

Sample Problem:

· How much work is done on a vacuum cleaner pulled 3.0 m by a force of 50.0 N at an angle of 30.0o above the horizontal?

· W = F d (cos )

· W = (50.0 N) (3.0 m) (cos 30.0o)

· W = 130 J

· The sign of work is important!

· Work is positive when the component of force is in the same direction as the displacement.

· Work is negative when the force is in the direction opposite to the displacement.

· If the work done on an object results only in a change of speed, the sign of the net work on the object tells you whether the object’s speed is increasing (+; net force does work on the object) or decreasing (-; work is done by the object on another object).

5.2 - Energy

· Kinetic energy is energy associated with motion.

· Kinetic energy depends on speed and mass.

· KE = ½ m v 2

· KE is a scalar quantity!

· SI unit = Joule

· If a bowling ball & a volleyball are traveling at the same speed, which do you think has more KE?

· bowling ball because it has more mass

Sample Problem

· A 7.00 kg bowling ball moves at 3.00 m/s.  How much KE does the bowling ball have?

· KE = ½ (7.00kg) (3.00 m/s)2 = 31.5 J

· How fast must a 2.45 g ball move to have the same KE?

· 31.5 J = ½ (0.00245 kg) v2
· v = 160 m/s

· Wow that’s fast!

· Work equals kinetic energy!

· Wnet = 

· Use the equations you know for work & kinetic energy & set them equal to each other, therefore:

· F d = ½ m v 2
Potential Energy

· Potential energy is stored energy.

· Gravitational potential energy depends on height from a zero level.

· PE = mgh

· SI unit = Joule

· Elastic potential energy depends on distance compressed or stretched

· PEelastic = ½ kx2

· k = spring constant or force constant (N/m)

5.3 Conservation of Energy

· Conserved means that it remains constant.  It may change forms, but the quantity remains the same.

· mechanical energy = sum of KE
 & all forms of PE

· nonmechanical energy = nuclear, chemical, internal, electrical

· In the absence of friction, the total mechanical energy remains the same which is called the conservation of mechanical energy.

· MEi = MEf
· KEi + PEi = KEf + PEf
· If other forces are present, simply add those terms in. (elastic PE, but not friction)

Sample Problem

· Starting from rest, a child zooms down a frictionless slide from an initial height of 3.00 m.  What is her speed at the bottom of the slide?  Assume she has a mass of 25.0 kg.

· Energy conservation occurs even when acceleration varies.

· Use kinematic formulas if needed!

· Remember!  Mechanical energy is not conserved in the presence of friction. Energy is transformed into light, heat & sound.

5.4 Power

· Power is the rate at which work is done.

· P = W/t    or    P = Fv

· SI unit = Watt (W) = 1 J/s

· 1 horsepower (hp) = 746 W


Sample Problem

· A 193 kg curtain needs to be raised 7.5 m, at a constant speed, in as close to 5.0 s as possible.  The power ratings for 3 motors are listed as 1.0 kW, 3.5 kW, & 5.5 kW.  Which motor is best for the job?


