Physics B
Classwork/Notes: Energy
Name:____________________


Work 

Definition:

Equation:

Units of Work (SI System)

Question: If a man holds a 50 kg box at arms length for 2 hours as he stands still, how much work does he do on the box?

Question: If a man holds a 50 kg box at arms length for 2 hours as he walks 1 km forward, how much work does he do on the box?

Question: If a man lifts a 50 kg box 2.0 meters, how much work does he do on the box?

Work and Energy

Work changes mechanical energy.

Positive work ________________ mechanical energy.

Negative work ________________ mechanical energy.

The two forms of mechanical energy are called:


Sample problem

Jane uses a vine wrapped around a pulley to lift a 70-kg Tarzan to a tree house 9.0 meters above the ground.

a) How much work does Jane do when she lifts Tarzan?

b) How much work does gravity do when Jane lifts Tarzan?

Sample problem
Joe pushes a 10-kg box and slides it across the floor at constant velocity of 3.0 m/s. The coefficient of kinetic friction between the box and floor is 0.50. 

a) How much work does Joe do if he pushes the box for 15 meters?

b) How much work does friction do as Joe pushes the box?

Sample problem

A father pulls his child in a little red wagon with constant speed. If the father pulls with a force of 16 N for 10.0 m, and the handle of the wagon is inclined at an angle of 60o above the horizontal, how much work does the father do on the wagon? 

Kinetic Energy

Definition:

Equation:

Units of Energy (SI System):

Sample problem

A 10.0 g bullet has a speed of 1.20 km/s. 

a) What is the kinetic energy of the bullet?

b) What is the bullet’s kinetic energy if the speed is halved?

c) What is the bullet’s kinetic energy if the speed is doubled?

The Work-Energy Theorem

Definition:

Equation:

Sample problem
An 8.0-g acorn falls from a tree and lands on the ground 10.0 m below with a speed of 11.0 m/s.

a) What would the speed of the acorn have been if there had been no air resistance?

b) 
Did air resistance do positive, negative or zero work on the acorn? Why?

c) How much work was done by air resistance?

d) What was the average force of air resistance?

Constant force and work: draw and label graph
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Variable force and work: draw and label graph
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Springs

Why is the work done by a spring when it is stretched or compressed negative?

Equation for work done by spring:

Graph for stretching of spring
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Sample problem  
A spring with force constant 250 N/m is initially at its equilibrium length.

a) How much work must you do to stretch the spring 0.050 m?

b) How much work must you do to compress it 0.050 m?


Sample problem
It takes 1000 J of work to compress a certain spring 0.10 m. 

a) What is the force constant of the spring?

b) To compress the spring an additional 0.10 m, does it take 1000 J, more than 1000 J, or less than 1000 J? Verify your answer with a calculation.

Sample Problem

How much work is done by the force shown when it acts on an object and pushes it from x = 0.25 m to x = 0.75 m?
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Figure from “Physics”, James S. Walker, Prentice-Hall 2002
Sample Problem

How much work is done by the force shown when it acts on an object and pushes it from x = 2.0 m to x = 4.0 m?


Figure from “Physics”, James S. Walker, Prentice-Hall 2002

Power

Definition:

Equation:

Unit of Power (SI system):

Unit of Power (British system):

Conversion from horsepower to Watts:

The kilowatt-hour 

Definition:

Sample problem 
A man runs up the 1600 steps of the Empire State Building in 20 minutes seconds. If the height gain of each step was 0.20 m, and the man’s mass was 80.0 kg, what was his average power output during the climb? Give your answer in both watts and horsepower.
Sample problem 

Calculate the power output of a 0.10 g fly as it walks straight up a window pane at 2.0 cm/s.


Force types

Conservative forces:

Work is path independent.

Work along a closed path is zero.

Work changes potential energy.

         Examples: gravity, springs

Non-conservative forces:

Work is path dependent.

Work along a closed path is NOT zero.

Work changes mechanical energy.

        Examples: friction, drag

Potential energy

Definition: 

Equation (gravity):

Equation (spring):

Conservative forces and Potential energy

Equation: 

What happens to potential energy when a conservative force does positive work?

What about when a conservative force does negative work?

More on paths and conservative forces.

Q: Assume a conservative force moves an object along the various paths. Which two works are equal?

Q: Which two works, when added together, give a sum of zero?

Figure from “Physics”, James S. Walker, Prentice-Hall 2002

Sample problem

A box is moved in the closed path shown.

a) How much work is done by gravity when the box is moved along the path A->B->C?

Figure from “Physics”, James S. Walker, Prentice-Hall 2002
b) How much work is done by gravity when the box is moved along the path A->B->C->D->A? 

Sample problem

A box is moved in the closed path shown.

a) How much work would be done by friction if the box were moved along the path A->B->C?

Figure from “Physics”, James S. Walker, Prentice-Hall 2002
b) How much work is done by friction when the box is moved along the path A->B->C->D->A?
Sample problem 
A diver drops to the water from a height of 20.0 m, his gravitational potential energy decreases by 12,500 J. How much does the diver weigh?


Sample problem 
If 30.0 J of work are required to stretch a spring from a 2.00 cm elongation to a 4.00 cm elongation, how much work is needed to stretch it from a 4.00 cm elongation to a 6.00 cm elongation?

Law of Conservation of Energy

Statement:

Law of Conservation of Mechanical Energy

Equations:

Pendulums and Energy Conservation

Q: Where in pendulum swing is mechanical energy all potential energy?

Q. What kind of potential energy exists in pendulum? Give the equation.

Q: Where in pendulum swing is mechanical energy all kinetic energy?

Springs and Energy Conservation

Q: Where in spring oscillatin is mechanical energy all potential energy?

Q. What kind of potential energy exists in a spring? Give the equation.

Q: Where in spring oscillation is mechanical energy all kinetic energy?
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Sample problem 
Problem from “Physics”, James S. Walker, Prentice-Hall 2002
A 0.21 kg apple falls from a tree to the ground, 4.0 m below. Ignoring air resistance, determine the apple’s gravitational potential energy, U, kinetic energy, K, and total mechanical energy, 
E, when its height above the ground is each of the following: 4.0 m, 2.0 m, and 0.0 m. Take ground level to be the point of zero potential energy.

For 4.0 m


For 2.0 m
For 0.0 m

Sample problem 
Problem from “Physics”, James S. Walker, Prentice-Hall 2002
A 1.60 kg block slides with a speed of 0.950 m/s on a frictionless, horizontal surface until it encounters a spring with a force constant of 902 N/m. The block comes to rest after compressing the spring 4.00 cm. Find the spring potential energy, U, the kinetic energy of the block, K, and the total mechanical energy of the system, E, for the following compressions: 0 cm, 2.00 cm, 4.00 For 0 cm

For 2.00 cm

For 4.00 cm


Law of Conservation of Energy

Equations:

Work done by non-conservative forces

Wnet = Wc + Wnc 

Wc = -(U 

Wnet = (K

(K = -(U + Wnc 

Wnc = (U + (K = (E

Sample problem
Problem from “Physics”, James S. Walker, Prentice-Hall 2002
Catching a wave, a 72-kg surfer starts with a speed of 1.3 m/s, drops through a height of 1.75 m, and ends with a speed of 8.2 m/s. How much non-conservative work was done on the surfer?

Sample problem
Problem from “Physics”, James S. Walker, Prentice-Hall 2002
A 1.75-kg rock is released from rest at the surface of a pond 1.00 m deep. As the rock falls, a constant upward force of 4.10 N is exerted on it by water resistance. Calculate the nonconservative work, Wnc, done by the water resistance on the rock, the gravitational potential energy of the system, U, the kinetic energy of the rock, K, and the total mechanical energy of the system, E, for the following depths below the water’s surface: d = 0.00 m, d = 0.500 m, d = 1.00 m. Let potential energy be zero at the bottom of the pond.

For 0.00 m


For 0.50 m

For 1.00 m

Pendulum lab

Figure out how to demonstrate conservation of energy with a pendulum using the equipment provided. The photogates must be set up in “gate” mode this time.

The width of the pendulum bob is an important number. To get it accurately, use the caliper.

Turn in just your calculations, which must clearly show the speed you predict for the pendulum bob from conservation of energy, the speed you measure using the caliper and photogate data, and a %difference for the two.
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Sample problem

What is the speed of the pendulum bob at point B if it is released from rest at point A?
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