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Name: _____________________________________

Simple Machines and Energy Unit Notes
Force: any push or pull that changes the motion or shape of an object


Measured in Newtons (N)

Measured with a spring scale
Friction: force that opposes motion between two surfaces that are touching


The rougher the surface, the higher the friction.  
More massive objects have greater force (more weight) = greater friction
Lubricants: reduce friction
Ex. Oil, wax, grease
Work is done when a force causes an object to move a distance in the same direction as the force

Work = force · distance (Fd)
Labels (
N
     m = Nm = J (joule)
Ex. 
lifting a weight is doing work (weight moves distance in the same direction as force – up)

holding a weight, motionless, over your head, is NOT doing work
Machine: device that makes work SEEM easier by changing the size OR direction of a force
Work input: work that you do on a machine with an input force

Work output: work done by a machine with an output force

WORK OUTPUT CAN NEVER BE GREATER THAN WORK INPUT!
Mechanical Advantage (MA): how many times the machine multiplies the force


MA = output force ÷ input force (weight ÷ effort)
The larger the MA, the easier the machine makes the work SEEM
Effort: a force that produces an action, causes an object to DO something
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**** A machine might reduce force but over a greater distance. The SAME work is done.  It just seems easier.

Ex. 200N box needs to be lifted onto a platform that is 5m high.

W = 
Fd

= 200N · 5m


= 1000Nm or 1000J
Using a ramp, you need to move the box 10m, but with only 100N of force
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W=
Fd

=100N · 10m


= 1000Nm or 1000J

All machines are constructed from one of the six simple machines listed below:

a. Wheel and axle
b. lever
c. pulley
d. screw
e. wedge
f. inclined plane
WASHINGTON LOVES PIZZA, SUBS, WINGS AND ICY POP
1. inclined plane: straight slanted surface
Ex. Ramp, stairs

*increase MA - make it longer
2. wedge: double inclined plane that cuts/splits/fastens Ex. Knife/nails/door stop    *increase MA – make it longer
3. screw: inclined plane wrapped in a spiral, “twisted wedge” 
         *increase MA = more threads (more distance)
4. lever: bar that pivots on a fixed point (fulcrum)
MA = effort arm ÷ load arm

*increase MA – longer effort arm (make fulcrum as far from the effort as possible)
3 classes based on what is in the middle

1st class (fulcrum) always changes direction of output force      Ex. Seesaw, claw of hammer, fixed oar of a boat

2nd class (load) object moves in the same direction as the force                  Ex. Wheelbarrow, bottle opener, door

The closer the load is to the fulcrum the greater the MA


3rd class (effort) requires more effort to move load, but moves load a greater distance (faster)
MA is less than 1. More effort is needed, but over a smaller distance

     Ex. Fishing pole, broom, rake, bat

Pairs: fulcrum is the place of attachment
Ex. 1st class = scissors

2nd = nutcracker

3rd = tweezers
5. pulley: grooved wheel that holds a rope/cable 



Ex. Window washer cart, flag pole
Load attaches to one end of rope and effort is placed on the other end, “curved lever”
*increase MA = need more rope (more movable pulleys)

a. Fixed pulley: attached to a support (does NOT move)

Does NOT change amount of EFFORT.  Reverses direction of force (pull down to lift up)
b. Movable pulley: attaches to load and moves as load moves
For instance: lifts load with 1/2 the effort but with 2X the rope (distance)
c. Block and Tackle combining the pulleys to increase MA
6. wheel and axle: 2 circular objects of different sizes  The smaller object is the axle usually a rod) and it always

turns as the large wheel turns.





Ex. Pencil sharpener, tricycle, wrench, doorknob
*increase MA = need larger wheel vs. smaller axle (makes greatest distance)

Compound machine:  device made of more than one simple machine

Energy: the ability to do work, also measured in Joules (J)
Kinetic energy: energy of motion, based on speed 
           Ex. The faster an object moves, the higher its kinetic energy

Potential energy: energy of position or stored energy (no movement)
Forms of energy: can be either kinetic energy or potential energy

1. Mechanical energy: total energy (position and motion), energy of a machine

2. Thermal energy: molecular movement of matter. The higher the temp,  the faster the molecules are moving (kinetic energy) and the greater the thermal energy

3. Chemical energy: energy stored in certain substances because of what its chemical makeup is.          Ex. Food, fuel
4. Electrical energy: movement of electrons (electricity)

5. Sound energy: caused by object's vibration

6. Light energy: vibrations of electrically charged particles, but does not cause another object to vibrate

7. Nuclear energy: produced when nuclei of atoms are joined (fusion) or split (fission)


Ex. star
Energy conversion: change one form of energy into another

Law of Conservation of Energy: energy cannot be created or destroyed; it can only be transferred from one type of energy to another

Ex 1. Electricity passes through a light bulb ( some of the electrical energy is converted to light energy and heat energy

Ex 2. School bus: chemical energy (gasoline) ( mechanical energy that turns wheel on bus with heat energy and sound energy as waste energy

Energy resources: natural resource that can be converted by humans into other forms of energy in order to do useful work

I. Nonrenewable resources: cannot be replace or take thousands/millions of years to replace because they formed from remains of plants/animals that lived millions of years ago.  In addition to these energy sources being nonrenewable, there are several other problems. 



Ex. Fossil fuels (coal, petroleum (oil), and natural gas).
A. Coal 
1. The burning of coal contributes greatly to pollution  Smoke from coal-burning power plants is the main cause of acid rain.
2. Coal mining is dangerous for people who work in the mines.  Breathing air that contains coal dust is unhealthy and can lead to black lung disease
3. Certain coal-mining techniques are also damaging to the environment.  Sometimes large areas of land are dug up to reach the coal.  This practice, called strip mining, destroys topsoil and scars the landscape.

B. Oil and Natural Gas –

Although oil/natural gas burn cleaner than coal, they cause other environmental problems.  Offshore drilling for oil and transporting oil by ship can lead to accidental spills that kill marine wildlife and cause severe pollution of land and sea.  Pipes built to transport oil and gas over land may alter the ecology of areas they cross.

While most of the energy we consume comes from fossil fuels there are several other energy sources currently in use. 

II. Renewable resource: materials that can be replenished by nature within a relatively short time span 
A. Hydroelectric – When water flows steeply downhill at a waterfall of a dam on a river, it can be used to operate a generator, which produces electricity. A generator contains a turbine, a device similar to a paddle wheel on an old-fashioned steamboat.  The moving water turns the turbine, which spins a coil of wire inside an electromagnet in the generator.   This creates an electrical current.  It is usually clean and inexpensive.  However, not all areas have rivers  

suitable for producing hydroelectric energy.  Niagara Falls is a major source of energy in New York State. Problems: Building a dam on a river to produce hydroelectric power changes the surrounding area Upstream is flooded  creating a large lake over land that may have once 
provided a habitat for wildlife or been used for farming.  The area downriver from the dam receives less water.  These changes greatly affect the ecology of the area around a dam.

B. Nuclear: Nuclear power plants use uranium, a radioactive element found in certain rocks, as their fuel source.  Uranium atoms are naturally unstable and can be readily split apart to release energy.  The heat created by the uranium fuel in a nuclear reactor is used to boil water, thereby producing steam.  The steam turns turbines that generate electricity. Although nuclear power plants do NOT cause air pollution,  they use water from nearby lakes or rivers to cool their nuclear reactors.  The water is returned many degrees warmer. This  increase in the temperature of the environment, called thermal pollution, can be harmful to organisms living in the water.

An even more serious problem with nuclear power is how to dispose 

safely of the used-up uranium material fuel, known as nuclear waste. 
This poisonous, radioactive material must be stored where it will never leak 
into the environment.  Most people do not want nuclear waste stored in, or 
even transported through, their communities.  Disposal of nuclear waste is a 
difficult problem, and scientists continue to disagree on whether any of the 
proposed solutions are adequate.


C. Wind – can generate electricity by turning the blades of a wind turbine.  However, wind is NOT constant,  it is safe and clean
D. Plant Matter and Animal Waste – can be burned  to produce heat or they can be changed to other fuels such as the decaying plant matter and animal wastes that produce methane, the main component of natural gas.  However, converting is too expensive right now.

E. Solar  – energy from the sun. The primary source of energy on Earth is the sun!  Solar cells are expensive and the sun is not always available.
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