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UNIT OUTLINE

WS – Worksheet
SI – Supplemental Information

Day 1 – Energy

1. Objective:  To understand the concept of energy, conservation of energy, applications of energy.

· SWBAT define energy as work, force applied over a distance, or power sustained over a period of time. 

· SWBAT list 4 different forms of energy.

· SWBAT define the Law of Conservation of Energy as, “energy cannot be created or destroyed, but it can be changed from one state to another.”  

· SWBAT define the common units of energy as joules.

2. WS:  What is Energy?

3. Demonstration 1 – Objects that Convert Energy

a. Solar Cell

b. Motor

4. Demonstration 2 – Energy Conversion 

a. Energy Train

b. How it works

5. SI:  Engineering Application - Solar Cars

Day 2 – Light Energy to Electrical Energy

1. Objective:  To understand how solar cells convert light energy to electrical energy.

· SWBAT explain that a solar cell converts light energy to electrical energy.

· SWBAT analyze data relating to the conversion of light energy to electrical energy through a solar cell.

· SWBAT determine that the sun produces the most energy, but other sources can mimic the sun.

· SWBAT understand that two solar cells wired in series will produce electrical energy greater than or equal to the electrical energy produced by one solar cell.

2. SI:  Activity – The Sun’s Power (teacher preparation or extended activity)

3. WS:  How does a Solar Cell work?

4. Activity 1 – Examining a Solar Cell under various conditions

5. SI:  Engineering Application – Satellites 

Day 3 – Electrical Energy to Mechanical Energy

1. Objective:  To understand how an electric motor converts electrical energy to mechanical energy.

· SWBAT understand that electric motors convert electrical energy to mechanical energy. 

· SWBAT identify the parts of an electric motor.

· SWBAT define torque as Force x Radius.

· SWBAT understand that motors have a maximum torque and how this can be determined.

2. WS:  How does a motor work?

3. Activity 1 – Dissecting a motor

4. WS:  What is torque?

5. Demonstration 1 – Energy Train Revisited

6. Activity 2 – Understanding Torque

7. SI:  Engineering Application – The Mars Rover

Day 4 – Friction

1. Objective:  To understand how friction works. 

· SWBAT define friction as the force between two surfaces that resists motion.

· SWBAT understand that there are multiple types of friction.

· SWBAT define the static coefficient of friction as the Force required to move a stationary object divided by the objects weight.

· SWBAT understand that weight increases friction.

· SWBAT understand that different materials have different coefficients of friction.

· SWBAT understand how friction can be used to their advantage.

2. WS:  What is Friction?

3. Activity 1 – Understanding how weight affects friction

4. Activity 2 – Understanding how material affects friction

5. SI:  Engineering Application – Drag Racing

Day 5 – Engineering Design and Intro. to Competition

1. Objective:  To understand how engineer’s design and how to apply these principles to the competition.

· SWBAT understand the difference between scientists and engineers.

· SWBAT understand the engineering design process and how it is used.

· SWBAT apply the engineering design process to begin designing a model solar car for the competition.

2. WS:  What do engineers do?

3. Introduction to Competition

4. WS:  Initial Design Sheet

Day 6 – Testing and Final Design

1. Objective:  To test initial solar car designs and present a final design.

· SWBAT apply the engineering design process to test their initial designs.

· SWBAT use the results of their testing to make changes to their initial design.

2. WS:  Testing

3. WS:  Final Design Sheet.

Day 7 – Competition takes place

1. Have competition

2. Class discussion about which worked best/ why/ trade-offs


Supplemental Information
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What is Energy?

What do you think of when the word energy is mentioned?  

Energy is one of the most fundamental principles of the universe.  There is always some form of energy which exists in just about anything you can imagine.  Energy has been classified into many categories.  What are some different forms of energy?

Energy is applied force times the distance over which it is applied, which is also known as Work.  Energy is also defined as the amount of power used during a period of time.  The most commonly used units for energy are Joules (J).  

Another universal principle is the law of Conservation of Energy also known as the First Law of Thermodynamics.  This law states that energy cannot be created or destroyed, but it can be changed from one state to another.  The total amount of energy in the universe is constant.  Cars, machines, computers, appliances, and even animals, plants, and the human body must obey this universal principle.

Demonstration 1:  Objects that Convert Energy  

1. What do you think object 1 is?

2. What types of energy might be incorporated in object 1?

3. What do you think object 2 is?

4. What types of energy might be incorporated in object 2?

Demonstration 2:  The “Energy Train”
How do you think the “Energy Train” works?

How does a Solar Cell work?
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A solar cell is very similar to a plant leaf.  A plant leaf uses photosynthesis to convert sunlight to useful energy.  Solar cells use a similar process to convert light energy to electrical energy.

Activity 1 – Examining a solar cell

Background:


Electrical power equation: Power = Volts x Amps

Energy from power: Energy = Power x Time

Light source A – 300W lamp


Light source B – 150W lamp


Light source C – halogen lamp


Light source D – the sun

Part 1 – Energy from one solar cell

Objective:  In the following experiment, we will examine how well different light sources imitate the sun.

Procedure:

1. Use the alligator clips to attach one solar cell to the multi-meter.

2. Hold light source A about 3 to 4 inches directly above the solar cell for T = 3 seconds.

3. Read the values for volts and amps and record them in your table.

4. Multiply the voltage and current to find power (watts).

5. Then multiply power by 3 seconds to get energy (joules).

6. Repeat steps 2 – 5 for light sources B, C and D.

Results:

	Light Source
	Voltage (volts)
	Current (amps)
	Power (Watts)
	Energy (Joules)

	A
	
	
	
	

	B
	
	
	
	

	C
	
	
	
	

	D
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Part 2 – Energy from two solar cells in series

Objective:  In the following experiment, we will examine how solar cells can be used in combination with one another.

Procedure:

1. Connect the black wire of solar cell 1 to the red wire of solar cell 2.  You have now wired the solar cells in series.

2. Use the alligator clips to attach the solar cells to the multi-meter.

3. Hold light source A about 3 to 4 inches directly above the solar cell for T = 3 seconds.

4. Read the values for volts and amps and record them in your table.

5. Multiply the voltage and current to find power (watts).

6. Then multiply power by 3 seconds to get energy (joules).

7. Repeat steps 3 – 6 for light sources B, C and D.

Results:

	Light Source
	Voltage (volts)
	Current (amps)
	Power (Watts)
	Energy (Joules)

	A
	
	
	
	

	B
	
	
	
	

	C
	
	
	
	

	D
	
	
	
	


Discussion

1. Make a bar graph of Electrical Energy vs. Light Source Type:
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Discussion: Light Source

2. Which light source produces the most energy?

3. Is this the source that you predicted would produce the most energy? Why or why not?

4. If you could not use the sun, what light source would you use?  Why?

5. Which setup gives the most energy, single or series?

6. How does the location of the artificial light sources affect the electrical power?

Engineering Application:

How does a motor work?
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Examples of energy conversion from electrical energy to mechanical energy can be seen in many items around you.  The most common apparatus for converting electrical energy to mechanical energy is the motor. 



From:  Edmund’s Scientific
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How many motors would you say are in your house?

How does a Motor Work?








A motor takes the voltage and current inputs and converts them into rotating motion.  The motor has two magnets attached to the outer casing called field magnets.  When the current enters the motor, a magnetic field is created on the armature (see Diagram 1).  The magnetic field that was created by the current has the same pole as the field magnets – this causes the armature to be constantly repelled, which creates spinning (remember that magnets have a North and South pole).  Activity 1 takes an in-depth look at the parts of the motor.   

Diagram 1 – The Inside of a Motor

(viewed from the front)
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Modified from:  http://electronics.howstuffworks.com/motor1.htm.

Activity 1 – Taking apart a motor
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Objective:  To gain a better understanding of how a motor works by examining the parts of the motor.

You will need to identify:  

1. The axle.

2. The armature.

3. The commutator.

4. The brushes.

5. The field magnet.

Use each term to label the pictures:            
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Discussion:

1.  What is the principle that electric motors use?

What is Torque?


Demonstration 1 – The “Energy Train” Revisited

What differences do you observe between the two propellers?

Explain why these differences occur.

Activity 2 – Understanding Motor Torque 

Objective:  To understand the torque produced by a common motor.

Procedure:

1. Measure the radius of the flywheel in centimeters.  Convert this measurement to meters and record below.  

Radius in cm

Conversion: 1m= 100cm
R = _____cm*(1m/100cm)=  __________ m

2. Attach the smallest fishing weight to the swivel on the end of the string.  Record the weight written on the fishing weight in Newtons in the table below.

3. Push the switch down to close the circuit and turn the motor on.  

4. See if the motor can raise the weight.  If the motor raises the weight, lift the switch and determine the torque produced by the motor in the table below.

5. Repeat steps 1-4 with single weights or combinations of weights until you find a weight that the motor cannot raise.  When this happens, decrease the weight a little bit.  See if you can find the maximum weight the motor can raise and thus the maximum torque the motor can produce.  

      Record all results in the table below.


Results:

Torque = Weight x Radius


	Number of Weights
	Total Weight of All Fishing Weights


	Could the Motor Lift This Weight
	Torque (Nm)

= Weight x Radius

	1
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Discussion

What was the maximum torque that the motor could produce?  Was this higher or lower than what you expected?

Why is it important to know the torque that the motor can produce?

Engineering Application:
What is Friction?

Why is ice so slippery?  Why is it so difficult to push or pull a heavy box across the carpet?  

It’s the friction that makes the box hard to push or the lack of friction that makes ice slippery.  Friction is a force between two surfaces that resists motion.  Friction comes in many forms:


Static Friction – the force that prevents a stationary object from moving.


Kinetic Friction – the force that hinders the motion of an object after it has 


overcome static friction.   


Rolling Friction – the friction that a rolling object experiences against a surface.  


For example, when a car is moving, the tires experience rolling friction.  Rolling 


friction can be 100 to 1000 times less than static or kinetic friction. 

Understanding Friction: Part 1

Objective:  To understand how friction and weight are related.  
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Figure 1

Prediction:  Which do you think will have more friction, one book or two? 

Procedure:  

1. Place one textbook on the mass scale.  Record the mass in grams (g).  

  

m = _____ g*(1kg/1000g)=  __________ kg
2. Determine the weight of the book by multiplying the mass (kg) by 9.81.  Record the weight in Newtons on the table.

3. Tie the string around the textbook (see figure 1).

4. Hook the spring scale to the string as shown in figure 1.

5. Holding the spring scale, pull the textbook and record the Force that you have to apply to get the book to start moving (the reading on the spring scale in Newtons).  This force is the resistive force or friction force.

6. Now, repeat steps 1-4 with two textbooks instead of one.

6.   Record all results in the table below.

Results:

	Number of Books
	Mass (kg)
	Weight (N) (multiply mass by 9.81 m/s2)
	Friction Force (N)

	1
	
	
	

	2
	
	
	


Discussion:

How do your results compare to your prediction?

How does an object’s weight affect the friction force?

Understanding Friction: Part 2


Objective:  To understand that different surfaces have different coefficients of friction.

The coefficient of friction is a measure of the level of friction between a surface and an object.  

The higher the coefficient of friction between an object and a surface the harder it is to move the object on the surface. 

Just as there are multiple types of friction, there are multiple coefficients of friction that correspond to these types.  


Static Coefficient of Friction = Force required start moving an object  







Weight of the Object
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Figure 2

Prediction: Which material will have the highest coefficient of friction?
Procedure:

1. Tape the sheet wax paper flat on the table.

2. Using the same procedure as Part 1, place one book on top of the wax paper and record the Force reading on the spring scale.

3. Determine the static coefficient of friction of the wax paper by dividing the force determined in step two by the weight of the book. 

4. Repeat steps 1-3 for the sheet of sand paper and the sheet of rubber.

5. Record all results in the table below.

Results:


	Material
	Mass of 1 book (kg)
	Weight of 1 book (N)
	Friction Force (N)
	Static Coefficient of Friction =

friction force  weight of book

	Wax Paper
	
	
	
	

	Sand Paper
	
	
	
	

	Rubber
	
	
	
	


Discussion:

Which material had the greatest coefficient of friction?  Was this what you expected?

How could you use friction to your advantage in building a car?

Engineering Application:

What do Engineers do?


Engineers apply science to solve problems.  Engineering and science go hand in hand.  

How is an engineer different from a scientist?  

A scientist may perform an experiment to determine the thrust produced by a rocket.  On the other hand, an engineer may take the results of the experiment and design a better rocket or a vehicle that uses the rocket.  Let’s look at engineering design in detail.

The Engineering Design Process

Engineers apply a step-by-step design process to develop solutions to problems.



Putting it all Together - The Competition
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Design Challenge:  

The Ra Power Space Agency (RPSA) has just contacted all local engineering design companies and announced that a design competition will be held to find the best design for the new Mars Lifter.  The new Mars Lifter must be able to pull a significant amount of weight since it’s primary mission will be to retrieve rocks from the surface of Mars.  The Mars Lifter must be built with no more than $1,000 (Provided by RPSA of course).  The winning design will be the one that pulls the most weight.  To enter the competition and receive your $1,000 budget to build the rover, you must submit a valid preliminary design of the Mars Lifter that you are planning on building.   

The Prize:  $2 million dollar contract with RPSA to build your Mars Lifter and your engineering company becomes world famous.

Official RPSA Competition Rules:  

1. Your design must be solar powered.

2. Your design must use a new, hi-tech Super-Torque Motor.

3. Your design must use the Official RPSA Materials.

Official RPSA Materials Catalog:

	SOLAR CELLS



	From:  Edmund’s Scientific 

	Type
	Cost (each)

	1.5 V / 200 mA
	$100.00

	3 V / 100 mA
	$300.00

	6 V / 50 mA
	$450.00


	WHEEL MATERIALS

	Type
	Cost (to cover 4 wheels)

	No Material
	

	Wax Paper
	$50.00

	Sand Paper
	$200.00

	Type 1 Rubber
	$300.00

	Type 2 Rubber
	$400.00


	SUPER-TORQUE MOTORS


	From:  Edmund’s Scientific 

	Type
	Cost (each)

	115RPM, 0.8 in.-oz Torque
	$100.00

	30RPM, 2.4 in.-oz Torque
	$300.00

	16RPM, 5.0 in.-oz Torque
	$450.00


Preliminary Design Form

Company Name ________________________

RPSA provides you with $1,000 and 1 Body Kit (50 pieces).

Additionally you need to account for the following:

What solar cell(s) do you plan on using?

What tire material do you plan on using?

Which Super-Torque Motor do you plan on using?

What additional parts will you need?

Sketch of Your Preliminary Design:

Testing

What things do you need to consider in your design?

How do you plan on testing your design?

What changes might you make to your preliminary design after testing?

Final Design

Company Name:  ___________________

Total Cost of Your Design:  ________________

What solar cell(s) did you use?

What wheel material did you use?

Which Super-Torque Motor did you use?

What additional parts did you use?

What tests did you perform?  How did you use the results of the tests?

How did your initial design change?  Sketch your Final Design:

SUPPLEMENTAL INFORMATION

Materials Needed for Experiments:  (per station)

Day 2:

2 solar cells

1 multi-meter

2 alligator clips

1 splice cap

sun, light sources (300W, 150W, halogen lamp)


Day 3:

1 small motor w/ flywheel

1 power source (battery terminal with two AA batteries)

1 switch

1 metal stand

String

Fishing Weights


Day 4:

2 Textbooks

1 Sheet of Sand Paper

1 Sheet of Wax Paper

1 Sheet of Rubber

1 Spring Scale

1 Mass Scale

1 Length of String

Tape

DAY 1 – Energy

Possible Preliminary activity: poster/collage of energy

Energy Overview:

Mass – the amount of matter that an object contains.



 Units:  Kilogram (kg), Pound-Mass (lbm).

Force – Force = Mass * Acceleration.  The most common example of force is 

weight.  Weight is the force of gravity that the earth applies on an object.  

Weight = Mass * Gravitational Constant 

Weight (in Newtons) = Mass (in kg) * 9.81 m/s2.



Units:  Newtons (N), Pound-Force (lbf).


Work – force applied over a distance.  

Work = Force * Distance.



Units:  Newton-Meters (Nm), Foot-Pound-Force (ft-lbf).


Power – work per unit time.  

Power = Work / Time  



Units:  Watts (W), Horsepower (hp).

Demonstration 1:  Objects


Object 1 – Solar cell



Forms of energy:  solar, electrical


Object 2 – Electric motor



Forms of energy:  mechanical, electrical

Demonstration 2:  The “Energy Train” – How it Works


The “Energy Train” uses the First Law of Thermodynamics by converting light (radiative) energy to electrical energy through the solar cell and electrical energy to mechanical energy through the motor.

Engineering applications of Energy – Solar Cars:
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The Honda Dream - From:  www.pv.unsw.edu.au/solarcar/

Another practical application of energy conversion is the solar car.

Advantages:

1. Environmentally friendly — It does not burn fossil fuels.

2. Never-ending energy source — The sun produces a constant source of energy equal to a trainload of coal that is more than 2 million kilometers long (approximately 1,242,742 miles).

Disadvantages:

1. Price of solar cells — Efficient solar cells large enough to power a car are expensive to produce.

2. Current technology — The materials available today limit solar car speed and weight.

DAY 2 – Light Energy to Electrical Energy

Activity – Examining the sun’s power

Objective: In the following experiment, we will estimate the power of the sun.

Materials Needed:  piece of thin metal (2x6 cm), thermometer, glass jar and lid with hole, 1-hole stopper, 100W lamp, alcohol, graphite paint.

Procedure:

1. Crimp metal strip around thermometer; spread flaps to approx 120 degrees.  Place top end of thermometer through the stopper and place this in the lid.

2. Paint inner surface of metal with graphite.  Fill jar with alcohol and screw the lid with thermometer onto the jar.

3. Place the jar in the sun.  Adjust the jar orientation to create the largest possible shadow from the metal flaps.

4. When temperature stops rising, record this value.

T = 

 degrees F

5. Return to the classroom and let the jar cool.

6. Place the jar 25cm from the 100W lamp with the graphite side towards the lamp.

7. Let the temperature rise to the recorded value.  Adjust distance if necessary (closer to increase temp, further to decrease temp) and record final distance.

D = 

 meters

8. Calculate the sun’s power from this equation:

power of the sun  =  100W
  (1.50 x 1011)2
            D2



Power of the sun = 

 Watts

9. Assuming a 3 second time period, calculate the amount of energy:

Energy  = Power x Time

Energy from the sun = 

 Joules

How does a solar cell work?


Solar cells are part of a large category of devices that are commonly described as photovoltaic.  The term photovoltaic refers to all semiconductors that convert light (photo) into electricity (voltaic).  The specific type of semiconductor used in solar cells is silicon because of its special chemical properties.  Silicon actually has to be somewhat modified so that it can be used in the solar cells.  Other atoms are added to the silicon atoms to create impurities in the silicon which help to conduct electricity.  In reality, the solar cell is made up of two different types of modified silicon; one is called N-type (negative) and the other is called P-type (positive).  The N-type silicon has an element called phosphorous in it which causes the silicon to have extra electrons.  The P-type silicon contains an element called boron which causes the silicon to have extra holes, or missing electrons.  When energy is added to the system (1) in the form of photons (packets of light), the electron-hole pairs are activated (2), and electron flow, current (3), is created between the N-type and P-type silicon.

Modified from: www.powerlight.com/solar/ se_solar_basics.cfm 

How to use the multi-meter:

Plug wire 1 into the black notch labeled “COM.”  To measure volts, turn knob to the point labeled “V” and plug wire 2 into the black notch labeled “…”  To measure amps, turn knob to the point labeled “A”; unplug wire 2 from the black notch and plug it into the red notch labeled “…”

Engineering Applications:  (Refer to Picture 1)

How do you think it relates to engineering?  How could you relate it to what you learned today?

DAY 3 – Electrical Energy to Mechanical Energy

Important Parameters of a Motor:


Torque – the turning strength of a motor.



Torque = Force Produced * Radius over which the force is applied


Diagram:



[image: image6.png]F = 10 Newtons
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 In this case, Torque = F * R = 10 N * 0.25 m = 2.5 Nm


Torque will be explored in detail in Activity 2.

Angular Velocity – the speed at which the motor turns.  Usually measured in Revolutions per Minute (RPM).

Engineering Applications:  (Refer to Picture 2)

How do you think it relates to engineering?  How could you relate it to what you learned today?

DAY 4 – Friction

Friction, not always motion’s enemy:




It is true that friction hinders motion, but it can also be used to create motion.  Car tires use traction (which has a high coefficient of friction) to allow the car to overcome it’s own weight and begin moving forward.  Once the car has started moving, rolling friction takes over.  Car tires also use the traction as a safety measure to slow the car down and stop the car faster.

From:  www.dow.com/synthetic/ markets/tires.htm
Engineering Applications:  (Refer to Picture 3)

How do you think this relates to engineering?  How could you relate it to what you learned today?

PICTURE 1

From:  http://nix.nasa.gov

PICTURE 2

From:  http://nix.nasa.gov

PICTURE 3

http://www.geocities.com/sweet_wheelz/dragracingpics.html
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