Lesson plan to be used for at least 2 class sessions.

	Stage 1 - Desired Results

	Established Goals:  PS.2  The student will investigate and understand the basic nature of matter. The key concepts for this lesson are the physical property called density and buoyancy.

               Students will also learn how to calculate density and buoyancy.

	Understandings:   Students will understand that…

· Mass is the quantity of matter contained in an object (review)

· Volume is the space occupied by an object (review)

· Density is the mass per unit volume

· Specific gravity is the ratio of the density of a substance to a standard reference – water for liquids and solids, air for gases.

· Displacement is the weight of water equivalent to the immersed volume of the object.

· Buoyancy is the upward force exerted by a liquid on an immersed or floating object

· Two consistent systems of units used in science are called the English and Metric systems. (review)


	Essential Questions:  

· Why would an astronaut weigh more on the earth than on the moon since his mass is the same? (review)
· Why does an object weigh less in the pool than in your bedroom since the mass is the same?

· Why do some objects float while other blocks sink?

· Why do steel ships float while blocks of steel sink?

· Will the same conclusion to science questions be reached using either English or metric units?



	Students will know…

that the mass of an object does not change. - review

that the weight of an object is affected by the local gravitational force and buoyancy (if submerged). - review

that density and specific gravity are physical properties of a material and do not change.

that specific gravity is the ratio of the density of a substance to a standard reference – water for liquids and solids, air for gases.

that two consistent systems of units used in science are called the English and Metric systems.- review

how to convert between English and metric units – review.

how to measure density of solid objects.

how to measure the buoyancy of a solid object.

	Stage 2 - Assessment Evidence

	Formative Assessment:

Evaluate student work while working in groups.  Check for highlighted vocabulary words in textbook with definitions.

Evaluate exit pass.
	Summative Assessment:

Long term project – compete with the seaperch unmanned underwater vehicle built by your group and documented in a lab report.  Vocabulary words are to be incorporated.

	Stage 3 - Learning Plan

	Learning Activities:

1. Readiness: 

a. Motivation: Gulf oil disaster - Read and show pictures from:

http://www.boston.com/bigpicture/2010/05/disaster_unfolds_slowly_in_the.html
[Robots work on well – show video]

http://www.bbc.co.uk/news/10583902
How did BP evaluate the Gulf oil flow from the 2010 Gulf disaster?  [Answer: using unmanned underwater vehicles (UUV)]
Our job as 8th grade science students will be to build unmanned under water vehicles capable of capping the well of a simulated oil spill. Play video: http://www.youtube.com/watch?v=1fiTjPGbCrs
b. Tapping and developing background experience: 

Has anyone gone swimming?

Has anyone here touched the bottom of a swimming pool?

What prevents you from staying on the bottom of the pool?  [Answer: need to breathe, buoyancy pushes you up]

Has anyone built a raft?  Why does it float?  What are warships made from ? [Steel]  Why do they float?
Before we begin designing and building our UUV, there are a few vocabulary words and concepts we need to understand.  Take out your vocabulary notebooks now. [Terms in bold print will be added to the vocabulary notebook].

c. Concept Development:

Show a completed Seaperch UUV.  Before we build our Seaperch from this box of parts, we need to complete the design of the Seaperch.  An underwater vehicle must be neutrally buoyant, that is when submerged it must neither sink nor surface.  Assembling the parts provided in the box will result in a vehicle that only floats on the surface, not a vehicle that can go underwater.  What will we need to do to modify this vehicle? [Answer = add weight or Mass].  Your job as a UUV designer is to calculate the weight to be added before the UUV is built such that the final vehicle is neutrally buoyant when it is placed in the water for the first time.  Once you tell me how much weight you will add (i.e., the number of metal washers), I will let your team start building the seaperch.  I will be able to assess how well you did your calculations by measuring the amount of time it takes for your finished vehicle to either sink or float after I release it while it is at mid-depth in a pool.  

       In order to calculate the weight that you will need to add, you will need to know the weight of each piece and whether the piece will float or sink.

[Demonstrate steel sinks (screws, washers, motor assemblies) and that the PVC pipe to build the UUV frame floats.]  To tell whether a material (plastic, metal, foam, wire, …) floats or sinks we will need to know about the material’s weight and volume (space it occupies)  This is the focus of today’s activities.  
Why do steel ships float while blocks of steel sink?  [Consequently, we need to know more than just the weight.  We need to know upward force exerted by a liquid on an immersed or floating object, this is called buoyancy.]

Note: Previous vocabulary words:

Volume is the space occupied by an object.

Area is the extent of a surface.

Mass is the quantity of matter (stuff) contained in an object.  
Gravity is the natural force of attraction between any two bodies (objects with mass).  Gravity is directly proportional to the product of their masses and inversely proportional to the square of the distance between them. 

Weight is the measure of the earth’s gravitational pull on the mass of an object.

Force is a push or pull that can produce, prevent or stop motion.

Review the definition of mass.  Each of us has an associated mass.  You are the same no matter where you go, right?  Is your mass the same if you jump in a pool?  Is it the same if you walk on the moon? Your mass is the same whether you are standing here, in a pool or on the moon.  [Get class to define mass.]
Mass is the quantity of matter (stuff) contained in an object.  English units = slugs; metric units = grams.

Ask class: what weighs more, 1 kg of feathers or 1 kg of lead? [Discuss]

Next we have density.  Would you rather have a large box full of Styrofoam fall on your head, or the same large box full of lead fall on your head? [Discuss and have students go through box of seaperch parts and identify which ones are least to most dense.]

This is a definition:

Density = Mass/Volume.  English units = slugs/in3; metric units = grams/cm3.
Next, we have buoyancy.  Think about jumping in the pool.  [Get class to define]
Buoyancy is the upward force exerted by a liquid on an immersed or floating object.

Next we have pressure.  Would you rather have a large box full of Styrofoam set on your head, or the same large box full of lead set on your head? [discuss]

Demonstration: Large bucket full of water with toothpick-size hole at top middle and bottom.  Remove toothpicks, observe and discuss. [pressure increases as depth increases – discuss diving to bottom of pool]
This is a definition:
Pressure is a force applied to an area.

Now that we understand some of the key vocabulary words, we are ready to read the textbook about density and pressure in fluids.

d. Purpose-for-reading:

First you will read to be informed about the terms we discussed.  Highlight the vocabulary words in the text.



	2. Silent Reading: Pages 41-42 of text

Perkins, O., (1987).  Physical Science – A Cambridge Work-A-Text, USA: Globe Fearon

	3. Discussion:

Review: definition of vocabulary words, units, and example problem.  Are vocabulary words understood when used in the textbook?

	4. Rereading:

Now you will reread the same text to learn the directions for an activity.

	5. Follow-up

In lab groups students will perform the activity described in the reading related to density.  Students will also calculate the density of water.

Before executing lab, have students write a draft of a lab report documenting this lab:

A) Clarify assignment: draft lab report for teacher assessment

B) Requirements of lab report - organization: 1. Identify problem (calculate the density of water and various parts); 2. Make a hypothesis; 3. Establish procedure; 4. Gather data – observe and record; 5. Arrive at conclusions

C) Develop graphs/tables/charts to be filled in (provided in textbook).

D) Compose orally with lab partners.

E) Write draft report.

Execute lab, filling in scientific details from observations.

Discuss units.  All measurements were done with metric units.

[Optional exercise for students finishing early: convert all units to English units]

Homework due in one week: final lab report.



	1c. Additional Concept Development:

You have now experimented with density.  What units does density have? [English units = slugs/in3; metric units = grams/cm3].

To be able to compare the density of one material to the density of another, the units must be the same.  How can we set a standard of comparison for densities?  [Response from class]

Another term universally used to make density comparisons is specific gravity.  Specific gravity is the ratio of the density of a substance to a standard reference – water for liquids and solids, air for gases.  With this definition, what is the specific gravity of water in English units?  In metric units?
Let’s go back to the original concept that we discussed.  Each member of each group needs to calculate the weight to add to the seaperch to make it neutrally buoyant.  You will need to know more than just the weight.  You need to know upward force exerted by a liquid on an immersed or floating object, this is called buoyancy.
Recall we discussed why steel ships float while blocks of steel sink.  What was needed? [The upward force exerted by a liquid on an immersed or floating object, this is called buoyancy.]

What happens when you put ice into a glass of water? [Water level rises, ice floats]

Some of the water needed to be moved out of the way for the part of the ice cube beneath the surface.  This is called displacement.

Displacement is the weight of water equivalent to the immersed volume of the object.  (Navy’s definition, some textbooks call displacement the volume of water equivalent to the immersed volume of the object.  We will use the Navy’s definition as we are working on a navy project).


	1d. Purpose-for-reading:

Now we will have another section to read.   It’s important to understand the principle developed by a man named Archimedes.  He was a Greek mathematician, physicist, engineer, inventor, and astronomer around 250 BC. 

Read pages 51-54 in your textbook to be informed about the terms we discussed.

	2. Silent Reading: Pages 51-54 of text.

Perkins, O., (1987).  Physical Science – A Cambridge Work-A-Text, USA: Globe Fearon

	3. Discussion:

Review: definitions, units, and example problems

	4. Rereading:

Now you will reread the same text to learn the directions for an activity.

	5. Follow-up:

In lab groups students will perform the activity described in the reading related to buoyancy.

Before executing lab, have students write a draft of a lab report documenting this lab:

A) Clarify assignment: draft lab report for teacher assessment

B) Requirements of lab report - organization: 1. Identify problem (calculate the density of water and various parts); 2. Make a hypothesis; 3. Establish procedure; 4. Gather data – observe and record; 5. Arrive at conclusions

C) Develop graphs/tables/charts to be filled in (provided in textbook).

D) Compose orally with lab partners.

E) Write draft report.

Execute lab, filling in scientific details from observations.

Discuss units.  All measurements were done with metric units.

[Optional exercise for students finishing early: convert all units to English units]

Homework due in one week: final lab report.



	Reflection: All students document in their notebooks the procedure to calculate weight, density and the buoyancy of an object.

Exit Pass: Each student turns in their calculation of the water density from the first activity and weight and buoyancy calculations from one object from the second activity.

Additional reinforcement comes in the next class where students will calculate the density and the buoyancy of each material used in the seaperch kit.

Dismiss class.


Materials: Ten gallon aquarium full of water.  Steel block, Seaperch kits available from the Office of Naval Research.  Can of water with three pin-holes (1” from top, middle and bottom).  Scales, test tubes and beakers for lab activities.
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