	Subject/Course:
	Science/Physical Science
	Grade Level:
	8th

	Topic:
	Density

	Teacher’s Name:
	Foss/McFarlane
	Date:
	TBD

	Length of Period:
	1-90 class block

	VA Lesson Standard(s):
	PS.2 d, f

	Essential Question(s) for the Lesson:
	· What is the relationship between mass, volume, and density?
· How do you calculate the density of an object?

· Can you use density to solve everyday problems? 

	Lesson Objective(s):

 
	Students will know:

· Matter is anything that has mass and occupies space. 

· All matter is made up of small particles called atoms.

· Matter can be described by its physical properties, which include shape, density, solubility, odor, melting point, boiling point, and color. Some physical properties, such as density, boiling point, and solubility, are characteristic of a specific substance and do not depend on the size of the sample. Characteristic properties can be used to identify unknown substances.

· Equal volumes of different substances usually have different masses.
Students will be able to:
· Find the mass and volume of substances and calculate and compare their densities.

	Assessments: (How do you plan to know whether the students mastered your objectives at the end of this lesson?)
	· Teacher prompted questions

· Teacher observations during activities

· ticket out-the-door

	Strategies Used in Lesson
	· Think-pair-share

· Team investigation
· Class discussions

· Ticket out-the-door

· Establish group identity (investigator/recorder)

	Model of Co-Teaching Used in Lesson Plan
	· One teach/one observe
· One teach/one assist

· Teaming

	Activities:
	(with estimated time blocks)

	
	Teacher Action
	Student Action

	Engage:
	Display a density Column.  Prompt Students: 

· What do you see in the graduated cylinder?

· Why are there different layers?

· Are all of the layers the same?

· How are they different?

· What do you think they are made of?

Write student answers on the board.  

Tell students that they will be completing an activity that allows them to investigate the properties of matter.

(10 minutes)
	Think-pair-share



	Explore:
	Instruct the students to work with their assigned partner to complete the Discrepant Event Activity (attached)
Teachers observe and check for student understanding.

(15 minutes)
	Pairs of students work to complete the discrepant event activity.

	Explain:
	Discuss student observations made during the discrepant event activity.  Introduce new vocabulary and concepts through the class discussion.  Co-construct the definition of density.
(10 minutes)
	Share findings of discrepant event activity.
LINCS activity if needed.

	Extend:
	Demonstrate how to calculate density.  

Challenge students to make their own density column using different colored solutions.  
Challenge students to predict where objects will stop within the density column.

(30 minutes)
	Work in investigative teams.

Calculate the density of seven solutions.  Based on calculations, create a density column.
Predict where an objects will fall if dropped into the density column.  

	Evaluate:
	Give students a density calculation worksheet to complete.
(10 minutes)
	Complete density calculation worksheet

	Materials List:
	Demonstration: Very large graduated cylinder, 400 mL each of baby oil, iPrOH, Veg Oil, water, colorful hand soap, glycerin, ad karo syrup

Student Activities:  electronic balance or triple beam balance, paper clips, rubber, pencil, plastic beads, wood blocks, Styrofoam peanuts, Legos, paraffin wax, modeling clay, 2 – 250 mL graduated cylinder for each group, water, iPrOH, sugar, and food coloring.

Density calculation worksheet.

	Differentiation:
	Advance/IB students create their own sugar solutions.  (Will require extra time)
	LINCS activity if needed

Formula sheet 

Guided worksheet for extend activity (volumes and mass will be included for all solutions)

	Resources:
	How Sweet It Is! Flinn Scientific density lesson plan
Density:  An Introduction to Chemistry and Physical Science Lesson by N. Marshall, 2013 Math Science Innovation Center (attached)

	Lesson Rationale/Reflection:
	


Credit:  N. Marshall, 2013, MSiC share-a-thon 
Density Column:
Density columns are difficult for students to make well unless the layers are immiscible.  Instead, I recommend that the teacher makes one or more density columns, as large as possible, as an interactive demonstration.
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Possible Liquid Layers: 
	Karo Corn Syrup
	d = 1.33 g/mL

	Glycerin
	d = 1.26 g/mL

	Dawn Dish Soap
	d = 1.06 g/mL

	Water
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d = 1.0 g/mL

	Vegetable Oil
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d = 0.92 g/mL

	70% Rubbing Alcohol
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d = 0.87 g/mL

	91% Rubbing Alcohol
	d = 0.79 g/mL

	10W30 Motor Oil
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d = 0.86 g/mL

	Baby Oil (mineral oil)
	d = 0.83 g/mL
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Other Materials:
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	Balance (electronic or 3-beam)
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long forceps or drain claw to remove items from column

	Paper Clips
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Rubber and Ground Glass Stoppers

	Pencil

	Plastic Beads

	Wood Blocks

	Styrofoam Peanuts

	Legos

	Paraffin Wax

	Molymod Molecular Modeling Pieces


Preparing a Column:

· Prepare the column several hours before you wish to use it so that the layers have an opportunity to separate and level out.

· Use a few drops of food coloring in hydrophilic layers to help make the layers more visible.  Mix the food coloring well before you pour the liquid into the column.

· Use a glass stirring rod to decant the liquids into the column to prevent excessive mixing.

· Don’t forget to leave room in your cylinder for the displaced volume of the objects you drop in.  In a 4 L column, each of the seven layers required approx. 400 mL of liquid.

· The column has a usable life of 3-4 days.  The layers will mix slightly, blurring the boundaries in between, each time you drop objects in.  Some of the layers get cloudy from colloidal water droplets.

· All of the solutions may be rinsed down the drain with plenty of water.

Learning Objectives:

· Students articulate their ideas about density and begin using more exact language (compared to “thickness”, “heavy”, “light”, “weight”, “bigger”, “smaller”, etc.).

· Students begin to consider macro-scale observations in terms of nano-scale models.

Essential Questions:

· What do you see here in the column?  Write your observations down.  Be specific; draw large, detailed, colorful pictures and label them.

· Why are there different layers?  Are all of the layers the same?  How are they different?  What do you think they are made of?

· Why don’t the layers mix together?

· What will happen when __________ is dropped into the column?  Why?

· Do the most massive objects always sink?  Do the lightest objects always float?

· What determines which layers will float on the others?  Is it the same thing that determines which objects sink or float?

Additional Suggestions:

· This demonstration is so simple to execute during the lesson that it presents an excellent opportunity to work on observation and notebook keeping skills.  Students can record their observations and hypotheses about each object before it is dropped into the column. 

· If students are required to then draw conclusions and propose additional experiments, they can practice the steps of the traditional scientific method.

· It may also be helpful to weigh each object and have students record the mass before dropping it into the column.  If you drop a dense, but not massive, object, such as a paperclip, into the column before you drop in a massive, but not dense, object, such as a wood block, students may begin to confront their misconceptions about mass as cause of sinking.

Discrepant Event – Density as an intensive property of solids:
Two “identical” graduated cylinders of two different clear, colorless liquids are presented, and two objects of very different mass and volume are dropped in.  The two objects are then removed and dropped into the opposite cylinders.  Students make the connection that density does not depend on mass or volume.
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Materials:

	2 Graduated Cylinders  (250 mL works well)

	Balance (electronic or triple-beam)

	Water

	Mineral Oil     or     91% Rubbing Alcohol

	2 sets of 2 objects of the same material (large and small) with a density less than 1 g/mL but more than 0.85 g/mL

· Legos

· Chunks of Paraffin

· Wood Blocks

· Ice Cubes, etc.


Procedure:

1. Before students arrive, fill one graduated cylinder with water and an identical one with either rubbing alcohol or mineral oil.

2. The Ss record observations.  Ss note that the volume of each is the same.

3. T then presents a large and a small object of the same material. Ss record the masses and predict whether each will sink or float.

4. Teacher then drops the small object in the water and the large object in the oil/alcohol.

5. Ss evaluate their hypotheses, and T retrieves the objects from the cylinders.

6. T repeats the demo, (Use the other set of objects!  The other one will be oily.) only reverses which cylinder the large and small blocks are dropped into. Ss must discuss the event and hypothesize about the phenomenon.

Learning Objectives:

· Students are confronted with their misconception that the mass or volume of an object determines its density.

· Ss can articulate that density does not depend on mass or volume.

· Ss are introduced to an explicit description of the nano-scale model of density

· Ss are introduced to intensive vs. extensive properties of matter.

Essential Questions:

· What do you see here in the column?  Write your observations down.  Be specific; draw large, detailed, colorful pictures and label them.

· What are the differences between the two objects?  What are the similarities?

· What will happen when __________ is dropped into the column?  Why?

· Do the most massive objects always sink?  Do the lightest objects always float?

· What determines whether the object will float?  Is it the same thing that determines the density of liquids – like in the column?

· Describe density.  What is it that holds the objects up?  Does density depend on size?

· Why did the objects float on the one liquid, but sink in the other?

· What are some properties that do depend on size?

Additional Suggestions:

· The teacher may need to illustrate the nano-scale model of density at this point in order to help students come up with a working definition.

· It is important to explicitly dispel the misconception that density does not depend on the size of the atoms and molecules.  Students may be willing to admit that density does not depend on the volume or mass of the objects, but their misconception may persist on the nano-scale model.
SCIENCE 8 – DENSITY CALCULATIONS WORKSHEET
NAME:

1) A student measures the mass of an 8 cm3 block of brown sugar to be 12.9 g. What is the density of the brown sugar? 

2) A chef fills a 50 mL container with 43.5 g of cooking oil. What is the density of the oil? 

3) Calculate the mass of a liquid with a density of 2.5 g/mL and a volume of 15 mL. 

4) Calculate the volume of a liquid with a density of 5.45 g/mL and a mass of 65 g. 

5) A machine shop worker records the mass of an aluminum cube as 176 g. If one side of the cube measures 4 cm, what is the density of the aluminum? 

6) A teacher performing a demonstration finds that a piece of cork displaces 23.5 mL of water. The piece of cork has a mass of 5.7 g. What is the density of the cork? 

7) A carver begins work on the following block of granite that weighs 2700 g. What is the density of the granite? 


10 cm
5 cm
20 cm 

8) A piece of PVC plumbing pipe displaces 60 mL when placed into a container of water. If the pipe has a mass of 78 g, what is the density of PVC? 

9) A solid magnesium flare has a mass of 1300 g and a volume of 743 cm3. What is the density of the magnesium? 

10) A graduated cylinder has a mass of 50 g when empty. When 30 mL of water is added, the graduated cylinder has a mass of 120 g. If a rock is added to the graduated cylinder, the water level rises to 75 mL and the total mass is now 250 g. What is the density of the rock? 

11) A student performs an experiment with three unknown fluids and obtains the following measurements: 

Fluid A: m = 2060 g, V = 2000 mL Fluid B: m = 672 g, V = 850 mL Fluid C: m = 990 g, V = 1100 mL 

Draw how the fluids would be layered if they were combined in a beaker. 

12) Use your density skills to find the identity of the following mystery objects. 


Table of Densities
	Solids
	Density g/cm3
	Solids
	Density g/cm3

	Marble
	2.56
	Copper
	8.92

	
	
	
	

	Quartz
	2.64
	Gold
	19.32

	
	
	
	

	Diamond
	3.52
	Platinum
	21.4

	
	
	
	




While digging in the backyard, you find an old coin. Its mass is
26.76 g and its volume is 3 cm.



You think you have found a diamond. Its mass is 5.28 g and its volume is 2 cm3.
What is the coin made of?

You find a ring with a mass of

107 g. You fill a graduated cylinder up with 10 mL of water and put the ring into the cylinder. The water rises up to the 15 mL mark.



What did you find?

There is a block on your desk that acts as a paperweight. Its measurements are 3 cm by 4 cm by 6 cm. The block has a mass of 184.32 g.


What is the ring made of?
What is the block made of?

Clear, colorless, won’t evaporate, but messy








Baby Oil





70% iPrOH





Veg. Oil





Water





Soap





Glycerin





Karo Syrup














Add food coloring





Alternates hydrophobic and hydrophilic layers





Add food coloring





Can use cheap, colorful hand soap





Use a small amount of food coloring





Will mix slightly with glycerin layer
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