Density

Curricular Connections

The term density first appears in the grade 8 science curriculum in Cluster 3 – Fluids. The following specific learning outcomes involve the concept of density:

8-3-01 Use appropriate vocabulary related to their investigations of fluids.

Include: fluid, viscosity, flow, density, particle theory of matter, buoyant force, pressure, compressibility, hydraulic, pneumatic.

8-3-06 Measure, calculate, and compare densities of solids, and liquids, and gases.

Include: different amounts of the same substance, regularly and irregularly shaped objects.

8-3-07 Illustrate, using the particle theory of matter, the effects of temperature change on the density of solids, liquids, and gases.

8-3-08 Compare fluids of different densities to determine how they alter the buoyant force on an object.

The concept of density arises again in Cluster 4 – Water Systems on Earth:

8-4-03 Compare and contrast characteristics and properties of fresh water and salt water.

Examples: Freezing point, density, dissolved materials, global distribution, relative amounts, biologically diverse components of each.

The topic of density is not included directly in the senior 1 and 2 science curricula. One area where the concept of density should likely be included to some extent is the Senior 2 Weather Dynamics cluster. A solid understanding of density will help ensure the students’ understanding of pressure systems and airflow.

Possible Misconceptions

1. Students may believe that objects float because they are light.

2. Students may believe that solid objects will always sink.

3. Students may believe that all solids have higher densities than all liquids.

Materials

Measuring devices: graduated cylinder or beaker, balance, measuring tape


Water


Cooking oil


Wood block


Cork (cylinder)


Steel ball


Marble


Rubber ball

Lesson Plan

	Teacher’s Tasks
	Learner’s Tasks

	- Begin by presenting the variety of items/substances. Ask students to identify ways of distinguishing each substance.
	

	
	- Students identify ways to distinguish substances from one another.

	- Make list on board. Prompt students, if necessary, to topics of volume and mass. Have students assist with measuring mass and volume of each item/substance.
	

	
	- Pairs of students measure mass and volume of each item. Students will use measuring devices to measure, and will use displacement of water to measure volume if necessary.

	- Make table on board to record item, mass, and volume. Leave 2 extra columns on chart.
	

	
	- Students record table in their notebooks.

	- Ask students to hypothesize whether each item/substance will sink or float when place in water.
	

	
	- Students make hypothesis for each substance/item and record in their notebooks.

	- Test each substance (except one – leave this until later to test) by placing it in water.
	

	
	- Students verify whether each item/substance sank or floated.

	- Record results in table on board. Ask students to compare results to their hypotheses.
	

	
	- Students compare results to hypotheses and record results in their notebooks.

	- Ask students to look at the table and try to identify any way we could distinguish floaters from sinkers. Prompt if necessary to look at mass/volume ratio. Record mass/volume ratio in the last column of the table 
	

	
	- Students help to calculate mass/volume ratios. Students identify floaters as those with mass/volume ratio < 1 and sinkers as those with mass/volume ratio > 1.

	- Ask students to predict whether the last item will sink or float based on our previous observations.
	

	
	- Students check mass/volume ratio of last remaining item and predict whether it will sink or float.

	- Place last item in water to verify prediction. Record this information in the table. Ask students to write in their own words an explanation for sinking or floating.
	

	
	- Students write in their notebooks their understanding of why an item sinks or floats.

	- Present concept of density as the mass/ volume ratio of an object or substance. Write definition on board.
	

	
	- Students record definition.

	- Identify a certain area of the floor, for instance a block of 16 tiles. Tell students that this area represents a volume of 1 unit. Ask students to demonstrate different densities by having the correct number of students stand on the area to represent mass. Ie. For a density of 4, 4 students will stand in the area. Repeat for several different densities.
	

	
	- Students participate in activity to represent different densities.

	- For each density, ask a student to explain what is being represented by the model.
	

	
	- For each density, a different student explains what he/she understands to be represented by the model.

	- Suggest to students that we retest each item/substance, this time using oil instead of water. Ask students to write in their notebooks a prediction of whether each item will sink or float in cooking oil.
	

	
	- Students write predictions in their notebooks.

	- Retest each item in cooking oil. Record results in table on board. Ask students to verify their predictions.
	

	
	- Students record results and check results vs. their predictions.

	- Ask students to record in their notebooks the method they would use to determine which of 2 substances would sink to the bottom and which would stay on top when placed in the same container.
	

	
	- Students record in their notebooks the method they would use to determine which substance would sink and which would float.

	- Review the definition of density and the implications for sinking or floating. Provide short notes on board about how to determine which item sinks and which floats ie. The item with a higher density will move to the bottom while the item with a lower density will float on top. Discuss other theoretical situations that students are familiar with, including a helium balloon in air. Ask students to explain why a helium balloon rises using the information they have learned in today’s lesson.
	

	
	- Students copy notes to their notebooks. They participate in the discussion and use their knowledge to explain helium balloon situation with reference to density.


This lesson addresses all three levels of experience:

Evidential Level

This lesson begins by testing several different substances/items to see whether they sink or float in water. Students will be able to make many accurate predictions based on their own experiences. This activity provides more evidential experience to them by demonstrating that some objects of similar size float and others sink. The evidential level is revisited later in the lesson by retesting each item in cooking oil. This evidential experience comes after we have developed some degree of theory and allows the students to have an experience that will verify their predictions made theoretically. The discussion at the end of the lesson also revolves around an experience the students will have had: a helium balloon rising in air.

Psychological Level

This lesson addresses the psychological level by having students examine the relationship between mass and volume for each item tested. Students will begin to see a pattern develop which matches the pattern of sinking or floating. By having students develop the idea of density in steps, the idea of mass/volume ratio will make more sense to them. Many students will think that items float because they are “lighter” than water. The evidence in this lesson will show them that mass alone will not predict floating or sinking. By having the students predict floating or sinking for the last item in water based on mass/volume ratio, and then for each item in cooking oil, the students are given an opportunity to verify the prediction of the theory we are on the verge of developing and help them to make sense of it. The model which involves having students physically represent different densities will help to give students a visual image of density at the molecular level and make sense of the concept of density.

Theoretical Level

This lesson also addresses the theoretical level that includes the definition and implications of density. By retesting each item in cooking oil and by including air and helium gas in the discussion of density, the lesson now puts into practice the theory we have developed by having students apply the idea they have just developed with water to another medium. This exercise requires the students to have a good understanding of the concept just developed in order to generalize the idea theoretically.
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