Will it Float?
Concept Statement: Density is how closely packed molecules are in a substance; you can predict if an object will float or not based on its density and the density of the liquid.    
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List of Materials Needed:
Exploration:
Each of the following is required per group:

· Triple beam balance

· 100 or 200 mL beaker

· Graduated Cylinder

· Plastic cup

· Tap water (100 mL)
· Isopropyl alcohol (100 mL)

· Vegetable Oil (100 mL)

· Marker

· Ruler

· Clay

Each of the following is required per class:

· 1-2 L reservoir tap water

· 1-2 L reservoir alcohol

· 1-2 L reservoir vegetable oil
Assessment:

The following materials will be needed per person

· 1 drinking straw

· Clay

· Masking tape

· Pen or marker

The following materials will be needed for each class

· 3-4 liquids of known density

· 1 liquid of unknown density

Activity Time Frame:
This activity may take two 45 minute sessions, or one 90 minute session.

Environmental Setting:
This activity can take place in a traditional classroom setting, but a laboratory classroom is preferable.  

PASS Standards:
Science Processes and Inquiry:  Physical Science

Process Standard 1: Observe and Measure 
1. Identify qualitative and quantitative changes given conditions (e.g., temperature, mass, volume, time, position, length) before, during, and after an event. 

2. Use appropriate tools (e.g., metric ruler, graduated cylinder, thermometer, balances, spring scales, stopwatches) when measuring objects and/or events. 

3. Use appropriate System International (SI) units; and SI prefixes when measuring objects and/or events. 
Process Standard 2: Classify 
1. Using observable properties, place an object or event into a classification system. 

2. Identify the properties by which a classification system is based. 

Process Standard 3: Experiment 

3. Use mathematics to show relationships within a given set of observations. 

4. Identify a hypothesis for a given problem in physical science investigations. 

5. Recognize potential hazards and practice safety procedures in all physical science activities. 

Process Standard 4: Interpret and Communicate 

1. Select appropriate predictions based on previously observed patterns of evidence. 

2. Report data in an appropriate manner. 

3. Interpret data tables, line, bar, trend, and/or circle graphs. 

4. Accept or reject hypotheses when given results of a physical science investigation. 

5. Evaluate experimental data to draw the most logical conclusion. 

7. Communicate or defend scientific thinking that resulted in conclusions. 

Process Standard 6: Inquiry 
1. Formulate a testable hypothesis and design an appropriate experiment relating to the physical world. 

2. Design and conduct physical science investigations in which variables are identified and controlled. 

3. Use a variety of technologies, such as hand tools, measuring instruments, and computers to collect, analyze, and display data. 

4. Inquiries should lead to the formulation of explanations or models (physical, conceptual, and mathematical). In answering questions, students should engage in discussions (based on scientific knowledge, the use of logic, and evidence from the investigation) and arguments that encourage the revision of their explanations, leading to further inquiry. 

Content Standards:  Physical Science
Standard 1: Structure and Properties of Matter 

3. Matter has characteristic properties, such as boiling points, melting points, and density, which distinguish pure substances and can be used to separate one substance from another. 
Science Processes and Inquiry:  Chemistry
Process Standard 1: Observe and Measure 

1. Identify qualitative changes in reactions and quantitative changes in chemical reactions given conditions before, during, and after an event. 

2. Use appropriate tools (e.g., metric ruler, graduated cylinder, thermometer, balances, spring scales, stopwatches) when measuring objects and/or events. 

3. Use appropriate System International (SI) units; and SI prefixes when measuring mass volume and temperature. 
Process Standard 2: Classify 

1. Using observable properties, place an object or event into a classification system. 

2. Identify properties by which a classification system is based. 
Process Standard 3: Experiment 

3. Use mathematics to show relationships within a given set of observations. 

4. Identify a hypothesis for a given problem in chemistry investigations. 

5. Recognize potential hazards and practice safety procedures in all chemistry laboratory activities. 
Process Standard 4: Interpret and Communicate 

1. Select appropriate predictions based on previously observed patterns of evidence. 

2. Report data in an appropriate manner. 

3. Interpret data tables, line, bar, trend, and/or circle graphs. 

4. Accept or reject hypotheses when given results of a chemistry investigation. 

5. Evaluate experimental data to draw the most logical conclusion. 

7. Communicate or defend scientific thinking that resulted in conclusions. 

Process Standard 6: Inquiry 
1. Formulate a testable hypothesis and design an appropriate experiment to identify an unknown substance. 

2. Design and conduct scientific investigations in which variables are identified and controlled. 

3. Use a variety of technologies, such as hand tools, balances, conductivity apparatus, thermometers, graduated cylinders, volumetric flasks, and computers to collect, analyze, and display data. 

4. Inquiries should lead to the formulation of explanations or models (physical, conceptual, and mathematical). In answering questions, students should engage in discussions (based on scientific knowledge, the use of logic, and evidence from the investigation) and arguments that encourage the revision of their explanations, leading to further inquiry. 
Content Standards:  Chemistry 
Standard 1: Structure and Properties of Matter 
5. Solids, liquids, and gases differ in the energy that binds them together. 

Lesson Objectives:
· Define the property of density, how it is calculated, and how it can be observed physically.  
· Use knowledge of density and buoyancy to develop a hydrometer to directly measure the density of liquids.  
Vocabulary Terms:
· Density – a physical property of a substance that relates how closely packed the molecules are.  
· Mass – a physical property of a substance that relates how much substance is in the object.

· Volume – a physical property of a substance that relates how much space a substance takes.

· Buoyancy – a substance or objects ability to float

· Hydrometer – a scientific device that measures the density of liquids

Background Knowledge:
In physics and materials science the density (ρ) of a body is a measure of how tightly the matter within it is packed together, and is given by the ratio of its mass (m) to its volume (V). Its SI units are kilograms per cubic meter (kg/m³). It is also sometimes given in the cgs units of grams per cubic centimeter (g/cm³).

Density is defined as:
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Different materials usually have different densities, so density is an important concept regarding buoyancy, metal purity and packaging.  In some cases density is expressed as the dimensionless quantities specific gravity or relative density, in which case it is expressed in multiples of the density of some other standard material, usually water or air.
In a well known problem, Archimedes was given the task of determining whether King Hiero's goldsmith was embezzling gold during the manufacture of a wreath dedicated to the gods and replacing it with another, cheaper alloy.  Archimedes knew that the irregular shaped wreath could be smashed into a cube or sphere, where the volume could be calculated more easily when compared with the weight; the king did not approve of this.  Baffled, Archimedes went to take a bath and observed from the rise of the water upon entering that he could calculate the volume of the crown through the displacement of the water. Allegedly, upon this discovery, Archimedes went running though the streets in the nude shouting, "Eureka! Eureka!" (Greek "I found it"). As a result, the term "eureka" entered common parlance and is used today to indicate a moment of enlightenment.

Activity Procedures:
· Students will familiarize themselves with triple-beam mass balances and graduated cylinders, then use them to indirectly calculate the density of an assortment of liquids.
· Students will test the buoyancy of a plastic cup in the assortment of liquids to determine whether density of liquid has an effect on buoyancy.

· Students will develop and utilize the equation required to calculate density.

· Students will construct and test a hydrometer, then use it to directly measure the density of an unknown liquid.  

Technology Component
No technology is required for this lesson.   

Engineering Application
Density of fluids (liquids and gases) is of the utmost importance when designing a system that will deal with them.  Airplanes must be designed to account for the change in air density at different elevations, and must have instruments on board to quickly determine the density changes.  Boats, or any aquatic vehicle, must be aware of the density of the water on which they travel to improve propulsion as well as buoyancy.  Piping systems that handle fluids must be properly designed to handle appropriate densities, which contribute to pressure losses and friction.  
Assessment Tools
Students will construct a hydrometer for measuring liquid density, and calibrate it using known liquids.  The students will then be asked to determine the density of an unknown liquid using their newly made hydrometers.  The students will be graded on the accuracy of their measurement, as well as their understanding of the principle behind the equipment.  
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