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	Comprehensive Hot Air Balloons Unit


	Total Prep-Time:
90-120 minutes
Lesson Time:
500-700 minutes (see breakdown in process summary)



	

	Material List: 

See individual activity instructions




Objective/Purpose:

This unit provides instruction on concepts of buoyancy, kinetic energy of particles, and the periodic table to help students build hot air balloons.  It is a combined unit of two specific engineering modules, “Hot Air Balloons” and “Particle Party Balloons”, as well as a variety of extension activities and assessments.  See Buoyancy and Kinetic Energy Progress Guides for a map of anticipated student progression (with buoyancy concepts explored to a greater degree than kinetic energy).

Topic:

Properties of gases, kinetic energy of particles, density, buoyancy, engineering design, periodic table

Grade Level:  7-9 

Pre-Requisites:  

Particle model of matter

· Know that matter is made up of particles

· Know that gas particles are widely separated and not bound together like liquids or solids.

· Know that gas particles are constantly moving

· Basic familiarity with concepts of mass, volume, and velocity

Density

· Some familiarity with the relative density of physical objects

Inquiry Skills 

· Knowledge of a fair experimental test.

Unit Process Summary:

Part 1:  Prototype portion of module Hot Air Balloons.  Here, students simply build hot air balloons and observe their flight, to start them thinking about what makes a hot air balloon work. (see Lesson Plan –  Hot Air Balloons)

1. Demonstrate balloon (~10 min)

2. Build prototype balloons from 4-6 sheets of tissue paper for each group (45-60 min)

Part 2:  Pre-assessment.  

1. Pre-Test (~55 min) (see Pre-Test, Balloons.doc)

2. Ask students to work in groups and develop a theory for why the balloons floated.  Have students use drawings and words to explain their theory. (~15 min)

Part 3:  Data collection portion of module Particle Party Balloons (see Lesson Plan – Particle Party Balloons).  This is the main instructional portion of the module, with additional experiments necessary to emphasize the role of volume as well as mass in making objects floats.  In terms of the buoyancy progress guide, this part of the lesson generally moves students to an “M” level (mass only).

1. Introduce experiments and make predictions (~15 min)

2. Perform CO2 vs. Air and Helium experiments (~60 min)

3. Test additional gases if time

Part 4:  Bridge activities emphasizing role of volume.   This section is a response to the observations that students often came away from day one with the misconception that only mass effects whether things float, and that a certain mass of helium somehow pushes up balloons.  These experiments should move students to an “MV” level (mass and volume) or possibly the “D” level on the buoyancy progress map.   See PPB_Volume_Extension_Instructions.doc for further instructions. (total 20-30 min)

1. Distribute experiment worksheet Volume_Experiments.doc

2. Ask students to make predictions 

3. Perform experiments 1&2 outdoors 

4. In classroom, discuss interaction of mass and volume. 

5. Perform demonstration with squiggly balloon 

6. Finish writing down observations

Part 5: Complete data reporting portion of module Particle Party Balloons.  This should help reinforce the role of mass and volume in causing objects to float, and practice calculating density. (20-30) min)

Part 6:  For an example of real-world uses of buoyancy, we distributed an article from Popular Science about future airships.  A simplified version of the original article and some questions are included in ??? (~30 min) 

Part 7:  Midsummative assessment, Mid_Sum_Quiz.doc (~30 min)

Part 8:  Our second major extension, on kinetic energy.  We started with a graphing review, in Graph_Practice.doc (~5 min), but then moved on to another set of experiments, described in Balloon_Kinetic_Energy_Extension.doc

1. Demonstrate kinetic energy using marbles or ball bearings on an overhead projector. (~10 min)

2. Steam engine experiments (~10 min)

3. Kinetic energy experiments (~30 min)

4. Repeat pre-assessment activity of drawing and describing particles in the hot air balloons, using what w as learned about buoyancy and kinetic energy. (~20 min)

Part 9:  Redesign and rebuild balloons.  This is the second half of module Hot Air Balloons.

1. Design process (~40 min)

2. Build balloons (~40 min)

Part 10:  Post-test, (see Post_Test, Balloons.doc) (~55 min)

Part 11:  Fly re-designed balloons!

	Vocabulary:

· Particle

· Kinetic Energy

· Density
· Mass
· Volume
· Engineering Design Process
· Prototype 

· Conservation of Mass
· Element

· Compound

· Buoyancy


	

	CA Science and Math Standards:
ID those standards met by this module

http://www.cde.ca.gov/be/st/ss/index.asp

Grade 8:  Science Standards

Structure of Matter

3.D Students know the states of matter (solid, liquid, gas) depend on molecular motion. 

3.E Students know that in solids the atoms are closely locked in position and can only vibrate; in liquids the atoms and molecules are more loosely connected and can collide with and move past one another; and in gases the atoms and molecules are free to move independently, colliding frequently.

Density and Buoyancy 

8.A Students know density is mass per unit volume. 

8.B Students know how to calculate the density of substances (regular and irregular solids and liquids) from measurements of mass and volume. 

8.C Students know the buoyant force on an object in a fluid is an upward force equal to the weight of the fluid the object has displaced. 

8.D Students know how to predict whether an object will float or sink.

Investigation and Experimentation

9.A Plan and conduct a scientific investigation to test a hypothesis. 

9.C Distinguish between variable and controlled parameters in a test. 
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