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An Insulated Bottle
Insulation slows the flow of heat into or out of an object. Glass, foam, wool, fiber glass, aluminum foil, and air are some of the many type of materials used for heat insulation. Homes and insulated products, such as insulated travel mugs and coolers, often use a combination of insulating materials. In this experiment, you will first investigate the insulation properties of some materials. Then you will compete with your classmates in an attempt to build the best insulated bottle.
OBJECTIVES
· Investigate the insulating properties of different types of materials.
· Use two Temperature Probes to measure temperatures.
· Determine change in temperature, Δt.
· Make a bar graph of the Δt values.
· Compare the effectiveness of different insulation materials.
· Build a well-insulated bottle.
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MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
2 Go Direct Temperature Probes
2 bottles
2 modified lids for bottles
ice water
aluminum foil
goggles
PROCEDURE
Part I  Investigating Insulation
1. Obtain and wear goggles.
2. Get two identical bottles and lids. Make sure the lids with your bottles have holes large enough for the Temperature Probes to fit through.
3. Leave one bottle unwrapped and wrap the second bottle with aluminum foil (shiny side in).
4. Launch Graphical Analysis. Connect the Temperature Probes to your Chromebook, computer, or mobile device.
5. Click or tap Mode to open Data Collection Settings. Change Time Units to min. Change Rate to 50 samples/min and End Collection to 25 min. Click or tap Done.
6. Fill both bottles with ice water without getting ice into the bottles. Place lids on the bottles and close tightly. Note: Be careful not to get the insulation materials wet.
7. Insert a Temperature Probe into each bottle.
8.  Monitor the temperature readings. Once the readings have stabilized, quickly click or tap Collect to start data collection.
9. After data collection has stopped, analyze the graph to determine the maximum and minimum temperatures.
a. Click or tap Graph Tools, [image: ], and choose View Statistics.
b. Record the maximum and minimum temperature values in the data table.
c. Dismiss the Statistics box.
Part II  Design Competition
10. Design and build an insulated bottle that retains heat better than the bottle you tested in PartI. Your design must following these rules:
· The bottle must be identical to that used in Part I.
· Any insulating materials can be used.
· The maximum total mass can be no more than 200 grams.
11. Repeat Steps 6–9 for your design.
12. Before closing Graphical Analysis, continue to the Processing the Data section.
DATA
	 
	Minimum temperature
(°C)
	Maximum temperature
(°C)
	Δt
(°C)

	Uncovered 
	
 
	 
	 

	Aluminum foil covered
	
 
	 
	 

	Design competition results (Part II)
	
 
	 
	 


PROCESSING THE DATA
1. Calculate the temperature change, Δt, for each bottle in Part I and II by subtracting the minimum temperature from the maximum temperature (Δt = tmaximum – tminimum). Record the value in the data table.
2. Make a bar graph of the Part I and II results. Plot Bottle (uncovered, aluminum-foil covered, etc.) on the horizontal axis and Δt (in °C) on the vertical axis.
3. Look at the data, the Δt values, and the graph. Compare the insulating abilities of the materials used in this experiment.
4. Discuss the effect aluminum foil has on the transfer of heat.
5. What is the purpose of the uncovered bottle in this experiment?
6. Describe the design you used for the bottle in the Design Competition.
7. If you were to compete in the Design Competition again, how would you change your design? 
EXTENSIONS
1. Repeat the experiment using warm water instead of cold water.
2. Investigate the insulation properties of other materials.
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