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SC 117

Heat Capacities of Earth Materials

What is the heat capacity of a material?

It is a measure of a material’s ability to absorb heat.  A material has a high heat capacity (absorbs heat well) if it warms up slowly (and cools off slowly).  For example, water has a high heat capacity.  If a material has a low heat capacity (does not absorb heat well) it warms up (and cools off) rapidly.  Metals have low heat capacities.

Purpose:

In this experiment, you will observe and compare the heating and cooling of a liquid earth material (fresh water or salt water) and a solid earth material (sand, soil, or limestone).  You will make inferences about the relative heat capacities of these materials.  

In class during this unit, we will refer to the effect of different heat capacities on weather and climate conditions.  This is actually the explanation for why the weather in Milwaukee is generally "cooler near the lake" in the spring and summer and "warmer near the lake" in the fall and winter.
Criteria

1.
Make careful observations.

2.
Graph numerical observations appropriately.

3.
Use graphs and observations to make reasonable inferences.

4.
Begin to assess your laboratory work by comparing it with that of classmates.

Materials

2 large test tubes




2 single-hole cardboard disks

earth materials





2 thermometers


(fresh water or salt water, 


1 lamp

sand, soil, or limestone)


2 clamps

stopwatch





1 ringstand

ruler

Procedure

1. Put clamps on ringstands, as shown on the diagram below.

2. Choose a liquid earth material (fresh water or salt water) for one test tube, and a solid earth material (sand, soil, or limestone) for the second test tube.  Record the materials you chose on the data table where it says “your liquid” and “your solid”.

3. Add approximately 2 to 4 cm of the solid earth material to the one test tube, and the same amount of liquid to the second test tube.  Record the amount of material you used where it says “height” on the data table. (Think about why you are adding equal volumes, relative to the purpose of the lab).  

4. Place the test tubes in the clamps on the ringstand so their tops are at the same height.  

5. Insert thermometers into cardboard disks.

6. Adjust the thermometers so the distance from the bottom of the thermometer to the bottom of the cardboard disk is the same, and insert the thermometers into the test tubes so they are at an equal depth, and so the thermometer is not resting on the bottom of the test tube.  (See diagram).  Think about why you want them at an equal depth.
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7. Arrange ringstands and lamp so each test tube is the same distance from the bulb of the lamp, no more than5 or 6 cm from the bulb.  Measure and record the distance between the bulb and the test tubes (remember units!).  Do not turn on the lamp yet!

8. Record the beginning temperature of both the solid and the liquid before turning on the lamp. 

9. Turn on the lamp.  Read and record the temperatures each minute for 15 minutes.

10. After 15 minutes, turn off the lamp and continue to read and record the temperatures each minute for another 15 minutes while the materials cool.

Data Table:  (Title)

	Time

(minutes)
	Your Liquid/height

(Example: soil / 3.0 cm)
	Your Solid/height

(Example: fresh / 3.0 cm)
	2nd solid /height
	3rd solid/ height
	2nd liquid /height

	
	is:


	is:
	is:
	is:
	is:

	
	Temperature of liquid (°C)
	Temp Change (°C)
	Temperature of solid (°C)
	Temp Change (°C)
	Temp Change (°C)
	Temp Change (°C)
	Temp Change (°C)
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	Turn off lamp
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Analysis of Data

1. Create a graph comparing the change in temperature to the time of heating and cooling for both materials on the same page of graph paper.  Be sure to make an accurate determination of which is the independent variable (x axis: variable you controlled) and dependent variable (y-axis: variable you measured).   Include all the labels and titles necessary for the graph to stand alone.  Use different colors or types of lines for the different materials, and make sure the reader can easily tell which is which (make a key).

2. Which material (solid or liquid) warmed up more quickly?  Which cooled off more quickly?  Compare the initial, maximum, and final temperatures for each material.

Liquid

Solid

Written comparison below:

Initial






Final






Maximum





3. After re-reading about heat capacity on the first page, state the definition of heat capacity in your own words:

4. Which of your 2 earth materials (solid or liquid) has the higher heat capacity?  Give the reason for your answer.

5. Find other groups that had the other two solid materials and record their temperature change information on the data table.  Compare graphs and observations.  Add their information to your graph.

Which of the three solids warmed up more quickly?  




Which cooled off the quickest?  








Which warmed slowest?  









Which cooled slowest? 









6. Which has the highest heat capacity between the three solids?  Support your answer with your reason.

7. Find a group that used a different liquid material and record their temperature change information.  Compare graphs and observations.  Add their information to your graph.

Which liquid warmed up more quickly? 








Which liquid cooled quickest? 










8. Which liquid has the higher heat capacity in this comparison?  Support your inference with evidence.

9. Identify four potential variables (or conditions) that were kept constant during the experiment.

10. Why were these conditions were kept constant?  Write down the reason, or include the instructor in a brief discussion.

11. What did you do well in this experiment?  How could you have improved your work?

Graphing

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


thermometers





clamps





test tubes





cardboard disc
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