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Heating of Land and Water

Heating of Land and Water
How fast land and water heat and cool influences our weather. In Part I of this experiment, you will heat sand and water. You will use two Temperature Probes to see which heats faster. In 
Part II, you will allow warm sand and warm water to cool. This time you will use two Temperature Probes to see which cools faster. You will then apply your results.
OBJECTIVES

In this experiment, you will

· Use a computer and an NXT to measure temperature.

· Calculate temperature changes.

· Compare the rates of heating and cooling for sand and water.

MATERIALS

	computer
	room temperature water

	LEGO NXT Intelligent Brick
	ruler

	MINDSTORMS Edu NXT v2.0 software
	lamp with 100 W (or greater) bulb

	2 Vernier NXT Sensor Adapters
	2 test tubes

	2 Vernier Temperature Probes
	2 one-hole stoppers

	2 NXT cables
	250 mL beaker

	2 aluminum pans
	warm water

	sand
	test tube rack





Figure 1 

PROCEDURE

Part I  Sand and Water Heating
1.
Set two aluminum pans side by side. Fill one pan with sand 1 cm deep. Fill another pan with water 1 cm deep.

2.
Lean Probe 1 in the pan with sand as shown in Figure 1. Lean Probe 2 in the pan with water. The probe tips should be at the centers of the pans.

3.
Position a light bulb directly over the boundary between the two pans and about 10 cm above the pans as shown in Figure 1. The bulb should be the same distance from both temperature probe tips.

4.
Prepare the NXT for data collection.

a. Connect each Temperature Probe to a Vernier NXT Sensor Adapter. 
b. Connect the Adapters to Port 1 and Port 2 on the NXT using the LEGO NXT cables. 
c. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.
5.
In order to conduct a long term experiment of this type, the NXT must remain on. To avoid having the NXT go to sleep, you must adjust the power setting on it.

a. Using the left or right button on the NXT, scroll through the menu options to Settings. Press the Enter button.

b. Scroll through the Settings options to Sleep. Press the Enter button. 

c. Scroll through the Sleep options to Never. Press the Enter button.

6.
Launch NXT 2.0 Data Logging.
7.
Click the Go button next to Start New Experiment.
8.
Set up the experiment.
a. In the Experiment Configuration window, select Vernier Temp.TMP/STS deg C by clicking on the pull-down list to the left of Port 1. Notice the indicator box changes from gray to green. (Note: Temperature values will be displayed in degrees Celsius. If you prefer reading temperatures in degrees Fahrenheit, choose Temp.TMP/STS deg F from the pull-down list.)
b. Also select Vernier Temp.TMP/STS deg C from the pull-down list to the left of Port 2.

c. Adjust the Duration to 20 minutes. Notice the default unit is “seconds.” You must select “minutes” from the pull-down list.
d. Adjust the Rate to 1 sample per second.

e. Click the OK button.

9.
Click the Download and Run button to begin data collection.


10.
Turn on the light above the pans.


11.
When data collection is complete after 20 minutes, analyze the dataset.

a. Under the Analysis Tools Button, select Section Analysis.

b. Drag the left and right edges of the gray strip until it is as wide as the entire graph window.

c. Record the minimum and maximum temperature values for both probes in your data table.




Figure 2 

Part II  Sand and Water Cooling

12.
Fill one test tube 2/3 full with sand. Fill another test tube 2/3 full with room-temperature water. 


13.
Place a one-hole stopper onto each Temperature Probe as shown in Figure 2. Tilt the test tube to loosen the sand and prevent damage to the probe. Carefully place Probe 1 in the sand. Suspend Probe 2 at the same depth in the water.

14.
Place both test tubes in a beaker of warm water for several minutes. 


15.
When you are ready to begin data collection, remove the test tubes from the warm water and stand them in a test-tube rack. 

16.
Click the Download and Run button to begin data collection. (Note: If the temperatures are still rising, stop data collection, and return the test tubes with Temperature Probes to the beaker of warm water for a few more minutes.)

17.
When data collection is complete after 20 minutes, analyze the dataset.

a. Under the Analysis Tools Button, select Section Analysis.

b. Drag the left and right edges of the gray strip until it is as wide as the entire graph window.

c. Record the minimum and maximum temperature values for both probes in your data table.

DATA AND OBSERVATIONS
	
	Part I Heating
	Part II Cooling

	
	Probe 1
Sand
	Probe 2
Water
	Probe 1
Sand
	Probe 2
Water

	Maximum temperature (°C)
	
	
	
	

	Minimum temperature (°C)
	
	
	
	

	Temperature change (°C)
	
	
	
	


PROCESSING THE DATA

1.
Calculate the change in temperature for each trial. Subtract the minimum temperature from the maximum temperature.

2.
Discuss how the sand and water temperatures changed in Part I.
3.
Discuss how the sand and water temperatures changed in Part II.
4.
San Diego, California, is located on the Pacific Ocean and Barstow, California, is located in the Mojave Desert. Use the results of Part I to predict which city is warmer on summer afternoons. Explain.
5.
Which city, San Diego or Barstow, cools more during summer nights? Explain.

EXTENSIONS

1.
Read about sea breezes. Use the results of this experiment to explain the directions of daytime and nighttime ocean-shore breezes.
2.
Compare the heating (cooling) rates of different-colored sands.

3.
Compare the heating (cooling) rates of dry and wet sand.
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