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Lab: Comparison of Water and Sand Heat Gain 

How Water and Sand Heat Gain applies to Climate 
INTRODUCTION 

Specific heat is the heat required to raise the temperature of the unit mass of a given substance by 1 degree Celsius.

In this lab, you will determine the specific heat of a sand sample as compared to that of a water sample. The different specific heat among these two materials has many ramifications regarding our climate, both locally and globally.  It helps explain why the interior zones of continents have more extreme temperature than coastal areas. 
PROBLEM QUESTION: Does water or sand heat faster if put under a heat lamp for 20 minutes?  
Let’s read through the procedure and then fill out the chart below.
	CONTROLLED VARIABLES
	WHY it must be controlled
	HOW it was controlled 

	1.


	
	

	2.


	
	

	3.


	
	


MATERIALS:

· 2- 250 mL beakers
· 150 mL sand

· 150 mL water
· 1 ruler
· 1 heat lamp with 75 Watt bulb
· 2 Vernier Temperature Probes

· 1 ring stand
· 1 ring

PROCEDURE:  
Do parts 1 and 2 at the same time!
Part 1: Heating—Water vs. Sand

1. Put 150 mL of tap water into a 250 mL beaker.
2. Place a temperature sensor in the water beaker.  You can simply rest the temperature sensor in the water on the side of the beaker.  The tip of the temperature sensor in the sand needs to be no more than 5.0 cm below the surface.

3. Wait a couple of minutes and then record the initial temperature of the water,
4. Place the heat lamp so that the beaker with the water is 12 cm from the top of the beaker (you may need to use the ring stand and ring for this)
5. Turn on the light and record data every 1 minute for 20 minutes.
6. After 20 minutes have passed, click the stop button.

7. Swap temperature with four other groups to get a total of 5 trials.  
Part 2: Specific Heat of Sand vs. Water
1. Obtain from your teacher one beaker filled with 150 mL sand.

2. Place the temperature probe in the beaker of sand.  You can simply rest the temperature sensor in the sand on the side of the beaker.  The tip of the temperature sensor should rest about 1 cm down into the sand.
3. Wait a couple of minutes and then record the initial temperature of the sand.

4. Place the heat lamp so that the beaker with the sand is 12 cm from the top of the beaker.
5. Turn on the light and record data every 1 minute for 20 minutes.
6. After 20 minutes have passed, click the stop button.

7. Swap temperature with four other groups to get a total of 5 trials.  

DIAGRAM OF SETUPS—draw both set ups in the space below and label the diagrams.
DATA TABLE(S) (don’t forget the title(s)) Construct your data table on a separate piece of paper.
On your own piece of paper (typed or not) analyze your data (use your Specific Heat Practice Sheet as a guide to help you).  Don’t forget to include sample calculations and uncertainties.  You should graph 2 sets of processed data.
**We will learn standard deviation in a lesson to follow and you will include this calculation in your analysis**
ANALYSIS FOR SPECIFIC HEAT LAB
1. Find the mean (average) of all the trials at each 1 minute time interval by adding up the quantities you got in all 5 trials and dividing by 5. Do this for both the sand and the water. Make sure you include a sample calculation with the formula.
2. A. Graph your means from #1.  Put both sand and water on the same graph for comparison purposes.  
B. Draw a best fit line for both sand and water and calculate the slope of both lines.

C.  Interpret the meaning of the slopes (what are the slopes telling you?)
3. Find the rate of temperature change by dividing the change in temperature (final temp – initial temp) by 20 minutes (or however far your class got in collecting the data).  Do this for each trial and record at the bottom of your data table. 

4. Graph the rate of temperature for both sand and water in a bar graph

5. [image: image3.png]Figure (2)
Figure (1)



Find the standard deviation (SD) of your data set for both sand and water.  Standard deviation is the measure of the spread of numbers in a set of data from its mean value.  When the samples are pretty tightly bunched together and the slope of the line on the graph is shallow, the SD is small.  When the samples are spread apart and the slope of the line on the graph is steep, it tells you that the SD is large.  A small SD means that there is little variability in the data set and a large SD means that there is much variability.  
The formula for standard deviation is [image: image1.png]Population SD :





Where x = the value of each point within the data set, M = mean, and n = the number of data point involved.
a. Calculate the mean (M) of your rates of temp from #3.  

b. Subtract the mean from each point of data to determine X – M.  You will do this for each data point, so you’ll have multiple (X –M). 

c. Square each of the resulting numbers to determine (X-M)2.  You will do this for each data point, so you will have multiple (X-M)2.

d. Add the values from the previous step together to get ∑(X-M).  Now you should be working with a single value.

e. N is the total number of data points.  In our case that would be 105.  

f. Divide the answer from step 4 by the answer from step 5.

g. Calculate the squrae root of your previous answer to determine the standard deviation.  

h. Be sure your standard deviation has the same number of units as your raw data, so you may need to round your answer.  

i. Don’t forget to include units.

6. Add the SD bars to the graph you created in #4.  To do this you go up the number of SD intervals and down the number of SD from the original data point. 

7. Do the bars overlap quite a bit?  If so, there may not be a significant difference in the heating of sand and water.  If there is less overlap it is a clue that the difference is probably not significant.  If there is no overlap, there may be a significant difference.
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