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Introduction/Purpose: 

Despite all of our technical progress, we are still living creatures dependent upon the producers of the Plant kingdom (and, to a lesser degree, some producers from the Monera and Protista). Those producers are, in turn, living organisms that are completely dependent upon solar radiation for their existence. The amount of solar radiation (solar input) Earth receives is finite, due largely to the finite size and composition of Sun and Earth. Since Earth can only receive so much radiation (unless we intercept more via satellites), there is an upper limit to the amount of plant material that can be efficiently produced.

Solar input is a limiting factor that ultimately influences our human carrying capacity.  The purpose of this lab is to gather and calculate data to find a value for solar input.

Procedures:
1. Each group should acquire a complete lab set-up which includes: styrofoam tray (painted black), thermometer, stopwatch, plastic wrap cover, over 200 ml of water, 2 meter sticks, graduated cylinder.  Proceed outside to the sunny location indicated by your teacher.

2. Measure and record the inside length and the width to your styrofoam tray to the nearest 0.1 centimeter. Record and calculate the area of the tray. Record (this data and all subsequent data) in Data section below.

3. Fill a large graduated beaker with water (over 200 ml).  The water should be 5 to 10 degrees Celsius colder than the ambient (surrounding outside) air temperature. 

4. Place the styrofoam tray on the ground on a spot that is level. It must receive direct sunlight and little or no wind. Do not place the tray next to a building or other large object as they will reflect sunlight onto your tray. You want to receive only sunlight that comes directly from the sun.  

5. Using the graduated cylinder, carefully measure out exactly 200 ml of water and pour it into a cup to transport outside and then add it to the styrofoam tray.  Knowing the volume of the water, determine and record its mass in grams (1 ml H2O = 1 gram).

6. Place the thermometer on the bottom of the tray so its base is completely submerged in the water. Record the initial temperature to the nearest 0.5 ºC.  Then, remove the thermometer and cover the tray with the plastic wrap.  Don't remove the glass from the tray. If wind comes up as you are doing the lab, protect your set-up from wind but don't block sunlight from reaching the tray.  

7. While you await your results, place a meter stick vertically on level ground. To keep meter stick vertical, it may be useful to place something with a square side (like a binder) as a guide at the base of the stick on the ground. Measure, to the nearest 0.1 cm, the length of the meter stick’s shadow. Record lengths and use them to find the sun’s angle (as shown below).

8. After fifteen minutes (record exactly to the nearest second), remove the plastic wrap and record the temperature of the water to the nearest 0.5 ºC (be sure the thermometer’s base is completely submerged in the water). Then calculate the temperature change and the number of seconds your water was exposed to the sun.


Data:

	Data
	Measurements
	Data calculations

	Length and width of tray =
	
	Area of tray = 



	Volume of water =
	
	Mass of water =



	Initial Temperature =
	
	Change in temperature = 

	Final Temperature =
	
	

	Minutes in sun =
	
	Seconds in sun =



	Length of meter stick =
	
	Angle of sun = tan –1 (
[image: image1.wmf]) = 

	Length of shadow =
	
	


Calculations:

• Carefully follow the steps on the next page to determine solar input. A (*) indicates that you must use a measured value from Data. Show your work and box your final answer.

1. It takes one calorie of energy to increase the temperature of 1 gram of water 1 degree Celcius.  Therefore, the number of calories needed to heat the water was: (Note:  The specific heat of water is 1 cal/o C•g). 

	Calories Used To Heat Water

	Calories used to heat water = mass of water (g)* x temp change (o C)* x specific heat of water (cal/o C•g)

________________Calories = ___________g  X ______________o C X ______________ cal/o C•g


2. We will assume heat received from the sun each second is the same as the heat gained by water (note: this assumption is a bit inaccurate). Therefore, the number of calories received per second from the sun is:
Calories per second of sun = calories used to heat water ÷ number of seconds in sun*

	Calories per Second of Sun

	cal/sec


3. Due to the time of year, time of day, and our latitude, the sun’s angle on the water is not direct.  To correct for this, find the sine of the angle* and divide that value (the value will be 1 or less) into the calories per second of sun:  Calories per second of direct sun = calories per second of sun ÷ sine of angle of sun*

	Calories per Second of Direct Sun 

	cal/sec


4. To find the number of calories per square centimeter, divide the calories per second of direct sun by the area of the tray*:  Calories per square centimeter = calories per second of direct sun ÷ area of tray (cm2)*
	Calories per Square Centimeter 

	cal/sec per cm2


5. Solar input is generally measured in units of power.  To find the solar input in watts per square centimeter, we need the conversion: 1 W = .24 cal/sec.
Solar input in watts per square centimeter = calories per square centimeter x 1 watt/.24 cal/sec

	Solar Input (watts per cm2)

	watts/cm2


6. Finally, we need to convert cm2 to m2 using the following conversion: 1 m2 = 10,000 cm2.

Solar input in watts per square meter = Solar input in watts per cm2 x 10,000 cm2/ m2
	Solar Input (watts per m2)

	watts/m2


Analysis:  Answer the following questions on a separate sheet of paper using complete sentences.
1. Solar input at sea level has been calculated by others as 1000.0 W/m2 (this will be our “actual” value).  Calculate the percent difference between your measured value for local solar input and the “actual” sea level value.  [% error = (|actual value – measured value| ÷ actual value) x 100]

2. What are 4 factors that could account for the difference between the “actual” value and your measured value? (Note: Think of some factors besides differences caused by human error). 

3. How is a measurement of solar input useful to population biologists (see Introduction)?
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