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Solar Input

The Earth’s climate system constantly tries to maintain a balance between the energy that reaches the Earth from the sun and the energy that leaves the Earth and goes back out into space. The solar input is the amount of power a given area receives from the sun when the sun is directly over that area. In this experiment, you will calculate the solar input for your location by measuring the increase in temperature of water with a thermometer. You will use a known mass of water in a black tray as a heat absorber and measure the temperature change of the water as it is exposed to a standard area of sunlight. You will also need to measure the air temperature during the experiment. Because the angle of the sun in the sky is an important variable in this experiment you will need to use a meter stick to calculate the sun’s angle. You will want to position your apparatus so that it is not near buildings and is exposed to the sun and sky. 

One black tray with plastic cover, One Book to insulate tray from ground, ~400-mL Water (cooled to10-15 C below the outside air temperature), Graduated cylinder, Meter stick 
Materials
Short thermometer, 
Procedure

1. Tare a 600-mL beaker and find the mass of ~400-mL of chilled water.
2. Record the temperature of the at one minute intervals for 20 minutes.

3. While you are collecting data, use the meter stick to determine the angle of the sun.

4. Hold the meter stick vertically so that it makes a shadow on the ground. Record the length of the stick and the length of its shadow. 

5. Calculate the slope of this line - What are its units? 

6. To calculate the angle of the sun, divide the length of the meter stick (100 cm) by the length of the shadow in centimeters. Determine the angle by take the tangent of this ratio.

7. To convert this answer to a value needed in this calculation, take the sine of this number. 

8. Use a ruler to measure the flat surface of the container in cm. and calculate the area.

 Measurements and Data Name_______________    DATE: _______________ TIME:________________

MASS OF WATER (g):___________ = W
AREA OF FLAT SURFACE OF Container (cm3): ___________ = A

SUN’S ELEVATION ANGLE: Length of stick (cm)/length of shadow (cm) = ______________ 

Find the angle (o) using Tan-1 of ratio = ______________ o = J

Sin J = __________________ = K

SKETCH YOUR GRAPH  [y axis = Temperature, x axis = Time (seconds)]

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	 
	
	
	
	
	 
	 


 CALCULATIONS – YOU MUST INCLUDE UNITS!!

All calculations are based on the assumption that Heat Received From the Sun/ SECOND = Heat Gained by Water/SECOND 

Finding the Slope: 

1. Calculate the Heat gained by water: 

     Heat Gain =Mass of Water (M) x Slope of Graph (m) x Specific Heat of Water (1.0 cal/goC)

                     =                      x                         x 1.0 cal/goC

2. Calculate the Solar Constant

     Rearranging these equations: Solar Constant = (Heat Gained by Water/sec (m)) / (area of container (A) x sun’s angle (K))

     SC =           =                      /(                      x                      )

3. Convert your answer to joules / sec*cm2
     SCJ = SC * 4.18 Joules/calorie =     
     The accepted value for the solar input is in watt/m2 (SCW) To compare your answer; you need to convert your answer to watts. 

     The conversion factor is 1 watt = 1 joule/sec or SCJ = SCW =   

     You will also need to convert your answer from cm2 to m2. One m2 = 10,000 cm2, 
        SCW proper = SCW * (10,000 cm2  / m2) = 
4. The theoretical value for solar input is 1000 watt/m2  

     Calculate your % Error = (SCW proper / theoretical - SCW proper) x 100% = 
Discussions Questions/Extensions...
1. Discuss two variables in the experimental collection of your data. Discuss how changing these variables would affect your calculations.

2. Discuss and explain your experimental error? 
3. What variables on Earth influence the value of the solar input?

4. The solar input is also called a "solar constant". Is it really a constant? Why or why not?

5. How would your values of the solar input differ (if at all) if you took your measurements at a different time of year? time of day? Explain.

6. Would your values for the solar input vary at different latitudes? Why or why not? How would they vary? 

CONCLUSION: 
