Lab 7A: Solar Insolation of the Earth

Purpose: 
To investigate how solar insolation of the Earth affects temperature ranges in a particular area and around the globe.  

Objectives:  To understand how the angle of incident light on the surface of the Earth affects its heating and cooling.  

[image: image4..pict]Background Information: This lab addresses some of the misconceptions about seasons, and climate.  The fallacy held by many graduates and faculty from Harvard University is seen during the first 3:15 minutes of the video “A Private Universe” (see Additional Resources and References for this hyperlink). These highly educated individuals’ misconception about seasons is that summer occurs when the earth is closer to the sun, and vice versa for winter.  


The seasons occur because of differences in the intensity of sunlight at various latitudes due to the earth’s 23.5o tilt.  As seen in the figure to the right, the sun’s rays are nearly parallel as they reach the earth.  The same amount of energy is found in each of the groups A and B, as each pair of lines are the same distance apart.  Both groups start at the same latitude above and below the equator.  Due to the tilt of the earth, the area covered by group A is greater than B.  Therefore, the amount of energy per unit area is smaller for group A.  The northern hemisphere is therefore cooler and experiencing winter.


This lab will focus on the affects of the angle of incidence on the intensity or energy of the light on a surface.  

Materials (For a group of 4)

	Access to electronic balances

15-cm rulers
	protractor

flashlight
	1straw

2 sheets of paper
	masking tape 

scissors


Procedure

	1.
Cut out and find the mass of a 10-cm ( 10-cm piece of paper.  This mass will be used to calculate the areas of the ‘’ellipses” of light.  Put this answer on line #1 under Evaluation. 

2.
Tape a straw to a flashlight such that 8 cm extends beyond the end of the flashlight.

3.
Place another sheet of paper on the lab bench 
	[image: image1.wmf]

	4.
Turn on the flashlight and then shut off all the lights in the room.

5.
Position the flashlight so that the straw touches the upper right hand corner of the paper at a 90o angle to the paper. Use a protractor to measure the angle.
	[image: image2.wmf]

	6.
Use a pencil to trace the circumference of the brightest portion of the circle or ellipse.  Label this ellipse as 90

7.
Repeat at eight more locations on the paper using the angles listed in Table 1.  Properly title the table.
	[image: image3.png]





8.
Cut out each ellipse and determine the mass of each. Put answer in column A of Table 1. 


Evaluation

1.
Mass of the 10-cm ( 10-cm piece of paper = _________ g.  

2.
The 10-cm (0.1m) ( 10-cm (0.1m) paper is equal to how many m2 of paper? ____________ m2.  
Note: 1 m2 = (100 cm)2 = 10,000 cm2.

3.
Determine the mass per m2 for the paper = ____________ g / m2 
4.
Find the Area of each ellipse by dividing the mass by the answer in #3 above. Do two of the conversions below making sure to show units to verify that this will give an answer in m2.  Put your answers in Column B of Table 1.  


90o  
80o
7.
Make an assumption that the light emitted from the heat lamp has a power of 100-Watts at the surface of the sand, soil, or water. Find the Energy per Area by dividing the 100-Watts by the area of each ellipse.  Put your answers in Table 1, column C.

Table 1.  ______________________________________________________

	Flashlight

Angle
	Earth 

Angle
	A
	B
	C

	
	
	Mass

(g)
	Area (m2) Determined Mass
	 EQ \F(Energy,Area)
(Watts/m2)

	90o
	0
	
	
	

	80o
	10
	
	
	

	70o
	20
	
	
	

	60o
	30
	
	
	

	50o
	40
	
	
	

	40o
	50
	
	
	

	30o
	60
	
	
	

	20o
	70
	
	
	

	10o
	80
	
	
	


9.
Graph the Earth Angle on the x-axis vs. the Energy / Area (column C) on the y-axis.  Include a title, labels, and legend.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


10.
Which value is the independent value and is the dependent value? Explain.

11.
Describe what happens to the light intensity as the angle increases.

13.
What effect does this have on the heating at different latitudes of the Earth? 

14.
Describe how this affects the temperature going from the equator to the poles.

15.
Why would this lead to the flow of air (or winds)?

16.
Would the time of day have an affect on the heating of the Earth?

17. What additional fact(s) are needed to fully explain the seasons? Draw a picture to help explain your answer.

18. In what manner is the data collected in this lab represent an inaccurate model of the Earth? What are some modifications to the lab that would make it a better model? 


