Video Demonstration:  Angle of the Sun/Intensity of Light

By now, you probably have discovered that the Earth’s hottest temperatures occur at the equator and the Earth’s coldest temperatures occur at the poles.  Exactly why is this?  The following demonstration will help you understand the principles involved in heating of the Earth by the sun, our solar system’s energy source. 
Let’s observe a model of the sun/Earth system. Remember, this is a model for how it works.  The sun is represented by a light source.  The paper represents the light as it strikes the Earth.  The peg board is available to help focus the light energy, so that you can visually see how the intensity of light varies with the angle at which the energy enters the Earth system. 

When the piece of paper (the Earth) is parallel to the light source, light rays strike the paper at:

A) A very low angle.

B) A very low angle. 

(The answer is A).

When light rays strike the paper at a low angle, the light energy is dispersed (spread out) over:

A)
A relatively small area.

B)
A relatively large area.

(The answer is B).

What happens when the light source is tilted away from the paper’s surface?

A) The light energy is more concentrated. 

B) The light energy is less concentrated.

(The answer is A). 

That’s right! The light energy is more concentrated.  When the angle is tilted away from parallel (or when the sun is NOT directly overhead), more direct rays strike the paper.  Remember, the paper represents the Earth’s surface.  

Now the light is perpendicular (directly shining straight down on the paper).  Which of the following statements describes what you see? 

A) The more perpendicular (directly overhead) the paper is to incoming light, the more heat it will receive and the quicker it will heat up.

B) The more parallel (at an angle) the paper is to incoming light, the less heat it will receive and the slower it will heat up.

C) Both A and B are correct. 

D) None of these situations are correct. 

(The answer is C.)

When rays of light strike the surface of an object at a 90 degree angle, or perpendicular, the light is called “direct.”  When the angle is anything less than 90 degrees (even 89 degrees), the light is “slanted” or indirect.  It is sometimes helpful to think of light striking the Earth as most slanted to most direct instead of speaking in angular terms. 

OK, so let’s think about this light in terms of light energy from the sun striking the Earth.  In this model, the most direct sunlight will strike:

a) the equator (correct)

b) the poles

c) the middle latitudes

The most slanted sunlight will strike:

a) the equator 

b) the poles (correct)

c) the middle latitudes

Sunlight that is slightly slanted would reach:

a) the equator 

b) the poles

c) the middle latitudes (correct)

Parts of Alaska can sometimes be warmer than some locations on the Earth that are much closer to the equator.  What could explain this?

a) Although Alaska gets slanted sunlight, if it receives this light for a longer period of time, heat radiated from the Earth’s surface can increase temperatures. 

b) The Earth is tilted, so some parts of the Earth receive more sunlight than others during the same period of time. 

c) A spot that receives slanted sunlight for 18 hours a day can be warmer than a spot that receives direct sunlight for 10 hours a day.

d) All of these answers could help explain why this happens.  (correct)

If the Earth did not rotate, the heating of the Earth would produce one global circulation cell.  Warm air at the equator would rise, traveling toward the poles.  Cold air at the poles would sink and travel towards the equator.  This would make for very boring, but better predicted, weather patterns.  

Don’t Believe This?  Hard to Visualize?  Then why not try a similar experiment for yourself. 

Why It Is Hotter at the Equator!

Materials Needed: 
Flashlight

Piece of Graphing Paper

Pencil

Instructions:  
1.
Hold the Flashlight close (10-15 cm) and perpendicular to the graph paper.  Trace the outlines of the beam striking the surface in pencil. Record the surface area (count the squares).

2.
Slowly tilt the paper.  KEEP THE FLASHLIGHT IN THE SAME PLACE.  Occasionally (but at minimum three times) trace the new area covered by the beam. Record the surface area (count the squares).

Questions for Discovery:

1. What is the surface are of the flashlight when it is perpendicular (directly overhead) the paper?  ___________ cm2
2. What is the surface area of the flashlight at the three angles of tilt?

a. ___________ cm2
b. ___________ cm2
c. ___________ cm2
3. Which of these correctly describes what you see?

a. As the surface area covered by the beam increase, the energy from the flashlight becomes more intense.

b. As the surface area covered by the beam increase, the energy from the flashlight becomes less intense.

c. The intensity of the light stays the same as the surface area covered by the flashlight increases. 

d. None of these.

Two factors are crucial for determining the temperature of the Earth’s surface and/or atmosphere.  Which are the two factors?

a) The Earth’s tilt and the fact that the Earth is round.

b) Day length and the angle of the energy from the sun.

c) Day length and the total amount of energy received from the sun. (correct)

d) The total amount of energy received from the sun and the Earth’s tilt.

In winter, the total number of hours of daylight are reduced.  This means the total energy from the sun would:

a) Increase

b) Decrease (correct).

In summer, the total number of hours of daylight are increased.  This means the total energy from the sun would:

a) Increase (correct)

b) Decrease

The change in the number of hours of daylight at the equator is small, but the change in the number of hours of daylight at the poles is large.  Sometimes, the sun does not set at all, and at other times the sun does not rise!

If day length were the only influencing factor on the Earth’s surface temperature, the poles would be the hottest places on the Earth during the summer time.  This is because THE SUN DOES NOT SET – 24 hours of sunlight each day.  But this doesn’t happen.  Why?

The second crucial factor affecting the Earth’s surface is the angle at which sunlight strikes the Earth.  Because the axis of the Earth is tilted to 23.5 degrees, and because the Earth is nearly round, sunlight will strike the Earth’s surface at different angles, in different places, and in different times.  This activity is designed to explore how changes in the angle of incoming sunlight affect they way object (such as the Earth’s surface) become heated.  Remember, these temperature differences are IMPORTANT in maintaining the Earth’s temperature.

Temperature:  Direct Vs. Indirect Sunlight

Materials:

3 identical Celsius thermometers (glass or metal backed, alcohol filled)

Reflector lamp with clamp and 60 watt bulb.

Ring stand with iron ring

Utility clamp

Black construction paper

Stapler

Several books to prop thermometers

Meter stick

Scissors

Instructions:

1. Use black construction paper to make a cover for the bulb of each thermometer.  Cut a strip of black construction paper 5 x 10 cm.  Fold the paper and staple four times.  Insert the thermometer and repeat this three times (for all three thermometers).

2. Prop the thermometers as shown.  One thermometer should be vertical.  One thermometer should be slanted at about 45 degrees, and one should be vertical.  Make sure you can easily read the thermometers without touching them in the experiment. 

3. Attach the lamp to a ring stand.  Make sure it does not move during the experiment.  Adjust the lamp on the stand so that its bulb is centered 40 cm above the bulbs of the thermometers.

4. Before turning on the lamp, record the temperatures of all three thermometers in the data table under the 0 minutes column.

5. Turn on the lamp and record temperatures for each thermometer every 5 minutes.  Do not move the thermometers when reading the temperature.  Record data in the data table. 

6. Using graph paper, plot temperature versus time for each thermometer.  (Use three different colors and plot them on the same graph, or use solid versus dashed lines if your writing is all the same color).

Questions for Investigation:

1. Which thermometer showed the greatest temperature increase?  Why?

2. Which thermometer(s) best show how sunlight strikes at the equator?

3. Which thermometer(s) best show how sunlight strikes at the poles?

4. Which thermometer would represent the middle latitudes of the Earth?

5. How can you explain why the equator is always hotter than the poles using data from this experiment?

6. If you were given data that listed the average yearly temperatures for cities as you move away from the equator, what trend do you think you would see in temperature?  

7. Does slanted light heat objects as quickly as direct light?  (NO)
8. True or False. It will always be warmer (on average) at the equator than at the poles.  (TRUE)

Questions for further study:
Why was black construction paper used?

Why not use different colors?

Ideas for further investigation:

Have students use newspaper or Internet to collect temperature data around the world and construct a graph or map of yearly averages.  

Investigate the poles and their month-long day or night phases.  

Investigate why the seasons in the northern and southern hemispheres are reversed. 

