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Objectives

When you have completed this lab you should be able to

1.
visualize the proportions of the solar system--the sizes of objects and distances between them.

2.
clearly and fully explain why it is warmer at the equator than it is at the poles.

Lab Activity #1: Scale Model of the Solar System

In this scale model, 1 mm in the model = 2000 km in real life.

	Object
	Diameter
	Diameter for Scale Model 
	Average Distance from Sun 
	Distance for 

Scale Model

	Sun
	1,400,000 km
	700 mm
	––
	––

	Mercury
	4,900 km
	2.45 mm
	58,000,000 km
	29 m

	Venus
	12,100 km
	6.0 mm
	108,000,000 km
	54 m

	Earth
	12,750 km
	6.4 mm
	150,000,000 km
	75 m

	Earth's moon
	3,500 km
	1.8 mm
	385,000 km from Earth
	0.19 m from Earth

	Mars
	6,800 km
	3.4 mm
	228,000,000 km
	114 m

	Jupiter
	142,600 km
	71.3 mm
	778,000,000 km
	389 m (≈ 1/4 mile)

	Saturn
	120,200 km
	60.1 mm
	1,427,000,000 km
	714 m (≈ 1/2 mile)

	Uranus
	51,100 km
	25.5 mm
	2,869,000,000 km
	1435 m (≈ 0.9 mile)

	Neptune
	49,500 km
	24.8 mm
	4,497,000,000 km
	2249 m (≈1.4 miles)

	Pluto
	2,300 km
	1.2 mm
	5,900,000,000 km
	2950 m (≈1.9 miles)

	Proxima Cen-tauri (nearest star, a compan​ion of Alpha Centauri)
	40,000 km
	40.0 mm
	4.24 light years (40,300,000,000,000 km
	20,140 km 

(12,590 miles)


Materials:
12 spherical objects of various sizes and colors


Ruler (with cm on it)


Tape measure (with meters on it)

Activity:  

a.
Choose an appropriate spherical object to represent each object in the solar system (there isn't one given for Alpha Centauri).


List the model objects that you used for each item in the solar system:

	Real Object
	Model Object

	Sun
	Large 28 inch yellow ball

	Mercury
	

	Venus
	

	Earth
	

	Earth's moon
	

	Mars
	

	Jupiter
	

	Saturn
	

	Uranus
	

	Neptune
	

	Pluto
	


b.
Go outside to the Children's Playground and make a scale model of the solar system as far out as Mars. Put the sun on the north (creek) side of the park. As a class, walk from the “sun” to the location of each planet, leaving a lab stand on the ground to mark the location of each planet so that you can see it from the next planet out. Note the apparent size of the “sun” from Earth--it should look about as large as the real sun looks in the sky.


For those who might wish to make a model of the entire solar system at this scale, here are the locations of the planets beyond Mars on this scale model.

	Planet
	Scale Model Location

	Jupiter
	Corner of Broadway and 4th St.

	Saturn
	Corner of Broadway and 7th St.

	Uranus
	Corner of Park and 13th St.

	Neptune
	Corner of Park and 21st St.

	Pluto
	Where Park turns east and heads toward the freeway


WARNING! This model can lead to misconceptions if you're not careful. In reality, the planets are never in a straight line like this; they all orbit the sun at different speeds and so are scattered in all directions around the sun.
Questions (to be answered after returning to the lab room) As you answer these questions, think about the proportions of the solar system and the implications of those proportions.

1.
Which diagram below more accurately portrays the pattern of sun rays hitting Earth?  Why?
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2.
On Earth, is the equator closer to the sun than are the poles? 


If so, is this difference significant when compared to the total distance between Earth and the sun? Explain. 

Lab Activity #2: 

Why Is It Warmer at the Equator Than At The Poles?

Materials:
Overhead transparency with a grid printed on it



overhead projector



sturdy flat sheet of white poster board



large globe



flashlight



grid paper (at end of this lab)

Activity:
Place the overhead transparency on the overhead projector; turn on the projector and project the image of the grid onto the sheet of white poster board. The overhead projector represents the sun. The flat sheet of poster board represents a theoretical flat earth with the flat side directly facing the sun. Note the sizes and the brightness of the squares projected onto the various parts of the piece of poster board.

Questions


1.
Are all of the squares projected onto the piece of poster board the same size and brightness or are there variations? Draw a diagram to illustrate your answer.

2.
If Earth were flat like the poster board is, would the intensity of sunlight be the same at all latitudes on Earth? Explain.

3.
Imagine a tiny person standing on various places on your model of a flat earth--the piece of poster board (your person would be standing sideways). If the Earth were flat like the poster board is, would the noonday sun be directly overhead at all latitudes on Earth, or would there be some variation? Explain. Draw a diagram to illustrate your answer.

More Activity:
Place the overhead transparency on the overhead projector; turn on the projector and project the image of the grid onto a large globe. The overhead projector represents the sun. The globe represents the Earth (now realistically represented as a sphere). Note the sizes and the brightness of the squares projected onto the various parts of the globe.

4.
Are all of the squares projected onto the globe the same size and brightness or are there variations? Draw a diagram to illustrate your answer.

5.
Is the intensity of sunlight the same at all latitudes on Earth? Explain. Draw diagrams to illustrate your answer.

6.
Imagine tiny people standing at various latitudes on your globe. Would all of these people see a noonday sun directly overhead, or would there be some variation? Explain. Draw a diagram to illustrate your answer.

More Activity:
In order to better understand why the intensity of the light hitting various parts of Earth varies, we will explore the relationship between the angle of incident light and the intensity of the light. 

1. 
Shine the flashlight straight down on your grid paper, holding the flashlight  2–3 inches above the paper. On the paper, outline the middle (bright) spot. 

2.
From the same height, shine the flashlight at an angle to your grid paper. Again, outline the middle (bright) spot. 

7.
When light strikes a surface at a high angle of incidence (near 90°), the intensity of the light is    


stronger  /  weaker    (circle the correct answer)


than it is when the same light strikes a surface at a small angle of incidence (near 0°).

8.
Clearly and fully explain why the angle at which light strikes a surface affects the intensity of the light energy felt by that surface.

9.
There's one more piece to the puzzle of why the equator is warmer than the poles. This piece of the puzzle involves the atmosphere. The atmosphere absorbs, reflects and scatters sunlight; the more atmosphere a ray of sunlight must go through to get to the ground, the less energy will make it all the way to the ground. Imagine an atmosphere of uniform thickness covering your model Earth. Would sunlight have to go through the same thickness of atmosphere to reach the equator as it would to reach the poles? Explain. Draw a diagram to illustrate your answer.

10.
Use all the concepts you have learned so far to fully explain why the equator is warmer than the poles.
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