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Astronomy Ideas 

Assignments 

1. Meteors and craters 

Materials and Equipment 

 Different-sized objects that are nearly spherical (at least 3 total), such a 
rubber ball, a baseball, and a piece of roundish fruit. 

 Ruler, metric 
 Cardboard box; it should be larger than a shoebox and fairly deep. 

Something like a small moving box would be perfect. 
 Flour (10-lb bag) 
 In your lab notebook, make a data table  
 Using a ruler, measure the diameter of each of your nearly spherical 

objects (in centimeters [cm]).  

Procedure: 

 Prepare your meteorite landing area by slowly pouring a 10-lb bag of 
flour into the cardboard box. Shift the box from side to side to evenly 
distribute the flour. The flour should be a depth of at least 5 cm in your 
box. If there is not enough flour, you can either transfer the flour to a 
smaller box, or add another bag of flour. 

 

4. Now drop one of your "meteorites" into the box by holding the object 
out at arm's length over the box and letting go. Use the ruler to make 
sure you drop the meteorite from a height of 50 cm above the flour. 

5. After the "meteorite" impacts the flour, carefully remove the object 
without disturbing the "crater" left behind. 

http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
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6. Repeat steps 4 to 5 two more times using the same object, each time in a 
different spot in the box. Remember to drop the meteorite the same way 
and from the same height each time for accurate results. You should now 
have three craters made by the first object. 

7. Measure the diameter of the first crater by measuring the distance 
across the center of the depression in the flour, as shown in Figure  

 

8. Repeat step 7 for the other two craters, writing each measurement in 
the data table. 

9. Calculate the average crater diameter by adding up the three 
measurements and then dividing your answer by three. Write the answer 
in your data table. 

10. Prepare your box for the next "meteorite" by shaking it from side to side 
to even out the flour until it is smooth and level. 

11. Repeat steps 4-10 for all of your objects, each time recording the 
diameter of the three craters and the averages in the data table in your 
lab notebook. 

a. Be sure to always drop the meteorites the same way and from the 
same height so that your results are accurate. 

12. Now make a graph of your data. 
a. You can make a graph by hand using graph paper or use a website 

like Create a Graph to make a graph on the computer and print it. 
b. On the left axis (y-axis), plot the average diameter of the crater (in 

cm), and on the bottom axis (x-axis), plot the diameter of the 
meteorite (in cm). 

13. What size craters did the smallest objects make? What size craters did 
the biggest objects make? Do you notice any pattern between the size of 
the crater and the size of the meteorite? What do you think your results 
tell you about how the diameter of a meteorite is related to the diameter 
of the crater it makes upon impact? 

2.  What causes the earth's 4 seasons? 

 Sealed-shut cardboard box, stepping stool, brick, or large block of wood 

http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
http://nces.ed.gov/nceskids/CreateAGraph/default.aspx
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
http://www.sciencebuddies.org/science-fair-projects/project_ideas/Astro_p010.shtml
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 Flashlight 
 Masking tape 
 Scotch tape 
 Large, firm book or a cutting board 
 Ruler, metric 
 Protractor 
 Graph paper (3 sheets). Different-colored pens or pencils (5) 

Procedure 

1. Place the sealed-shut cardboard box, stepping stool, brick, or block of 
wood on a table, or on the flat, firm floor. 

2. Lay the flashlight on its side on top of the cardboard box (or other object) 
and line up the edge of the flashlight so it is close to the edge of the box. 
Use masking tape to tape the flashlight down so it cannot roll around.  

 

Preparing the Surface 

1. Tape a sheet of graph paper to a firm surface, like a cutting board or a 
large book so that the paper will be stiff enough to tilt, and so that you 
can draw on it.  
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2. Put the graph paper vertically in front of the flashlight. 

 

Turn on the flashlight. Move the graph paper closer or farther away from the 
flashlight until the light on the paper forms a medium-sized, sharp circle 5 –
 6 centimeters (cm) in diameter, as shown in Figure 6, below. Have a helper 
help you measure the distance from the edge of the graph paper to the 
cardboard box and write down this starting distance in your lab notebook. You 
will keep the graph paper at this starting distance for all testing. 

 

Testing the Surface 

1. Have a helper hold the graph paper vertically (straight up and down) at 
the starting distance in front of the flashlight. 

2. Use a colored pen or pencil to draw around the outline of the light on the 
graph paper. Draw a line from the circle and note that the graph paper is 
at 0 degrees for this outline (no tilt). 

a. An alternative to drawing around the outline is to take a picture of 
the graph paper with a camera. 

3. Observe the brightness of the light inside this outline and record your 
observation in your lab notebook, or (optionally) measure the brightness 
with a light meter held at a fixed distance from the graph paper. 
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4. Place a protractor at the bottom of the graph paper). Then tilt the graph 
paper back, away from the flashlight, by 10 degrees (tip the book or 
cutting board from the 90-degree mark to the 100-degree mark). 

 

5. Repeat steps 2–3 using a different colored pen or pencil to draw around 
the outline of the light on the same piece of graph paper. Compare the 
brightness of the light inside this outline to the light inside of the 
previous outline. Be sure to record your observations in your lab 
notebook. 

6. Repeat steps 4–5 for tilt angles of 20, 30, and 40 degrees. Use a different 
colored pen or pencil each time so each outline is in a different color. 

7. Remove the sheet of graph paper and attach a new one. 
8. Repeat steps 1–7 two more times. 

Analyzing the Graph Paper 

1. If you used a camera instead of drawing around the light outlines, print 
out your photographs so you can analyze them. 

2. For each sheet of graph paper, count the approximate number of 
squares inside each different-colored light outline. For partial squares, 
estimate how much of the square is lit up; for example, if it looks like 
one-fourth of the square is lit up, add 0.25; if it looks like half of the 
square is lit up, add 0.5; if it looks like three-fourths of the square is lit 
up, add 0.75. Enter your counts in a data table, 

Degree 
of Tilt 

Graph 
Paper 
1 

Graph 
Paper 
2 

Graph 
Paper 
3 

Average 
Number 
of 
Squares 
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Degree 
of Tilt 

Graph 
Paper 
1 

Graph 
Paper 
2 

Graph 
Paper 
3 

Average 
Number 
of 
Squares 

0 
    

10 
    

20 
    

30 
    

40 
    

 

 

3. Calculate the average number of squares inside each outline for each 
degree of tilt and enter your calculations in the data table. 

a. For example, if for the 10 degree tilt you counted 145.5 squares on 
graph paper 1, 153.25 squares on graph paper 2, and 138.5 on 
graph paper 3, the average for the 10 degree tilt would be 145.75 
squares (since 145.5 + 153.25 + 138.5 = 437.25, and 437.25 ÷ 3 is 
145.75). 

4. Make a line graph of your results. Plot the degree of tilt on the x-axis (the 
horizontal axis) and the average number of squares illuminated on the y-
axis (the vertical axis). 

5.  How did the numbers of squares inside the outline change as the degree 
of tilt increased? How did the brightness change?  

 

3. Orbital eccentricity 

 

Question of research: 

What determines the shapes of the planets’ orbits? 
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 Pencil 
 Ruler 
 2 pushpins 
 12-inch (31-cm), square piece of poster board 
 12-inch (31-cm), square piece of thick cardboard 
 10-inch (26-cm) length of string 

 

1. Draw a straight line through the center of the poster board. 
2. Mark two dots on the line 4 inches apart at the center of the board. 
3. Place the poster board on top of the cardboard and stick the pushpins into the 

dots. 
4. Tie the loose ends of the string together to make a loop. 
5. Drape the string loop around the pushpins. Place the pencil inside the loop as 

well and use it stretch the loop into a triangle. 
6. Keeping the string taut, guide the pencil around the pushpins while tracing out 

a path on the poster board below. Continue around the pins until you’ve drawn 
a closed loop. Describe the shape of the curve you’ve drawn. Is the diameter 
across the loop always the same, or does it change? Where is it widest? Where 
is it narrowest? 

 

You have four ellipses on the poster board. Each pushpin 
marks a point in the ellipse called a focus (plural: foci). The 
widest diameter across the ellipse is called the major axis; 
the narrowest diameter is known as the minor axis. The foci 
sit along the major axis, equidistant from the center of the 
ellipse. As the foci get closer together, the ellipse looks more 
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like a circle. An ellipse with only one focus is a circle (the 
major and minor axes are the same length). 

 

As a planet moves along its orbit, the distance between it and the sun changes. 
The point on the ellipse where the planet is closest to the sun is called 
the perihelion; the point where it is farthest is the aphelion. The Earth passes 
its perihelion in early January and goes through aphelion in early July. On your 
ellipses, can you mark where the perihelion and aphelion might be? 

The eccentricity of an orbit is a single number, between 0 and 1, which 
describes how stretched out the orbit is. Zero means the orbit is perfectly 
circular. An eccentricity close to 1 means the orbit is extremely elongated; only 
comets coming from the outer reaches of the solar system get close to this 
value. 

You can calculate the eccentricity of your ellipses using the following equation: 

 

 where e is the eccentricity, 
 a is the aphelion distance, and 
 p is the perihelion distance. 

For each ellipse, pick a focus where the sun should sit (either one will do), then 
measure the aphelion and perihelion distances. Calculate the eccentricity, and 
record your results in table. 
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Distance 
between foci 

Aphelion Perihelion Eccentricity 

0 inches 
   

3 inches 
   

4 inches 
   

5 inches 
   

 

How does the eccentricity change as the foci get farther apart? 

Now you know enough to figure out the eccentricities of the planets in the 
solar system. Table below lists the aphelion and perihelion distance of all the 
major planets (plus one famous comet). The distances are in astronomical 
units (AU), where 1 AU is the average distance between the Earth and Sun (93 
million miles). 

 

Name Aphelion (AU) 
Perihelion 
(AU) 

Eccentricity 

Mercury 0.47 0.31 
 

Venus 0.73 0.72 
 

Earth 1.02 0.98 
 

Mars 1.67 1.38 
 

Jupiter 5.46 4.95 
 

Saturn 10.12 9.05 
 

Uranus 20.08 18.38 
 

Neptune 30.44 29.77 
 

Comet Halley 35.1 0.59 
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Draw scale models of the orbits of all the planets! The first thing you’ll need to 
do is decide what sort of scale to use. For the inner planets (Mercury, Venus, 
Earth, and Mars), using 1 AU = 10 cm should work pretty well. For the outer 
planets, you will need to use either a much larger sheet of poster board or 
switch to a different scale. Try and figure out what scale would be useful for 
drawing Jupiter, Saturn, Uranus, and Neptune on a single poster board. What 
challenges do you run in to if you try to draw all the orbits using one scale? 

You also need to calculate how far apart the foci need to be based on the 
orbital data in table. The distance between the foci is simply the difference 
between the aphelion and perihelion distances: f = a – p. 

Follow these steps to make your scale drawing: 

1. Convert the aphelion and perihelion distances of the planets to centimeters 
and record your results in Table 3. Example: Earth aphelion = 1.02 AU x 10 
cm/AU = 10.2 cm. 

2. Calculate the distance between the foci for each orbit. Record these distances 
in table. 

3. Follow the steps from the original drawings to place the pushpins the right 
distance apart and set up the string and pencil. To get the string to be the right 
length, you will need to cut it to be equal to twice the sum of the aphelion and 
perihelion (plus a few centimeters extra to make room for the knot). Record 
the length of the string you’ll need in Table 3. 

4. Draw the orbits for each of the inner planets on a single poster board. Which is 
the most eccentric? Which is the least? 

Name 
Aphelion 
(cm) 

Perihelion 
(cm) 

Foci 
distance 
(cm) 

String length 
(cm) 

Mercury 
    

Venus 
    

Earth 
    

Mars 
    

Jupiter 
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Saturn 
    

Uranus 
    

Neptune 
    

 

 

4. Calculate the Mass of the Earth 
Materials 

 Calculator 
 Calendar 
 Internet 

Procedure 

1. Use a calendar to determine how long it takes for the moon to orbit the Earth. 
Do some research on the internet to find the sidereal period of the moon. 

2. Use the following equation to calculate the average velocity of the Moon 

v = 2πr / T 

Where v is the average velocity of the moon, 

r is the average distance between the moon and the Earth, taken as 
3.844 x 108 m, 

and T is the orbital period, with units of seconds. 

3. Calculate the mass of the Earth using both the calendar period of the moon and 
the sidereal period of the moon. Why are they different? Which is a more 
accurate calculation and why? 

Me = v2r / G 

Where Me is the mass of the Earth, in kilograms, 

v is the average velocity of the moon, 

r is the average distance between the moon and the Earth 

and G is the universal gravitation constant. 

https://www.education.com/science-fair/article/weighing-earth/
https://www.education.com/science-fair/article/weighing-earth/
https://www.education.com/science-fair/article/weighing-earth/
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The sidereal period of the moon, which is 27.3 days, will give you a 
calculationof Earth's mass that's more accurate thanthe calendar period of the 
moon. The mass of the Earth is 5.97 x 1024kg. 

That is 5,973,600,000,000,000,000,000,000 kg! 

5. Sundial 

 
The items required: crayons/markers, a paper plate, a sharpened pencil, 
pushpins, a ruler and a straight plastic straw. 

 
1. Write the number 12 on the very edge of the plate. Use a crayon or marker 
for this. Take the sharpened pencil and push it through the center of the paper 
plate. Remove the pencil so that you’re left with a hole in the center. 

2. Use a ruler to draw a straight line. Draw it from the 12 to the hole you made 
in the center of the plate. This number represents 12 o’clock noon. 

3. Use a compass to determine the closest celestial pole. Your straw, or 
gnomon, should point towards the closest celestial pole, which is parallel with 
the Earth's axis. That's the North Pole for those living in the Northern 
Hemisphere. If you live in the Southern Hemisphere, it's the South Pole.  
 Place it on the ground in an area that will get full sun exposure all day. Stick 
the straw through the hole in the center of the plate.  

 

 

 

https://www.education.com/science-fair/article/weighing-earth/
https://www.education.com/science-fair/article/weighing-earth/
https://www.education.com/science-fair/article/weighing-earth/
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6. Black holes 

The radius of the event horizon of a black hole with the mass of the Sun would 
be about 3 kilometers, about the same size as your city, town or village. If the 
Earth could be compressed into a black hole, the radius of its event horizon 
would be 1/330,000 of this, because the mass of the Earth is 1/330,000 times 
the mass of the Sun.  
 
Assignment: 
 
Students should calculate the radius of its event horizon [about 1 centimeter] 
and suggest a common object which could be used to represent it in this full-
sized model [a golf ball]. It can also be instructive to construct a scale model of 
the Cygnus X- 1 binary system, in order to appreciate the relative size of the 
normal star and the black hole. The scale of this model is 1 cm to 100,000 km. 
 

Object Actual Diameter 
(kilometers) 

Scale Diameter 
(centimeters) 

Blue supergiant HDE 
226868 30,000,000 300 

Accretion disk in 
Cygnus X-1 20,000,000 200 

Bulge in accretion disk 700,000 7 

X-Ray emitting region 20,000 0.2 

Black hole event 
horizon 60 0.0006 

Sun 1,400,000 14 

On a larger scale in which the black hole is the size of a penny, the Sun would 
be the size of  schoolyard, and the blue supergiant HDE 226868 would be the 
size of a city. 
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