
[image: image1.jpg]5. a. How old are you?
b. How old is this year?
c. How old is the Earth?
Can an answer be more correct than another?

V. Measuring Angles
The amount of rotation from a starting point, measured in degrees, is an angle. The largest angle has 360°.

1. Using the protractor, measure the following angles for practice. E

Angle A = Angle B = Angle C =

2. What angle above the horizon from point P is the airplane?
3. What angle above the horizon is the sun from point P2
4. What angle above the horizon is the North Star from point P?
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5. Are there any objects in the room 30°, 45°, 75°, 90° from your view?
30° 45° 75° 90°

N
V. Measuring with an Astrolab:
Set up your protractor as illustrated. You will need a piece of string, a straw, weight and a piece of tape. When set up, thi
device is known as an Astrolab. "

/
4

1. Practice measuring the angle to the top of a flagpole, house, chimney, roof tops, tree tops, etc. Compare your measuremen
with your classmates.
Your measurements Classmates measurements

2. On the graph paper supplied, record the moon elevation; the same-hour every night.

Alternate: Plot the time the moon gets over a certain spot against dm or, a certain spot in thaky each night; or, th
shape of the moon each nicht
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Part 2
VI. Determining the radius, diameter and circumference of the Earth:

This experiment was performed about 2,000 years ago. Using slightly different geometry than the following, accurate earth
measurements developed. >

This experiment requires two students, two flexible Earth Rules, a magnetic “boat”, a protractor, and a magnet.

Set one Earth Rule on a curve in the “V” die cut areas of the other Earth Rule as indicated in the illustration on the Earth

Rule. Place a magnetic “boat” on top of the curved Earth Rule and another magnet directly below it to hold it in place. Move
the “boat” slightly. Does the magnet below it move? g Can you measure the angle the lower magnet

moves? £
Procedure: Move the magnet a known angle. How many miles on the scale does the “boat” move?
Substitute numbers in the formula below and solve for the circumference of the earth.

angle radius (magnet) moves ___distance “boat” moves
360° ~ circumference of the earth

Can you figure out how many miles or kilometers there are in one degree of the earth’s curve?
VII. Measuring the distance to the Sun:

Card #1 is the pin hole lens. Make sure there is a clean small hole in the appropriate place on the card. Card #2 is the
screen. Arrange the two cards on a meter stick so that sunlight shines through Card #1 and focuses on Card #2 as illustrated on
Card #1. DO NOT LOOK DIRECTLY AT THE SUN. This set up fits on your shoulder with the sun at your back. Slide Card #2 on
the meter stick for a sharp focus of the sun’s image on the screen. Measure the diameter of the sun on the screen on Card #2.
Each square is 0.5 cm wide.

The theory deals with similar triangles and the ratio of bases to each other and altitudes to each other.

size of sun on screen (Card #2) _ _(diameter of sun) 864,000 miles
distance between Card #1 and Card #2 distance to the sun

VIIL. Scaling the Solar System:
1. Finish the chart below.
2. On the long dtrip of paper which you will be given, place a mark at the left to designate the sun. By using the data in

the chart below, place the planets at their appropriate distances from the sun. This chart to scale, will provide some idea of the
vastness of the solar system. Use a scale of earth being 1 cm. from the sun.

Planet Distance from sun AUX
Mercury 36,000,000 miles 4
Venus 67,000,000 miles 7
Earth 93,000,000 miles 1.0
Mars 141,000,000 miles

Jupiter 483,000,000 miles

Saturn 886,000,000 miles

Uranus 1,783,000,000 miles

Neptune 2,793,000,000 miles

Pluto 3,700,000,000 miles

*A.U. = Astronomical units. Let Earth distance from sun be equal to 1.0 A.U. (93,000,000 miles average).

IX. Measuring optical illusions (size of low moon vs. high moon):
The moon seems to be much larger when viewed close to the horizon. Is this actual, or an illusion?
Explain

—

Set up Card #3 on a meter stick following the directions on the card. Siéhme?ﬁrough the square window. Let the moor
et fill the sauare. Record the distance to the eve from the card. Repeat the pfBcadure when the moon i< hich in the skv.
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High moon — distance to the eye
What can you now say about the size of low moons and high moons?

X. Determining the diameter of the moon:

1. Setup Card #4 on a meter stick following the directions on the card.

2. View the moon through the “V” slit. Let the moon diameter just touch the slit sides. Record this distance across
the slit.

3. Record the distance of the card from your eye.
Substitute measurements in the formula below and sCive for unknown (diameter of the moon).

distance across slit _ diameter of the moon
'dista‘nce of card from eye = 240,000 miles

5. Variation: Using the same data, substitute 2,160 miles for the moon’s diameter and solve for the moon to earth distance
as the unknown. Distance of moon to earth = -

XI. Using Baselines and a Rangefinder to determine distances:
(It will be necessary to work in teams of two for this activity) s
1. Attach an astrolab (Activity V) to each end of a rangefinder with the clips provided. The tabletop measuring
requires you to place any small object on your desk and sight it through the astrolab straws. Record the two angles.
1 : : 2

2. Place all data on the graph paper provided. Partners should check each other for accuracy. Distances should be

1/5 scale. Draw baseline on graph paper.

3. Extend angle lines on the graph paper. The point they meet graphically represents the location of the object.
Drop a perpendicularine (b) to the baseline. Measure length of (b) and multiply by 5, to find the real distance to
the object. Why did you multiple by 52 5

4. Repeat the above procedure three times. Each time changing object distance. What do you notice?

5. Clip together rangefinders to get a longer baseline. How does this solve the problem of “inaccurate data”?.

XXL.  Problems with BIG baselines.
Let us assume that at FULL MOON two observers — one at 6 PM. and one at 6 A.M. — shoot the angle of the moon
above the horizon. What is the size of the baseline?

Observer A records 85-1/2° and his friend B records 87-1/2° elevation. Can you compute the distance to the
moon? s

Draw your baseline to scale on graph paper. Construct proper angles. Where lines of sight meet is where the moon is.
Measure the scale distance to the horizon and translate into miles.

Some local newspapers carry lists of space hardware in view that evening (or week). Suppose that you are in Washington,
D.C. and your friend is in Newark, New Jersey, view COMSAT at the same time on a particular evening. COMSAT is 110 miles
above the horizon at that time. What is your viewing angle if your friend says the satellite is directly over him?

Information: As the observer moves sideways, the position of the object being viewed seems to change. This principle
of PARALLAX helps us find the distance to certain stars. If viewings are made six months apart, what is the baseline?

= = = o
Stars are so far away even this baseline requires very accurate instrumentation. For example, close-by Alpha Centaur
(4.3 light years) has a parallax of 1/2400 degrees, and Vega has an angulaf*difference of 1/14400 degree.
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