Acad Ia na How Big is the Sun?
‘ S ky Originally developed for the Lafayette

Science Museum, Lafayette, LA

Teacher Information and Background
It’s possible to measure the diameter of the Sun by using Sun Viewers that are easy to make and
some basic math. It’s completely safe to look at the Sun images made by the Sun Viewers, but

no one should ever look directly at the Sun!

Making Sun Viewers

Each Sun Viewer needs a meter stick (a yard stick can be used if needed, but makes this activity
more complicated), a thumb tack or push pin, cellophane tape, and a pair of cards similar to
business cards (index cards will also work, but should be cut in size to roughly the size of
business cards). A Sun Viewer will be needed for every two students. If it’s not possible to
make that many, students can of course share the ones that are made, but that will slow the

activity down.

Use a thumb tack or push pin to make a hole in one of the Viewer’s cards (the “projection card”).
The hole needs to be clean, but do not try to enlarge it. Use cellophane tape (or a thumb tack) to
attach the card onto the very end of the meter stick. Cut out the small millimeter ruler that is
included (below) with this activity, and tape it near the center of the remaining card (the “screen
card”). Use tape or another tack to attach the screen card at the other end of the meter stick so
that the millimeter ruler faces the projection card. The two cards must line up with each other.

If the thumbtacks leave them loose on the meter stick and they won’t stay lined up, hold them in
position with cellophane tape. The finished Sun Viewer should be similar to the one in the

following picture.
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A completed Sun Viewer. The projection and screen cards are taped to the meter stick on this
Viewer. For each card, one piece of tape attaches from the bottom of the stick to the outer side
of the card, and another piece attaches from the top of the meter stick to the inside of the card

(the latter piece of tape is what holds the card vertically).

The students will use the Sun Viewer to create a pinhole-projected image of the Sun on the
screen card. The width of that Sun image can be measured with any classroom millimeter ruler,
but the students will find the task a lot easier if you print out one of the supplied, short millimeter
rulers and tape it near the center of each screen card.
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A Sun Viewer in use. The thumbtack hole in the projection card and the safe solar image on the
screen card can be seen. The brick simply made this a one-person operation for the purpose of
taking the picture, and is not needed in normal use. Never look directly at the Sun! Aim the
Viewer simply by aligning the shadow of the projection card with the screen card, then fine-tune
the aim by moving the projection -screen-end to place the solar image on the millimeter ruler. If
each Viewer has a two-person team, best results come from having one student hold and aim the
Viewer with the screen-card-end on the ground to stabilize it, while the other student reads the
measurement. After that, have them switch places so that both students do both jobs. At no time

do team members need to look anywhere near the Sun!

A safe, solar image on the millimeter ruler taped to
the projection card (left).

A millimeter ruler for the center of the |y

projection screen of Sun Viewer (right). Omm 10 20
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Math Background for This Activity
The relationship, or “ratio,” between the real Sun’s diameter and its distance from Earth is the
same as the ratio between the diameter of the Sun’s image on the Sun Viewer and the length of

the Sun Viewer itself (called the “throw length”—see the drawing below).

Sun's Distance Sin's Image

The throw length of your Sun Viewer is 1000 mm if you used a meter stick. If you used a yard

stick, the throw length is 914 mm.
Even though the size of the Sun Viewer’s Sun image will be measured in millimeters (as will be
the throw length), it is possible to calculate the Sun’s actual diameter in either kilometers or

miles. Here’s the equation (equation #1):

sun's diameter (mi or km)  size of sun image (mm)

distance to sun (mi or km)  throw length (mm)

Since the right side of this equation involves measurements in millimeters, it may seem as if
finding the size of the Sun in miles means “mixing our measurements.” In this case, that’s OK,
because although the right side of the equation involves measurements in millimeters, the ratio

itself is dimensionless.

Using a type of math called algebra, we can write that equation a different way (equation #2):

L ) size of sun image (mm) ] )
sun's diameter (mi or km) = X distance to sun (mi or km)
throw length (mm)

acadianasky.com



Making the Observations

On a clear, sunny day, divide the class into teams of two (we’ll call them Student A and Student
B), each team making (or having) a Sun Viewer and a Data Sheet (below). Have each team
record their throw distance and the distance to the Sun in the appropriate boxes (to get the
diameter of the Sun in kilometers, give the students the average distance to the Sun as
149,600,000 kilometers; to get the answer in miles, give the students the average distance to the
Sun as 92,960,000 miles).

Remind everyone never to look directly at the Sun because its brightness can cause
permanent damage or even blindness, and cause it very quickly. Under no circumstances
should they try to look at the Sun through the thumb tack hole in the Sun Viewer. Done
correctly, this activity is no more dangerous than walking outside on any other day.

Have Student A hold the Sun Viewer with the end with the screen card on the ground or
concrete, and the end with the projection card raised up. Student A should then move the Sun
Viewer so that the projection card’s shadow covers the screen card. If the sky is clear, a faint
Sun image wider than a pencil eraser will show up on the screen card. Student B will then
measure the Sun image in millimeters and record it on the Data Sheet as Observation #1.
Student A will need to find a way to hold the Sun Viewer very steadily so the image doesn’t
jump around, making the measurement more difficult! Repeat the process to make Observation

#2. Have the students switch jobs, and repeat the process for Observations #3 and #4.

Calculating the Sun’s Diameter
At this point, the Data Sheet will have nearly all the values needed to find the diameter of the

Sun (the values on the right side of equation #2 above).

Have the students in each team find their average measurement for the diameter of their Sun
image by adding their four values and dividing the sum by 4, writing that average in the
appropriate box on the Data Sheet. Have them calculate this to the nearest tenth of a millimeter.

If your students are too young to do this, have them round their answer to the nearest millimeter.
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Calculate the diameter of the Sun using equation #2. A calculator will be helpful! The final
answer should be in the vicinity of 864,000 miles (1,390,000 km). Do not expect these exact
answers, but they should be close. Have the students calculate their answers to the nearest
10,000 miles or kilometers. Remember that small changes in the students’ average
measurements can make surprisingly large differences in the answers. It’s important to keep big
numbers in context—even if a team’s answer is off by several tens of thousands of miles or

kilometers, that’s a mistake of less than 10%, which is remarkable for such a simple procedure!

Discussion
Have the students multiply the accepted diameter of the Sun by 0.05 to discover the size of 5%
error. How do their answers compare with that? What about 10%? How do they feel about
getting such a result with such crude equipment?
5% is approximately 43,000 miles (69,500 km); 10% is about 86,000 miles (139,000 km).
Even if they get larger errors, they are still finding the approximate size of the Sun—they will
have shown that it’s not hundreds of miles or billions of miles in diameter.
What factors might make different teams get slightly different answers?
The Sun’s projected image will not be bright, with edges that are slightly dimmed and softly
focused. Accurate measurements will thus be challenging. Not everyone will make the same
measurement, and not all teams will get the same average size. Even small variations will
make definite differences in the answers. In addition, different calculators may handle the
rounding or truncation of final digits differently, and that can affect later answers.
Students may want to report their answers for the Sun’s diameter to the nearest mile or kilometer
(for instance, 839,431 miles) because that’s what their calculators will give them. However, the
crude data they will generate will not support such accuracy in the final answers! For older
students, this is a good opportunity to discuss the concept of significant figures, how many
significant figures are appropriate for this activity, and how that affects their answers.
The measured diameters of the Sun’s image will probably range between 8 and 11 mm.
Strictly speaking, we can only use one or perhaps 2 significant figures in this exercise, and
the answers can have no more significant figures than the data.
If your students can use scientific notation, this activity is a good excuse to have them use it.
Final answers will be in the vicinity of 8.64 x 10° miles (1.39 x 10° km). The students are

more likely to get the exponent exactly correct than the coefficient!
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Acadiana How Big is the Sun?
Data Sheet
A Sky

Length of Measuring Stick Distance from Earth to the Sun
“Throw Distance” (in miles or kilometers)

mm

Measured Diameter of Sun Image in Millimeters (mm)

Measurement #1

Measurement #2

Measurement #3

Measurement #4

Average Measurement

Calculated Diameter of the Sun

(in miles or kilometers)
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