Solar Science Activities

Measuring the Sun’s Diameter

Introduction: A simple pinhole camera can be constructed to project a small image of the Sun. By measuring the geometry of the camera and Sun image size, the diameter of the Sun can be determined given its distance from the Earth.

Directions: See the student handout below. Students will have trouble holding the setup steady. Challenge them to develop methods that will help this and yield accurate measurements of the Sun image diameter (d). If the distance between the cards is about a meter, the Sun image diameter will be around a centimeter. Instruct your students NOT to round to 1 cm but to measure to at least the nearest 1 mm.

Measuring the Sun's Diameter


Purpose: The purpose of this lab is to measure the diameter of the Sun without getting burned.
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Procedure: 1. Punch a hole in the center of one index card.


2. Tape it to one end of a board so it stands upright.


3. Tape another plain index card to the other end.


4. Point the card with the hole toward the Sun so that


its shadow falls on the plain index card.


5. Measure the diameter (d) of the projected image 
and the distance between the index cards (r) in cm.

Data:
Projected image diameter (d)_____ cm.



Distance between cards (r)   _____ cm.

Calculations:



Sun's Diameter (D) = Distance to Sun (R) x d ÷ r


Distance to Sun (R) = 93,000,000 miles


Sun's Diameter (D) = _____________ miles

Questions: 1. The Sun's actual diameter is 836,000 miles. By how many miles was your measurement different?

2. What are two sources of error that might explain this difference?

3. If you tried this method to measure the Moon's diameter you would find that the diameter of the projected image (d) is the same as for the Sun. The distance to the Moon is 240,000 miles. What is the Moon's diameter? Show your calculations.

Conclusion: Why wouldn't this method work for measuring the diameter of other stars?

Solar Spectrum

Introduction: The OO Spec is powered by the USB port so it can easily be taken outside to measure the solar spectrum with a laptop. You also can use the LabQuests for increased portability. Another idea also allows a variation of the Sun Diameter activity and an easy way to measure the rotation rate of the Earth. This involves taping a sheet of paper with a hole punched out over a mirror so that only the part of the mirror under the hole shows. Clamp the mirror with a test tube clamp and attach the clamp to a ring stand. Place it outside in the sun and adjust it until it reflects the Sun into the open door of your classroom onto a whiteboard. If there are sunspots, they will be visible on this projected image. The Sun Diameter can be determined by measuring the distance from the image to the mirror (r) and the diameter of the image (d). The fiber from the OO Spec can then be placed in the image to record the solar spectrum. A circle can be drawn around the image to show its movement. By timing how long it takes the image to completely leave the circle, you can calculate the rotation period of the Earth. This time represents the time it takes the Sun to move 0.5 degrees, its angular size. Since it will move 360 degrees in one day, the length of a day is approximately (360/.5) x Time. The solar spectrum shows many absorption features. These represent light from the Sun that is absorbed by elements in its outer atmosphere. Compare it to the spectra measured from the 4 elements in the glow tube activity to see if you can identify any elements in the solar spectrum. It is a good idea to do the next activity first if you want to determine the temperature of the Sun.

Wien’s Law and the Temperature of the Sun

Introduction: The capability of the OO Spec to determine intensity as a function of wavelength allow the temperature of very hot objects to be determined. Solid objects and ionized gasses emit a broad spectrum of wavelengths that approximates the ideal spectrum of a perfect absorber and emitter known as a blackbody. This spectrum has a peak intensity at a specific wavelength. The wavelength where this peak is varies with the temperature of the object. By measuring the wavelength where the maximum intensity occurs, the temperature can be determined using Wien’s Law. 

Directions: Attach a 200 W clear light bulb to a socket attached to a dimmer. Turn the dimmer all the way up and measure the spectrum of the bulb. Adjust the distance and/or integration time so that the peak intensity is around 1. Stop collecting and zoom in to measure the wavelength of the peak. Record it below. Collect spectra of the bulb again and adjust the dimmer until the peak is at the limit of the OO Spec’s range. Record the peak wavelength of the dimmed bulb below. Point the fiber at a halogen bulb such as found on an overhead projector and measure and record its peak wavelength. Collect a solar spectrum as described above and measure and record its peak wavelength. Using Wien’s Law below, calculate the temperature of each trial.

	
	High Dimmer
	Low Dimmer
	Halogen
	Sun

	Peak Wavelength (nm)
	
	
	
	

	Temperature (K)
	
	
	
	


Wien’s Law: T (K) = 2.9 x 106/wavelength (nm)

Q1: Why can’t this equipment be used to determine the temperature of a stovetop or hair dryer?

Q2: The actual surface temperature of the Sun is about 5800 K. What is the percent error of your measurement?

Q3: The melting temperature of tungsten is about 3570 K. Since the filament in light bulbs is made of tungsten, comment on the accuracy of your temperature measurements given this fact.

Q4: Assuming that a light bulb heats the filament to just under its melting point when the dimmer is on high, what should be the peak wavelength of the light bulb? Explain why the spectrometer is not measuring this peak. (Hint: what is between the filament and the spectrometer?)

Q5: In general, what happens to the peak wavelength as the temperature of an object increases?

Q6: Try to collect the spectrum of the sun on a day when clouds cover it. Do you notice any differences?
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