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Pinhole Projection Activity

Subject: Physics/Physical Science – Light Rays, Optics

Grade Level: 4-12

Behavioral Objectives:

1. Explain what variables of a pinhole affect an image projected onto a screen.

2. Describe the relationship between object distance, image distance, object height, and image height.

3. Explain the benefits and disadvantages of using a pinhole projection to magnify objects from space.

4. Calculate the distance from the Earth to the sun using a pinhole projection.

ILS Science:
11.A Know and apply the concepts, principles, and processes of scientific inquiry.

12.C Know and apply concepts that describe properties of matter and energy [light rays] and the interactions between them.

Time: 1-2 45-minute lessons

Materials:

Note Cards (2 per student)

Pin or sharpened pencil

Pinhole Activity worksheet (per student)

Teacher Notes:

For the best effect, close blinds and cover windows with black plastic bags or blankets to keep out the light.

Pinhole Projection Activity

Obtain two index cards or similar pieces of stiff paper such as construction paper or poster board and cut to the appropriate size. Using a pencil, pen, or other blunt object, punch a 1/8-inch diameter hole in the center of one of the index cards. It doesn't matter if the hole is round, square, or a ragged oval. Now, enter a darkened room with at least one window opened upon a brightly lit scene. Close the curtains or shutters of all the other windows. Now, turn your back to the window opening out upon the brightly lit scene. Stand back from the window at least ten feet. Hold the two pieces of index card or paper in front of you out of your shadow. Be certain that the index card with the hole punched in it is nearest the window. Hold the index cards plane-parallel such that the shadow of the first falls upon the second. Holding the cards only about an inch apart, look in between them. 

1. What do you see? Draw what you see and write a complete description in the region below paying particular attention to the following: Is the image in color or black and white? Is the image erect (right side up) or upside down? Is the image perfectly clear or somewhat fuzzy? 

2. How does blurriness and brightness change when you increase the distance between the cards? 

If you performed the experiment properly and the scene was sufficiently bright, you should have observed a full color image of the things outside framed by the window. The image was upside down and in all likelihood rather fuzzy.

3. Now, you might experiment with the size of the pinhole. If the pinhole is made larger and the pinhole-to-image distance remains the same, one of the following will happen. Circle the one statement below that you think will prove to be correct. 


a) If the hole is made larger, the image will get brighter


b) If the hole is made larger, the image will get dimmer.

What is your reasoning? Please explain:

In response to the last question, you might have stated, “I know that a bucket can catch more rain than a cup. A bucket has a larger opening, and more raindrops can pass through that larger opening in a given period of time than they will for a cup. Light can be thought of as little raindrops. If you want to catch a lot of light, you need a large opening.” 

Now, test your prediction to see if your reasoning is correct. Punch a larger (1/4 inch) and a smaller (1/16 inch) hole in the same index card taking care to place them about an inch or so either side of the central 1/8-inch hole. View the projected outdoor scene again. 

4. Again describe what you observe. 

5. Was your prediction about image brightness correct or incorrect? If incorrect, why?

6. Go back and look once again at all three images. What can you say about the clarity of the images? Which hole, large, medium, or small produces the clearest image? 

7. Develop a hypothesis to explain what you observed from #6. Please use the space below to make a drawing to illustrate your hypothesis.

8. Think of another “optics” experiment to conduct using your two index cards. Check with your teacher to see if your experiment is safe before continuing.
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