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Abstract

A pinhole camera is a useful tool for teaching optics. They can be constructed in many different ways, depending on the purpose. This is one easy way to make a simple, cost-efficient pinhole camera that is useful for the physics classroom and a good fit for your physics department budget.
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Introduction


Pinhole photography and pinhole cameras are relatively inexpensive and easy to construct. There is a movement in the artistic community that utilizes this photography format for its unique range of depth and artistic control and freedom that this camera type provides. Even digital pinhole cameras are becoming an artistic craze4, 10, although, an understanding of the principles of photography requires an understanding of classic analog photography. Digital cameras make automatic much of what a photographer once had to do on their own. Pinhole cameras are equally attractive to physics teachers who favor a demonstration and model based approach their lessons. Both in physics education and the artistic community pinhole photography has maintained a core underground following, and is starting to surge in popularity4, 10. 

Pinhole cameras have relevant physics applications, in particular optics. Many of the principles within optics that are usually demonstrated with diagrams, can be illustrated in a hands-on manner through pinhole photography8, 2. Pinhole cameras are especially powerful as an introductory tool exploring the physics behind lenses and mirrors. The format through which this occurs can vary from inquiry based to an interactive laboratory demonstration format. The mathematics of the pinhole cameras is a fairly easy quantitative experience for high school physics students. Simple concepts such as light travels in straight lines, and including the more complex topics (diffraction) can be demonstrated using the camera. Pinhole cameras provide a hands-on experience for students and sets up more than one opportunity for students to predict, test and discuss physics concepts. The use of pinhole cameras in the classroom provides an avenue for discourse that is valuable in engaging more students in the class. 

Purpose


The purpose of this project is to find a cheap and easy way to build such a camera with the focus on its relevance to physics being the primary function. Artistic images and functionality are secondary considerations. This camera design is made to have the functionality and price range of a physics-teaching tool. For this reason material selection will have a first priority of cost effectiveness while meeting minimum picture quality standards.  It is also important to keep in mind, especially when selecting a container for the camera body, that the materials must be easy to obtain in moderate quantities, as the cameras will be a similar size and provide comparable results. 

Physics of the Pinhole Camera


Pinhole photography is a standard application of many concepts within physics and specifically optics. Concepts such as light travels in straight lines to aperture interference can be illustrated. There is also physics involved in the set up and construction of the actual pinhole camera. There are several dimensions that can be varied for different effects and images. 

Focal Length and Aperture10,11,12


The dimensions of both of these aspects of the camera are directly related to each other. There are variations of this equation, for this reason I will initiate consensus and use the forms of the equations that I have come across most frequently.


The size of the aperture based on a desired focal length can be found by the following equation11:

Diameter = (4 * focal length * wavelength of light)^.5

* Be sure to convert focal length and wavelength of light dimensions to millimeters when calculating aperture diameter. The average wavelength of visible light is 0.00056 mm.

General Structure


Pinhole cameras are simple in their make up. There is only a need for several decisions to be made that affect the dimensions of your camera. The basic structure components are a box, a hole that allows light to enter the camera, and that medium for capturing the image. 

The medium for capturing an image is a significant part of the cost of a pinhole camera. This is, of course, a reoccurring cost and therefore careful consideration needs to be given to select the best combination of cost with product functionality and ease of use. For both cost, and ease of use, film paper seems to be the best fit. It is easily the cheapest route to go for film. Film paper comes in individual sheets that each captures one image. There is no additional preparation needed. Also, because each sheet is separate there is no waste due to accidental exposure that could occur with a roll-film type of media. Ilford seems to be one of a very few brands in this shrinking product field.

The body of the camera will be made of cardboard from commercial packaging to ensure low cost and consistent dimensions. The body of the camera determines the focal length of your pinhole camera. Since we are using boxes that already exist at a particular size and therefore, focal length, we can use the aperture diameter we have calculated. 

Proposed Materials and Construction

The Body


In the interest of keeping this pinhole camera in the range of a classroom budget cardboard is the best choice for its combined availability, cheap cost, and flexibility. The body of the camera, no matter what the dimensions, or shape of the film plate can be fashioned from cardboard9. There are a variety of routes to go when gathering supplies for camera construction. Many commercial packages offer all the material that would be needed for the bulk of the camera. If your interest is in creating many uniform cameras for groups within a class, commercial product packaging provides uniform dimensions and/ or rigidity. 


The body of this camera will be made from an empty paper ream box. The cost practicality here is significant. Every school uses paper, most quickly, making it a short time to stockpile enough of these empty boxes. The dimensions of this box are usually 43.5 cm by 29 cm, with a depth of 25 cm. taking the longer side of the box to be the side of the camera, which gives us a focal length of 435mm  (yours may vary and need to be recalculated). 

The Aperture


Perhaps the most important aspect of pinhole camera construction, at least one that can greatly affect the camera images’ usefulness is the creation of the aperture. Here the focus is on the shape and smoothness of the actual opening. It is often suggested that the aperture is created on a thin sheet of metal and fine-grit sandpaper along with a magnifying glass is used to detect and terminate any burrs in the material. For the purpose of making this camera we will find our “scrap metal” to be the bottom of a soup can and use the sand papering technique. 


The calculated aperture for an average sized paper box is .98 mm. A 19-gauge sewing needle closely fits this diameter. Use a sewing needle to puncture a hole into the can bottom. Be sure to do this slowly this way the metal does not bend and a minimal amount of burrs are on the circumference of the aperture. Use the sand paper to polish off any burrs created by puncturing the can bottom.

The Film


This is the most critical piece of keeping this a low-cost project. Film is a consumable item and therefore, it is a reoccurring cost. Since the purpose is to capture an image that is clear, the cheapest consumer film is of sufficient quality and offers the best hope of a consistently lower price. There are several places to order reasonably priced film paper. The lone brand that is easily found from a variety of sources is Ilford. Current prices for Ilford 8” by 10” film paper is listed below:

B&H Photo (25 sheets) $13.75

Amazon.com (25 sheets) $13.75

Ritz Camera Online (25 sheets) $15.99


Processing of the film could possibly be done in the high school photography lab as processing requires the use of a dark room and the chemicals associated with it.

Adhesives


Putting the camera together will require some form of adhesive to be used. This will be a personal decision on what material to use. Black electrical tape offers an opaque binding at all points where light has a chance of entering the camera. It is also fairly easy to work with. This makes it a perfect candidate to “light proof” the camera body. 


Attaching the aperture piece, which is made of a can bottom, to cardboard can best be done using super-glue. This will ensure that the aperture does not move and solves the problem of adhering sheet metal to cardboard. 

List of Materials:

· Paper Box (Preferable with attached top. Sides must be a min. 43.5 cm x 29 cm for calculated, optimum aperture)

· Black electrical tape

· Super-glue

· Soup can bottom

· 19-Gauge needle

· Sand paper

· 9” by 12” sheet of scrap cardboard

· 8” by 10” film paper
Construction of the Camera12, 13

1) Gather all of the supplies from the list above.

2) Use the black electrical tape to seal off all of the edges and holes in the paper box. Line all of the corners with the tape running the long way, parallel with all of the seems. (See figure 1)

3) Test all of the seams and sides of the camera body by holding it in front of a light source to check for light leaks. 

4) Once the camera body is light proofed, tape the top of the box on. 
5) Use a razor to cut a slit on the box top, parallel and as close as possible to, the back of the camera. This slit should be wide enough to insert a piece of cardboard with film paper attached. (See figure 2)

6) From a piece of scrap cardboard, cut a 10” by 14” piece. Make sure that this piece can be inserted into the film slot cut into the camera body and that the top of the film holder sticks out of the top of the camera body by about one to two inches. The film holder should fit somewhat snug into the slit, however, it should be able to be removed with little resistance.

7) Cut a one-inch by one-inch hole into the front of the camera body.

8) Use the sewing needle to puncture the hole for the aperture. Push the needle slowly, trying not to bend the can bottom.
9) Use the sand paper to smooth out any burrs from the puncture area. Sand both sides of the can bottom.
10) Using super glue attach the can bottom to the camera body. (See figure 3)

11)  Light proof the entire camera on more time using black electrical tape to seal any light leaks.

Physics Applications


Most of the uses for a pinhole camera in the educational setting fall under the “optics” unit in physics. There are many topics that can be discussed, some at length, which provides for an easily adjustable set of lessons. Pinhole photography can be used in teaching physics from the middle school level right through to College level Physics major classes. It lends itself to a range of qualitative and quantitative lessons. The math may or may not be used. The discussion of image formation can range from image flipping to a discussion of color and wavelength of light. Pinhole cameras also provide a hands-on and modeled approach to teaching optics. The images that are formed from different situations allow students the opportunity to test predictions, challenge prior knowledge and conceptualizations, as well as, drive student debate to solve the physics of the situation2,3,5.

Introductory optics concepts can be experienced through the use of a pinhole camera. The fact that light travels in a straight line, contributes to the unique image a pinhole camera captures. Students can use the camera to simply capture an image and discover that the image is flipped on the film (see fig. 4). This is an excellent way to reinforce the path light takes through a lens and ray diagrams13. Modification can then be made adding a second aperture to eliminate all light rays except for the direct ones that travel straight through the center of both openings. This could be the centerpiece for student discourse as to what the physics behind these two images are.

Resolution of an image is dependent on aperture diameter and, therefore, the sharpness of an image is varied with a change in aperture size. Students can explore the limitations of image resolution6, 12. Another variation on this exercise is to use two point light sources. With the appropriate aperture size the image formed will be two separate points. As the aperture size larger and larger the resolution of the resulting image will decrease. This will cause each point on the image to be fuzzy and blend with the other point. Connections can be made astronomy imaging


More complex physics concepts can also be introduced by changing the pinhole camera into a pinhole viewer. The modification requires cutting out a viewing area out of the back of the camera and attaching wax paper in between the aperture and the viewing hole. This is ideal for classroom applications that involve multiple image formations, eliminating the need for more film paper. 


Aperture diameter can be changed to find a limit at which diffraction occurs1. The equation that predicts the aperture diameter at which diffraction would occur could be used or even derived. Students could construct different aperture plates for the camera and take images with each to find the diameter limit before diffraction occurs8. 


Slit interference patterns can be captured using a pinhole viewer. This will take some adjustments, as well as, a significant light source. Due to these adjustments using the camera would waste much film. Through modification of the pinhole viewer, students can experiment with single and double slit interference, as well as, comparing parallel to perpendicular slits. All that needs to be done for these activities is to construct the slit pattern you would like to test out of scrap cardboard the same size as the film holder-minus the one to two inches at the top-and attach it to the inside of the camera between the front and back of the camera.
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Figure 1: Make sure that the tape overlaps the top pf the box and attaches to both sides of the.



corner.
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Figure 2: This slot will be where the film is inserted.
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Figure 3: Use super glue to attach the aperture plate. Make sure that the plate overlaps the
  1” by 1 “ hole on all sides. 
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Figure 4: Since light travels in straight lines the image flips through the aperture. 


  Such a simple feature can challenge student predictions and fuel class


 
 discourse.



* Relative sizes of the light source and image size can be determined through



  set-up proportional fractions by way of similar triangles.
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