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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 themselves relatively cheap 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 craze. 

These cameras are equally attractive to Physics teachers who favor a demonstration and model based approach their curriculum. Both in Physics education and the artistic community pinhole photography has maintained a core underground following, and is starting to surge in popularity. 

It is for the same reasons that some in the art community are drawn towards pinhole photography that, also are people in education. 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 manor through pinhole photography8. Students can work through calculations, derive equations, or observe optics phenomenon through these cameras.

Teaching Physics is quickly evolving into a field of modeled lessons and hands-on/involved interaction with the concepts. This being the case, there is an expansion in interest into developing cheap and easy ways to bring physics into the classroom. I contend that Pinhole cameras are so useful in this arena, that much of an optics unit can be demonstrated through the cameras use2. Simple right through to the most complex topics can be demonstrated using the camera. These applications are explored further in the “Physics Applications” section.


Since a pinhole camera is a fairly simple gadget to assemble, modifying it is equally as easy. This ease of modification opens the door for the cameras to be used for multiple concepts throughout an optics unit. It provides a hands-on experience for students and sets up more than one opportunity for students to predict, test and discuss physics concepts. This avenue for discourse is quite valuable in engaging more students in the class. 


The mathematics of the pinhole cameras is a fairly easy quantitative experience for high school physics students. The equations are not mind-bending and there is opportunity for them to test relationships within these equations, as well as, rearrange variables to solve for different situations.

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. 


Ease of construction is key to keeping the students focused on the physics at hand (if they are assembling their own). If the camera is for a teacher demo with student predictions and discourse then ease of construction allows the teacher more time for planning a line of questions. Also, the camera should also be easy to modify throughout an optics unit to carry out different functions. Since the cost is low-especially when taking out the cost of consumables-these cameras virtually cost just the time put into assembly and as a result they are very easy to change and throwaway at the end of the year.

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. This makes a pinhole camera a perfect prop for beginning a course on optics2.

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 some of these equations, for this reason I will initiate consensus and use the forms of the equations that I have come across most frequently. All of the following produce good results and there doesn’t seem to be an agreement on “the” equation to use. 

For the case of all examples I will use two sample lengths one for an “in classroom” application and one for a longer time period and an “outdoors” focal length. Both camera focal lengths have their strengths in physics and optics applications. These will be discussed in the “Physics Applications” section.


The fact that there are many equations for aperture diameter requires a choice to be made. For the purpose of the sample camera I am going to go with the equation that seems to be the most modern, or “in-use” today11.

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


Da=   Fl / 750
To determine a focal length based on the diameter of the aperture the equation rearranges to11:

Fl  = Da2 x 750
Where Da stands for diameter of aperture and Fl for focal length.

If the activity or purpose for which you are making the camera requires a fixed aperture diameter, then the focal length must be calculated and the back of the camera chamber must be shortened by a false back.

* Be sure to convert paper box dimensions in inches to millimeters when calculating aperture diameter.
General Construction


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.

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 we will need a way to adjust the distance from the aperture to where the film paper rests in the camera. The easiest way of doing this is to make an adjustable back to the camera. That is, multiple slots where the film paper can be inserted. An adjustable aperture is not practical, as this piece will require the most precision.

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 optimal aperture as taken from the “Physics of the Pinhole Camera” section is .77 mm. 

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. The desired size of the aperture was covered previously in the “physics” section of this paper. 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. Optimally an already bore metal would be ideal, however, the maker of the camera loses creative control over the functionality of the camera. For the purpose of making this camera we will stick with the sheet of scrap metal and sand papering technique. 


The metal sheet should be thin enough to be punctured with a needle though thick enough that it will not tear, thus eliminating the option of aluminum foil. The calculated aperture for an average sized paper box is .77 mm. Use a sturdy pin to puncture a hole into the sheet metal. Be sure to do this slowly this way the metal does not rip 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 metal.

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 but maybe not deserving of being displayed at the Louvre, the cheapest consumer film is of sufficient quality and offers the best hope of a consistently lower price.


The medium for capturing the image is taken from a pure economic standpoint. Combining an ease to work with alongside cost, film paper is the choice to use for this project. It comes in a variety of sizes the cost is reasonable and developing could possibly be done in the high school photography lab. 

For the size of the camera and the size of the achievable image the film paper should have dimensions of   5” by 7”. 

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. Duct 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 sheet metal, 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)

· duct tape

· super glue

· sheet metal

· drill

· sand paper

· 6” by 8” sheet of scrap cardboard

· 5” by 7” film paper
Construction of the Camera12,13
1) Gather all of the supplies from the list above.

2) Use the duct tape to seal off all of the edges and holes in the shoebox. Line all of the corners with the tape running the long way, parallel with all of the seems.

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.

6) From a piece of scrap cardboard, cut a 6” by 8” 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 two-inch by two-inch hole into the front of the camera body.

8) From the piece of thin scrap metal cut a three-inch by three-inch piece out.

9) Use the power drill to bore a hole out for the aperture. Drill the metal slowly, focusing on drilling the hole completely and without bending the sheet metal. 
10) Using super glue attach the sheet metal to the camera body.

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.

Simple 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. 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 debate as to what the physics behind these two images are.

Slit interference patterns can be captured using a pinhole camera. Through a simple modification of the pinhole camera students can experiment with single and double slit interference, as well as, comparing parallel to perpendicular slits. All that need 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. Simple optics, on through to diffraction can be connected by varying aperture size2,3.


Resolution of image is dependent on aperture diameter, therefore, the sharpness of an image is varied with a change in aperture size. Students can explore the limitations of image resolution6,12.


More complex physics concepts can also be introduced by pinhole photography. 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. From this point students could modify the camera and change the distance from aperture to the film to find aperture limits for these different distances. All of this data could then be used to draw a relationship between distance and diameter, and form an equation. This equation could then be tested with a new camera.

Sources

1.  D. Bissonnette, P. Rochon, and P. Somers, “The complimentary pinhole camera,” The Physics Teacher. 214 (April,1991).

2.  G. Jakovidis, “ A pinhole imaging experiment,” The Physics Teacher. Vol. 31, 500 (1993).

3.  R. Kunselman, “Pinhole camera experiments,” The Physics Teacher. 193 (April,1971).

4.  Renner, Eric. Pinhole Photography. Rediscovering a Historic Technique. Boston and London: Focal Press 1999. 228 pages. ISBN: 0-240-80350-7
5.  J. E. Stewart, “ The mystery of the negative pinhole,” The Physics Teacher.  520-521 (November,1991).

6.  M. Young, “Pinhole imagery,” American Journal of Physics.  Vol. 40, 715-720 (1972).

7.  M. Young, “The pinhole camera: imaging without lenses or mirrors,” The Physics Teacher. 648-655 (December,1989).

8. http://www.photostuff.co.uk/pinhole.htm
9. http://www.luminous-landscape.com/tutorials/pinhole.shtml
10. http://www.photo.net/learn/pinhole/pinhole
11. http://www.stanford.edu/~cpatton/pinholemath.htm
12. http://www.cs.unc.edu/~dorianm/academics/comp235/pinhole/
13. http://fog.ccsf.cc.ca.us/~tbardin/html/pinholecamera.html
Appendix: 1


Figure 1: The center of the duct tape should rest on the corners of the box.

    Leave enough extra length to overlap on the top and bottom. .


Figure 2: The sheet metal with aperture drilled into the center. The sheet

    metal should be cut to a 3” by 3” dimension.






Figure 3: Place the sheet metal over the hole cut into the face of the camera body.

The metal should overlap ½” on all sides. Attach using superglue or duct tape.

Figure 4: Using a small enough aperture and just white light the pinhole camera can

capture a diffraction pattern on film. A typical circular aperture would yield a circular      diffraction pattern.








Figure 5: Since light travels in straight lines the image flips through the aperture. 


  Such a simple feature can challenge student predictions and fuel class


 
 discourse.
