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Introduction.


A major challenge involved in designing hands-on science exhibits is the need to convey what are very often abstract and esoteric concepts and phenomena in a quick, engaging way, while still having visitors take something meaningful from the exhibit. In designing an exhibit about infrared light, this was definitely encountered this problem, as we were trying to teach about something that is invisible. However, we found several effective and relatively simple ways to make the invisible visible, which have been incorporated into exhibits which engage the senses and convey the basics of these abstract concepts in a fun way. 


In conceptualizing our exhibits, we tried work from a central concept or “big idea” which was the overarching teaching goal of the exhibit. For the infrared exhibit, this big idea was the “invisible universe”, that there are many things around us, which we cannot see, but that we can detect using instruments and other methods. Other concepts that follow from this include the concept of what light is, i.e., that it is part of the electromagnetic spectrum. Perhaps most abstractly, there is the idea that one reason science is so powerful is because it allows us to go beyond our senses in learning about the world.
Infrared light is all around us, coming both from natural and man-made sources, for example, the sun, other stars, hot objects on earth and in space, incandescent lights, TV remote controls and many others. Though our eyes cannot detect it, many instruments can. In fact, most digital cameras are sensitive to near-infrared light. Near-infrared is that part of the electromagnetic spectrum with a wavelength just longer than red light. Taking advantage of the fact that cameras can see near-infrared, and the readily availability of infrared sources, it is easy and fairly inexpensive to construct a simple and effective demonstration of infrared light. We came up with two different ways of combining an infrared detector with an infrared source in an exhibit. 


The first of these is an “infrared telescope”. This exhibit both demonstrates the existence of infrared light, and teaches about the basics of infrared astronomy. The second involves the use of an infrared camera and other detectors to pick up infrared light from several sources. This version of the exhibit has proven to be more effective as a demonstration than as an exhibit on the museum floor. 

Description of infrared telescope exhibit.

This exhibit consists of two main components: an “infrared telescope”, and a constellation made of light-emitting diodes (LEDs). The telescope itself consists of a length of cardboard tubing, approximately three feet long and eight inches in diameter. In the one end of the telescope is mounted a small digital video camera, which can pick up infrared light. The image from this camera is connected to a small LCD screen, a few inches square, which is mounted in the “eyepiece” of the telescope. The eyepiece itself is simply a smaller tube affixed to the end of the telescope, containing a magnifying lens. Later modification of the telescope may omit the lens, since in testing we found that a clearer image could be obtained without it. The entire telescope assembly is mounted on a photo tripod, hence it can be pointed in different directions.  See Figs. 1-3 for photos of the telescope.
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The constellation, which is to be looked at through the telescope, consists of LEDs embedded in a piece of black foam-core board, and arranged to form a constellation of stars. The constellation Orion was chosen because it is one of the most familiar constellations, and contains many infrared sources. The major visible stars of Orion are represented by LEDs that emit visible light. These “stars” are connected by lines forming the outline of the constellation. In addition, the constellation contains LEDs that emit only near-infrared light. These infrared LEDs are arranged in a pattern that approximates the major infrared sources that are actually found in Orion. The visible LEDs and infrared LEDs are each wired in separate series circuits, each with its own switch. Future versions of the constellation may be wired in a parallel circuit to avoid problems caused by LEDs burning out. Both circuits are connected to a standard AC adapter plug. See Fig. 4 for a picture of the infrared constellation.


The set up of the exhibit involves having the telescope pointed at the constellation, which is placed on an easel approximately 6-8 feet away. If different cameras are used, this distance may need to be varied. When looked at with the naked eye, the infrared LEDs appear not to be illuminated, and are not very noticeable. However, when looked at through the telescope, the infrared “stars” appear to shine very brightly with bluish-white light, standing out clearly from the background. The main interaction of visitors with this exhibit involves comparing their view of the constellation with their eyes to the view through the telescope, noticing that they can see more stars through the telescope. Instructions to this effect are contained in the accompanying signage.


The signage for this exhibit consists of two parts. The first sign gives simple instructions to visitors, in a “What to do, what to notice” format, and very simply introduces the concept of infrared light. This sign is mounted near the telescope, so the instructions can be easily noticed. The sign directs visitors to “count the stars”, first using their eyes, and then by looking through the telescope. It then introduces the concept of infrared light as the reason why more stars are visible through the telescope. The text of this sign is as follows:

Invisible stars

Count the stars

How many stars can you see with your eyes alone?

How many more can you see using the infrared telescope?

Did you see extra stars through the telescope?

These stars shine with Infrared Light!

Astronomers use infrared telescopes to see stars that our eyes can’t see.

The second sign is mounted on next to the constellation and provides supplemental information about infrared light and infrared astronomy. It reads as follows:

Invisible Stars

· What’s Infrared

· Infrared is a different color of light, a color invisible to human eyes!

· So what?

· Sometimes space dust blocks a star’s visible light but not its infrared light.

· Whenever astronomers view the universe in a different light they find surprises

(Picture of Orion in visible and infrared light)

See Figs. 5 and 6 for images of the actual sign graphics.

The rationale behind having two signs is that the first sign gives simple, noticeable instructions, which is the minimum amount that all visitors may be likely to read. The second sign provides additional information for those who are interested. The picture is effective in tying the constellation in the exhibit to actual astronomy.  

All components of the current prototype are easily portable, and thus could be used in traveling exhibits or at outreach programs in schools

During development, this exhibit underwent several revisions. An earlier idea for the exhibit has also been developed to a prototype stage. The telescope exhibit was developed more extensively because it included more directed activity and is more conducive to a stand alone science museum exhibit. The following exhibit however, would be very effective as a guided science demonstration. 

Description of infrared light booth and demonstrations.
This exhibit, like the telescope, is built upon a camera that is sensitive to infrared light. In this case, the camera is a web cam, modified by removing the infrared filter, and connected to a computer. For details on the camera modification see http://mps.uchicago.edu/projects/ir/mod.html. The infrared sources used in this exhibit include a panel of infrared LEDs and a remote control. This exhibit requires a fairly dark space free of ambient light, especially from sunlight or incandescent bulbs, which emit large amounts of infrared. A dark room is the best setting for the exhibit. The current prototype is contained in a booth made from plastic tubing using fabric as walls. This set up still presents problems with ambient light, as the fabric blocks visible light but still transmit a considerable amount of infrared. 

The major activity for this exhibit involves having visitors notice that they are in an area that looks very dark to their eyes, but when they look at the screen, it appears that the space and everyone in it is brightly illuminated. This is due to the fact that the space is illuminated with the panel of infrared LEDs. This provides a very effective demonstration of the fact that the light that we see with our eyes is not the only kind of light there is. 

This version of the exhibit also involves a remote control. In a finished exhibit the remote control would be attached securely to the exhibit. If the remote is pointed at the screen and a button is pushed, the flashes of infrared light used to send signals to the TV can be seen. This also is an excellent simple demonstration of infrared light, in that it communicates that infrared is used in everyday life, and more simply, it teaches how a common household device works. For a basic view of the components involved in the prototype of this exhibit, see Fig. 7.  For a schematic of a possible way to fully develop this exhibit, see Fig. 8.

Since this exhibit does not involve specific directed activities, i.e. looking through something, counting something, it is difficult to realize as an unguided exhibit. Developing effective signage for the exhibit was difficult, and in a formative evaluation of this exhibit conducted at SciTech, it was discovered that visitors needed a good deal of live interpretation to realize what the exhibit was about. However, as a guided demonstration, it has proven to be quite effective. 

An auxiliary component to this exhibit, suited to use in demonstrations, involves a set up that allows visitors to hear infrared light as well as see it. In this demo, the infrared detector is a small photocell, which produces an electric current when infrared as well as visible light strikes it. The leads from this photocell are connected to an audio cable, which is plugged into a small speaker. Thus when light strikes the photocell, the current causes sound to be emitted from the speaker. The photocell can be held up to an ordinary light, and noise will be heard coming from the speaker. Then the photocell can be held up to the infrared panel, and a similar noise will be heard. When a remote control is pointed at the photocell, a rapid “machine-gun” sound is produced. 

A version of both of these demonstrations was given to grade school children at the Science Expo at the University of Chicago Lab Schools, and was very successful in capturing the attention of children. The demonstration using the photocell was inspired by the “Active Astronomy” classroom activity kits developed as part of the educational outreach of NASA’s SOFIA infrared astronomy project. More information on these kits can be obtained at the URL: http://www.sofia.usra.edu/Edu/materials/activeAstronomy/activeAstronomy.html
Possible future development of exhibits:


While the prototype for the infrared telescope exhibit currently functions as an effective exhibit and is portable, a more permanent version could be developed. This would involve a sturdier housing for the telescope, perhaps made of PVC piping. The telescope would be mounted on a sturdier base, and able to swivel. In addition a sturdier version of the constellation could be constructed. This might involve placing the constellation in a picture frame-like assembly, which could be mounted on the wall. This exhibit also could include multiple objects that could focused on with the telescope. These could include a remote control as in the second exhibit, or several constellations. Other types of infrared images could be used as well. These might include transparencies of actual photos of nebulae and other objects that contain infrared sources, which would be backlit with infrared light. In addition to using infrared light sources, materials which block visible light but transmit infrared light, such as Kodak wratten filters or black plastic garbage bags could be placed in front of light sources, which could then only be seen through the telescope. This would provide an effective analogy to the fact that often infrared telescopes are able to see more because they are able to see through space dust which blocks visible light. Filters such as these, and ones which block infrared but transmit visible light, could also be used effectively in the demonstrations described

above. For an example of what a complete telescope exhibit could look like, see Fig. 9.

Reflection:


I have been a life long lover of museums, especially science and natural history museums, and as such I found as I worked in the SCOPE program that I had taken aspects of museums for granted. The type of museum visitor that I am personally had definitely given me certain assumptions about how museums work. As someone who spends a lot of time looking at exhibits, reading all the labels etc., I viewed the type of learning in museums as not very different from that which goes on when listening to a lecture or reading a book. Though I have studied psychology and was familiar with the concepts of different learning styles and multiple types of intelligences, I admit that I had never thought about this in the context of museums, of how these concepts were used everyday by people who design exhibits. Needless to say, getting a “behind the scenes” look at the work of museology has immeasurably increased my experience of museums. As I said before, I had never given much thought to the people and ideas that were behind the exhibits I enjoyed so much.


My visits to museums over the past year, both with the SCOPE group and on my own, were helpful in realizing this. The most rewarding and informative experience on these visits was to watch other visitors, especially children, interacting with the exhibits. This really drove home the point that museums are not just extensions of classrooms; that successful exhibits don’t try to cram in as much information as possible. This made sense as I thought back to my own experience as a child attending museums. I’m not sure how many specific facts I learned from attending museums as a kid, but I am sure that the experience of interesting and new sights and phenomena in museums sparked the curiosity that I have about the natural world.


Lastly, being in SCOPE gave me good experience with what the dynamics are in working in a group and collaborating on a project. I think it is safe to say that while people had projects that they focused on, the end results contain a blend of everyone’s ideas and belong to the group as a whole.

.
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