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Exhibit Summary

We decided to design an exhibit for visitors to capture the image of falling water drops. A stream of droplets dripping off a thin tube is used to produce this image. A strobe light appears to “freeze” the drops while they break-up and fall if it works at the right frequency. The visitor can then change the frequency of the strobe and observe the drops moving upward or downward. This exhibit highlights the work that has been done in UoC’s Material Science Center (MRSEC) by Sid Nagel’s Group on the breakup of liquid drops. As part of the materials science team of SCOPE we wish to communicate this ongoing research to a broader public audience.  
“Stop a Drop” in Context


“Stop a Drop” is one exhibit among many that compose the entire “Liquids in Motion” exhibition developed by the SCOPE material science team.  The “Liquids in Motion” exhibition theme provides an excellent platform to spark children’s interest in the properties of water and other liquids.  The movement of liquid is an already accessible idea in the mind of many children, and thus serves as an excellent device to turn a natural curiosity about fluid dynamics into a presentation of the unconventional movement of liquids.  Rather than explicitly stating the scientific principles behind our exhibits (forces such as inertia, surface tension, and gravity), we instead wish for children to discover through play and observation what these forces look like in action.  Thus, our exhibits are meant to invoke questions such as: How does water form a whirlpool?  Why would water move upwards when it would normally fall downwards? Why don’t water drops look tear-shaped? Why do bubbles form, and why do some liquids take longer to form bubbles than others?



Liquids in motion have characteristics different from liquids at rest, namely they form incredibly interesting shapes and patterns that by themselves are aesthetically pleasing.  We hope that the aesthetic attractiveness alone of many our exhibits will also add to their charisma as sites for indirect learning in the museum space.  If nothing else, the images formed, for example, by oozing bubbles and water drops that appear to be frozen in mid-air are evocative enough to temporarily grab the attention of even the most disengaged patron.  
“Stop a Drop” 

1. Big Idea – Concepts

· Water drops form in a unique and repetitive way
· View consisting of individual frames  produces can illusion of immobilization or motion - The interaction of perception with time can  affect our experience
These two ideas co-exist in this exhibit and can be emphasized separately. There is a choice to be made here that will define the message: 

1.) On the one hand we can guide the visitor’s attention solely on the picture of the drops produced by the flashing light and avoid talking about the image being an illusion.  Thus, focusing more on water properties. How do drops break up? What shape does a falling drop have?

2.) On the other hand we can use the drops as an excuse to talk about how time interacts with perception. In this regard we talk about how the illusion is possible but don’t concentrate on the object itself. The focus then becomes the strobe itself. By taking still frames of a repetitive motion we can produce a “frozen” picture. Conversely, taking frames of a changing image creates a “moving” picture like in films. 

Because our exhibition focus is on liquid in motion, our labels emphasize Choice 1 (see section on labels).  However, we feel that our exhibit could be used at SciTech to demonstrate concepts related to perception and time if so desired.  In that case, the exhibit could function as a part of an exhibition on perception and time using the other strobe/perception exhibits SciTech currently has on display.

2. Audience – Museum Setting
For SciTech we envision this as a stand alone exhibit in SciTech as part of SCOPE’s larger Liquids in Motion exhibition. Because, SciTech’s audience is elementary and middle school children (around 8-10 years old), the message needs to be kept simple and straight forward. To do this, we will focus the design and the signage on the aesthetically attractive image and guide the visitor to make observations about the physical phenomena that occur. In other words, the appearance of “frozen” drops will be what attracts visitors to the exhibit.  Our hope is that the exhibit will be left semi-open, so that children will have the chance to touch the water stream as it falls.  This will not only help to keep children engaged in the exhibit, but will also demonstrate the important concept the drops only appear to be frozen.  Because we know children can better relate to complicated concepts when they have the chance to use their own bodies to experience them, we feel this is a vital part of the exhibit design.

3. Scientific Concepts

A. Water drop shape & break-up
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What happens when our faucet drips? As a drop starts falling, it forms a long neck of liquid behind it. The most interesting part for UoC’s scientists is close to the pinch-off point where the neck gets thinner and thinner, faster and faster before the droplet is released. Secondary droplets form from the long neck in a way similar that of the bigger drop. The details of the process can be seen in the picture on the left. This is work done at the University of Chicago by Sidney Nagel, Itai Cohen, and X. D. Shi. 

When the drop breaks up it assumes a spherical shape due to the force of surface tension. The exhibit demonstrates that water drops are round, not tear-shaped as usually pictured. The main principle demonstrated is the concept of surface tension. Surface tension is the force that wants to keep the surface of a liquid together, so that it behaves like an elastic membrane. This is because water molecules want to stick to each other.   

This exhibit captures the droplets both during the break-up process and when they fall. You can watch a video of the droplet breaking up here: 

http://mrsec.uchicago.edu/Nuggets/NagelDrop/droplet_s1_c3.gif
B. Stroboscopic imaging – Perception
With regard to other real-world contexts, the “Stop-A-Drop” exhibit not only functions to show the shape of water drops, but also represents the idea that scientists must use various apparatuses to observe the properties of liquids that cannot be seen with the naked eye.  In fact, all of the exhibits included in the exhibition are about the visitor’s ability to inductively “discover” the properties of water as a liquid. 

Stroboscopic imaging was introduced by Edgerton. The synchronization of the strobe light with a motion too fast for the eye to catch has been used to take photographs of many phenomena, like splashes, bullets, objects breaking up etc.

Exhibit & Design
Overview: We shake a thin tube at a fixed frequency (60Hz) in order to produce a stream of water droplets. The stream appears to be continuous under normal light because of the fast rate at which the drops fall. We illuminate this column of drops with a strobe at 60Hz to produce an image of stationary drops floating in the air. When the visitor increases the strobe’s frequency the drops appear to drift upwards. If the frequency is reduced the drops drift downward. There are two external controls: an on-off button with a timer (that turns the setup on for a set amount of minutes) and a button that controls the frequency of the strobe at a small range around 60Hz.
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Main exhibit setup: The mechanism of the exhibit was designed and put together by the members of our team in the University of Chicago. We wanted the exhibit to be self-contained with no external connection to a water supply and drain (see the sketch below). The control buttons are supposed to be mounted on a small console on the base.
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Side view

Details of the water and electrical setup:
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Case and signage setup: A case for the exhibit was supplied by SciTech. We wanted the main exhibit equipment (tube, strobe, panel) to stand on a display base that can be either cylindrical or square. Our initial thought was that the exhibit needs to be in a case so that visitors cannot destroy the setup. We suggested that this is accompanied by one or two flat panels that will carry text and visual material. This idea is sketched below. 
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4. Evaluation
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We did formative evaluation of this exhibit two times on two different audiences. First time was in the "Wild Things" Environmental conference in the NIEU. We asked the participants (adults of all ages) to watch a video of the dripping stream of water as it appears in the exhibit and gave them a brief description. Their reactions where positive, they found the image intriguing and new. Most of them requested an explanation of how the image is produced because of the strobe light and thought that this should be part of the signage for the exhibit to make sense.
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The second time we evaluated the prototype we built. We took our setup to Sci-Tech and tried it out with children. The average age of children in SciTech is around 6-8. Most of them found that the image was fascinating and gathered around the exhibit. We reaffirmed that SciTech's audience has no interest in reading long explanatory labels. The only way to communicate a message is through interactivity. In order for them to understand that there is an actual stream of water and that the image is an illusion created by the light, the children wanted to touch the water drops. They had a lot of fun paying with the stream of drops. 

That lead us to an open design of this exhibit were the visitor will have access to the water stream and the main learning tool will be that interaction rather than text. We decided to hide the speaker and the strobe as much as we can, so that the only thing experienced by the user is the drops. We put the stream in a cylinder which is cut open in the front (look further down for the pictures of the prototype at SciTech).
5. Labels

We chose to keep the text to a minimum, as we want to promote inquiry-based learning.  We want the children to be interested in the question of “What happens when water drips?”  We also want to encourage them to touch the water so that they can learn that the frozen water is just an illusion.
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Pictures

       In addition to the basic design of the exhibit (see attached diagrams), there are a number of supplemental design ideas that could be implemented to both improve the aesthetic appeal of the exhibit, as well as to give the viewer a more real-world context in which to think about the lesson(s) the exhibit demonstrates. Our second idea is to have pictures of rain drops, dew drops, waterfalls, and/or other types of water drops in nature accompany the exhibit, either on the exhibit itself or on wall space behind the exhibit.  We also want to include pictures that would encourage the children to touch the water in the exhibit.

Water in nature examples:

[image: image6.jpg]



[image: image7.jpg]



[image: image8.jpg]



[image: image9.jpg]



“Touch the water”  picture examples:
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6. Educational Activities
Activities may include something along the lines of “build your own stroboscope activity” mentioned below, but could also expand to include activities about animation and film.  Thus, participating children could look at and be instructed to make their own “flip books” (Kineographs).  By flipping quickly through these books, the viewer is presented with the illusion of a moving picture.  This activity would demonstrate that because our eyes cannot keep up with each single image, we then experience these images as a moving picture.   This point could be further emphasized by allowing children to touch and examine film cells with a magnifying glass.  Hopefully, the film would be some recognizable cartoon that most kids could recognize.  The idea is again that these films are experienced as moving pictures, but that in fact they are just a series of single images shown in rapid succession.   We could have some projection illustrating these ideas and some film. For adults, the theme of perception could even be developed into more mature themes like “Imaging Reality”.  Related topics could be on the idea that “reality” is formed by perception and its’ interaction with time.  Our experience of reality is constructed in our mind and is often only an interpretation of what we see.  Although the strobe allows us to see the shape of a drop, it still tricks our eyes into believing that they are stopped, and even that they move upward.  


Water Drop Activity: Children can stand in a circle holding hands to represent the shape of a falling water-drop.  One-by-one children can try to pull back from the circle to try and create a tear drop shape (the other children will not be allowed to move).  Each child will feel that they must exert an additional amount of energy to pull out of the circle shape, thus showing that the most efficient (and thus natural) shape for a water drop to take is that of a circle.


Build Your own Stroboscope Activity: Build your own stroboscope disk activity (see attached pages). This activity comes from the PBS website: 

http://www.pbs.org/saf/1105/teaching/teaching3.htm
“A stroboscopic disk is a device that can create the illusion of frozen motion. It does this by offering a quick "gated" look at a moving scene. If the gate is timed correctly, you see the same part of the event (but with a new subject) again and again. Through this limited and repetitive observation, you can perceive an illusionary halt to the ongoing motion. In this activity, you'll construct a stroboscopic disk and use it to "freeze" droplets that drip from a faucet.”

Historic Material: History of stroboscopic imaging and H.E. Edgerton’s work, inventor of high-speed stroboscope photography. 

7. Budget

We built a first prototype during the spring quarter. Our first estimate of the cost was around $1500 and does not include the case that will be provided by SciTech. We stayed below this limit

	Funnel, tube, Power strip, Screen, Lab jack etc
	100

	Plumbing
	25

	Reservoir 
	30

	Pumps
	200

	Speaker
	30

	Stroboscope
	600

	Contingency
	200

	
	

	Total
	1185


8. Compliance with Illinois Educational Standards

Our intension also to design exhibits relevant to our audience’s educational and add a new perspective to the school curriculum (we consider mainly children from elementary school to middle/junior high school). Our exhibit ideas comply with many of the stated goals of Illinois Educational Standards for Science. Namely:

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 and the interactions between them.
12.D. Know and apply concepts that describe force and motion and the principles that explain them.

13.B. Know and apply concepts that describe the interaction between science, technology and society.
9. The working prototype: June 3rd @ SciTech
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How does this work?





[image: image18.png]Figure 2. Stroboscopic pictures of  drop of water flling

from  piete. Photo by Sidney K. N: X.D. Shi
M. P. Bronner, 5. R. Nogel, Science 265 (1994): 215.





Here are some pictures of the prototype we presented for the final day of the SCOPE program 2004/2005 on June 3rd at SciTech.


10. Reflecting on Exhibit Design and Development

While this particular exhibit was, for the most part, already designed thanks to the work of Sid Nagel, it was an interesting challenge to try and take something developed for university testing and introduce it into a museum environment.  The reality of the problems that durable construction and concept translation presented in the context of a children’s science museum were things that we would have only experienced in such a unique program like SCOPE.  While group projects are often frustrating in terms of team building and cooperation, we feel like we are definitely leaving with some wonderfully positive experiences that will benefit our future careers, whether they are in academia, the museum, or beyond.

Overall, the SCOPE experience has been very rewarding in terms of helping each of us think through museum design, display, and development. Dealing with a smaller, more intimate science museum like SciTech pushed us all to be a little more creative in our strategies of exhibit development and budget control.  Perhaps the most rewarding part of this entire program has been the pleasure of getting to work with other students and faculty from a wide variety of disciplines.  While successful communication was challenging at times, it made us all reflect on our own creative processes and question the construction of what we consider to be valid, interesting, and important to museum display, education, and university outreach.
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Visitors capture a water droplet as it forms. The strobe light captures the image of the drops while they break-up and while they fall. 





Visitors have control over the frequency of the strobe. Depending on the strobe frequency the drops can be seen moving downwards, upwards or floating at a fixed point.





This setup has been designed by Sid Nagel’s group.





Panel B: 


 Visual explanation of strobe


 Pictures, video audio of drops in nature





Panel A:


 Signage Text


 Slow motion videos



































The speaker functions at 60Hz. In order to achieve that there are three controls for the voltage:


 We used a cell phone adaptor, modified to give AC output.


 A volume knob connected parallel to control the amplitude of the vibrations 


The circuit turns on when the visitor pushes a button
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Water System:





Pumps








 There is a tank of distilled water that serves as a reservoir


 There are two pumps: A gear and a solenoidal pump which are turned on whenever the visitor pushes the on-off button. It pumps water up the tube


 A valve used to tune the flow rate, so that the stream from the tube forms droplets and air bubbles don’t enter in the tube. 





The funnel is misaligned with respect to the stream so that the water doesn’t splash.
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Speaker connections:
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