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What makes the wire special?

Teacher Demonstration: Demonstrating Change
Put memory wire in one room temperature beaker of water. Then put it in a hotter
beaker (at least 50º C temperature) of water.

Alternatively you can have students play with fortune fish, which change shape when they are moist. The fortune fish use a different mechanism for changing shape but are somewhat analogous.  

Part One: Inquiry Into Wacky Wire
Students will now embark on an independent inquiry to understand how the Nitinol wire works. 

Share conclusions as a class and then teacher shares what is actually causing the
Nitinol wire to change shape.  This is an opportunity to connect the states of matter to what is happening with the Nitinol wire. The atoms of the wire can change the spacing between them but remain a solid. 

Teacher Background Information: 
All materials change in response to their environment.[footnoteRef:0] Most expand when heated, for example. Smart materials are designed by materials scientists and engineers to respond to changes in their environments—often in unusual or dramatic ways to achieve a specific purpose. Scientists are developing new airplane wings that will one day be able to change their shape smoothly in mid-flight, as birds do. (Nature, a master of response and change, inspires the design of many smart materials.) [0:   www.pbs.org/wgbh/nova/assets/.../making-stuff/stuff-toolkit-cleaner-app.pdf
] 


A shape-memory material is a type of smart material that can be programmed to return to a previously set shape when exposed to certain change in its environment. The materials in this demonstration display their shape-shifting properties when exposed to heat. Other shape-memory materials respond to certain wavelengths of light, changes in the magnetic field, electrical currents, or chemical solutions.

Shape-memory and other smart materials are revolutionizing medicine, manufacturing, construction, and energy. Researchers are working to develop a smart fabric that senses the presence of blood and sends a signal to a handheld computer, alerting doctors that an unconscious combat soldier may be injured. Another potential application is a piezoelectric city sidewalk that senses the pressure of footsteps and converts that kinetic energy into electric current that can power streetlights and buildings.

Shape-Memory Alloys 
An alloy is a blend of metals. The alloy in the first part of this demonstration is a nickel (Ni) and titanium (Ti) alloy named Nitinol (pronounced “night-in-all”) whose shape-memory properties were discovered at the Naval Ordnance Laboratory (NOL) in White Oak, Maryland, in 1961 (hence the name NiTiNOL). It has a crystal structure, meaning the molecules are arranged in a rigid and regular structure, like a military marching band locked in formation. Most common materials undergo a phase change at specific transition temperatures. For example, they change from solid to liquid at their melting points, like ice to water, or from liquid to gas at their boiling points, like water to steam. Nitinol, however, when heated, undergoes a phase change while remaining solid. This causes its atoms to shift to a new arrangement, changing its outward shape, while remaining solid.

Below that transition temperature, the wire can be deformed because atoms shear past each other. It will hold that deformed shape until it is heated back above the transition temperature, at which point the molecules revert to their previous state. Training the wire to a new memorized shape requires a blast of thermal energy on the order of 500°C (about 900°F) and for the new shape to be temporarily maintained with applied force (such as pliers) until the wire sets and relaxes. Cooling the material ensures that the new shape becomes fixed.

Some other shape-memory alloys are copper-aluminum-nickel, copper-zinc- aluminum, and iron-manganese-silicon.

SHAPE-MEMORY POLYMER
All plastics are polymers, which are long chains of molecules. Shape-memory polymers, however, are combinations of two polymers, each of which has a different melting point. One polymer sets the permanent memorized shape at the polymer’s melting point while the other polymer creates the temporary shape at a different, transition temperature. Heat softens this temporary shape (by breaking the crosslinks between polymer strands), and the shape-memory polymer reverts to its permanent shape. Some shape-memory polymers have up to three memorized shapes, each triggered at a different temperature.

What are some uses for a material that operates this way?


· thermostat control wires or other devices that could be used to prevent burns (e.g., anti-scald devices on showers) or on fire sprinkler valves
· staples (or couplings) that close themselves with heat
· flat, compact space antennae that save space during launch and then unfold themselves in orbit
· heart stents that expand after insertion to hold open clogged cardiac arteries
· cell phone antennaes or eye glasses frames that regain their shape if bent


Part Two: History of Nitinol
Have students read about the history of Nitinol wire and answer questions below. Or if you wish to shorten the activity simply explain how Nitinol wire works and if you have time explain the history of how Nitinol was discovered.  

Teacher Answer Key: History of Nitinol
What two metals make up Nitinol? (Nickel and Titanium) 
What is NITINOL an acronym for? (Nickel Titanium Naval Ordnance Laboratory) 
What larger project was William J. Buehler working on when he discovered something unique about nickel-titanium alloys? (Developing metallic materials for the nose cone of the U. S. Navy Polaris reentry vehicle.) 
What initially compelled Buehler to drop one of the cooled bars on the concrete floor? (He accidentally dropped a nearly cooled bar on the floor and it sounded different than the hot bars.) 
Why did Dr. Muzzey heat the demo wire with his pipe lighter? (Around a meeting table he was smoking a pipe and decided to put the lighter to the wire.) 
How do your answers in questions in d and e show that doing science involves curiosity, imagination, and creativity? (They were both accidental discoveries about Nitinol’s characteristics.) 
Provide evidence from the reading that shows how science is NOT a solitary activity. (Buehler first worked with Nitinol, Muzzey discovered shape memory, Wang discovered how the shape memory property works.)

Part Three: The Force of Nitinol
Now students are going to calculate the force of the memory wire.
Students will bend a piece of Nitinol wire over a rung of a stool anchoring one end of the wire while hooking various weights to the other end. Have students direct the hair dryer so the heat hits the part of the wire bent over the rung of the stool.  Hold the hair dryer in a way so it is directed down (be sure to not be directing the heat at yourself or others) for no more than 25 seconds.  Students will observe whether the wire is able to lift the mass and record data a data table they have created.  Note that during my testing the wire could not lift more than 100grams. Have students start with 10 grams. 
 

Part Four: Inventing With Nitinol
Students will create a simple game that takes no more than five minutes to complete. They will create their game in pairs and then switch games with another group. 

California State Standards: 
Physics: 
1.Newton’s laws predict the motion of most objects. As a basis for understanding this concept:
b. Students know that when forces are balanced, no acceleration occurs; thus an object continues to move at a constant speed or stays at rest (Newton’s first law).
c. Students know how to apply the law F=ma to solve one-dimensional motion problems that involve constant forces (Newton’s second law).

Where to purchase materials
Nitinol wire can be purchased from educational innovations for 5.25 per foot or a 10 foot pack can be purchased for $24.95
Link to Educational Innovations Website: http://www.teachersource.com/Energy/MemoryMuscleWire/NitinolMemoryWirebytheFoot.aspx
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