Shrinking Robots!
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Organization:  Sciencenter

Contact person:  Rae Ostman

Contact information: rostman@sciencenter.org,         607-272-0600 x24

General Description

Stage presentation plus hands-on activity

In the first part of the program, visitors learn what a robot is and how small real robots are today.  They also learn that nanobots don’t exist, and consider some of the challenges in creating nano-sized robots.  In the second part of the program, visitors create a robot toy from recycled and craft materials, designing it to do a particular task.

Program Objectives

Big idea:  Right now, nanobots don’t exist.  There are many challenges related to creating a nano-sized robot.
Learning goals:

1.  A robot is a machine that can sense, plan, and act.  
2.  The smallest robots that exist today are the size of the width of a human hair.  

3.  Nano is very, very small.  

4.  Nanobots (nano-sized robots) would be robots as small as cells or molecules.  

5.  Nanobots don’t exist today.  

6.  There are significant challenges related to building, powering, and controlling nanoscale robots.  
NISE Network Main Messages:

[  ] 
1. Nanoscale effects occur in many places.  Some are natural, everyday occurrences; others are the result of cutting-edge research.

[  ] 
2. Many materials exhibit startling properties at the nanoscale.
[x]
3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties.
[  ] 
4. Nanoscale research is a people story.
[x]    5. No one knows what nanoscale research may discover, or how it may be applied.
[  ]    6. How will nano affect you?
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Background Information

Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000)  It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1 – 100 nanometers.  A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background

Robots are machines designed to perform a function.  They can sense and respond to their environment.  They require a source of power and control to do their job.  Once programmed, they can work on their own.  In other words, robots are machines that can sense, plan, and act.  

Nanobots do not currently exist.  Nanobots would be nanoscale robots:  tiny robots the size of cells or molecules.  There are significant challenges to developing nanoscale robots.  It is difficult to make, power, and control machines that small. 

Wikipedia provides general information about robots and nanobots:  

· en.wikipedia.org/wiki/Robot
· en.wikipedia.org/wiki/Humanoid_robot
· en.wikipedia.org/wiki/Industrial_robot
· en.wikipedia.org/wiki/Nanorobotics

· en.wikipedia.org/wiki/Molecular_machine
Sandia National Laboratories prepared a review of research in the field of nanorobotics, which also includes a comprehensive bibliography:  

· Weir, Nathan A., Dannelle P. Sierra, and James F. Jones.  2005.  A Review of Research in the Field of Nanorobotics.  Albuquerque:  Sandia National Laboratories.  

· The report can be downloaded at:  www.ece.gatech.edu/research/labs/bwn/NANOS/papers/Weir2005.pdf
Below are sources for additional information on the robots included in this program.

ASIMO humanoid robot, American Honda Motor Co., Inc.
· asimo.honda.com/
· world.honda.com/ASIMO

HeartLander medical robot, Cameron Riviere, Carnegie Mellon University

· www.ri.cmu.edu/projects/project_533.html
· www.cs.cmu.edu/~heartlander/index.html
· www.nytimes.com/imagepages/2007/06/05/science/05science_graphic.html 

· www.guardian.co.uk/science/2007/apr/19/uknews.robots
· Patronik, N.A., M.A. Zenati, and C.N. Riviere.  “A miniature cable-driven robot for crawling on the heart.”  Proceedings of the 2005 IEEE Engineering in Medicine and Biology 27th Annual Conference, Shanghai, China, September 1-4, 2005.
Industrial palletizing robot, FANUC Robotics

· www.fanucrobotics.com
Mars rovers, NASA

· www.nasa.gov/mission_pages/mer/index.html
· marsrover.nasa.gov/home/index.html

Micromechanical flying insect, Ronald Fearing, University of California Berkeley

· robotics.eecs.berkeley.edu/~ronf/MFI/index.html

· www.berkeley.edu/news/media/releases/2002/06/fearing/home.html
· www.abc.net.au/quantum/stories/s106179.htm
· technology.newscientist.com/article.ns?id=mg19425996.300&print=true
· www.wired.com/science/discoveries/news/2000/12/40750
Microrobot with treads, Sandia National Laboratories
· www.sandia.gov/media/NewsRel/NR2001/minirobot.htm
· www.sandia.gov/isrc/minibots.html
· robotics.sandia.gov/ssm.html
Microrobot—smallest in existence, Bruce Donald, Duke University

· www.cs.duke.edu/donaldlab/research_mems.php
· www.dukenews.duke.edu/2008/06/microrobots.html
· Donald, Bruce R., Christopher G. Levey, Craig D. McGray, Igor Paprotny, and Daniela Rus.  “An untethered, electrostatic, globally controllable MEMS micro-robot.”  Journal of Microelectromechanical Systems, Vol. 15, No. 1, February 2006.
Microrobot—nanogram soccer competition, Bradley Nelson, IRIS, ETH Zürich

· www.iris.ethz.ch/msrl/research/special/nanogram/
· www.iris.ethz.ch/msrl/research/micro/resonant_magnetic_actuators/
· www.nist.gov/public_affairs/calmed/robocup_photos.html
Microrobot— nanogram soccer competition, Chytra Pawashe, Carnegie Mellon University
· nanolab.me.cmu.edu/projects/MagneticMicroRobot/

· www.nist.gov/public_affairs/calmed/robocup_photos.html
Nanocar, James Tour, Rice University

· www.jmtour.com/?page_id=33
· www.media.rice.edu/media/NewsBot.asp?MODE=VIEW&ID=7850
· en.wikipedia.org/wiki/Nanocar
Swarms, James McLurkin, Massachusetts Institute of Technology

· people.csail.mit.edu/jamesm/swarm.php
Stickybots, Mark Cutkosky at Stanford University, and the RiSE Consortium

· bdml.stanford.edu/twiki/bin/view/Main/RiSEConsortiumMembers

· bdml.stanford.edu/biomimetics/overview.html
 Materials

Stage presentation

· Space suitable for projecting PowerPoint presentation

· PowerPoint presentation

· Optional:  Toy robots

Hands-on activity

· Space suitable for crafts (ideally with tables and chairs)

· Recycled materials, such as:

· Assorted containers and cups

· Container lids and caps

· Paper tubes and boxes

· CDs, computer discs and other “tech” materials

· Spools

· Fabric scraps

· Other clean, safe materials

· Craft materials, such as:

· Craft foam

· Construction paper

· Straws

· Craft sticks

· Pipe cleaners

· Pompoms

· Yarn

· Googly eyes

· Supplies:

· Safety scissors

· Nontoxic markers

· White glue

· Clear tape

· Masking tape

· Hole punches

· “My robot” cards (downloadable file)
Set Up

Time:  20 minutes

Step 1:

Photocopy “My robot” cards.  Cut them to size.  

Step 2:

Set up the materials for the hands-on activity in the craft area.  One way to organize your craft space is to place general supplies and the robot cards on individual work tables, and to set out the assorted recycled and craft materials in a common space.  

Step 3:

Set up the stage presentation.  Have the audience gather in the presentation area (if different from the activity area).  

Program Delivery

Time:  60 minutes (20 minutes for the stage presentation and 20-40 minutes for the craft activity)

Safety:

No concerns for stage presentation.  

For hands-on activity:

Provide only materials and supplies that are safe for children:

· Safety scissors

· White glue

· Nontoxic markers

Follow your organization’s policy regarding use of any materials that present a potential suffocation or choke hazard.

Recycled materials must be clean.  

Do not use the following recycled materials:
· Material that is sharp, or sharp when cut (such as aluminum pie pans)

· Medication containers

· Glass containers

· Any materials that are not clean

Procedure and Discussion:

<Slide 1:  Shrinking Robots>

Our program today is about robots.  

<Slide 2:  Outline>

In the first part of the program, we’re going to talk about what robots are and find out how small robots can be. 

Has anyone ever heard of nanobots, tiny robots that are as small as cells or molecules?  Do you think they’re real, or they could be real? 

[Audience response]

We’ll find out.

Then, in the second part of the program, we’re going to design and make our own robot toys to take home. 

<Slide 3:  What is a robot?>

Let’s start by talking about what a robot is.  Does anyone have any ideas? 

[Audience response] 

<Slide 4: Robots are machines that can sense, plan, and act>

Robots are machines that are designed to do a job.  They need a source of power to do their job, and they need to receive commands to tell them what to do.  Once they are programmed, robots can work on their own.  Many robots can sense and react to their surroundings.

So robots are machines that can sense, plan, and act.  
Lots of times, we use robots to do jobs that are dangerous for people to do, or jobs that require doing the same thing over and over.  

If robots are made to do all different kinds of jobs, do you think they all look the same and are the same size?  

[Audience response]

Robots are designed to do their jobs well, so they are built differently. Sometimes they are wheeled vehicles.  Sometimes robots look like mechanical people or animals. And sometimes they just have a moving arm.  We’ll see lots of different examples of robots in this program.  

[Optional section:  Show “robot” walking toy and programmable robot toy (such as iSobot) and discuss whether they’re robots]

Now that we know what a robot is, let’s look at two toys that are called robots, and see if we think they really are robots.  Both of these toys are little walking “robots” that look like people.  They’re about the same size—a little bigger than my hand.

[Hold up first toy]

Let’s look at this first toy.  If I flip the switch, it will walk.  And make a lot of noise.  

Oops, now it ran into the wall and it’s stuck.  Let me turn it around.  

Uh-oh, now it fell off the step.  It’s just lying there, making noise, with its legs moving.  

[Turn off toy]

What do you think?  Is this a robot?

[Audience response]

It sounds like you think it looks like a robot, but it’s not really a robot—it’s just a walking toy.

Here’s another toy that says it’s a robot, called iSobot.  It looks a lot like the other one.  Let’s see what it can do.  

Using my remote control, I can make it do a somersault.  [Demonstrate]  

Or, I can make it say “Banzai!”.  [Demonstrate]  

Instead of using the remote, I can give it a voice command.  Let’s make it walk.  [Demonstrate]  

It looks like this one gets stuck when it hits the wall, too!  

[Turn off toy]

If I had a lot of time to play with it, I could figure out how to program it myself to do different things.

What do you think about this toy?  Is this a robot?

[Audience response]

It sounds like more of you think this might be a robot.  It can do lots of things.  You can program it.  It can sense your voice and respond.  But it can’t sense its environment and react very well—it got stuck against the wall like the other toy.

It turns out that it can be kind of hard to decide what is and isn’t a robot!  Not all scientists and engineers agree on what a robot is, either.  

But for now, let’s say that a robot is a machine that can sense, plan, and act.  

It’s designed to do a job, it can work on its own, and it can respond to its environment.  It needs power and commands, and it needs to be the right shape and size for its job.  

<Slide 5:  How small can robots be?>

So now let’s think about what size robots can be.  

<Slide 6:  [Scale ladder]>

We’ll find out if robots can be macrosize, microsize, and nanosize.
[Indicate macrosize on scale ladder]

Macrosize means things that we can see using just our eyes.  Here are some things that are macrosize:  a child, a hand, and a finger.

[Indicate microsize on scale ladder]

Microsize includes things that are too small to see using just our eyes, such as red blood cells and bacteria.

[Indicate nanosize on scale ladder]

And nanosize means things that are even smaller—as small as atoms and molecules, the tiny particles that are the building blocks of everything around us.

<Slide 7:  Are there robots the size of a child?>

Let’s start by thinking about whether we could have a robot that’s about a meter tall, or as big as a kid.  Who would like to stand up and show us how tall a meter is?  

[Choose a child that’s about a meter tall.]

Some kids, like my volunteer, are about one meter tall.  

If grown-ups hold out one arm like this [demonstrate], the length from chin to hand is about one meter.  A meter is a little bigger than a yard.  

If kids hold out both their arms like this [demonstrate], the length from hand to hand is about one meter.  

Do you think there are robots that are about a meter high?  Raise your hand if you think there are real robots that are a meter high.

[Audience response]

Let’s find out.  

[Let volunteer sit down.]

<Slide 8:  Yes, there are robots the size of a child!>

Yes, there are robots that are about a meter tall, the height of a child.

<Slide 9:  Mars rover>

The Mars rovers are examples of robots that are about a meter tall.  Who knows what the Mars rovers are designed to do?  

[Audience response]

The rovers are remote-controlled robots that help scientists study the planet Mars.  

<Video:  MarsRover>
In this video, you can see a simulation of a rover driving into a crater.  The rovers have six wheels and a special suspension that lets them drive over the rocky surface of Mars.  

The rovers are controlled by scientists on Earth, who send commands to the rovers’ computers.  

The rovers can sense their environment and override their commands if they need to.  So, for example, if the scientists tell them to go straight, and they realize there’s a big drop-off in front of them, they can figure out how to go around it and then get back on the path they’re supposed to take.

The rovers use solar panels and rechargeable batteries for power.  

<Slide 10:  Humanoid robot>

This is a humanoid robot called ASIMO (Ah-see-moe), built by Honda.  Does anyone know what it means to be a humanoid robot?

[Audience response]

Humanoid robots are robots that look and move like people.  What about this robot is like a person?

[Audience response] 

<Video:  HumanoidBot>
This robot is about the size of a human child, and is built with parts that move similar to a human body. 

It’s programmed to do a number of things. In this video, you can see it running around traffic cones.   

ASIMO can also go up and down stairs, open and close doors, pick things up and carry them, and give and receive objects.

It has cameras and sensors that let it map objects and people around it, and react to them.  It can walk alongside another person, following their motions. 

ASIMO’s designers hope that eventually it will be able to assist elderly and disabled persons in their homes, and do dangerous jobs like fight fires.

<Slide 11:  Factory robot>

How about this robot?  Is this a humanoid robot?  Does it look like a person?

[Audience response] 

Lots of robots don’t look like people.  Many industrial robots are basically just arms with different tools on the end.  That’s because they don’t need all the parts of human body to do their jobs—just arms.
<Video:  FactoryBot>
What is this robot doing?

[Audience response]

The robot is loading heavy bags onto a pallet.  It uses the grabber on the end of its arm to pick up the bags and stack them up on the pallet.

Robots are good at doing this kind of repetitive work.  They don’t get tired, they work quickly, and they can do the job just the way they’re supposed to, over and over.   

<Slide 12:  Are there robots the size of a hand?>

Okay, so we’ve seen that there are lots of different kinds of robots that are about one meter tall.  Let’s see if robots can be ten times smaller.  

That would be about as tall as a hand.  Kids, hold up your hands like this [fingers pointing up].  That’s about ten centimeters tall.  Grownups, hold your hands sideways [fingers parallel to the ground].  That’s about ten centimeters tall.  

Who thinks there could be a robot that is ten centimeters tall?  

[Audience response.]

<Slide 13:  Yes, there are robots the size of a hand!>

If you said yes, you’re right.  There are robots that are about the size of a hand.

<Slide 14:  Vacuuming robot>
This is a robot vacuum cleaner.  It’s a round, disc shape, and it’s about 10 centimeters tall.

<Video:  VacuumBot>
In the video, the robot vacuum is moving around in a spiral, vacuuming a small area.  When it hits the wall, it turns around and keeps going. 

This vacuum robot is controlled by a computer that sends it around the room in spiral and criss-cross patterns until a whole area has been covered.  

It has special sensors to keep it from bumping into things or falling down stairs.  

It’s powered by a rechargeable battery.  Some robot vacuums go back to their charger when they’re done working, to recharge their battery for next time.  

<Slide 15:  Climbing robot>

These robots are about 10 centimeters wide.  What do they look like?

[Audience response.]

<Video:  Stickybots>
These robots look kind of like geckos!  They have four legs that crawl.  In the video, you can see them climbing up a glass wall. They can walk up the slippery surface because they have tiny little structures on their feet that stick to a wall, the way a gecko’s feet do.  

These robots are biomimetic, which means that they copy nature.  Scientists are building robots that look and move like animals, because they hope to make robots that perform well in all different kinds of environments.  

Crawling robots like this might be used for surveying dangerous territory.  

<Slide 16:  Swarming robot>

Here’s a small, cube-shaped robot—around 10 centimeters on each side.  Small robots like this one can work together in teams, or swarms.   A swarm might have 10 or even 10,000 robots that can sense each other and coordinate their work.  

<Video:  SwarmCopy>
Here is a video of a swarm of robots.  What is the swarm doing?

[Audience response.]

This swarm has a leader (the robot with the antenna).  The leader gets a wireless command from a computer that tells it what to do.  It sends commands to the other robots, and they copy what it is doing.  

<Video:  SwarmSpread>

Here’s a bigger swarm.  What is it doing?

[Audience response.]

Right.  In this video, the swarm is spreading itself out in an area.  Robots that are surveying a territory would need to be able to do this.  The robots can sense the boundary of their area, and how close they are to other robots.

<Slide 17:  Are there robots the size of a finger?>

So now we’ve seen that there are lots of different kinds of robots the size of a hand.  

Let’s go ten times smaller again.  Do you think there can be a robot that is just one centimeter?  That’s about the width as a kid’s pointer finger, or a grown-up’s pinky finger.  Who thinks there can be a robot that’s only one centimeter tall?

[Audience response]

<Slide 18:  Yes, there are robots the size of a finger!>

There are robots that are the size of a finger!

<Slide 19:  Crawling robot>
Here is a mini robot that is just one centimeter tall!  It has treads like a bulldozer.  

<Video:  TreadBot>
What is this robot driving over?

[Audience response]

It’s rolling over coins.  It has a little trouble, but it can do it.

What is it carrying on its back?  Can you tell?

[Audience response]

It’s carrying a computer chip and battery.  The chip and batteries look pretty big compared to the size of the robot, don’t they? 

What do you think a robot like this could do?  

[Audience response]

It doesn’t look like it could do very much. Just crawling over a coin is hard work for a robot this small!

But some day, robots this size might work in swarms, to collect and analyze data in dangerous situations.  They might help detect dangerous chemicals, or find trapped people in a fire.  Because they’re so small, they could go places that people can’t, such as through pipes. 

<Slide 20:  Medical robot>

Here’s a different robot that’s about the size of a finger.  It’s just under a centimeter wide (8 mm).  

<Video:  MedicalBot1>
Let’s watch the video for a little bit.  What does this robot remind you of?

[Audience response]

This robot crawls like an caterpillar.  It uses suction to move itself along.  First its body attaches itself to the surface, and its head moves forward.  Then the head attaches itself, and the body scoots forward.  Then the body attaches itself, and the head inches forward again.

This little robot is designed to help do heart surgery!  

The next video shows the robot crawling on a live, beating pig heart.  You might not want to watch it if you don’t like things like that!

<Video: MedicalBot1>
This is the heart of a live pig.  The robot is crawling along right here [indicate].

The surgeon makes a tiny incision below the ribcage, and attaches the robot onto the heart.  Then the surgeon uses a joystick to tell the robot where to go.  The robot moves on its own to the right place on the heart.  

This robot has been used to inject medication, to attach pacemaker electrodes, and do other kinds of surgery on parts of the heart that are hard for a surgeon to reach.

The robot is still experimental, so it’s not being used in hospitals yet.

[Slide 21: Flying robot]
Here’s a mini robot that can fly!  Why do you think someone might want to make a tiny, flying robot?

[Audience response]

[Video:  FlyBot]
A robofly could be used for all sort of things, because it could go places people can’t go, and it could hide really well.  It would be good for spying and monitoring, reconnaissance, and search and rescue.  

Like the little tank robots we looked at earlier, roboflies would probably work in swarms.  

What do you think the scientists who made this robot studied, to figure out how to get it to fly?

[Audience response]

Right!  They studied flies! 

It’s hard to see the wings beating in the video, because just like real flies, the robofly’s wings beat faster than our eyes can see:  150 times per second!

But this tiny little robofly still needs a lot of work.  It can’t yet fly completely on its own—it has to be attached to the rod you see in the video.  The scientists are still figuring out how to give it power, using solar panels.  And they need to build in different kids of sensors, including a gyroscope, light sensors, and a tiny camera.  It also needs its own operating system and a transmitter to communicate with a central computer.

Remember we said that robots needed to sense, plan, and act?  It’s hard to get a power source, source of control, and sensors on something as tiny as robofly.  It’s hard enough just to make the materials and parts, and figure out how to move the wings!

<Slide 22:  Are there robots the size of a freckle or hair?>

So what do you think?  Do you think robots can get any smaller?  

Do you think they could get ten times smaller, the size of a freckle?  A freckle is around one millimeter wide.  

Who thinks a robot could be around a millimeter in size?  Who thinks it can’t?

[Audience response]

It looks like the group is pretty unsure.  Let’s make it even harder!  

What about another ten times smaller, down to the width of a hair?  That’s one-tenth of millimeter.  Do you think a robot could be one-tenth of a millimeter? 

[Audience response]

<Slide 23:  Yes, there are robots the size of a freckle or hair!>

Guess what!  There are robots that are the size of a very small freckle, or the width of a hair!  These robots are so small that they’re hard to see with just your eyes.

<Slide 24:  Soccer robots>

Here’s a tiny little rectangular robot that’s so small it can sit on a grain of salt.  

<Video:  SoccerBotA>
What does it look like the robot is doing in this video?

It’s playing soccer!  You can see it pushing a super teeny ball into a little goal.  The whole soccer field is the size of a grain of rice.

The scientists who control the robot have to use a microscope to see the game.  They use magnetic fields to move it around the field.

<Video: SoccerBotB>
Here’s another tiny robot that’s about the same size.  It looks like a little flea in this video, but it’s actually shaped like the letter V.

What is it crawling around on?  

[Audience response]

It’s zipping around on a dime.  You can see it bumping into the raised designs on the coin!

This robot is also controlled by magnetic fields.

<Slide 25:  Smallest robot!>
Here’s a really small robot!  It’s 100 micrometers long—about the size of the width of a strand of hair.  That’s so small that you could line up one hundred of these robots across a penny!

<Video:  SmallestBot>
What are these robots doing?

[Audience response]

They’re moving in sync together.  They look kind of like they’re dancing.  (That’s why the title of this video is “Pas de deux avec les microrobots.”)

These robots have tiny feet that they use to step.  They turn by rotating around their steering arm.  The steering arm is the part that looks like a lollipop [indicate].

Remember the problems with the little tank robots that were the size of a finger?  What was it that they had to lug around?  

[Audience response]

The designers of this robot wanted to make a smaller robot, so they had to figure out a way to give it control and power without a big, heavy battery and computer chip.  

Instead, they made a special floor for the robot that gives it power and commands.  

So the scientists solved one problem, but now they have another.  What’s the problem with having robots that need a special floor?  

[Audience response]

The robots are pretty limited in what they can do, if they have to stay on their special floor.  

Remember at the beginning we said robots were machines designed to do a job?  And that they usually can sense their surroundings?

Do you think these tiny little machines should count as robots?  

[Audience response]

Not everyone thinks that these robots, or the robofly the size of a finger, is really a robot.  They’re still experimental, so they can’t do all the things we expect a robot to be able to do.

So if it’s really hard to make a robot the size of hairwidth, could it be possible to make them smaller?

<Slide 26:  What are nanobots?  Are they real?>

Has anyone heard of nanobots?  What have you heard or read about them?

[Audience response]

Some scientists, fiction writers, and other people think that some day there might be tiny little robots the size of cells, or even as small as molecules.  

They would work in swarms, like some of the other robots we’ve seen.  

They might do helpful things like live in your body and fight viruses that make you sick.  Or they might live on your face and trim your beard so you never have to shave!  

Or they might figure out how to make copies of themselves, and start doing things they weren’t designed to do.  Some people worry they could take over the world!

To figure out if nanobots can be real, let’s think about exactly how small they would be.  

<Slide 27:  Nanobots would be very, very small robots!>
Nanobots would be tiny robots the size of molecules.  They’d be smaller than red blood cells, or bacteria, or viruses.  

They’d be so tiny that they’d be measured in nanometers. 

<Slide 28:  Nano is very, very small>
How big is a nanometer? Does anyone know?

[Audience response]

A nanometer is one-billionth of a meter!  

Let’s see if we can picture how small that is.

Remember how big a meter is?  How big is it?

[Audience response]

Right!  A meter is the length from my chin to my hand. If you divided that into a billion pieces, you’d have a nanometer.

Where’s my volunteer who was one meter tall?  She’s one billion nanometers tall!
Here’s another way to think about how small a nanometer is:  Your fingernails grow a nanometer every second!  A nanometer is way, way too small to see.

<Slide 29:  Are there robots the size of a cell or a molecule?>

So if it’s pretty hard to make a robot the size of a hairwidth, what about nanobots?  Could there really be super-tiny robots that are so small you can’t even see them, so small that they’re the size of a molecule, and have to be measured in nanometers?

A nanobot would be 100,000 times smaller than the hair-sized robot!  What do you think?  Are nanobots real?

[Audience response]

<Slide 30:  NO!  There are no robots the size of a cell or molecule!>

Right now, there are no robots that are as tiny as molecules.  Researchers are working to create tiny machines as small as molecules, but they haven’t done it yet.  

Today, the smallest robot in the world is the little “dancing” robot we just saw, the one that’s a hairwidth in size.  

Let’s look at how tiny a nanobot would have to be, so we can see why they don’t exist right now.

<Video:  NanobotSim>
This is a computer simulation of tiny nanobots that can live inside your body and kill germs that could make you sick.  This is just pretend.  These nanobots don’t exist.  

What might be some of the reasons why we can’t make nanobots, at least not right now? 

Well, first of all, if you were as small as a molecule or a cell, air would feel as thick as honey.  So that’s one big challenge to overcome:  making a tiny robot that can move on its own.

And when things are as small as a molecule, they shake a lot, they move all around, and they stick to other things!  If someone managed to make a nanobot, it might jiggle itself apart!  Or it might bump into other molecules and stick to them.  

Nature can build things this small, so scientists are studying tiny viruses and other tiny, natural “machines” to help them figure out how to build micro- and nano-sized robots.

<Slide 31:  Nanocars (not robots)>

Here’s something nano-sized that is real.  

This picture is of a tiny car that’s built of molecules.  It looks like a car, and it’s wheels even roll, but it can’t do all the things that a robot can do, or even all the things that your car can do.  What are the most important things your car can do?  

[Audience response]

Your car can drive and go places.  It has power, and you can control it.  This car is more like a toy car—it doesn’t have power or control.  It has to be pushed around with a special tool.

Remember the Mars rovers?  The rovers really are robot vehicles.  They can drive on their own, and avoid obstacles.  This little car definitely can’t do that!

It’s very cool that scientists can put together molecules to make tiny little cars like this, but they’re not nano-sized robots.  Right now, there isn’t anything closer to a real nanobot than this nanocar—and the nanocar definitely isn’t a robot.

So right now, nanobots don’t exist.  They’re imaginary.  In the future, it might be possible to make nanobots, but there are lots of challenges to overcome first.  

By the time the kids in this room are old enough to be engineers, maybe we can make nanobots.  No one knows.

<Slide 32:  Review>

So, we’re done talking about robots.  Now we’re going to make our own robot toys out of recycled materials!  

But first, let’s quickly review the things we talked about today.

What is a robot?

[Audience response]

Yes!  A robot is a machine that can sense, plan, and act.

How small can a robot be?

[Audience response]

There are robots as small as the width of a human hair!

What is a nanobot?

[Audience response]

A nanobot would be a robot the size of a molecule.

Do nanobots exist? 

[Audience response]

No!  Right now, nanobots don’t exist.  

Why not?

[Audience response]

Lots of reasons:  It would be too hard to make them, power them, and control them.  The nanoscale environment would be really tough for a human-made machine.   

<Slide 33:  Make a nanobot!>
Meanwhile, it’s fun to think about what kind of nanobot you would invent if you could.  

So that’s what we’re going to do now.  There are lots of craft supplies and recycled materials for you to use to make your own pretend nanobots, or whatever size robot you want. 

Like the engineers and scientists who are working on real robots, you’ll have to think about what you want your robot to do, and design it so it could do that job.  And if you want it to have power and be able to control it, you’ll have to solve that challenge! 

There are cards that you can use to help you plan your robot.  [Hold up card.]

[Provide directions to facilitate the craft activity.  Explain where to find the materials.]

Image and video credits

Mars rover, image and video:  NASA Jet Propulsion Laboratory

ASIMO humanoid robot, photo and video:  American Honda Motor Co., Inc.

Industrial palletizing robot, photos and video:  © FANUC Robotics

Roomba vacuuming robot, photo and video:  Sciencenter, Ithaca

Stickybot, photo and video:  Mark Cutkosky, Stanford University

Swarm robots, photo and videos:  James McLurkin, Massachusetts Institute of Technology

Microrobot with treads, photo and video:  Sandia National Laboratories

HeartLander medical robot, photo and videos:  Cameron Riviere, Carnegie Mellon University

Micromechanical flying insect, photo and video:  Ronald Fearing, University of California Berkeley

Microrobot—Nanogram soccer competition, images and video:  Bradley Nelson, ETH Zürich

Microrobot—Nanogram soccer competition, image and video:  Chytra Pawashe, Carnegie Mellon University

Microrobot—smallest existing, image and video:  Bruce Donald, Duke University

Nanobot simulated images:  Antonio Siber, Institute of Physics, Zagreb
Nanobot simulated video:  Antonio Siber, Institute of Physics, Zagreb
Nanocar:  James Tour, Rice University
Tips and Troubleshooting

Stage presentation

To keep the program moving at a good pace, you’ll need to talk during the videos—don’t watch the videos in silence and then start talking about them.  Ask the audience questions about the videos to keep them engaged.  

It’s difficult to get videos to play seamlessly in PowerPoint, so the videos for this program are provided as separate files (where possible, the videos are available in more than one format).  When you present the program, you’ll need to switch between PowerPoint and Quicktime or other software to play the movies.   If you wish, you can try inserting the .avi and .wmv files into the PowerPoint file, but it can be tricky to get them all to play.

You can do the stage presentation without the hands-on activity.  If you do leave out the craft activity, try to have some “robot” toys on hand.  Kids like to stay and play with the toys at the end of the program.

Hands-on activity

Kids usually don’t have any trouble getting started with the hands-on activity.  If they need encouragement, you can use the “My robot” cards to help them start thinking about what kind of pretend robot they’d like to make.  Kids can also find inspiration in the materials themselves:  some kids like to plan robots around materials they find appealing.

Common Visitor Questions

What can the really tiny robots do?  Why are they considered robots if they can’t do a job?

Some of the really small robots can’t do very much yet.  Tiny machines are often considered robots if they can move on their own by receiving commands, even if they can’t do a specific job yet.  For a tiny machine to count as a robot, it probably needs to be make an important contribution toward miniaturizing robotics, either by being smaller than other robots, or by being able to do more things than other tiny robots can do.   

Going Further…

Here are some resources you can share with your visitors:
ASIMO humanoid robot, American Honda Motor Co., Inc.
· asimo.honda.com/
· world.honda.com/ASIMO

HeartLander medical robot, Cameron Riviere, Carnegie Mellon University

· www.ri.cmu.edu/projects/project_533.html
· www.cs.cmu.edu/~heartlander/index.html
· www.nytimes.com/imagepages/2007/06/05/science/05science_graphic.html
Industrial palletizing robot, FANUC Robotics

· www.fanucrobotics.com
Mars rovers, NASA

· www.nasa.gov/mission_pages/mer/index.html
· marsrover.nasa.gov/home/index.html

Micromechanical flying insect, Ronald Fearing, University of California Berkeley

· robotics.eecs.berkeley.edu/~ronf/MFI/index.html

· www.berkeley.edu/news/media/releases/2002/06/fearing/home.html
Microrobot with treads, Sandia National Laboratories
· www.sandia.gov/media/NewsRel/NR2001/minirobot.htm
· www.sandia.gov/isrc/minibots.html
· robotics.sandia.gov/ssm.html
Microrobot—smallest in existence, Bruce Donald, Duke University

· www.cs.duke.edu/donaldlab/research_mems.php
· www.dukenews.duke.edu/2008/06/microrobots.html
Microrobot—soccer, Bradley Nelson, ETH Zürich

· www.iris.ethz.ch/msrl/research/special/nanogram/
· www.iris.ethz.ch/msrl/research/micro/resonant_magnetic_actuators/
· www.nist.gov/public_affairs/calmed/robocup_photos.html
Microrobot—soccer, Chytra Pawashe, Carnegie Mellon University
· nanolab.me.cmu.edu/projects/MagneticMicroRobot/

· www.nist.gov/public_affairs/calmed/robocup_photos.html
Nanocar, James Tour, Rice University

· www.jmtour.com/?page_id=33
· www.media.rice.edu/media/NewsBot.asp?MODE=VIEW&ID=7850
· en.wikipedia.org/wiki/Nanocar
Swarms, James McLurkin, Massachusetts Institute of Technology

· people.csail.mit.edu/jamesm/swarm.php
Stickybots, Mark Cutkosky, Stanford University

· bdml.stanford.edu/twiki/bin/view/Main/RiSEConsortiumMembers

· bdml.stanford.edu/biomimetics/overview.html
Wikipedia provides general information about robots and nanobots:  

· en.wikipedia.org/wiki/Robot
· en.wikipedia.org/wiki/Nanorobotics
Clean Up

Time:  20 minutes

No special instructions.  

Universal Design

This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities.  

The following features of the program’s design make it accessible:

[ x ] 
1. Repeat and reinforce main ideas and concepts

· The presentation is organized into discrete chunks.

· A content overview is provided at the beginning of the program (program outline).  The content is also summarized at the end of the program.

· Learning objectives are repeated throughout the presentation.
[ x ] 
2. Provide multiple entry points and multiple ways of engagement

· The content is connected to visitors’ prior knowledge, and to their observations and questions.  

· Concise key phrases are used to support main ideas.  

· Main ideas are presented through sight and hearing.

· The program engages visitors in a hands-on activity, and provides a guided discussion that helps them to understand its significance.
[ x ]  3. Provide physical and sensory access to all aspects of the 
program
· Main ideas are presented through both sight and hearing.

· Slides are made accessible by using large, high-contrast text and images; using clear fonts and graphics; and using color to make distinctions.


To give an inclusive presentation of this program:

During the presentation:

· Make sure your face is visible at all times.  

· Make sure you don’t stand in the way of the slides.

· Keep props (robot toys) visible when they are relevant.

· Pace the program so that visitors can follow the content easily. 

· Pace the program so that the images, text, and discussion don’t compete with each other.  

· Ask the audience questions, and check in with them along the way to make sure they’re engaged and with you.

· Use descriptive language to describe objects and images.  

· Make a handout of the slide presentation available to visitors, either to use during the presentation or to take home.
· Make sure your audience knows about any special accommodations you offer.

During the facilitated activity:

· Allow the activity to be self-paced, so that visitors of varying levels of interest and physical ability can finish the activity.

· Provide a variety of materials and supplies, so that visitors of varying abilities can do the activity.


This project was supported by the 

National Science Foundation under Grant No. ESI-0532536.
Any opinions, findings, and conclusions or recommendations expressed in this program are those of the author and do not necessarily reflect the views of the Foundation.  
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