Nano Dreams and Nano Nightmares
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Organization: Science Museum of Minnesota

Contact person: Stephanie Long

Contact information: slong@smm.org

General Description

Museum theater

Nano Dreams and Nano Nightmares is a big comedy about small things for families with children under the age of ten. This fifteen-minute play incorporates puppetry and humor to introduce audiences to nanoscale science.

Program Objectives

Big idea:  Things on the Nanoscale are very, very small and behave differently than they do at the macroscale.

Learning goals:

As a result of participating in this program, visitors will:   

1. Understand that molecules and atoms are always shaking, sticking and sliding.

2. Understand that things on the nanoscale behave differently than on the “big” or macroscale.

3. Be aware that there are potential positive and negative impacts of nanoscale technology.

NISE Network Main Messages: 

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

[ X ]  2. Many materials exhibit startling properties at the nanoscale.

[ X ]  3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties and create new devices.
[    ]  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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Time Required

Set-up
Program
Clean Up
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5 minutes
15 minutes
5 minutes

NOTE: This only reflects the time frame for the performance of the play.

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 eye blink 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

SYNOPSIS: 

A young puppet named Charlie interrupts Professor Swanson’s lecture about nanoscale science.  His enthusiasm for nanoscale science and his imagination carry Charlie down to the nanoscale, where he meets Mandy (or Mark) Molecule.   She introduces Charlie to the properties of the nano-scale.  They sing a song about molecules and atoms shaking, sticking and sliding.  When Charlie returns to the macroscale, he is excited about nanoscience.   The professor proceeds to tell Charlie that there are things about nanoscience to be cautious about.  

Again, Charlie imagines he’s at the nanoscale.  Charlie meets Mandy Molecule again and learns that small things can be dangerous.  Mandy Molecule slides into a butterfly.  Charlie returns to the macroscale to warn others about nanoscale science.  The professor ensures Charlie that there are concerns about nanoscience, but without some risk there is no reward.  Charlie is comforted and inspired to learn more about nanoscience.
Additional information on nanotechnology and some of the issues it raises can be found by consulting the websites listed in the “Going Further” section.

For a DVD of the film version of the play, please contact Stephanie Long at slong@smm.org, 651-221-2587.
 Materials

PROP LIST:

· 1 large table with a table cloth or covering of some sort to hide the props

· 2 puppets (Charlie and Mandy Molecule.  Mandy is covered in pompons that represent molecules)

· A lab coat

· A folder with papers in it

· 3 different images, each attached to handles: a mouse, a flea and an amoeba (Other versions of this show have used power point images on a large screen)

· A podium

· Glasses

· A necklace made out of “mock molecules” (we use small pom poms for the molecules)

Set Up

Time:  5 minutes 

Set up props.

Program Delivery

Time: fifteen minutes

Safety: 

No safety hazards.

Procedure and Discussion:

Script

Nano Dreams & Nano Nightmares 

By Jill Bernard, Eric Knobel and Doug Neithercott

(Charlie the puppet is behind the curtain at center stage.  The Professor is on stage)
PROFESSOR SWANSON 
Hello everyone!  Welcome to (insert museum name here.)   We’re here today to talk NANOSCALE SCIENCE!!  

CHARLIE 



(Charlies pops out) Woo hoo! 

PROFESSOR SWANSON 
What?

CHARLIE 



Woo hoo!

PROFESSOR SWANSON

Woo hoo?

CHARLIE 



Woo hoo!

PROFESSOR SWANSON 
Stop it!

CHARLIE 



Science! 
PROFESSOR SWANSON 
Excuse me, could you take a seat.

CHARLIE 



Sure.   Sitting down for science! (Charlie sits)
PROFESSOR SWANSON 
Thank you, thank you everybody and welcome. My name is Dr. Swanson.  I am here to talk about NANOSCALE science!  The nanoscale is how we measure things that are really really small. 

CHARLIE 



( Charlie stands) How small? (Charlie sits)
PROFESSOR SWANSON 
I’m getting to that.

CHARLIE 
( Charlie stands) Can you get to it now?  (Charlie sits)
PROFESSOR SWANSON 
Well I’m trying to.  (He / she tries to speak several times, but Charlie keeps interrupting. Beat) Will you help me? Come on ladies and gentlemen let’s give this young man a round of applause. (PROFESSOR SWANSON guides CHARLIE on to stage.) What’s your name? 

CHARLIE 



Charlie. I’m a puppet!  

PROFESSOR SWANSON 
Yes.  I can see that.  Charlie how old are you?   

CHARLIE 



I'm eight in puppet years!

PROFESSOR SWANSON 
Well, thanks for coming up, Charlie. OK, so you want to know how small, right? 

CHARLIE 



Yes!

PROFESSOR SWANSON 
Let’s start thinking smaller than the world around us. So, Charlie, what is something small? 

CHARLIE 



Um...a Volkswagen!

PROFESSOR SWANSON 
That’s a car, Charlie.  (Asks audience) Is a car small? (audience answers).   A car’s not small, Charlie… 

CHARLIE 
That‘s not what my Dad says.  He’s a truck man.

PROFESSOR SWANSON 
Fair enough, but think smaller… 

CHARLIE 



Uh...ok, a bicycle?

PROFESSOR SWANSON 
(Asks audience) Is a bicycle small? (audience answers).  Well, a bicycle is not that small.  

CHARLIE 



Um, that kid. (Points to a kid in the audience) 

PROFESSOR SWANSON 
That kid’s bigger than you.  

CHARLIE 



Oh.  Good point.  

PROFESSOR SWANSON 
Smaller than a person, Charlie. 

CHARLIE 
(Gets suggestions from children in the audience.   Professor Swanson improves with them to saying things such as “Yes!  That is small, but I’m talking about something even smaller that a….”) A puppy! (PROFESSOR SWANSON shakes his/her head) A flea! (PROFESSOR SWANSON shakes his/her head again) A baby flea! (PROFESSOR SWANSON shakes his/her head again) A grain of sand? 

PROFESSOR SWANSON 
Even smaller, Charlie… 

CHARLIE 



Even smaller than a grain of sand?

PROFESSOR SWANSON 
Yes.

CHARLIE 
Ooh! I’ve got it! The smallest thing I can think of, we learned about them in school - a one-celled organism called an amoeba! It’s so small you can only see it with a microscope! 

PROFESSOR SWANSON 
Wow, Charlie, that is small, but I am talking about something even smaller than an amoeba! 

CHARLIE 
How about molecules or atoms, the building blocks that make up everything!

PROFESSOR SWANSON 
Yes, that’s about the right size.  There aren’t cars or people or grains of sand at the nanoscale, only little pieces of cars or people or sand that are so small we call them molecules! (Add the examples the audience gave above.  For example: If a student says a feathers, the professor says “only little pieces of feathers.”)
CHARLIE



A molecule is made up of two or more atoms.

PROFESSOR SWANSON
Yes.  When we’re working on the nanoscale we can take molecules apart.  And put them back together! 

CHARLIE
Hold your science, professor!   You’re saying scientists can take molecules apart and put them back together to make super-small things?

PROFESSOR SWANSON
Yes, I am.  We could take apart an ordinary grain of sand and make a special piece of sand.  

(CHARLIE gets so excited he starts spinning around) 
CHARLIE
A special piece of sand custom designed from the atoms up?  Nanoscience is so cool.  (Jumps on the table and throws the Professor’s papers behind the table.  The professor goes behind the table to pick them up.) Hey, Professor!  Where’d she go?  Whoa!  I think I’m shrinking (CHARLIE points as an oversized mouse floats by) down to the nanoscale! That’s one big mouse! I’m getting smaller!  Look! And that looks like a flea! (An oversized flea floats by.) I am getting smaller!  Look!  That’s an Amoeba!  (an oversized amoeba flies by)  I must be on the NANOSCALE! 
MANDY/MARK MOLECULE
Welcome to the Nanoscale!

CHARLIE 



Who are you? 

MANDY/MARK MOLECULE
I’m Mandy Molecule! 

CHARLIE 



What are you? 

MANDY/MARK MOLECULE
I’m a molecule. (Mandy looks him up and down) Hey, your about my size, you must be a molecule too.

CHARLIE 



A molecule is made up of two or more atoms.

MANDY/MARK MOLECULE
Hey, maybe we should exchange atomic numbers and I’ll call you on my cellular phone, ha ha! Put’er there! (Mandy/Mark Molecule and CHARLIE shake hands for a ridiculously long time and their whole bodies are shaking) 

CHARLIE 



Why are we shaking? 

MANDY/MARK MOLECULE
It's a traditional form of greeting! 

CHARLIE 



No, no, why are we shaking this much?? 

MANDY/MARK MOLECULE
Because that’s what atoms do, and we’re made up of atoms! We shake, stick and slide! (Shake, slide and stick)   

CHARLIE
Let me try it! Shake, stick and slide! (Shake, slide and stick)   

MANDY/MARK MOLECULE
We even have a song about it!  Do you want to learn it? 

CHARLIE 



Can everybody learn it? 

MANDY/MARK MOLECULE
Sure!  Just follow along with me!  One, Two…
(sung to The Beatles / Isley Brothers “Twist & Shout”)







Come on molecules...






     (Come on molecules)







Shake!  Stick!  Slide!







     (Shake!  Stick!  Slide!)

Come on, come on, come on, come on molecules

     (Come on molecules)

Come on and Shake!  Stick!  Slide!

     (Shake!  Stick!  Slide!)

Shaaaake!

Stiiiick!

Sliiiide!

YAY!

Everybody... One, two

(During this section, Mandy can encourage the kids in the audience to shake, stick and slide while Charliesays the "lyrics")

Come on molecules...

     (Come on molecules)

Shake!  Stick!  Slide!

     (Shake!  Stick!  Slide!)

Come on, come on, come on, come on molecules

     (Come on molecules)

Come on and Shake!  Stick!  Slide!

     (Shake!  Stick!  Slide!)

Shaaaake!

Stiiiick!

Sliiiide!  (Slide together)
YAY!

MANDY/MARK MOLECULE
Whoo! That was fun!  Come on, Charlie! Slide over here! 

CHARLIE 

Wow! Okay! (Slides the wrong way, offstage.)
MANDY/MARK MOLECULE
No, Charlie, this way! 

CHARLIE 
I'm trying! (regular CHARLIE slides back onstage and circles MANDY MOLECULE but can’t quite get there) Why can't I slide over there? Woah! 

MANDY/MARK MOLECULE
It's Brownian motion, Charlie! 

CHARLIE 
I’m a brownie in motion?! Sweeeet!

MANDY/MARK MOLECULE
(Slaps Charlie on the back) No, no, no Brownian motion. Named for the scientist Robert Brown, who discovered atoms are always moving.  They’re hard to control! (Throws off one of the pompons) Whoa! There goes one now! (Throws off another one) There goes another one! (Throws off another one) Heads up! 
CHARLIE 



What's happening, Mandy Molecule? 

MANDY/MARK MOLECULE
My atoms just fly off because they’re the same weight as the atoms in the air! Look out! (throws off numerous atoms) Right now parts of me are floating up your nose.  That’s how you smell me. (Throws one at CHARLIE’S nose)  I hope I remembered to wear deodorant! 

CHARLIE 



You didn’t. 

MANDY/MARK MOLECULE
If we collect all the atoms, we can put them back together and make anything we want.

CHARLIE



Scientists can do that?

MANDY/MARK MOLECULE
You bet, your super-small self.  They can make a sunscreen that knows how sunny it is.   They can make water that cleans itself.  They can make bandages that know when you’re bleeding!   They can make fabric that knows when it’s wet… 

CHARLIE 
Can they make deodorant that knows how stinky you are? 

MANDY/MARK MOLECULE
Ha ha! I like your moxie kid!  Wait, right here.  (Mandy bends down and moves her hands around.  She comes back with a necklace of atoms.)  I took some of my atoms and made you a necklace. 
CHARLIE
Thank you! (Charlie and Mandy stick together.)  We’re stuck!

MANDY/MARK MOLECULE
Just wait! (She flys off.)  AHHH!

CHARLIE
Mandy!  Mandy!  Come back my little Brownie in motion!   (ad lib) I want to shake stick and slide some more!  Shake! Stick! Slide!  (Starts singing Barry Manilow’s “Mandy”) “Oh Mandy / you came and you shook me from dreamin’ / now you’re stuck to my heart…”

(PROFESSOR SWANSON enters from stage left curtain)
PROFESSOR SWANSON 
Charlie! What are you doing?  

CHARLIE 
Sorry, Professor.  I imagined I went down to the Nanoscale! 

PROFESSOR SWANSON 
That’s okay, but we’ve still got lots to talk about.   Scientists use special tools to move atoms and molecules around on the nanoscale. 

CHARLIE 
Yeah!  They can make new fabrics, sunscreens and deodorants! The possibilities are endless.  We can change the world for the better. 

PROFESSOR SWANSON 
(Amazed) That’s very true, Charlie. You see, ladies and gentlemen, in nature we have no choice how atoms come together. Nanoscale science changes that. We can build on a molecular level like nature does. 

CHARLIE
It’s like Lego blocks with the tiniest blocks in the world! (Once again CHARLIE starts getting way too excited) 

PROFESSOR SWANSON 
And, as Charlie mentioned, nanoscientists have already invented useful things.  But because nanosized molecules shake, stick and slide, we don’t always know what they’re going to do.  

CHARLIE 
What do you mean, we don’t know what they’ll do?  I’m going back to the nanoscale to find out more about this!
PROFESSOR SWANSON

How are you going to get to the nanoscale?

CHARLIE 



By shaking, sliding and sticking?  
(Once again CHARLIE gets so excited he starts spinning. CHARLIE finally lands in the Nanoworld. PROFESSOR exits.) 
CHARLIE 
I’m shaking, sticking and sliding again!  Oh, oh!  Out of control!  Mandy?  Are you here?  

  




(MANDY enters.) Hey, Mandy.  What’s shakin?

MANDY/MARK MOLECULE
I am.  I’m always shaking!  I’m a mover and a shaker!   We nanosized molecules can’t control where we go.  It’s CRAZY down here!  We’re like Nano-Ninjas.  We can slide into anything!

CHARLIE



Anything?

MANDY/MARK MOLECULE
We’re nanosized molecules, Charlie.  We can slide all over the place, in and out of anything.  We might even slide into that…(Looks around) butterfly.

CHARLIE



Won’t we hurt the butterfly?

MANDY/MARK MOLECULE
We’re just two little nano-sized molecules…do you think we can hurt the butterfly?

CHARLIE
Little things can be very dangerous!  I mean, germs are little and they’re dangerous, that’s why we wash our hands.

MANDY/MARK MOLECULE
Wow!  You’re a smart kid!

CHARLIE
Well, I don’t think you should go inside that butterfly.  You could hurt it.

MANDY/MARK MOLECULE
It’s not our fault.  It’s Brownian motion.  We molecules can’t control where we go. (Mandy starts to flap around)  Ahhh..I’m sliding into the butterfly!! Check you later, Charlie.  (She slides off)  Whoo-hoo!

CHARLIE
I have to warn the others! (desperately looking around) Mandy Molecule! Professor Swanson! Anybody!… (as CHARLIE panics, and PROFESSOR SWANSON comes enter stage left curtain) 

CHARLIE 



Nooooooooo! 

PROFESSOR SWANSON 
Charlie.  Daydreaming again? Seriously, where are this kid’s parents? Anyone? (Waits for a moment).
CHARLIE 
Everyone, pay attention!! Heed my words! Nanosized molecules might slide into anything!  Aaaaaaaaaahhhhhhh! (CHARLIE collapses down on the stool) Run! Save yourselves! We can all live in bubbles!

PROFESSOR SWANSON 
Charlie, Charlie, Charlie, calm down. There’s no yelling in the museum. Yes, things at the nanoscale behave differently.  But scientists are working on how to control where nano-sized molecules can go. Scientists are finding solutions. 

CHARLIE 



(Still panting) Really? 

PROFESSOR SWANSON 
Sure.  When you’re scared of something, you should learn all about it, and protect yourself with knowledge. 

CHARLIE 



Knowledge bubbles!

PROFESSOR SWANSON
Yes, there are risks. But without the risk, there is no reward. Think about what we might miss! Imagine if Thomas Edison or Alexander Graham Bell never took a risk. 

CHARLIE 
We might never have had the light bulb or the telephone. We’d be sitting in the dark, talking to ourselves. 
PROFESSOR SWANSON 
Then, Charlie, you must use that knowledge. Tell others about nanoscale science.  You could even become a nanoscientist! 
CHARLIE 



Can I really?  

PROFESSOR SWANSON 
Sure.  We need people like you, people who look at both sides of an issue. Because nanoscale technology is going to change the way we live!
CHARLIE 
Cool!  Hey everybody, I’m going to be a nano-scientist!  Let’s start studying how nanoparticles move right now!  (REPRISE of Shake Stick Slide) 

PROFESSOR SWANSON 
Good job, Charlie!  Thank you everyone, and have a great day at the museum.

The End.

Tips and Troubleshooting: 

The show has been performed with and without puppets; both versions work.  It was designed so that it can be performed with a cast of four, three or two.
Directors Notes

The actor who plays Professor Swanson keeps the atoms in their pocket for the section when they fly off Mandy.

Keep the puppets heads back and cheated out to the audience.

Keep Mandy Molecules’ and Charlie’s mouth open a little at all times

The professor always stays level to Charlie, while the actor playing Charlie stands behind the other actor.

Places to buy puppets
www.puppetstoreusa.com
www.jumpnpuddles.com
Common Visitor Questions 

The goal is for visitors engage in the conversation with each other not the actors.

Going Further… 

Here are some resources you can share with your visitors:
On-line resources for children

www.nanooze.org/

A website developed by Cornell NanoScale Science and Technology Facility. Try playing some on-line nano games, meet some nanoscientists, and read current articles on nanotechnology.

www.nanozone.org/

Read nanocomics, meet nanoscientists, play on-line nano video games, and print off activities to make or try at home. Developed by Lawrence Hall at UC Berkeley.

www.powerofsmall.org/

An on-line community discussing nanotechnology and its future. Funded by the National Science Foundation and the Department of Energy

www.sciencemuseum.org.uk/antenna/nano/

Britain’s Science Museum site addresses main issues around nanotechnology

www.sciencenewsforkids.org

Current science news for children

Clean Up

Time:  Estimated five minutes.

Return props to appropriate storage space.

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

Characters repeat themselves
[ X ] 
2. Provide multiple entry points and multiple ways of engagement

It is a theatre piece so it offers different entry points than other parts of the museum.
[    ]  3. Provide physical and sensory access to all aspects of the 
program


To give an inclusive presentation of this program:

TO BE FILLED IN
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