Modulated Laser Pen
Script
Prelude:

001 enters stage and connects his i-pod to laser pen (James Bond Theme plays). 

Evil 1 points laser pointer at 001. He looks at laser point travelling up his leg and chest terrified. Evil 1 shoots and 001 falls on the floor!

Evil 1 looks around to try to understand where the music comes from. Walks in front of beam few times and interrupts the music. Repeat the same with hand a few times, then takes comb out, brushes hair and realises she can use it with the laser. So, she scratches the signal.

Evil 1 walks towards the i-pod, disconnects it and looks up raising brows with a smile (curtains close).

Act 1:

001 on stage sat on a chair with hands tied back (Evil 1 comes in with a stick). 

Evil 1 asks questions about the device 001 was using. E.g. what is it for? Who was he contacting? How does it work?...

001 refuses to talk, so Evil 1 hits him repeatedly with the stick to convince him.

001 gives in and starts explaining modulation of signals (keep it simple). Every time 001 speaks too difficult, or quickly, Evil 1 hits him and summons him not to talk in code, but plainly!

After 001 finishes his explanation Evil 1 orders to take him to his cell and calls with her mobile her scientists (curtains close). 
Evil 1: Very well then! And who are you? 

001 refuses to speak, Evil 1 hits with the stick.

001: Aouch, that hurt! Ok, I’ll tell you. My name is Pond… James Pond.

Evil 1: Right then, what were you doing in my labs with that device of yours? 

001: I was listening to music! (smiles)

Evil 1: hits him again

Evil 1: Don’t play games with me! You’re only alive because I haven’t given the order to kill you…Yet! 

001: Ok, ok! I was sending a message to MI5.

Evil 1: What message? 

001: I don’t know, honest… the message is encrypted in the music! 

Evil 1: So, how does you device work? 

001: Well, it’s pretty simple… Modulation is the process of transmitting one wave within another

* Hit with stick

Evil 1: Stop talking jargon! What do you mean by this "Wave"?

001: Well, a wave is made of 2 parts: amplitude and frequency.

Evil 1: Go on...

001: Amplitude is the wave strength, like the loudness of a sound and frequency is the number of complete wave cycles per second, for example the pitch of a sound.

Evil 1: Blah, blah blah... you’re boring me!

001: You asked!

Evil 1: I asked about amplitude modulation. Now tell me!

001: Well, you start with a fixed frequency carrier wave and then the sound wave is added to this and the envelope of the modulated wave produced is an approximation of the sound.

* Hit with stick

Evil 1: Envelope, you’re talking in code again!

001: It's that black line on the diagram behind you. Now, are you happy? You've got what you want, now let me go!

Evil 1: Now, why would I do that, Mr. Pond? You're of great use to me. Why are we using this modulation stuff anyway?

001: Take, for example, Radio 4 Longwave. If this was transmitted unmodulated it would be a very inefficient use of radio energy, not to mention that there could only be one radio station active in the world at any one time, so we modulate the signal to use the energy more efficiently.

Evil 1: And what has this got to do with the laser? You're boring me again...

001: That's simple, it allows the use of a very high frequency like visible light to carry a much lower frequency, like audio.

Evil 1: You have been very useful to me, Mr. Pond. (To offstage as walking off) Get him out of here! (gets her mobile from her pocket and pretends to call)… It’s me! Get my Scientists on the job, now! 

Curtains close.

Act 2:
Evil 1 asks more information about the laser pen to her scientists. They say this is a work of genius, because it looks like a normal laser pen and perfectly innocent, but in fact, MI5 has turned it into a high-tech transmission device. Here they can explain how visible light is used to send the information from the i-pod (probably encrypted in the music) to 001 HQ. The signal can be disturbed with a comb for the time being until a way to divert it to the Evil HQ is found (ask a few pupils from the audience to come up and scratch it).

Scientist 1 says that they need to find a way to show where the beam is going (could ask the audience). At this point the smoke machine could be activated and the beam revealed.

Scientist 2 points out that the pen is pointing at the MI5 HQ and that Evil’s HQ is in the opposite direction. They need to find a way to deflect the beam to Evil’s HQ and de-code the message. Ask the experts (the audience) to suggest ways in which this could be done, i.e. use mirrors to reflect the light where you want it! Call a couple of pupils to do this (it’ll be easy once the smoke machine is up and running).

Scientist 1 says the best way to do this is to use optical fibres. Take optical fibres out and connect laser end with receiver (now light bends inside the fibre). 

At this point Evil 1 is puzzled and asks how these fibres work. Scientist 2 shows the wavy Perspex block with light box, i.e. light goes in one end, bounces inside and comes out the opposite end!

Evil one is pleased and says the final victory is near (curtains close).

2 scientists in a lab environment, wearing lab coats with mirrors and combs hidden inside them. Sci 1 is studying a setup of apparatus waving hands through the devices. The other is on a computer, studying some complex binary patterns.

Evil:

(To Sci 1) YOU! What’s going on?

Sci 1:

This is a work of genius, madam!

Evil:
Well you’re not going to be able to explain it then. (Pause) Are you? (Turns to Sci 2) Speak!

Sci 2:
(Looking at apparatus from computer) Well madam it’s a normal innocent laser pen but somehow MI5 has turned it into a high tech data transmission device.

Sci 1:
Information is probably encrypted in the music from the i-pod. The music
is being sent through the laser.

Evil:
(Snaps) Ready to talk properly now then are you? Tell me, is it transmitting right now?

Both:

(Looking at each other scared) Yes.

Evil:

(Snaps again) Well stop it then!

Sci 1:
(Thinking) we can run a comb through it to distort it for now. (Pulls out a comb and scratches the laser beam.)
Sci 2:
We can’t do that ourselves we need to do the geeky stuff (indicates binary pattern on projector).

Evil:
(Points to audience, commands scientists) Get someone down there to do it! (Turning to sci) you do the geeky stuff… if you can.

Sci 1 and 2 jump down from stage and haul up two, “volunteers,” passing the comb to one of them as they move to the stage.

Sci 1 starts smoke machine as audience is distracted.

The two audience members scratch the laser.

Evil:
I want to know where the beam and the information is going! I want to know where their base is! Find out now!

Waits a few seconds.

Sci 1:
I can see it on the map!

Evil:
Get me print outs.

(Shouts suddenly at them and they jump).

Find out what the signal says.

(There is a pause as they look at each other, confused and thinking.) NOW!

They jump into action.

Sci 1:

(Panicked tone). We need to bring the signal back first

Sci 2:

Yeah… deflect it.

Sci 1:
(They round on the audience members.) Oi you two! How can we bounce the beam back? What do you think?

They answer, if they don’t and they look clueless Sci 2 can throw in some “subtle hints” with a mirror. Otherwise ask the audience. They are given mirrors to deflect the beam.

Evil:
So now I have not only scrambled the message up so that they can’t read it, but also redirected it so that I can read it soon! I am amazing. Now you miserable load of apes (to sci 1 and sci 2 and audience members). Find out what that message says.

Sci 1:
We can use optical fibres to rig it straight into our computer systems to decode it. (Stick one end in the Laser pen and show the light coming out of the other end). See? The light now travels inside the fibre and back out the other side. So, I can put the other end inside my receiver to decode the signal without the need of mirrors.

Sci 2:
We won’t be needing you anymore! (Get back down there!)
Sci 1 and 2 start placing fibers in random places…to make it look like something technical. Evil gets angry!

Evil:
Why didn’t you do that in the first place? (Then, intrigued) How do they work anyway?
Sci 1:
(Walk over a table where light box and wavy Perspex block are and switch the light box on, Sci 2 uses video camera to show block on the projector screen) See? The light can go into this block, but once inside it bounces off the surface and remains in the block until it comes out the other side. This way we can transmit the information round corners.

Sci 2:
The message is coming in fast! It’s decoding.

Show percentage indicator is on the screen with a loading bar on it. It starts off at 1%, and starts to move up. Through the next act, it could stay there as a reminder to the audience!

Evil:

The final victory is near! (Laughs)

Act 3:

MI5 HQ: P (as opposed to Q) is fiddling with some equipment (could be an oscilloscope).

000 comes in and explains he’s been assigned to the Modulated Laser Pen project. 

P gives the details of the mission, i.e. finding the transmitter (and he shows him an i-pod), realign the laser pen (by removing the optical fibres) and transmitting the tune to HQ.

000 looks puzzled and asks how they will receive it at HQ. P explains the photoelectric effect that happens in the phototransistor with a PowerPoint slideshow and includes the photoelectric equation. 000 is more confused than before. So, P shows his disappointment at the poor knowledge of today’s secret agents. Then, he calls some volunteers from the audience and splits them into two teams giving red shirts to one team and violet shirts to the other. 

P says the photoelectric effect can be explained in a very simple way, if we think of the work function as a wall the electrons on the surface of the metal have to jump, if they want to get out of the metal. Light is made of photons (packets of energy), can be absorbed by the electrons and give them the energy to jump. However, most metals have high work functions (i.e. tall walls), and here we can put on stage a tall obstacle, so the low frequency photons (like red light) don’t have enough energy to shoot the electrons above the wall. At this point, the red team tries to throw the balls (electrons) above the wall, but they can’t (they need to be instructed quietly to do so, and hope they won’t be silly, we found it was easier to just use our team to play the red photons and have the audience to be the U.V. photons). So, we can use U.V. photons (Violet team) and they will manage to shoot the balls above the wall.

000 asks: “But our laser is red light! What does it mean?” (the question could be asked to the audience, or the pupils on stage). The answer is that the work function/wall for our phototransistor is low enough for the red photons to “throw” the electrons above the metal surface. At this point a shorter obstacle can be taken in and the red team can now cause the balls to jump above it!

Pupils go back to audience and 000 says goodbye, promising he’ll complete his mission (curtains close).

Cluttered lab containing various scientific equipment. 000 enters the lab looking confused and trips over a piece of equipment.

Lab tech: oh butt you tripped over my stuff again!

000: ‘Groan’

P: Stop arguing! Oh 000... what a pleasure to see you (in tone of mockery, then turns to the audience rolls his eyes and taps his finger to his temple spelling the words “He’s a bit...” without saying the words and implying he’s quite stupid)

000: Hi P, nice to see you too (enthusiastically not realising he’s not really wanted). I’ve been given the Mod……..u……lat…….ed Las…….er Pen project. (Pause) what on Earth is that?

P: sighs and types on the computer and mutters “This days’ Secret Agents are real ignorant”. Diagram appears on the screen. Lab tech mixes chemicals, drinks and chokes and gives some to 000. 

P: Ok, see this diagram? Light and all EM waves are made of Photons. See? They are those little arrows there and they are basically packets of energy! (Points at the screen)

000: mmm… ok! (holding his chin)

P: Now, the energy of each photon depends on its frequency. In other words, the higher the frequency, the higher the energy. When a photon hits one of the electrons in the metal of the phototransistor, the electron absorbs its energy and can jump outside the metal surface. This causes a current to flow in the phototransistor and sends the signal to the speakers. The phototransistor is this little component here (pointing at the component, by now the video camera could be used to zoom in onto the Phototransistor and show the rest of the receiving circuit)

000: cool! Does it work with any light?

P: Well... no! You need to have light of the right frequency, i.e. with enough energy to get the electrons to jump out of the metal. Look at this equation. This is the energy outside the metal (point at EK)… that’s equal to the energy of the photon (hf) minus the work function (fi) which is the energy that holds the electrons in the metal. So, if the frequency of the photons is above the “threshold frequency”, the photons have enough energy to give to the electrons, so that they can win the work function. Easy, no?

000 looks confused.

P: Let me give you a demonstration of how it works. 

P: See? The problem is that most metals have a high work function. This is a bit like a tall wall the electrons need to jump over if they want to escape (Lab Assistant brings tall wall on stage and 4 soft balls). Pretend our electrons are these soft balls. I need some photons to demonstrate this… (at this point two members of our team come on stage with red bibs on)

The red photons come forward, pick two balls and throw them at the wall unseccessfully.

P: Right these photons haven’t got enough energy to throw the electrons over the work function (the wall). We could try to increase the intensity of the light by calling more red photons. Would that work (to the audience)? “if you get an answer ask to explain why!” … Let’s try it!

Two more photons from our team come on stage and the 4 photons together throw the 4 balls, but again no success. 

P: Having more photons of the same frequency is no good, because their frequency is too low… it’s below the threshold frequency! So, what might work, then? (wait for hands up from audience, then ask)

Invite the pupil who said higher frequency/different colour light and other three on the stage. Give them the Violet bibs and ask them to try to clear the wall.

P: See? These photons are Ultra-Violet, so they have higher frequency than the red light photons and can “throw” the electrons above the wall, i.e. the work function!

000: (pointing at the volunteers) Look, the red photons couldn’t get it over the wall but the Ultra Violet photons did. 

P: The work function of the metal is the height of the wall (point at the top of the wall), the red photons do not have enough energy to clear the wall whereas the ultra violet photons have enough energy to clear the wall.

Lab Tech collects the balls and the wall and sends the U.V. photos back down.
000: But our laser is red?!

P: Well this is quite an unexpected bright question from you 000. Does anyone know why it works? 

Lab tech: (Pause) No!

P: The work function/ wall of the phototransistor is low enough for the red photons to ‘kick’ the electrons above the metal surface.

Red photons come back on stage and throw the balls over a smaller obstacle/wall that the Lab Tech has brought on stage.

000: Ah! Now I get it! Thanks P. Well, best be off, got to go make some plans. (walks off talking to himself)  

Final Act:

Evil HQ: Evil 1 stands near the laser pen smiling, when 000 comes in.

000 and Evil 1 start fighting. Evil 1 is shot by 001, who managed to free himself in the meanwhile. 

000 and 001 disconnect the optical fibres and send the message successfully to HQ (curtains close).

A robotic voice could be heard at this point saying: “Message de-coded... Incoming message... Reading... Physics is Great” The message could also come up on the screen.

Parts:

Evil 1: Evil 1otte

001: 001

000: Ryan

Scientist 1: Dan

Scientist 2: Joe

P: Becky

Lab Technician: Richard

Red Photons: Sudhan, Sam, Simon, Maddison

Writers:

Prelude and Act 4: Evil 1otte and Maddison

Act 1: 001, Sam and Sudhan

Act 2: Ryan, Dan, Simon

Act 3: Becky, Richard and Joe

Equipment:

Prelude

Laser Pen + I-pod on a table

Phototransistor + amp + speaker on a table opposite

Evil 1 carrying a gun with laser pointer. Her Comb is in her pocket.

Act 1

001 on a chair in the middle

Same equipment as before out

Screen + projector + laptop 

Camera connected to projector

Evil 1otte has a phone in her pocket

Act 2

Same equipment + table next to the laser pen with another receiver and speaker system

Two tables in the middle (for the mirrors later)

Mirrors on holders with blue tack to keep them straight (on the table near the receiver ready for use)

Smoke machine near the laser pen table

Optical fibres near smoke machine under the laser pen table

Table near the projector with power generator + Light box (with single slit) and wavy Perspex block (with white A4 paper underneath)

Camera connected to projector to show the Perspex demo

Scientists wearing lab coats one has comb in his pocket

Act 3

Lap top

CRO + Signal generator

Safety glasses (x2) + Lab coats (x3)

Test tubes + test tube rack + Clamps

Tables (x2)

Two “walls”, one tall and one short (near the background wall handy to be used)

Soft balls + Violet and Red bibs (for Photons)

Screen (for projector)

Positions for equipment:

· Tables at diagonal angles at either side of stage.

· On tables test tubes in test tube racks containing the limeade, and some test tubes in racks.

· Other table has CRO and signal generator on.
























