OCEAN OF AIR, OCEAN OF SPACE

I: LIVING ON EARTH

(PIC: Panorama like a naturalist’s sketch)

(wind, birds, gulls, etc.)
Ahh. Beautiful day... welcome to Constitution Marsh, on the edge of the Hudson River. Nice to find a place like this, only 50 miles north of New York City. There are only five of these large marshes left on the Hudson, you know. Places where water and land meet, where life flourishes in the wash of the tide... all those grasses? Well, technically, those are rushes, not really grasses. They form an important habitat for animals... Fish lay their eggs just under the surface here, and birds like egrets build their nests here, where it’s hard for land predators to reach them... See that pile of rushes and sticks over there? That’s a muskrat lodge. The lodge is the muskrat’s house. Sometimes they dig burrows from the lodge into the riverbanks. If we’re lucky, we’ll see a muskrat... shhh! See, there’s one now...

(PIC: Muskrat appears)

MUNCH MUNCH

(sotto voce) Muskrats are not really rats... they’re more like large mice which have adapted to life in the water. This one’s a male, and a few years old... and just under three pounds, probably. That’s a good size for a muskrat. He’s pretty fortunate to live in such a clean, unspoiled place, free from pollution and disruption...

(PIC: Muskrat faces audience)

MUNCH MUNCH

...completely clean and natural, unchanged from centuries ago, and his to explore at will...

GULP

(PIC: Muskrat waves L) (PIC: Muskrat waves R)
YOO HOO

Oh! Hello there. I was just telling everyone how beautiful your home is.

(PIC: Muskrat hands on hips, angry)

Well, it looks pretty clean to me...

CHITTER CHITTER!

It’s not? 

(PIC: Splash)

Where’d he go? Oh, there he is...

(PIC: Muskrat swimming)

DESCENDING MUSIC

SPLASH

(PIC: Muskrat holding plastic bag)

Oh, a plastic shopping bag. Sorry about that. Actually, now that you mention it, there are a bunch of those in the water, aren’t there? And stuck on the rushes.. and blowing through the air...

(PIC: Muskrat holding 6-pack ring)

And those too... I guess someone was drinking soda.

Still, the river is a lot cleaner than it used to be...

(PIC: Muskrat is skeptical, arms crossed)

Well, we’re getting better, at least. We’ve learned a lot about the natural world...

(PIC: Muskrat points at audience)

What’d I say?

CHITTER CHITTER!

(PIC: Muskrat with two fingers up)

Ah. You want to play charades. Okay, lesse...

Two words...

(PIC: One finger up)

first word...

(PIC: Muskrat spreads arms)

Air? Grasses? Habitat? Land? Nature? Oh! Natural?
(PIC: thumbs up)

Okay. First word “natural.” Second word...

(PIC: points to ear)

Sounds like...

(PIC: Muskrat with curlers in his fur)

Curls? Curled? Hurled? Furled? Oh. World! You mean... natural world? What’s wrong with saying “natural world?”

CHITTER CHITTER

(PIC: Word bubble with humans seperate from other living things)

Look, just because I say “natural world” doesn’t mean that we think humans aren’t as much a part of the world as you are. We know that we are living things too...

(PIC: Word bubble with humans one of other living things)

We know that we depend on the sun for energy, on plants for food... we know that even the air we breathe is the same as every other living thing on Earth... Look, here’s just one of the many things humans have discovered which shows how all living things on Earth are connected...

Take a deep breath and hold it.

(PIC: holding breath)

Scientists have figured out that some of the air in your body right now is some of the air you breathed in when you were born. And at least some of that air, long ago, spent time in the body of every human being on Earth.

(PIC: muskrat sticks out tongue)

BLEAH
Oh, that’s not gross, it’s marvelous! The Earth’s air is amazing stuff.  Human scientists know just how complex it is, and how important it is, in so many different ways, to life on Earth.

(PIC: muskrat neutral pose)

It's as if... we've spent all our lives at the bottom of an ocean and just never noticed that the ocean was there.

(PIC: Muskrat in scuba suit)

No, not that kind of ocean. An ocean of air, covering the whole Earth.

II: THE ATMOSPHERE – STRUCTURE
This ocean of air is many miles deep. 

(Blue sky, no clouds)

Gravity holds all this air on the Earth – and that means the Earth’s air above you weighs something. The weight of the air directly above a human being is more than a ton and a half—about the weight of a small car.

(human with car on head)

For you, a muskrat, you’re not as big around as a human, so there’s less air above you... only about the weight of a motorcycle.

(muskrat with motorcycle on head)

ALARMED CHITTER

Don’t worry, you don’t need to hold all that weight up all by yourself – Remember, we called our atmosphere an ocean of air. It’s like being underwater. Just like being underwater, the Earth’s air is pressing in on you from all directions, so it actually helps you hold the weight. This is called air pressure.

This air pressure can be high, or low. 

(PIC: Muskrat w/inflated balloon, H inside balloon, L outside balloon)
High air pressure is like the air in an inflated balloon. Let go of the balloon...

(PIC: Muskrat releases balloon)

PBBBBBT
And the air rushes out to the low-pressure air outside the balloon. Air pressure is always trying to even out.

The air on Earth has high and low pressure areas too. 

(PIC: Big H) (PIC: Big L) (PIC: Wind arrow)

(PIC: Muskrat being blown R)
Wind is just the Earth’s air pressure trying to even itself out, going from high-pressure to low-pressure areas.

(PIC: Big L) (PIC: Big H) (PIC: Wind arrow)

(PIC: Muskrat being blown R)
Air pressure also changes depending on how high you are above the ground. The air gets thinner higher you go, the less air pushing on you, and the lower the air pressure.
When the wind’s not blowing, you usually don’t notice that the air is there.

But there is one way in which you can always be reminded about all the air around you... look up.

On a clear day, it looks like there’s a blue roof over your head.

EES THR A OOF?

No, there’s really no roof to the sky. But the reason the sky looks blue is because of all the air around us. You see, because of all that air, the light from the sun has a hard time going directly from the Sun to our eyes.

(PIC: colored “rays” from Sun)

The light from the Sun contains all the colors of the rainbow, blended together. Most of the light from the Sun makes it to our eyes with little trouble.

(PIC: blue “rays” scatter)

But the blue light, more than other colors, is scattered around the sky, so it looks like that color is coming from all directions at once.

 That’s why the sky is blue.

(PIC: clouds)

Clouds, of course, often look white or gray, not blue. That’s because clouds are made of drops of water, which scatter all colors of light, so they look white.

UUKE UH HILLOW?

(PIC: muskrat holding feather pillow)
No, not quite. They might look like fluffy pillows, but clouds are really made of tiny drops of water, or tiny bits of ice.

(PIC: water drops)

From far away, you can’t see the individual drops. Instead, the drops crowd together and you see a huge, lumpy white shape in the sky – a cloud. Pretty much any shape you can imagine.

(SFX: clouds)

(PIC: Muskrat points)
That?

(PIC: Cumulus cloud)

That kind of cloud, the lumpy, puffy kind, is called a cumulus cloud.

(PIC: stratus cloud)

There are also layered clouds called stratus clouds.

(PIC: cirrus cloud)

And wispy, lacy, cirrus clouds...

UH OH...

(PIC: muskrat with umbrella)
Don’t worry yet. Just because the clouds are made of water drops, that doesn’t mean it’s going to rain. The tiny cloud droplets have to stick together to make larger drops.

(PIC: water drops)

(PIC: bigger water drops)
If the drops get big enough, well, then the water can fall out of the sky.

RAIN SOUND

(PIC: rain)

Sometimes, the clouds can grow enormous.

RAIN SOUND

(more rain)

(huge thundercloud)

(TXT: CUMULONIMBUS)
Huge thunderclouds, called cumulonimbus, can reach high into the sky, and produce sudden downpours, and hail, and high winds...

LOUDER RAIN SOUND

and lightning.

YAAA EEEEE!

(PIC: muskrat struck by lightning)

(PIC: roasted muskrat)

Sorry about that.

WHIMPER

Of course, a better way to look at the clouds would be to actually fly up into the clouds.

FLYY?
Sure. A hot-air balloon will work fine for that.

(PIC: Balloon)
It should carry us a few miles up. But it will be a bit cold up there...

(PIC: muskrat holds out scarf)

Well, if you think the scarf ‘s going to be enough...

HMM HMM.

Okay then, here we go...

(PIC: muskrat in balloon)

Welcome to the realm of the clouds.

You’ll find clouds like these from the Earth’s solid surface all the way to about 8 miles up – on average. This part of the Earth’s ocean of air is called the troposphere.

(TXT: TROPOSPHERE – surface to 8 miles)

Almost all clouds stay in the troposphere, and this is where you’ll find all the Earth’s weather – rain, snow, hurricanes, tornadoes...

(PIC: storm below)

The rain that falls can end up in lakes and puddles... or it can go right back into the ocean... or it can flow over the land in rivers and streams. Some of it makes it deep into the ground, and can stay down there for tens of thousands of years; but most of it evaporates again, going back into the air to make more clouds. This is called the water cycle, and it’s very important to all living things on Earth.

YUU TOO?

Yes, of course! Humans need water too, especially fresh water. Without the water cycle, rain would never fall on farms or forests, and we would have no fresh water to drink.

(PIC: horizon with cities and marshes and forests)

Living things like humans – and muskrats – usually get the water we need where it flows over the land, between falling as rain or snow, and evaporating or returning to the ocean. That’s why you’ll find both our species living near rivers.

Rivers collect the water that flows over the land.  The area which catches the rainwater that ends up in a particular river is called the watershed of that river.

(PIC: brackets over areas between mountains, labeled “watershed”)

But all this is happening only down in the very bottom layer of the troposphere. If we go high enough, we’ll be above all rain and snow, at the very top of the troposphere. Drop a sandbag, why don’t you, and we’ll go higher.

(PIC: Muskrat drops sandbag)

You’ll notice it’s getting colder. The air is getting thinner and thinner the higher you go, so the air pressure is dropping too... less air pushing on you up here.

HMM HMM.

We’re about 10 miles above the ground now. The air’s getting too thin for a hot air balloon... It can’t go much higher than this. 

To go higher, we’ll need an airplane, like a passenger jet.

(PIC: jet plane w/contrail)

JET SOUND
When you see a plane flying high overhead, leaving behind a stream of frozen water, It’s flying through the layer of air above the troposphere, called the stratosphere. The stratosphere starts about eight miles up, and goes to about thirty miles above the ground.

(TXT: STRATOSPHERE – 8-30 miles)

(PIC: muskrat on plane)

In the stratosphere, we’re so high that the air pressure is much lower than it is on the ground, or even on top of the highest mountains. And it’s cold out there – sometimes more than a hundred degrees below zero.

(PIC: temperature and pressure outside plane)
Of course, you feel little of this on a plane. The plane keeps the air pressure high inside, comfortable enough for living things, and the air is kept warm.

(PIC: temperature and pressure inside plane)
The stratosphere goes up a long way – a good thirty miles. Regular airplanes don’t fly to the top of the stratosphere, but there is a way to go higher – if we use a balloon filled with helium. A helium balloon like this can be even lighter than a balloon filled with just hot air.

(PIC: Helium balloon with gondola)

Just like the airplane, you’ll need a pressurized cabin for this trip.

(PIC: Muskrat in pressurized gondola)

From up here, there’s not a lot of air, so the colors from the Sun scatter less. The sky is dark blue to purple-black.

Up at the top of the stratosphere, about twenty miles above the ground, you’ll find a thick layer of a gas called ozone, mixed with the air. 

(TXT: OZONE LAYER – 20 – 30 miles)

There’s not much of it, but it makes a big difference to living things on Earth. Ozone helps protect us from the ultraviolet light from the Sun.

(PIC: UV rays stopping at ozone layer)
Now, thirty miles up, we’re near the top of the stratosphere and the air is really getting thin. There's not enough air to make an airplane's engines work. The pressure is so low that even a helium balloon can’t go much higher, and it’s getting even colder. If you want to go any higher than this, you’ll need a completely different vehicle.

(PIC: rocket plane)

A small rocket plane like this one should get us up to about 100 miles or so. 

(PIC: Muskrat w/scarf on, looking at rocket plane)

You’ll need more than a scarf for this trip.

(PIC: muskrat in spacesuit)

”RIGHT STUFF” THEME
Now that’s more like it. That suit will help keep the temperature and pressure around your body at safe levels. Let’s go...

(PIC: rocket plane ascending)

ROCKET ENGINE

Above the stratosphere, you’ll find the ionosphere. 

(TEXT: IONOSPHERE - 40-200 miles)

Although the air is thin up here, it’s not so thin that objects speeding in from space don’t notice it. It’s at this altitude, about 50 miles up, that space debris burns up, leaving behind only a bright streak of light.

(SFX: meteors)

You can call these shooting stars, but they have a better name – meteors.

(TXT: METEORS)
They’re really tiny bits or rock or metal from space, traveling more than 8 miles a second, going so fast that they compress the air in front of them and burn up.

Even higher than this, more than 50 miles up, the air is so thin that the sky looks black. You can see the Sun and the stars at the same time. Something else very strange can happen...

(SFX: aurora)

(PIC: muskrat in rocket plane seen from ahead)
Up here, sometimes the air seems to glow, like the glowing gas in a neon sign. The atmosphere isn’t plugged in like a neon sign is, of course... up here, the energy to make the air glow is from electrical particles coming from the Sun.

(TXT: AURORA)

The glow is called the Aurora, or sometimes the northern lights, or the southern lights.

(PIC: rocket plane seen from behind)

Want to go higher?

UH HUH

Well, although you can go pretty high in a little rocket plane like that...

(PIC: engine burnout)

Eventually, you’ll run out of fuel, and fall back to the ground.

(PIC: rocket plane falling)

WAAAAAGH!
Out here, there’s not enough air for wings or a balloon bag to provide lift. And you can’t just keep firing rockets forever. The solution is to go sideways fast enough that although you’re falling, the Earth curves away from you as you fall. 

(PIC: planet with flight path of suborbital and orbital rocket)

If you can do that, that’s an orbit.

(PIC: green line indicates orbit)

(TXT: ORBIT)
You’ll need yet another kind of vehicle for that.

(PIC: muskrat in staged rocket)

BIG ROCKET RUMBLE

This will get you above the last bits of the Earth’s atmosphere: More than a hundred fifty miles above the ground. This is called the exosphere, but it might as well be outer space. There’s hardly any air at all, up here. If your rocket can get going fast enough – about 17,000 miles per hour – well, then you’ll be in orbit, and you can stay in space for as long as you want.

III: THE ATMOSPHERE – TEMPERATURE REGULATION

(PIC: Rotating Earth chord)

So here we are, above the Earth’s ocean of air, and at the edge of the ocean in which our world travels... the ocean of space.

As long as you’re in orbit, you’re in freefall. So it does feel like you’re falling all the time. 

(PIC: muskrat holding airsickness bag and turning green)

You’ll get used to it in a second... But whatever you do, don’t take your helmet off.

There’s no air out here... and no ozone to protect you from the ultraviolet light from the sun. And under the rays of the sun, it can get boiling hot... and in the shade it can get far below freezing. It’s a dangerous place. Good thing that on Earth, we have the atmosphere to protect us.

(PIC: muskrat floating, seen from behind)

(SFX: hazy layer of air)
You can see it better now. That hazy blue layer around the Earth. The clouds in the troposphere, the aurora in the ionosphere, meteors burning up in the exosphere...

MII HUUSE?

No... I don’t think you can see your house from here.

The air looks thin, doesn’t it? It’s just thick enough that it protects us from the dangers out in space. It burns up meteors, and it keeps the surface of the Earth the right temperature.

You see, the Sun, over there, is always shining on the surface of the Earth.

(PIC: big “solar energy” arrow)

About a third of the energy from the Sun is reflected from the air and clouds and the land or water, and goes back out into the ocean of space.

(PIC: 1/3 size “reflected energy” arrow)

About half the energy from the Sun is soaked up by the surface – the ground and the oceans – and warms them up.

(PIC: 1/2 size “absorbed surface energy” arrow)

The rest of the heat goes into the atmosphere or the clouds.

(PIC: 1/5 size arrow)

This little bit wouldn’t be quite enough to keep the atmosphere, and us, warm, but the warm ground itself lets off some heat, and the atmosphere holds that heat in. 

(PIC: muskrat with blanket)

CHITTER CHITTER

Yes... rather like a blanket.

(PIC: muskrat under blanket)

ZZZZZZZZZ

LULLABY

When you’re sleeping at night, your body cools down slightly. You muskrats have fur, or your burrows to help you stay warm... but even humans who live in houses need a blanket to keep them from geting too cold.

The blanket itself isn’t warm; but you are, and the blanket holds in the heat your body gives off.

The Earth has a blanket as well.

(PIC: Earth under blanket)

Like the blanket you use when you are sleeping, the Earth’s blanket is not warm by itself. But the heat from the Sun warms the surface of the Earth. The earth, like a sleeping person, gives off heat. And the Earth’s blanket holds in the heat.

It helps keep us from losing too much warmth to the ocean of space, and it helps keep the night side of the Earth from getting too cold.

(PIC: Earth with hazy “blanket” of air)

Our planet’s blanket, of course, is not made of cloth. It’s made of the different gases which make up the atmosphere. The right mix keeps us at the right temperature. If you were to make the atmosphere of Earth, you’d have to get the mixture of gases right.

(PIC: Muskrat looking down at lungs)

(PIC: gases in lungs)

Most of the atmosphere, about three-quarters, is nitrogen. Oxygen is most of the rest, about one quarter. Oxygen, of course, is the gas we animals need to breathe to stay alive. There’s just a little of a gas called Argon. There’s a trace of others – water, methane, carbon dioxide...

Not all of these gases are equally good at holding on to heat. Some are a lot better than others. 

Think about a blanket again, or clothing. They can be made of many different kinds of cloth.

wool keeps you warm even when it’s very cold out.

(PIC: icelandic wool sweater)

cotton is comfortable at middle temperatures.

(PIC: cotton polo)

Synthetics, like polyester, hold little heat, so it’s good if you’re very active.

(PIC: disco suit)

DISCO MUSIC
Most clothing you wear is a mixture of these types of cloth. Cotton and polyester, or cotton and wool, or wool and polyester.

(PIC: all-sky of multiple muskrats in many different types of clothing)

So, let’s say you were to knit the Earth an atmosphere.

(PIC: Muskrat with needles in rocking chair w/hair cap & floral dress and apron, balls of yarn labeled CO2, O2, N2, Ar, CH4, CF4, N2O etcetera)

Most of the atmosphere is made of gases which hold very little heat. Nitrogen, Oxygen, Argon... none of them are very good at keeping us warm.

(PIC: Muskrat knitting, needles twitch L) (PIC: Muskrat knitting, needles twitch R)

NEEDLES CLICK

(VIDEO Atmosphere is formed like misty“sweater”)
(PIC: Earth puts on “blanket” – teeth gritted)

CHATTERING TEETH

So most of our atmosphere does very little to hold onto heat.

But remember that there’s just a trace of other gases.

(PIC: closeup – Muskrat points to tiny balls of yarn)

These are what hold in most of the heat. Carbon dioxide, methane, nitrous oxide, water, and a few others. Add just a little of these substances to our blanket... and the Earth is comfortable.

(PIC: Muskrat knitting, needles twitch L) (PIC: Muskrat knitting, needles twitch R)

NEEDLES CLICK

(VIDEO Atmosphere is formed like misty“sweater”)

(PIC: Earth puts on complete “sweater”)

EARTH SIGHS COMFORTABLY           

IV: THE EARTH – AIR CIRCULATION AND SEASONS
Of course, unlike a cloth blanket, This blanket, our ocean of air, doesn't sit still. has waves and currents, tides and swells, just like the oceans of water on the Earth’s surface.

In fact, the Earth’s atmosphere is constantly moving.

(VIDEO rotating Earth with swirling clouds)

(PIC: Muskrat with “dizzy eyes” from watching Earth in fast motion)

Air moves from high pressure to low pressure, balancing out the air pressure. Cold air goes under warm air. Dry air and moist air collide. Clouds form and evaporate and break apart and merge. Storms form over the ocean and break up over the land. Winds howl down mountain slopes, and fog builds up in quiet valleys. 

The energy to drive all this motion comes from the Sun. As long as the Sun shines, we’ll have changing weather, warmth, light, and heat, here on Earth. That’s quite an energy bill.

(PIC: Muskrat writing a huge check: 42,000,000,000,000,000,000,000,000...)

No, no, no, no. You don’t have to worry about that. I was kidding about getting a bill from the Sun. The Sun has been shining for billions of years, and it will keep shining for billions more. All for free.

You see, the Sun, and all stars, are always pouring out energy. constantly. They're huge balls of gases that... well, maybe you should watch this. 

“The Sun is a Mass of Incandescent Gas” from the 1956 album Space Songs

(PIC: Muskrat watching filmstrip)

(PIC: Muskrat turns off projector)

Whassa matter?

(PIC: muskrat rummages)

RUMMAGE RUMMAGE

(PIC: muskrat pulls out iPod)

Oh. You have something better?

CHITTER CHITTER

CLICK

(PIC: Muskrat iPod dance 1) (PIC: Muskrat iPod dance 2) (PIC: Muskrat iPod dance 3)

“The Sun is a Mass of Incandescent Gas” by They Might Be Giants

(VIDEO: Sun zoom in)
(VIDEO: "The Sun is a mass of incandescent gas a gigantic nuclear furnace")

(SFX: flashing lights)
The Sun is a mass

Of incandescent gas

a gigantic nuclear furnace

(VIDEO: "where hydrogen is built into helium at a temperature of millions of degrees")
where hydrogen is built into helium

at a temperature of millions of degrees

(PIC: feet on fire)

WWAAAAOOOOOWWW!

The Sun is hot

The Sun is not

A place where we could live
(PIC: 19 images of Life on Earth)
But here on Earth there'd be no life

without the light it gives

(PIC: plants w / "light")
we need its light

(PIC: enjoying sunlight w / "heat")
we need its heat

the sunlight that we see

the sunlight comes from our own sun's

"ATOMIC ENERGY"
atomic energy

(PIC: little dancing muskrats on pan)
The Sun is a mass

Of incandescent gas

a gigantic nuclear furnace

where hydrogen is built into helium

at a temperature of millions of degrees

THE
the

SUN
sun

IS
is

HOT
hot

(PIC:  guy on TV with gases on the sun listed)

(PIC: 1950s TV set)
the sun is so hot that everything on it is a gas. Aluminum. Copper. Iron. And many others

THE
the

SUN
sun

IS
is

LARGE
large

(PIC: guy on TV holding arms out to his sides)
(PIC: 1950s TV set)
the sun were hollow, a million Earths would fit inside. And yet, it is only a middle-sized star

(PIC: zoom of Sun, small Earth next to it)
THE
the

SUN
sun

IS
is

FAR AWAY
far away

(PIC: guy on TV pointing, Sun with "93,000,000")

(PIC: 1950s TV set)
About 93 million miles away. And that's why it looks so small.

(PIC: muskrat shaking butt 1) (PIC: muskrat shaking butt 1) 4x
 but even when it's out of sight the sun shines night and day

(ZEISS: Sun zooming across sky, sky alternating between blue and black (15x)
(PIC: enjoying sunlight w / "heat"
we need its heat

(PIC: plants w / "light"
we need its light

the sunlight that we see

the sunlight comes from our own sun's

"ATOMIC ENERGY"
atomic energy

(VIDEO: B/W educational filmstrip)
Scientists have found that the sun is a huge atom-smashing machine. The heat and light of the Sun are caused by the nuclear reactions between hydrogen, nitrogen, carbon, and helium

(PIC: little dancing muskrats on pan)
The Sun is a mass

Of incandescent gas

a gigantic nuclear furnace

where hydrogen is built into helium

at a temperature of millions of degrees

CLICK

CHITTER CHITTER

(Muskrat with iPod)
Okay, you made your point.

But now I have a question for you: Now that we've talked about how our planet, the Earth, circles our star, the sun... see if you can figure this one out. Every time we go around the sun, there’s a big change that happens to the weather. Do you know what it is?

(PIC: Earth N Hemisphere winter – muskrat wrapped in blanket)

There’s one long part of the year where it’s cold, and sometimes snow falls...

(PIC: Earth N Hemisphere spring – muskrat sweeping out lodge)

And then the snow melts, and leaves appear on the trees...

(PIC: Earth N Hemisphere summer - muskrat sunglasses)

And after that, for a long time it’s hot, and there are occasional storms...

(PIC: Earth N Hemisphere fall – muskrat jumping in a pile of leaves)

then the leaves fall from the trees, and the air starts to get colder...

(PIC: Earth N Hemisphere winter – muskrat wrapped in blanket)

then it’s cold, and the snow falls again.

HMMMMM

SEESUNS?
Right! The seasons. Winter, spring, summer, and fall. The weather changes from day to day, but in certain seasons you’ll probably get certain kinds of weather. Snow in the winter... heat in the summer. Now, I have a question for you. Do you know where the seasons come from?

(PIC: muskrat thinking)

HMMMMM
(PIC: muskrat spinning the Earth like a basketball)

The Earth’s rotation? Well, think about it. That would mean the seasons would change every day. And they don’t change every day, do they?

(PIC: muskrat thinking)

HMMMMM
(PIC: holding Earth close to Sun) (PIC: holding Earth far from Sun)

That makes sense... but if it was the whole Earth getting close to the Sun, or far from the Sun, then everyone would experience the same seasons at the same time...

(PIC: USA Santa in furs) (PIC: NZ Santa on surfboard)

And they don’t, do they?

(PIC: muskrat thinking)

HMMMMM
(PIC: Dialing thermostat on Sun)

The Sun getting hotter and cooler... well, astronomers know that the Sun’s a very stable star. And that, too, would mean that everybody had the same seasons at the same time, right?

(PIC: muskrat thinking)

HMMMMM
(PIC: shrugs)

I DUNNO
It is a little tricky. But here’s what happens.

(VIDEO: Earth orbiting Sun)

The Earth goes around the Sun at a tilt – with the north pole pointing not straight, but over toward a star called Polaris, or the North Star. The north pole stays pointing toward Polaris, so sometimes the northern half of the Earth is tilted toward the sun, while the south half is tilted away. Then, the earth goes around the sun, and the south half is tilted toward the sun, and the north half is tilted away.

(PIC: little muskrat on Earth w/sunglasses)
When you’re at a spot where you’re on the part tilted toward the Sun, the sun is high in the sky, the days are long, and the sun’s light is more concentrated – it beams nearly straight down, warming your part of the Earth. That’s summer.

(PIC: little muskrat on Earth w/blanket)
When you’re at a spot on Earth that’s tilted away from the sun, the sun is low, the days are shorter, and the Sun’s light is more spread out, so it doesn’t heat your part of the Earth as much. That’s winter.

In between is spring and fall – when the seasons change from hot weather to cold weather.

(PIC: little muskrat on Earth w/sunglasses)  (PIC: little koala on Earth w/blanket, s. hemisphere)
Now, on the other side of the Earth -- New Zealand, Australia, Chile, Argentina, Southern Africa -- when we in the Hudson Valley are tilted toward the sun, they're tilted away.

(PIC: little muskrat on Earth w/blanket)  (PIC: little koala on Earth w/sunglasses, s. hemisphere)

And when they're tilted toward the sun, we're tilted away from it. So their seasons are opposite ours.

But although it gets pretty cold and pretty hot on Earth, it's not nearly so comfortable on other planets.

V: OTHER WORLDS
Of the other planets going around the Sun,

(PIC: planets lined up)

only four have solid surfaces, like the Earth

(PIC: Terrestrial planets – bracket and text)

and only three of those have atmospheres.

(PIC: Mars, Venus, Earth – bracket and text )

and only one of those, of course, has an atmosphere which can support life.

(PIC: Earth – callout and text)

Venus is closer to the sun than the Earth is, so you might guess that it’s warmer than Earth.

(PIC: Callout of Venus)

It is, but not just because it’s closer to the sun.

(PIC: Venus pan)

(SFX: colored clouds)

(SFX: clouds)
Venus has a very thick, very heavy atmosphere, about a hundred times thicker than Earth’s. The air of Venus is almost completely carbon dioxide – one of those gases which is so good at holding onto heat. 

(PIC: Venus under thick blanket)

(PIC: popping thermometer)
So... it’s like you buried the planet under a huge, heavy blanket. Venus’ atmospheric blanket is so thick and heavy that the surface of Venus is nearly a thousand degrees.

(PIC: Callout of Mars)
Mars is farther from the Sun than Earth, so you might guess that it’s colder than Earth.

It is, but not just because it’s farther from the Sun.

(PIC: Mars pan)

(thin clouds)

(red sky)
Mars has air which is very thin, about a hundred times thinner than Earth’s. Mars’ atmosphere, like the atmosphere of Venus, is mostly carbon dioxide. But the air on Mars is too thin to hold on to much heat.

(PIC: Mars under threadbare blanket)

(PIC: thermometer w/icicles)
Mars’ atmosphere is like an old, thin, worn-out blanket. So on Mars, it stays below freezing, and sometimes gets down to two hundred below – or even colder.

(PIC: Muskrat holding Venus and Mars, “thought bubble” with picture of alien)

CHITTER CHITTER?
No, no life that we’ve found. I hope you’re not too suprised! living at a thousand degrees on Venus, or at minus two hundred on Mars, wouldn’t be easy for even the toughest living thing.

(PIC: Muskrat holding Saturn and Neptune, “thought bubble” with picture of alien)

CHITTER CHITTER?
No, the other planets would be even worse. The giant planets, like Jupiter and Neptune, don’t even have solid surfaces. And worlds like Mercury or Pluto, or asteroids or comets, don’t even have air.

No, of every planet we know, the Earth is the only place we know of which support life. Not too cold, not too hot, not too big, not too small, with air the right thickness and weight and with the proper mixture of gases for living things.

(PIC: Muskrat floating against stars, pointing to stars, word-bubble with picture of alien)

CHITTER CHITTER?
Ah. Now out there’s another matter. As you can see, there are an awful lot of stars out there. And given how many stars there are, there are probably some stars out there like the Sun, which have planets like the Earth. So far, though, although we’ve found nearly 200 planets going around other stars, none of them is much like the earth.

TU HHNDRD!?!
Yep. Two hundred planets. Mostly big ones like Jupiter. They’re around small red stars and huge white stars and medium-sized yellow stars like the Sun. In fact, there’s a star with a planet right there.

WHRR?
Okay... see that line of three stars there?

HMM HMM
Well, that line is the Belt of Orion. And you see those two bright stars, one above the belt and one below?

HMM HMM
This one is called Betelgeuse. This one is called Rigel.

Pretend that the three stars of the belt are a bow... and that the two bright stars, Betelgeuse and Rigel, are an arrow. Now... shoot the arrow up through the bow...

...find this pair of stars...

AHHHHH... HMM HMM
...and look at the one on the right. That star there is called Pollux.

There is a planet around Pollux. It’s not like the Earth. It’s farther from Pollux than Mars is from the Sun. It’s bigger than Jupiter, and hot, because Pollux is a giant star.

(PIC: Muskrat peering through telescope)

No, you can’t see that planet... it’s too far away to see, even with the largest telescope in the world. Astronomers have found it by carefully watching Pollux, and seeing how the planet is making the star move a little bit, back and forth. That tiny little wiggle is what allows us to test stars for planets.

(PIC: Muskrat in rocket plane)

(PIC: Muskrat pointing to star)

YEETS GOO!

Oh, no.  Even the biggest rocket in the world would take a long time to get there.

(PIC: Muskrat checking watch)

Not hours... try years!

CHITTER CHITTER?
How many years...? Oh... about 50,000.

CHITTER CHITTER!!
(PIC: Muskrat in full-size rocket)

Okay, a bigger rocket... that might help a little... It should only take about... 46,000 years now.

CHITTER CHITTER!!
(PIC: Muskrat in humongo rocket)

Look – it won’t work! Rockets just don’t go fast enough. Even that super-rocket, or a super-rocket, or a super-super-super rocket, will still take tens of thousands of years to get to the nearest stars.

You’d need a rocket powered by thermonuclear fusion pulse engines...

(PIC: Daedalus-style spaceship)
OOOH
or a solar light sail a few hundred miles wide...

(PIC: solar sail)
AAAH
or a ship powered by nuclear bombs...

(PIC: Orion ship w/tiny muskrat with cowboy hat riding a la Dr. Strangelove)

YEE HAA
or a ship which warps and stretches space and time...

(PIC: Star Trek ship w/tiny muskrat with star trek uniform)

MEEEK IT SO
But, unfortunately... not even humans know how make any of this stuff yet.

AAWWW!
Yeah... you may have thought Earth’s ocean of air was big... but the ocean of space is bigger still. Really big.

SIGH

(PIC: tiny floating muskrat)

No... for now, Humans... and muskrats... and every other living thing known, have only one home, Earth. And on that note... I guess it’s time to go back home.





VI: CONCLUSION
(PIC: return to marsh)

Well, I hope you’re in good shape after all that.

(PIC: Muskrat in Parks Department forest green holding shopping bags and other trash in one paw)

CHITTER CHITTER?

You know, you’re right... maybe before we leave Constitution marsh, we should try to clean up a bit... get some of those shopping bags and six-pack-rings, and anything else we can find that people might have left lying around... 

(PIC: Muskrat holding out teeny-tiny balls of yarn in other paw)

CHITTER CHITTER?

Oh. Yeah. Ahem. That. Ah... well... remember that blanket we made for the earth?

(PIC: Closeup of yarn in muskrat’s paw)
HMM HMM?

These represent the “fibers” that people have added to the Earth’s blanket – the gases that humans have added to the Earth’s ocean of air, mostly by burning and tapping oil and gas and coal. A little carbon dioxide, a little methane, a little fluorocarbon. They come from factories and cars, from farms and homes...

(PIC: Muskrat with magnifying glass)

No, it doesn’t seem like much... but remember, it’s only a very small part of the Earth’s atmosphere which does the job of holding in most of the heat.

So this little bit is making a difference. It’s making the blanket effect a little stronger... and making the Earth a little warmer.

(PIC: Muskrat pissed off again)

CHITTER CHITTER!!!

Look... we’re sorry. We’re aware of the problem... we’re working on it.

(PIC: prolifigate lighting) (PIC: dump) (PIC: power plant) (PIC: jet-freight produce) (PIC: traffic)

(PIC: Muskrat, arms wide, incredulous)

CHITTER CHITTER CHITTER!!!

Okay, okay, it’s true. All these things add these gases to the atmosphere. We have made kind of a mess. But what makes you think we can’t clean up our act? I mean, you have to admit, the Hudson is a lot cleaner than it used to be when your great-great muskrat grandma was around. And that was hard enough. Cleaning up the whole planet?  Everything we do... that’s going to take a little longer.

(PIC: Muskrat thinking)

HMMMM

CHITTER CHITTER?

(PIC: Muskrat making a point)

(PIC: Xfade prolifigate lighting to CFL or LED bulb

Yes, it will help if we use less electricity. That will mean less of those gases coming out of power plants.

(PIC: Muskrat thinking)

HMMMM

CHITTER CHITTER?

(PIC: Muskrat making a point)
(PIC: Xfade power plant to power bill with options – pictures of options on bill)
And if we get what energy we do use from a cleaner source, that makes less of those gases in the first place... that helps too.
(PIC: Muskrat thinking)

HMMMM

CHITTER CHITTER?

(PIC: Muskrat making a point)
(PIC: Xfade fet freight produce with local market)
And buying food from nearby, that means less fuel is used to get it to us.

(PIC: Muskrat thinking)

HMMMM

CHITTER CHITTER?

(PIC: Muskrat making a point)
(PIC: Xfade dump with recycling bins)
and what’s the point in throwing something away when it can be reused? No need to make it from scratch.

(PIC: Muskrat thinking)

HMMMM

CHITTER CHITTER?

(PIC: Muskrat making a point)
(PIC: Xfade traffic to hybrid, bicycles, walking)
and to use less fuel to get around. Walking and biking is better for you, anyway.

You know... it would feel better to know we’re doing the right thing.

HMMMPH
You still don’t trust us? You don’t think we can do it? It’ll take a little time, okay?

(PIC: Muskrat taps watch)

CHITTER CHITTER!!

Hey. Just watch us. And you’ll see what we can do.

(PIC: Muskrat stands with arms crossed, tapping foot, one paw pointing at eye)
IMM WWWHCCNG....
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