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FADE IN:


INT - HOUSE - NIGHT

A MAN is in the kitchen of his home.


MAN

Honey, do you want something to drink?


WOMAN (off-camera)

Just a glass of water, thank you!

We then hear the NARRATOR’S voice, which runs over the following two sequences.


NARRATOR

What is the property of some materials that allows them to float on the surface of water while other materials sink to the bottom?

He reaches into the cabinet and gets two clear glasses. One he fills up with water from the tap. He then pulls out a bottle of wine, pops the cork out of it, and begins to pour into the glass. As he finishes pouring, he accidentally drops the cork into the water glass, where we see it float.


MAN

Dang it!

CUT TO:


INT - GARAGE - DAY

MAN is working on assembling something using a hammer and nails. He accidentally hits his thumb, letting out a large “OUCH!” The nail he was holding flies out of his hand and straight into his clear glass of water. Close-up of the nail sinking to the bottom.


MAN

(disgruntled noise)

CUT TO:


EXT - SKY OVERLOOKING HILL COUNTRY - DAY

NARRATOR’S voice once again is heard over the following two sequences.


NARRATOR

I’ll give you a hint. It is the same property that allows a hot air balloon to rise in the air while a skydiver falls through the air at a breathtaking pace.

A hot air balloon rises above the Texas Hill Country in a dramatic and stunning manner.

CUT TO:


INT - AIRPLANE - DAY

SKYDIVERS are lined up one by one, waiting for their turn to jump.

CUT TO:


EXT - SKY BELOW AIRPLANE - DAY

A SKYDIVER jumps dramatically out of the airplane and we follow him through his freefall.


NARRATOR

Give up? It’s a property you may have heard of before, but have not completely understood. This is the property known as density.

The SKYDIVER ends his freefall by pulling the cord on his parachute, letting it fly out. We follow the SKYDIVER as the sudden slowing of his descent carries him upward from our perspective.


NARRATOR

So what exactly is density?
CUT TO:

Slow-motion split-screen close-up of the cork and nail falling into their water glasses. When they settle in their respective floating/sinking spots in the glasses, the images freeze and the formula for Density is displayed in the middle of the screen (Density = mass/volume or d = m/v).


NARRATOR

Mathematically, density is a numerical value that expresses the relationship between the mass of a specific amount of matter to its corresponding volume.
The formula disappears and the cork split-screen un-pauses and moves to fill the frame, showing the MAN taking the cork out of the glass, re-corking the wine bottle, picking up the glasses, checking to see if anybody is watching, and then takes them to his wife.


MAN

Uh, here I come, honey! And I definitely DID NOT drop anything in your water!


NARRATOR

So why is density an important property of matter?
CUT TO:

A bar graph is shown on the screen. The bar to the far left is mass, the bar in the middle is volume, and the bar to the far right is density. In between the mass and volume bars is a “/” symbol and in between the volume and density bars is an “=” symbol. The density bar maintains a constant level while the mass and volume bars fluctuate evenly, the mass bar increasing when the volume bar is decreasing and vice versa. Goofy “slip and slide” sound effects play over this as the NARRATOR speaks. When the NARRATOR speaks the words in bold, they appear on the screen below the bar graph.





NARRATOR
Density is what we call an intensive property of matter, meaning that no matter how much of a particular type of matter there is, the density will always be the same. This also makes it a characteristic property, which means that density can be used to help identify an unknown type of matter, like Jeff here.
Cut to a full shot of JEFF standing against a blank wall.


JEFF

What?

Once again, when the NARRATOR speaks the words in bold, they appear at the top of the screen above JEFF.


NARRATOR

Measuring the mass of a relatively small amount of matter is something that can be done pretty easily.  Mass and volume are both what we call extensive physical properties of matter.  An extensive property is a property that depends on the amount of matter. Familiar extensive properties are mass...

An arrow points to JEFF’S stomach/gut with a loud “DING!”


NARRATOR

...volume...

Another arrow points his head with another loud “DING!”


NARRATOR

...and length.

One more arrow points to his crotch with another resounding “DING!”


NARRATOR

The more of the stuff you have the heavier it is and the more room it occupies.

JEFF

Hey, are you making fun of me?

CUT TO:

A standard Texas State Chemistry Lab. The NARRATOR, who we now see on-screen for this brief moment, is wearing a lab coat and looking like an official Texas State Chemistry professor.


NARRATOR

There is quite a big difference between mass and weight, which you will learn in your lecture course, but here on the planet Earth in this laboratory, we can treat mass and weight as if they were the same thing.
CUT TO:

A corner in the Rec Center’s weight room. A scale is in the foreground with JEFF standing on it. He measures his weight, jumps off the scale, runs once around the weight room (in sight of the camera the whole time, making it clear that he runs maybe 20 feet at most), and then gets back on the scale to check his weight. Disappointed, he gets off the scale and runs the same path again. NARRATOR’S voice plays over this.


NARRATOR

You’ve probably measured the weight of your own body in the last year, month, week, or if you’re counting calories like JEFF here, five times today already.
CUT TO:

The same Texas State Chemistry Lab. One Chemistry student is measuring the mass of a nail on an electronic scale while the other one is measuring the volume of a brick. A measuring beaker filled with water is between them and next to the beaker is an irregularly shaped rock.

NARRATOR

In the laboratory we usually measure mass in units that are called grams.
Close-up of the scale’s results in grams, with the “g” symbol visible. The symbol “g” appears on screen, seeming to come out of the “g” symbol on the scale.

Cut to an overhead view of the student measuring the brick.


NARRATOR

We normally measure the volume of solids and liquids in either cubic centimeters...

The symbol “cm3” appears, “flying” out of the brick.


NARRATOR

...or milliliters.
The symbol “mL” appears, “flying” out of the beaker of water.


NARRATOR

We can easily convert cubic centimeters to milliliters because they are equal to each other, meaning that one centimeter cubed equals one milliliter.
As NARRATOR says this, the “cm3” symbol positions itself next to the “mL” symbol and an “=” sign appears between them.


NARRATOR

This comes in very handy as you will see. So how exactly would we measure the volume of an object?
Close-up of the brick. As NARRATOR talks of length, width, and height, arrows indicating its length, width, and height appear on the brick.


NARRATOR

If the object we wanted to measure was a brick it would be easy. We’d measure the length, height and width in centimeters and then multiply each one times the other.

The formula (lwh = d) appears on the screen.

NARRATOR

That would give us the volume in cubic centimeters.

Cut to a close-up of the rock. The student picks it up and looks at it, confused as to what to do and a little worried that she might now fail Chemistry 1141.


NARRATOR

Measuring volume can be more difficult to do if the sample of matter is irregularly shaped. Can you think of a way to do it?
CUT TO:

A picture of the globe. As the NARRATOR talks, a red dotted line (denoting travel) from San Marcos, TX to Syracuse is drawn.


NARRATOR

We have to go back to the ancient Greek island of Syracuse to find the earliest possible example of using density to identify an unknown.
Cut to the skyline of Austin, TX. At the bottom of the screen, the words “*Not really Syracuse” appear.


NARRATOR

In the first century BC, the Roman architect Vitruvius related the story of the ancient Greek mathematician Archimedes and how he uncovered a fraud in the manufacture of a golden crown commissioned by Hiero II, the king of Syracuse.
Cut to a cartoon of HIERO II in his throne room. VITRUVIUS is bowing before him. HIERO pulls a lever and a pile of gold falls on VITRUVIUS.


NARRATOR

The story goes that the king ordered a gold crown and supplied a specific amount of pure gold for the crown’s manufacture.
VITRUVIUS runs away with the gold and comes back with a crown.


NARRATOR

Once the crown had been delivered the king suspected that Vitruvius had used an unknown amount of Silver to replace some of the gold which he had kept for himself.
Cut to a close-up of HIERO looking at the crown worriedly and suspiciously.


NARRATOR

The crown was a sacred object to the gods and could not be damaged in any test for the gold’s purity.

HIERO throws the crown and hits ARCHIMEDES in the head, who continues working on his abacus as if nothing happened. The crown falls to the ground beside him.


NARRATOR

So Archimedes, the smartest guy around Syracuse at the time, was given the task to determine whether the crown had been made of pure gold or whether Silver had been used in its manufacture.
Cut to ARCHIMEDES turning off the faucets in a bath tub. He daintily removes his toga to reveal his fat self and little “CENSORED” bars appear over his butt and crotch. He hops in the bath tub, displacing water and making it spill all over the floor.


NARRATOR

The story continues that as Archimedes was climbing into his bath tub and sat down, he noticed his bath water overflowing.

Head shot of ARCHIMEDES.





NARRATOR

It was then that he had an epiphany.
A shining light bulb appears over his head with a resounding “DING!” He then jumps out of the tub and runs out onto 6th Street in Austin, naked.


NARRATOR

He jumped up out of the tub and ran, stark naked through the streets of Syracuse crying--


ARCHIMEDES

“Eureka! I’ve found it!”
ARCHIMEDES runs down the streets naked shouting “Eureka!” at the top of his lungs. He rushes past two PASSERSBY, who look back at him, confused.


PASSERBY 1

It’s Mardis Gras already??

CUT TO:

The student in the Chemistry lab. She drops the rock into the water and records the amount of displacement that took place, looking very pleased with herself. As NARRATOR speaks, the formulas appear on the screen over the action.


NARRATOR
While this story may just be an urban legend, what Archimedes had stumbled upon was the displacement method of measuring the volume of irregular shapes, like his own body or the crown.  When the volume of an object is combined with the mass of the object in a ratio of mass to volume the intensive physical property of density is derived. The density could therefore be determined for any object regardless of the shape of that object.
Cut to the NARRATOR, once again on screen, in his lab coat.


NARRATOR

An intensive property is one which does not change with the amount of matter measured.  Things like color, temperature and boiling point, might be familiar intensive properties.  No matter how much water you have the boiling point is still 100 ºC.  Therefore the density of any material is the same whether you measure a gram, a ton or a kiloton of it.  Since the density, determined to a sufficient degree of accuracy, for a particular type of matter is unique to that type of matter, it can be used as a means of helping to identify whether a crown is made of pure gold or whether some of the gold has been replaced by a certain amount of silver.

Cut to a cartoon of the King’s men prodding Vitruvius with spears and grumbling meanly.


NARRATOR

Just to wrap up the story, Vitruvius who had fashioned the crown had a lot of explaining to do.
Cut to the student measuring mass. As he measures different things and the NARRATOR speaks of decimal points, a density value with three numbers past the decimal point (like 5.000g).


NARRATOR

When we measure the mass of an object in the lab we will generally want to measure the mass to at least three places past the decimal point.  Since the basic unit of the scales, or balances as we call them in science-ese, is the gram, then three places to the right of the decimal point would be one thousandth of a gram called a milligram.  

Cut to a student performing the steps as the NARRATOR speaks them.





NARRATOR
First, take the balance and place your weigh boat on it. Record the mass to the nearest milligram.  Write down the mass on your data sheet and then add approximately three grams of your unknown material.  Record this mass on your data sheet.
Once he finishes speaking, the picture freezes and the list of steps appears on screen for the lab students to follow. When that’s all done, the professor pushes the button and we...

:FADE OUT

THE END
