Transit of Venus Program


~TIME (mm:ss)                        VISUAL                                                                 AUDIO


	
	
	

	
	 
	CHAPTER 1

Intro 

	
	
	

	00:00
	Background chatter
	

	
	Optional panorama: Tombstones

001.jpg  

tombstones   


	KID 1:

Hey what’s that up on the dome?  They look like tombstones or something?  

	
	002.jpg

eudoxus quote
	And what’s up with: “Willingly would I burn to death…were this the price for reaching the Sun and learning its shape, its size, and its distance?”

	
	
	

	
	
	KID 2:

I think it has something to do with the show we’re going to see.

	
	
	

	
	001.jpg  (again)

tombstones   


	KID 1:

That’s what I was afraid of…a show about dead guys…sounds like fun to me.

	
	
	

	
	
	KID 2:

I think it has something to do with the upcoming transit.

	
	
	

	
	
	KID 3:

Stop kicking my chair!

	
	
	

	
	003.jpg

transit sign
	KID 1:

What’s a transit?  Is it like the bus you can ride when you’re in the city. ? 

	
	
	

	
	
	KID 2:

No, not that kind of transit.  This is about the transit of Venus—when Venus passes in front of the sun, I think…

	
	
	

	
	001.jpg  (again)

tombstones
	KID 1:

So, what’s that got to do with the dead  guys I see up there?

	
	
	

	
	
	KID 2:

Those “guys” are famous astronomers who lived a long time ago and they all have something to do with the transit of Venus.

	
	
	

	
	
	KID 3:

I said quit kicking my chair

	
	
	

	
	
	KID 1:

All I know is,  I wanna see something different.   Something really different.

	
	
	

	
	
	KID 3:

If  you kick my chair one more time…I’m gonna tell the planetarium person.

	
	
	

	
	
	HORROCKS:

Hey, kid, you in the seat down there…

	
	
	

	
	
	KID 1:

Which kid?

	
	
	

	
	
	KID 2:

Who’s he talking to?

	
	
	

	
	
	HORROCKS:

I’m  talking to the one who said he wants to see something different…..something, really different!


	
	
	

	
	
	KID 2:
We’d all like to see something really different!

	
	
	

	
	004.jpg

ToV title

Fade down tombstones panorama.
	HORROCKS:

Then you want to see a transit of Venus.

	
	
	KID 1:

Never heard of it.

	
	
	

	
	
	KID 2:

I just told you—a transit of Venus is when  Venus passes in front of the sun.

	
	
	

	
	
	KID 1:

Like I said… I never heard of it.

	
	
	

	
	
	HORROCKS:

That’s okay.  Few people have.

	
	
	

	
	
	KID 2:

Who are you?

	
	
	

	
	005.jpg

horrocks stone
	HORROCKS:

Jeremiah Horrocks.

	
	
	

	
	
	KID 1:

Oh, the guy on the tombstone.  I thought you were dead.

	
	
	

	
	
	HORROCKS:

I am, but my spirit lives on.  I’ve come back to share some astronomy experiences with you. 

	
	006.jpg

stained glass
	That’s me in the stained glass window at my church…St. Michael…located in Much Hoole, England.

	
	
	

	
	
	

	01:57
	
	CHAPTER 2

2004 Rarity

	
	
	

	
	
	KID 2:

So what’s the big deal about the transit of Venus?

	
	
	

	
	007.jpg 

June 8
	HORROCKS:

The transit of Venus is HUGE  On June 8, 2004, you’ll have a chance to see something that is so rare that no one living today has ever seen it.

	
	
	

	
	
	KID 1:

No one living today has ever seen it?

	
	
	

	
	008.jpg

eclipse

009.jpg

comet
	HALLEY:

Let’s put it this way. Many people—perhaps even you—have seen an eclipse, meteor shower, comet or the gathering of planets…but never a transit of Venus.  And here’s the neat part.  

	
	007.jpg (again)

june 8  

010.jpg

aussies
	On June 8, 2004, you guys seated in that round room will be the first to see it since it last happened in the year eighteen hundred and eighty-two.  You’ll be a part of history.  Now that’s pretty cool!

	
	
	

	
	
	KIDS:

Wow, that is cool!

	
	
	

	
	
	

	02:44
	
	CHAPTER 3

Predictions with Halley 

	
	
	

	
	Stars on, but with light pollution. Sky centered on Taurus, Gemini, Cancer, Leo, Virgo 

011.bmp

starfield polluted
	HALLEY:

Not only is the transit of Venus rare, it helps us determine our place in space.

	
	
	

	
	
	KID 1:

Who the heck are you?

	
	
	

	
	011.jpg

halley’s comet 
	HALLEY:

I’ll give you a hint.  A comet was named after me.

	
	
	

	
	
	KID 1: 

(whispering)  I think we’re talking to another dead guy.  (loud) Oh yeah the comet guy!  Haley’s comet.

	
	
	

	
	
	KID 2:

It’s pronounced Hal--

	
	
	

	
	
	KID 1:

Look, I’ve about had it with you.

	
	
	

	
	[Lower the volume of music at start-up] 
	HALLEY:

Don’t worry about the name.  People always confuse my name with Bill Haley and the Comets, which was a famous rock n’ roll group in the 1950’s… And you thought I was just an astronomer.

	
	
	Anyway, I was the one who predicted the comet.  Though I never actually saw my namesake comet, I predicted it would reappear every 76 years.  You see, I’m in the business of making predictions.

	
	
	

	
	
	KID 1:

So you’re an astrologer?

	
	
	

	
	013.jpg 

pillars


	HALLEY:

No, no, no.  An astronomer.  Astronomer.  My dear child, perhaps the question that intrigues humans more than “where we came from…” 

	
	014.jpg 

spiral
	…or “where we are in the cosmos…”

	
	015.jpg 

bubble
	…is “where we are going!”  ?”  

	
	016.jpg

sombrero
	By knowing the stars we are able to make predictions about the future.

	
	
	

	
	
	KID 1:

Isn’t that what astrologers  do?

	
	
	

	
	017.jpg

astrology
	HALLEY:

Well,  there is a huge difference. Astrologers claim the planets and stars influence human behavior.  

	
	018.jpg

astronomy
	Astronomers use similar celestial information to help humans better understand the cosmos and our place in it. 

	
	019.jpg

scope
	 With new tools, like the telescope, the old ideas were improved upon…You might say, as our understanding of the cosmos advanced, the practices of astrology evolved…..into the science of Astronomy.

	
	
	

	
	
	KID 2:

Then how did you predict your comet?


	
	
	

	
	020.jpg

cloud

021.jpg

quilt zoom


	HALLEY:

I noticed a pattern.  We all notice patterns or  cycles in life—whether they be simple patterns in clouds… or more complex patterns …

	
	022.jpg

comet zoom
	For centuries, a comet kept appearing regularly.  So with a little bit of imagination, and some mathematics, I simply predicted the pattern would repeat itself.  Sure enough, the comet showed up again, right on schedule.

	
	
	

	
	
	KID 1:

So it’s called Halley’s Comet.

	
	
	

	
	
	HALLEY:

Thank you very much.

	
	
	

	
	023.jpg

taurus
	KID 1:

Can you predict my future?  I’m a Taurus.

	
	
	

	
	
	HALLEY:

No, no, no.  You can’t predict a future based on the stars.

	
	
	

	
	
	KID 1:

But I’m a Taurus.

	
	
	

	
	024.jpg

gemini
	KID 2:

And I’m a Gemini.

	
	
	

	
	
	Kid 3:

And I’m getting out of here.  Talking to dead guys is weird.

	
	
	

	
	
	HALLEY:

Hold on a minute.  Taurus and Gemini and others are simply constellations—a connect-the-dots type of star pattern that was started by old stargazers.

	
	
	

	
	
	KID 1:

Don’t you mean star-geezers?

	
	
	

	
	
	

	
	011.bmp (again)

starfield polluted 
	HALLEY:

Okay, star-geezers if you must.   .  Let’s look at a few constellations…

	
	STOP  FOR LIVE PORTION OF SHOW 

(Point out constellations: Keep light pollution up.)
	

	
	X234.jpg 

ursa major stars

X235.jpg

orion stars

X236.jpg

gemini stars
	

	
	
	


	
	RESUME RECORDED PORTION
	

	05:51
	
	CHAPTER 4

Light Pollution

	
	
	

	
	011.bmp (again)

starfield polluted
	HALLEY:

Wait a minute.  The night sky you just looked at is not the same night sky we looked at.

	
	
	

	
	
	KID 2:

You mean the constellation patterns were different in your day?

	
	
	

	
	
	HALLEY:

No.   The constellation patterns are exactly the same; however your sky is…shall I say….sort of ugly.  No offense.   You see the….night sky you’re looking at is polluted with light.  Lights from buildings, shopping centers, street lights, automobile headlights…all pollute the night sky with light.  You poor modern folks are not seeing the majesty of the night sky as we saw it.  

	06:48
	
	So, if you’ll kindly turn off the light pollution you’ll see what I mean.  

	
	Turn off light pollution

025.bmp

starfield
	Ah, that’s it…just like I remember.  Thank you!

	
	
	

	
	
	

	06:41
	
	CHAPTER5

Patterns Along the Ecliptic

	
	
	

	
	025.bmp (again)

starfield
	KID 2:

What about the planets?  Aren’t they visible somewhere?

	
	
	

	
	
	HALLEY:

Indeed.  The planets look like stars except planets appear to be bigger and brighter only because they are closer to us.…

	
	Ecliptic on; point out constellations.
023.jpg (again)

taurus

024.jpg (again)

gemini

026.jpg

cancer

027.jpg

leo
	This LINE line shows where the planets are found, as well as the sun and moon, but the planets move against background constellations…Taurus, Gemini, Cancer, Leo, Virgo…

	
	
	

	
	
	Kids:

The zodiac!

	
	
	

	
	028.jpg 

zodiac

029.jpg

ecliptic

028.jpg (again)

zodiac
	HALLEY:

That’s right, the zodiac.  Only here can we find the planets.  You’ll never find the planets or the moon near the North Star. All of the action….regarding the planets, moon, and sun, —is along this line, which is called the ecliptic.  That’s why the old …...star- geezers, as you say, considered these background constellations—the zodiac —important. The zodiac is merely the stage against which the acting planets perform—nothing more.

	
	
	

	
	
	KID 1:

But what about my horoscope?


	
	
	

	
	030.jpg

bricks


	HALLEY:

Please, what about it?  What about…the pattern of bricks in this building?  Does it matter?

	
	
	

	
	031.jpg

bricklayer
	KID 1:

Only to the guy laying the bricks!

	
	
	

	
	031.jpg

ursa major
	HALLEY:

Now you’re getting it.  The pattern of bricks doesn’t affect your life one way or the other….just like the star patterns, which were designed by humans, doesn’t affect your life.  When the old “stargeezers” watched the planets move along the ecliptic they saw patterns.  We now know those patterns have nothing to do with predicting life events. .  

	08:13


	Video: Quilt Pattern Zoom Out
021.jpg (again)

quilt zoom 

033.jpg

quilt
	Lots of patterns turn up false leads.  Therefore, it’s up to the scientific method to determine which patterns are valid.

	
	
	

	
	
	

	08:21
	
	CHAPTER 6

Kepler’s 3rd Law  

	
	
	

	
	034.jpg

admired

	HORROCKS:

Have you ever really admired someone for their work—in anything—sports, music, science—but because they too are human, they make a mistake?  

	
	036.jpg

kepler stone
	Well, I was a fan of Johannes Kepler.  

	
	
	

	
	
	KID 1:

Johannes Kepler?   Wasn’t he a composer like Bach, or Beethoven?

	
	
	HORROCKS:

Well he composed three laws…

	
	
	

	
	
	KID 1:

A-HAh………so, he was a lawyer!

	
	
	

	
	
	KID 2:

Oh brother,  what am I dealing with here?.   

	
	X238.jpg

Kepler stands
	Kepler was an astronomer who came up with three laws of motion.

	
	
	

	
	037.jpg

courtroom 
	HORROCKS:

Actually,  in 1645 he did have to defend his mother in a court of law when she was accused of being a witch

	
	
	

	
	
	KID 1:

See…I told you he was a lawyer. 

	
	
	

	
	
	KID 2:

Okay, whatever…

	
	
	

	
	
	KID 1:

Hey, Mr. Horrocks, what was so great about Kepler?

	
	
	

	
	038.jpg 

kepler
	HORROCKS:

Let me tell you,…., Kepler rocked.  Kepler showed that the planets orbit in ellipses, not perfect circles as had been thought.  

	
	
	

	09:13
	Video: Kepler’s Lips

039.bmp

lips
	KID 1:

Did you say lips?……..What does Kepler’s lips have to do with planet orbits?

	
	
	

	
	040.bmp

oval


	KID 2:

Eeee-lips, not lips.  Hello, .  Ellipse means the shape of an oval or a circle slightly flattened, rather than round.

	
	
	

	
	
	KID 1:

So, why didn’t you just say the planets orbit in ovals in the first place?

	
	
	

	
	Kepler’s Third Law sequence:

042.jpg

043.jpg

044.jpg

045.jpg
	HORROCKS:

You see, that simple shift in thinking by Kepler was huge.  In his Third Law, Kepler…(ummmph) “the astronomer”, suggested you can determine the relative distances of the planets simply from knowing the time it takes for the planets to orbit the sun.  It was like striking gold in astronomy.


	
	046.jpg

earth orbit
	According to Kepler’s Third Law, if you know the distance from the sun to one planet, you can derive the distance to all of the other planets.  

	
	047.jpg

1 A.U.
	The distance from the sun to the earth was conveniently deemed one Astronomical Unit, or one A.U.  With simple math, Kepler calculated the relative distances of the other planets.  

	
	048.jpg 

measuring sticks


	For instance, if the distance from the sun to earth were one unit—or measuring stick—then Kepler showed Jupiter, was about 5 measuring sticks from the sun and Saturn was about 10 sticks.

	
	049.jpg

rudolphine
	Armed with his new-found rule, Kepler also created astronomical tables of unprecedented accuracy for predicting the positions of the planets.  

	
	
	

	
	
	

	10:37
	
	CHAPTER 7

Horrocks and Sunday First

	
	
	

	
	050.jpg 

tables


	HORROCKS:

In 1627,  Johannes Kepler printed up some greatly improved tables to show where the planets would be in the future.  The fact that Kepler was able to do that makes him my hero —but like all true heroes he was human…Hee made at least one mistake…that I noticed.

	
	
	

	
	
	KID 1:

You discovered a mistake?

	
	
	

	
	051.jpg

calendar
	HORROCKS:

His usually-accurate tables failed to predict a transit of Venus in 1639.  I did some math—actually, a lot of math—and I realized that a transit was going to happen then.

	
	
	

	
	
	KID 1:

Geez, Mr. Horrocks, you were a pretty smart guy.  You must have been some old university professor, eh?

	
	
	

	
	052.jpg

moon orbit


	HORROCKS:

Actually, I never made it through college. 

Still at the age of 19 I was the first to prove the Moon moves in an ellipse around the Earth according to Kepler’s Law.  

	
	051.jpg (again)

calendar
	And, I was only 21 when I accurately predicted the 1639 transit of Venus.  

	
	
	

	
	
	KID 2:

So what did you do?

	
	
	

	
	Cloudy December sky 30 minutes before sunset.

053.jpg

horrocks painting
	HORROCKS:

I set up a new tool—a telescope—to project an image of the sun onto a sheet of paper.

	
	
	

	
	
	KID 1:

Wait a minute.  For you, a telescope was a new tool?  Telescopes have been around a long time.

	
	
	

	
	
	HORROCKS:

Oh but not for me.  In my day it was a new invention.

	
	
	

	
	
	KID 1: 

Wow, Mr. Horrocks, you’ve been dead a long time!

	
	
	

	
	
	HORROCKS:

Thanks for reminding me!

	
	
	

	
	X239.jpg

bright sunrise
	KID 2:

So you looked at the sun through a telescope to see the transit of Venus?

	
	
	

	
	
	HORROCKS:

Whoa…wait a second.  

I never, ever, ever…looked directly at the sun, and neither should you!  The sun’s light is so strong that it could severely hurt your eyes.  The sun might be the last thing you ever see, and I don’t want that to happen to any of you.  

	
	054.jpg

do not look
	As I said:  Do not look directly at the sun—ever!

	
	
	

	
	
	KID 1:

But you said you used a telescope to see the transit of Venus.

	
	
	

	
	055.jpg 

horrocks circle


	HORROCKS:

True.  But I didn’t look directly at the Sun through a telescope.  I projected the Sun ’s image through a telescope. That way I could safely observe the transit of Venus as it crossed the face of the Sun.

	
	
	

	
	
	KID 2:

Yeah, so…

	
	
	

	
	051.jpg (again)

calendar
	HORROCKS:

I calculated that Venus should pass in front of the sun on a Sunday, but I started looking the day before because I didn’t want to take any chances that my calculations might be in error.  Nothing happened Saturday.

	
	Day sky down; diurnal stars. 

056.jpg

cassiopeia
	That evening as the stars passed overhead, I had a restless night.  I hoped I hadn’t been too self-confident.  The familiarity of the constellations brought comfort.

	
	Bring up partly cloudy December sky 30 minutes before sunset.

057.jpg

day
	Then came Sunday morning.  I started my vigil, not knowing what to expect.  Can you imagine being the first person to see a spectacular rare event?  My heart was racing…

	
	Clear clouds from dome; sun on.
	After Sunday church services were over, I hurried home…The clouds cleared….I adjusted the telescope…

	
	058.jpg

horrocks cutout
	and there…there it was.

	
	
	

	
	059.jpg

horrocks cutout arrow
	KID 1:

Wait a second…That’s it?  That dot?

	
	
	

	
	
	HORROCKS:

Yeah, I was kind of surprised, too.  Most people thought it would be bigger.  That’s part of discovery.  In science not everything is what you expect it to  be.

	
	
	

	
	
	KID 1:

So then what?

	
	
	

	
	060.bmp

horrocks circle Venus
	HORROCKS:

I quickly recorded what I saw, and in less than 30 minutes  the sun set and it was over.

	
	
	

	
	061.bmp

Horrocks circle arrow
	KID 2:

Whoa.  That’s all—30 minutes?  How frustrating…

	
	
	

	
	
	HORROCKS:

Actually it was more than I could have asked for.  The transit was spectacular.

	
	
	

	
	
	KID 1:

Did anyone else see it?

	
	
	

	
	062.jpg

crabtree
	HORROCKS:

One friend,  William Crabtree, did see it.  Only he was so excited he forgot to record it.  So, we were the only two people known to have ever seen the transit in December, 1639. 

	
	
	

	
	
	KID 2:

	
	005.jpg (again)

horrocks stone
	Wait a minute.  Your tombstone said you “Died: 1641”

	
	
	

	
	
	HORROCKS:

	
	
	A year after the transit my friend Crabtree and I were finally going to meet to talk about our results. 

	
	063.jpg

church graveyard 1
	Three days into the new year, I died unexpectedly.

	
	
	

	
	
	

	
	
	

	14:43
	
	CHAPTER 8

Parallax

	
	
	

	
	
	HALLEY:

	
	Starfield on.

064.jpg

halley


	While the telescope was the tool of discovery, I must say I, Edmund Halley, delivered the idea of discovery.

	
	
	Sure, Mr. Kepler showed that if we only knew the distance from the Sun to the Earth, we could easily calculate the distances to all the other planets.  But in the 18th century, how are you supposed to measure the distance to the sun?  It seemed quite impossible.

	
	
	

	
	
	KID 1:

So how did you do it?

	
	
	

	
	
	HALLEY:

What brings us here now?

	
	
	

	
	004.jpg (again)

ToV title
	KID 2:

A transit of Venus.

	
	
	

	
	065.jpg

solar system
	HALLEY:

Precisely, and this is why a transit of Venus is so significant.  A transit of Venus allows us to figure out our place in the cosmos—to measure the size of the solar system.  How big it is and where we fit in.  That’s where I, Edmond Halley, stepped up.

	15:32
	Video: Venus Transits the Sun

066.bmp

transit


	When the planet Venus passes in front of the Sun, at some point the edge of the planet appears to touch the inside edge of the Sun.  By timing how long the transit of Venus lasts, from known locations across the globe, you can calculate the distance from the Sun to the Earth.   

	
	067.jpg

clock 
	Of course, it required another new tool—an accurate wind-up clock.

	
	
	

	
	
	KID 1:

A wind-up clock?  What’s wrong with a digital watch?  They’re accurate.

	
	
	

	
	
	HALLEY:

Hey, kid, are you forgetting what century I’m from?  We didn’t have those kinds of things back then!

	
	
	

	
	
	KID 1:

I forgot—you’re one of those….”stargeezers”.

	
	
	

	
	
	HALLEY:

Stargeezer.  That’s right—and don’t you forget it.

	
	
	

	
	
	KID 2:

So how did you measure the distance to the Sun?

	
	
	

	
	
	HALLEY:

With an accurate clock, some math, and a neat trick called parallax.

	
	
	

	
	
	KID 1:

A pair of what?

	
	
	

	
	068.jpg

parallax
	HALLEY:

Parallax.  You’ve all seen it.  You people sitting in that round room, try this parallax experiment…

	
	069.jpg

deep field


	Find a bright star…  Now close your left eye… Hold your thumb up a few inches from your right eye so that your thumb blocks out that star…  Without moving your head or your thumb close your right eye. 

Open your left eye and observe the position of your thumb.  Switch back and forth between your eyes several times.  What do you notice?  

	
	
	

	
	
	KID 1:

Hey, that’s weird.  My thumb moved back and forth and I was holding it perfectly still. 

	
	
	

	
	
	KID 2:

No, no, no.  Your thumb didn’t really move.  It only seemed to move because you were looking at your thumb from two different locations—your right eye, then your left eye.

	
	
	

	
	
	HALLEY:

Exactly.  That’s parallax.

	
	
	

	
	
	KID 1:

Now that’s a neat trick.  This science stuff is pretty cool.

	
	
	

	
	
	

	
	
	HALLEY:

There’s more…

	
	
	

	
	
	KID 1:

I figured…

	
	
	


	
	
	HALLEY:

With your thumb close to your eye, the angle of parallax—the jump that you saw—was very large. Do the same procedure again, only this time hold your thumb at arm’s length.  Now what do you notice about the angle of parallax—you know, the distance your thumb appears to jump?

	
	
	

	
	
	KID 2:

The farther my thumb is the less it appears to move. 

	
	
	

	
	
	HALLEY:

Or, we can say, if we observe a small parallax shift, then the object is…

	
	
	

	
	
	KID 1:

Far away. 

	
	
	

	
	
	HALLEY:

Exactly.

	
	
	

	
	
	KID 1:

So, what does that have to do with anything?

	
	
	

	
	
	HALLEY:

Well, if the parallax angle of Venus is very tiny, what does that tell you about the distance to Venus and the Sun?

	
	
	

	
	
	KID 1:

Oh, now I’m getting it…If I see a small parallax shift for Venus, then Venus and the Sun are very far away.

	
	
	

	18:07
	
	CHAPTER 9

Timing the Transit

	
	
	

	
	070.jpg

mappemonde
	HALLEY:

With my encouragement, for all transits after my lifetime, explorers traveled across the globe to time the transit from widely-separated latitudes. 

	
	
	

	
	
	KID 1:

Wait a minute!  I understand this parallax thing, but what does timing this event have anything to do with determining distance?  I’m confused.

	
	
	

	18:25
	Video: Parallax Angle and Two Chords

071.bmp

ferguson labeled


	HALLEY:

The observer times the beginning and end of the transit.  The duration of the transit corresponds to the length of the path of Venus across the Sun… 

	
	072.bmp

chord
	…which is the chord  The length of the chord depends on the observer’s latitude.   

	
	073.bmp

parallel chords


	As an example, an observer at the North Pole would see a different length in the chord than an observer at the equator.

	
	074.bmp

parallax Venus


	The angular distance between two chord lines, divided by two, is the parallax angle of Venus.  Using trigonometry—and knowing the observers’ latitudes on the earth— 

	
	075.bmp

venus distance
	astronomers were able to calculate the distance to Venus.  With Kepler’s Third Law and the known distance to Venus, astronomers could then figure the distance to the Sun.

	
	
	

	
	
	KID 2:

So, what was this elusive distance?

	
	
	

	
	076.jpg

90 to 94 million
	HALLEY:

Early results suggested it was between 90 and 94 million miles.  

	
	
	

	
	
	KID 2:

That’s the best you could do?

	
	
	

	
	
	HALLEY:

Yeah.  Considering what we had to work with in the 18th century, that wasn’t bad.  Those who followed us continued to narrow it down.

	
	
	

	
	
	

	19:33
	
	CHAPTER 10

Mason & Dixon

	
	
	 

	
	070.jpg (again)

mappemonde


	HALLEY:

I, Edmund Halley—and an Englishman at that—predicted where a corps of astronomers should be stationed for the 1761 transit of Venus. Thus began the first international endeavor to solve the leading scientific question of the day, which was..

	
	077.jpg

how big
	“How big is the solar system?”  More than 120 astronomers from 8 nations participated in the quest. Not all expeditions were without incident…

	20:04
	Video: Mason & Dixon

078.jpg

mason & dixon 
	There was Charles Mason and Jeremiah Dixon, whom you Americans know for their surveys between Maryland and Pennsylvania…

	
	
	

	
	079.bmp

mason dixon line
	KID 2:

The Mason-Dixon line!

	
	
	

	
	080.bmp

english channel 


	HALLEY:

Yes.  Mason and Dixon were bound for India.  Only they didn’t even make it out of the English Channel before their ship was attacked.  After all, the Seven Years War was underway between England and France.  Eleven men were killed and their ship was heavily damaged.  Mason and Dixon balked at resuming the voyage… 

	
	081.jpg

mason quote
	Mason said, “We will not proceed thither, let the Consequence be what it will.”

	
	
	The sponsors of the expedition, the Royal Society, threatened to prosecute them “with the utmost Severity of the Law,”   and warned Mason and Dixon that their refusal would  “end in their utter Ruin.”  Mason and Dixon reluctantly set out again…

	
	082.jpg

cannons

	only this time with a 70-gun ship escort.  They eventually observed the transit from South Africa, where they got pretty good results.

	
	
	

	
	
	

	21:02
	
	CHAPTER 11

Father Hell

	
	
	

	
	083.jpg

hell stamp
	HORROCKS:

And there was Father Maximilian Hell.  

	
	
	

	
	
	KID 1:

Father Hell?!

	
	
	

	
	
	HORROCKS:

Yes, Father Hell, who went to the arctic coast of Lapland.  The Jesuit priest obtained excellent results from the Land of the Midnight Sun, but was later accused —convincingly—of falsifying his results.  It wasn’t until many years later that it was realized Father Hell’s respected accuser was color blind and had misinterpreted the ink marks on Father Hell’s papers.  Father Hell had been wrongly accused.  

	
	084.jpg

father hell
	Fortunately, the besmirched Father Hell got back his good name.

	
	
	

	
	
	KID 1:

So… if someone had wanted information from this guy, all they had to do was go to….

	
	
	

	
	
	KID 2:

Uh, uh, uh, careful what you’re saying.

	
	
	

	21:45
	
	CHAPTER 12

Rittenhouse and Franklin

	
	
	

	
	085.bmp

colonial flag
	HALLEY:

In colonial America, the young astronomy community wanted to show the rest of the world that they, too, were noteworthy scientists.

	
	O86.jpg

rittenhouse

	American astronomer David Rittenhouse from Philadelphia, Pennsylvania, was overcome with emotion at the sight of the 1769 transit getting underway.  

	
	087.jpg

rittenhouse drawing
	Fortunately, he did regain his composure and timed the remainder of the transit, including when the planet left the disk of the sun.

	
	088.jpg

franklin
	Knowing the distance to the sun was so important that American diplomat Benjamin Franklin issued a written pass to foreign vessels stating that no American vessel was to harm or interfere with a foreign ship on its way to time a transit. 

	
	
	

	
	
	

	22:27
	
	CHAPTER 13

Le Gentil

	
	
	

	
	089.jpg

le gentil name


	HORROCKS:

Consider the nightmare of Guillaume Joseph Hyacinthe Jean Baptiste Le Gentil…

	
	
	…or “Le Gentil” for short.

	
	
	

	
	090.jpg

le gentil stone
	KID 1:

Another dead guy I’ve never heard of

	
	
	

	
	
	HALLEY:

Hey…There are going to be a lot of dead men and women you’ve never heard of.  Science isn’t the achievements of just a few famous people— it’s the cumulative efforts of many.  

	
	091.jpg

effort of many
	There are a lot of unsung heroes.  For every ship that sets sail…

	
	092.jpg

shoreside
	…even spaceships, there’s someone on the shore who helped it leave the harbor.  

	
	
	My young Mr. Horrocks, do you wish to tell the tale of Le Gentil?

	
	
	

	
	093.jpg

world map zoom


	HORROCKS:

Glad to…Over one year prior to the 1761 transit, Le Gentil left France, traveling by sea around the Cape of Good Hope and on to Pondichery, India.  

	
	094.jpg

pondichery map
	Only when he got there, Pondichery had been captured by British troops.  Remember—the Seven Years War?  

	
	095.jpg

rigging
	Le Gentil’s ship was forced back to sea.  When the 1761 transit finally happened, he saw it from the rolling deck of the ship.  .  

	
	096.jpg

transit at sea
	However, he was unable to get useful data   Imagine trying to look through a telescope while you’re riding one of your roller coasters.  Talk about frustration…


	
	097.jpg

8 years
	But transits come in strange patterns, and Le Gentil knew that another one would happen in 1769—eight years later.  So he hung around for eight more years, 

	
	X241.jpg

voyage

098.jpg

le gentil divinity

099.jpg

legentil reptiles
	with some side trips across the Indian Ocean, waiting for the next transit.

	
	
	

	
	100.jpg

rigging 2
	KID 1:

Eight years?  Did you say eight years?

	
	
	

	
	
	KID 2:

Now that’s dedication.

	
	
	

	
	
	KID 1:

That’s crazy!  Imagine missing eight years of your life.

	
	
	

	
	X242.jpg

pondichery zoom
	HORROCKS:

That’s right, it was a long time.  Finally, after eight years and some side trips, the June transit approached.  

	
	
	

	
	Dirunal stars until sunrise.

102.jpg

le gentil quotes
	Le Gentil wrote, “The nights at Pondichery are of the greatest beauty in January and February; you cannot have any idea of the beautiful sky which these nights offer until you have seen them…During the whole month of May, until the third of June, the mornings were very beautiful. ”  

	
	Stormy dome at sunrise; segue to clear sky.

103.pct

clouds
	The morning of the transit, however, was unseasonably cloudy.  Violent storms occurred during the transit.  As soon as the transit ended, clear weather returned.

	
	
	

	
	104.jpg

t-shirt
	KID 1:

You’re joking.  After eight years the poor guy missed the transit again?  I bet he didn’t even get a lousy t-shirt.

	
	
	

	
	105.jpg

shipwreck
	HORROCKS:

Yep.  And that was just the beginning of his woes.  After having suffered from fever and dysentery, from nearly being shipwrecked twice, and away from home for almost 12 years total, Le Gentil found that he had been given up for dead, his estate had been looted and divided by his relatives, and his seat on the French Academe had been given to someone else . He was nearly bankrupted just trying to reclaim his possessions.

	
	
	

	
	
	KID 1:

Ouch.

	
	
	

	25:16
	Video: Celestial Atlas Storm 

106.bmp

doppelmayer labeled
	HORROCKS:

So you see, lousy weather is one of the pitfalls in observing celestial events.  

	
	107.jpg

doppelmayer
	Over the years, many hopeful observers have missed a transit because of clouds.

	
	
	

	
	
	HALLEY:

Many missions fail, yet we endeavor to understand.

	
	
	

	
	
	


	25:31
	
	 CHAPTER 14

Captain James Cook

	
	
	

	
	108.bmp

1769


	HORROCKS:

The 1769 transit did have one major triumph.  

	
	X243.jpg

cook statue
	The British navy promoted a young lieutenant—James Cook—to lead an expedition to the distant and uncharted South Pacific.

	
	
	

	
	109.jpg

cook
	KID 1:

Captain Cook?  Now him I’ve heard of.

	
	
	

	
	110.jpg

cook survey
	HALLEY:

Cook had proven himself to be a competent surveyor, especially in mapping the St. Lawrence River and North American coast. Cook’s ship, the Endeavour, was set up as a floating laboratory.

	
	
	

	
	111.jpg

ship-shuttle
	HORROCKS:

By the way, your space shuttle Endeavour is named after Cook’s ship.

	
	
	

	
	
	HALLEY:

Joining Cook aboard the Endeavour were a botanist, a naturalist, an artist, and an astronomer named Charles Green.

	
	112.jpg

world map
	It was truly a scientific expedition to unexplored worlds.

	
	
	

	26:17
	Video: Tahiti Panorama 

OR

Panorama: Tahiti

(remains up through black drop effect)

OR
113.jpg

tahiti 
	After many months at sea, they arrived at the island of Tahiti.  Cook established friendly relationships with the local people, and set up an observatory on what is still called Point Venus.  Cook and Green had clear skies for the transit.  

	
	
	

	
	X244.jpg

cook sights
	KID 2:

Wait a minute.  You mean Captain Cook, the great explorer, got his start by going to Tahiti to time a transit of Venus?

	
	
	

	
	114.jpg

cook stamp


	HALLEY:

That’s right.  He spent years exploring the wonders of the Pacific--from the Antarctic Circle to Alaska.  But it was a transit of Venus that set him on his way to the first of his three magnificent voyages of discovery.  

	
	
	

	
	
	

	26:50
	
	CHAPTER 15

The “Black Drop” Effect

	
	
	

	
	Panorama of Tahiti remains up.

115.jpg

cook and green


	HORROCKS:

Unfortunately, many observers—including Mason and Dixon, and Captain Cook and his astronomer Charles Green—experienced one problem in timing the exact instant when Venus touched the inside edges of the sun.  

	
	116.jpg

black drop graphic
	A strange phenomenon happens at that moment of internal contact—the now-infamous black drop effect.  You folks in that round room…try this.  

	27:18
	Video: Fingers Smear 

117.jpg

fingers apart


	Hold your hand a few inches in front of your face and close one eye. Almost pinch your thumb and a finger together.  Just before they touch, what do you notice?…Go ahead, try it.  Almost touch your thumb and a finger…


	
	118.jpg

fingers smear
	Did you see how they appear to smear together before you feel them touch each other?  A similar thing happens when Venus almost touches the edge of the sun.  

	
	119.jpg

black drop sun
	Venus stretches out, like a drop of water that won’t let go of the faucet.  That smudging of Venus is called…

	
	
	

	
	
	KID 1:

The black drop effect…Cool!

	
	
	

	
	120.jpg

bergman’s back drop
	HORROCKS:

It wasn’t cool for the astronomers.  The black drop effect messed up their timings, because they couldn’t discern the exact moment of contact.

	
	
	

	
	
	KID 1:

That’s not cool.

	
	
	

	
	
	HORROCKS:

No it wasn’t. 

	
	
	

	28:00
	
	CHAPTER 16

Photography and John Philip Sousa

	
	
	

	
	121.bmp

1874
	HORROCKS:

For the 1874 transit of Venus, astronomers had high hopes that a new tool—photography—could overcome the black drop effect.  

	
	122.jpg

usno group

Music: “Transit of Venus March” by John Philip Sousa.

Sequence of USNO expedition images (L,C, R)

123.jpg through 140.jpg 


	Again, preparations were made for great global expeditions…

	
	141.jpg

usno photo
	Unfortunately photography didn’t help much and was a big disappointment. The problem of the “black drop” effect was inescapable.  Other techniques besides timing a transit of Venus would be required to resolve the distance to the Sun.  

	
	
	

	
	142.bmp

green zoom
	KID 1:

Wait a minute.  I thought timing the transit of Venus made it possible to calculate the distance from the sun to earth.

	
	
	

	
	
	HALLEY:

Oh, it worked, but because of the black drop effect, not to the accuracy I had hoped.

	
	
	

	
	
	

	29:21
	
	CHAPTER 17

Modern Tools and the Astronomical Unit

	
	
	

	
	143.bmp

question mark
	KID 2:

How do we know the exact distances to the planets today?

	
	
	

	
	043.jpg (again)

measuring sticks
	HALLEY:

Kepler’s Third Law easily showed the relative distances to the planets.  If our measuring stick from the sun to earth is one unit, then, say, Jupiter is about 5 units and Saturn is about 10 units.  

	
	047.jpg (again)

1 A.U.
	By timing a transit of Venus, observers can quantify the length of the measuring stick, which is called the astronomical unit.   Greater accuracy required…

	
	
	

	
	
	KID 1:

Let me guess—a new tool.

	
	
	

	29:56
	Video: Radar to Venus

144.bmp

radar


	HALLEY:

Actually new tools, plural.  And quite amazing ones at that: first came radar, then lasers.  In the 20th century, scientists could bounce these signals off Venus—as well as other nearby celestial objects—to measure their distances from Earth with amazing accuracy.  With these new tools, the parallax angles being measured were as small as the thickness of a human hair seen from 10 miles away.

	
	
	

	
	
	KID 1:

That’s incredible.

	
	
	

	30:18
	Video: Exploding Sun

145.jpg

green sun
	HALLEY:

It sure is.  Eudoxus would have willingly burned to death to know that the sun is a continuously exploding hydrogen bomb held together by gravity.  The gravity is what gives it its round shape.  

	
	146.jpg

sun earth scale
	The sun is so big, a million earths could fit inside.  With modern instruments we now know

	
	147.jpg

miles to sun
	the sun’s average distance from the earth is…92,958,329 miles.  

	
	
	

	
	148.jpg

93 million
	KID 2:

…Rounded off, that places the Sun 93 million miles away.  Wow Mr. Halley, considering everything, you old stargeezers were pretty darn close.

	
	
	

	
	
	HALLEY:

Thank you very much

	
	
	

	
	
	

	30:58
	
	CHAPTER 18

Significance of a Transit

	
	
	

	
	143.bmp (again)

question mark
	KID 1:

If this upcoming transit is no longer necessary to measure the distance to the Sun, then why all the fuss?

	
	
	

	
	107.jpg (again)

doppelmayer
	HALLEY:

If you could peek at an event that shows how we come to understand the cosmos,  would you?  Or would you cast this opportunity aside?  If you don’ t seek, you won’t find.  

	
	
	A transit of Venus is your chance to witness a rare dance of the planets.  In the history of all humankind, not many people can make that claim. 

	
	
	

	
	
	

	
	
	KID 1:

I hope the weather is good, because now………I don’t want to miss it!

	
	
	

	
	
	

	31:28
	
	CHAPTER 19

Transit Frequency

	
	
	

	
	
	KID 1:

	
	143.bmp (again)

question mark
	How often does a transit of Venus occur, anyway?

	
	
	

	
	149.jpg

5 transits
	HORROCKS:

Only five transits have been witnessed since the invention of the telescope.  The cycle is irregular, but very predictable.  

	
	
	

	31:41
	Video: Venus and Earth Orbiting 

150.bmp

alignment 1
	KID 2:

Here’s what I don’t understand. As seen from above, Venus and Earth appear to align with the sun every 584 days, or 1.6 earth orbits.   


	32:00
	Video: Transit Pairs on Timeline

151.bmp

alignment 2
	But instead of a transit happening every 1.6 years…

	
	152.jpg

transit pairs
	…transits occur in pairs eight years apart that are separated by over 100 years.

	
	
	

	
	
	KID 1:

Can you run that by me again?

	
	
	

	
	153.bmp

plate overhead
	HORROCKS:

No.  All you need to understand is even though Venus and Earth line up every 1.6 years a transit doesn’t necessarily happen.

	
	
	

	
	
	KID 1:

Okay.

	
	
	

	32:22
	Video: Paper Plate Demo 

154.jpg

plate inclined
	HORROCKS:

The main reason for the long gap between transits is that the orbit of Venus is inclined…

	
	155.jpg

plate planets
	…or tilted, a few degrees to the plane of Earth’s orbit. We refer to this plane as the plane of the ecliptic.  

	
	156.jpg

plate venus below
	From above, the planets may appear to line up… but from the perspective of earth, Venus is usually either above or below the Sun.  

	
	157.jpg

plate conjunction
	Only when Venus is at inferior conjunction (that is, between the Sun and Earth)… 

	
	158.jpg

plate node
	…and along the nodes (where their orbital planes intersect) can a transit occur.

	
	
	

	
	159.jpg

timeline full
	HORROCKS:

Eight years after the initial transit, another transit  happens.  Then, over a century later, the next 8-year pair occurs again...After the June 8, 2004,  transit, the next one will occur on June 5th, 2012.  Then you won’t see a pair of transits again until the 22nd  century, beginning in 2117. 

	
	
	

	
	
	

	33:21
	
	CHAPTER 20

Syzygies 

	
	
	

	
	143.bmp (again)

question mark
	KID 2:

With so many planets and moons and asteroids and stuff whirling around in space, eventually aren’t some of them are going to line up?

	
	
	

	
	160.jpg

syzygy
	HORROCKS:

The alignment of celestial bodies is sometimes called a “syzygy.”  It’s a mouthful, but it’s a tasty word.  You in that round room, on the count of three say “syzygy.”   Don’t be bashful—we’ll do it real quick.  Here we go. “Syzygy” on three: one, two, three, “SYZYGY. ”  

	
	161.jpg

venus syzygy
	In order for a transit of Venus to occur there must be a syzygy—the alignment of the Sun, Venus and Earth.

	
	162.jpg

moon syzygy
	In a solar eclipse the SYZYGY would be the Sun, Moon and Earth. Because the motions of the celestial bodies follow specific laws of astronomy, these alignments, or “syzygies” are predictable, and can be found in astronomy magazines and else where.

	
	
	


	
	163.jpg

gaspra
	HALLEY:

Amateur astronomers gain valuable information from syzygies.  Occasionally a dark asteroid passes in front of a star, causing the star to wink out momentarily.  

	
	164.jpg

graze path
	Amateur astronomers will station themselves across the swath of land where the graze should be seen to determine the shape of the asteroid.  

	34:37
	Video: Grazing Occultation

165.jpg

grazing occultation
	Sometimes the moon passes in front of—or “occults”—a bright star.  Or better yet, the star appears to graze the edge of the moon.  When this happens the star appears to blink on and off as it passes behind the lunar mountains and reappears within the moon’s valleys!  This was how early amateur astronomers helped to map the contour of the moon.  Occultations also indicated early on that the moon has no atmosphere.  If it did, the atmosphere would cause the star to dim briefly before the moon completely blocked it out.

	
	
	

	
	166.jpg

goodricke


	HORROCKS:

In 1782 a boy discovered stars orbit other stars.  John Goodricke, who was deaf and only 18 years old at the time,  recognized that the occasional dimming of the star Algol was caused by a companion star orbiting around Algol, seen edge-on from earth.  With the discovery that Algol was an eclipsing binary star… 

	
	167.jpg

aavso chart
	…Goodricke began the practice of monitoring variable stars, or those that change periodically in brightness.  

	35:44
	Video: Moon occults Saturn

168.jpg

Saturn occulted
	Amateur astronomers also photograph exotic alignments, like the moon occulting planets…

	35:52
	Video: ISS Transits the Sun
169.jpg

iss transit
	…and the International Space Station transiting the sun.

	
	
	

	36:01
	Video: Other-World Transits 

170.bmp

transit approach

171.bmp transit imminent
	HALLEY:

And if you stretch your imagination, you can also envision fantastic transits from other worlds.  

	
	
	

	
	
	

	36:15
	
	CHAPTER 21

Seeking Earth-class Planets

	
	
	

	
	172.jpg

church graveyard 2
	KID 1:

If transits are no longer used to measure the distance to the sun, aren’t they…like you—a dead issue?

	
	
	

	
	
	HORROCKS:

Just the opposite—transits are the future.  NASA and others are using transits to look for new worlds that could harbor life.  Tell me, how many planets are there?

	
	
	

	
	
	

	
	173.jpg

9 planets
	KID 1: 

Well, let’s see.  There’s, uh…My…Very…Educated, Mother…Just…..Served….Us….

	
	
	







	
	
	KID 2:

Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto.

	
	
	


	
	pizzas
	KID 1: 

…Nine pizzas—I mean, nine planets!

	
	
	

	
	
	KID 2:

…Nine planets.

	
	
	

	
	174.bmp

extra-solars
	HORROCKS:

You’ve missed several candidate planet systems…like 51 Peg, Tau Boo, Ogle-TR-56, and dozens more.

	
	
	

	
	
	KID 1:

What?

	
	
	

	
	
	HORROCKS:

Astronomers have discovered huge planets—bigger than Jupiter—orbiting distant stars.  

	
	175.jpg

kepler spacecraft
	The Kepler mission—named after my hero, Johannes Kepler—will look for smaller, earth-class planets in what’s called “the habitable zone,” the distance from a star where liquid water can exist on the planet's surface.

	
	
	

	
	176.bmp

3 bowls
	HALLEY:

It’s like Goldilocks and the porridge.  

	
	177.bmp

hot bowl
	What happens to all of the water on a planet if it’s too close to the sun?

	
	
	

	
	
	KID 2:

It boils away.

	
	
	

	
	178.bmp

cold bowl
	HALLEY:

And if the planet is very far from the sun?

	
	
	

	
	
	KID 1:

The water probably freezes.

	
	
	

	
	179.bmp

planets in bowls
	HALLEY:

Right.  So life has the best chance of existing if the planet’s distance from the sun (or star) is just right—not too close, not too far.

	
	
	

	
	
	KID 1:

Ah,  Goldilocks…I get it—not too hot, not too cold…

	
	
	

	
	
	HALLEY:

And it’s not just the temperature of the planet that makes it habitable, but also the size.

	
	
	

	
	
	KID 1:

What does size have to do with anything?

	
	
	

	
	180.jpg

planets compared
	HALLEY:

Well don’t you think there is a difference between a giant planet like Jupiter,  a small planet like Mars and an Earth- size planet?

	
	
	

	
	
	KID 1:

Sure….planets come in different sizes…so, what’s your point?

	
	
	

	
	
	HALLEY:

It all comes down to gravity.  Get it…..down to gravity!

	
	
	

	
	
	KID 1:

Yes, Mr. Halley, even I get it.

	
	
	


	38:14
	Video: Planet Mass as a Factor

182.jpg

size factor small
	HALLEY:

You see if a planet is less than about half the mass of Earth, it doesn’t have enough gravity to hold onto a life sustaining atmosphere and you end up with a lifeless planet like Mars.

	
	
	

	
	
	KID 1:

Well then I want to find big planets…..Right?

	
	
	

	
	183.jpg

size factor big
	HALLEY:

Not too big.  If the planet is more than about ten times the mass of Earth, that is, much more than twice the diameter of Earth, then it has enough gravity to hold onto the very light gases, hydrogen and helium, and turn into a gas giant like Jupiter and Saturn.

	
	
	

	
	
	KID 1:

Oh I see, its like the chairs in Goldilocks.  Not too big and not too small.  Just right.

	
	
	

	
	
	HALLEY:

Precisely

	
	
	

	
	
	

	38:49
	
	CHAPTER 22

 The Kepler Mission

	
	
	

	38:49
	Video: Targeting a Distant Transit

184.bmp

starfield view
	HALLEY:

The Kepler spacecraft is designed to look at 100,000 different stars that are hundreds of light years away, searching for a transit.  That’s another cool thing about seeing a transit of Venus from Earth—we have a front row seat.

	
	
	

	
	185.bmp

2 perspectives

	HORROCKS:

What do you think happens when a planet circling a distant star passes in front of the star—like when Venus passes in front of the sun?  

	
	
	

	
	
	KID 1:

I don’t know, but I’m guessing you’re going to tell me.

	
	
	

	
	186.bmp

kepler craft 1
	HORROCKS:

Well, what happens to the amount of light you see if the star is partially blocked by a transiting planet?  

	
	
	

	
	
	KID 1:

I suppose it goes down.

	
	
	

	39:23
	Video: Spacecraft Measures Brightness


	HORROCKS:

Right.  And not by much either.  

	
	187.bmp

kepler craft 2
	The drop in brightness is tiny—miniscule.  Perhaps less then the amount a street light dims from a fly circling around it.  

	
	188.bmp

kepler craft 3
	But enough that it can be measured by instruments.  And from the small change in brightness, you can figure out the size of the planet.

	
	
	

	
	
	KID 2:

How long do you have to stare at the stars to find this tiny dip in brightness?

	
	
	

	39:49
	Video: Kepler Spacecraft Zooms


	HALLEY:

Long enough to see the planet repeat the transit several times, that is, for about four Earth years.

	
	
	

	
	
	KID 2:

I guess that gives you confidence in what you find.

	
	
	

	
	189.bmp

kepler craft 4
	HALLEY:

Yes,  And not only that…..from the period of the transits and using Kepler’s Laws of planetary motion, you can calculate how far the planet is from its parent star and know if it is in the habitable zone.  

So the Kepler spacecraft surveys 100,000 different stars, hoping to detect brief—but regular—drops in brightness.

	
	
	

	
	190.jpg

streetlights
	KID 2:

Are you saying it’s like looking at 100,000 streetlights all at once, and you try to detect a few flies flying around by measuring the ever so slight dimming of a few lamps?

	
	
	

	
	025.bmp (again)

starfield
	HORROCKS:

That’s correct.  With just your eyes you can see maybe a few thousand stars—like on this dome.  Imagine looking at every one of these stars, trying to detect a tiny drop in brightness in just a few of them.  

	
	191.jpg

star cloud
	The Kepler spacecraft is looking at 40 or 50 times as many, simultaneously.

	
	
	

	
	
	KID 1:

That’s amazing!.

	
	
	

	
	192.jpg

galaxy 2
	HORROCKS:

It sure is.  So once again transits are being used to determine our place in the cosmic population—where does earth fit in among our galaxy’s community of planets?

	
	
	

	
	
	

	41:10
	
	CHAPTER 23

The 2004 Transit

	
	
	

	
	143.bmp (again)

question mark
	KID 1:

Where and at what time can we expect to see the June 8th transit? How long will it last?  Will we see a big dot moving slowly across the Sun? Will everyone around the Earth be able to see it.  Can I see it naked eye or will I need special equipment?  What if it’s  cloudy--can I still see it?

	
	
	

	
	194.jpg (left)

visibility total


	HORROCKS:

Good questions  The viewing area is located between eastern Europe and eastern half of North America.  The prime locations are between Eurasia and Western Africa, where people can see the entire six hour transit.

	
	195.jpg (right)

visibility none
	Those living in western North America, southern Chile or Argentina, Hawaii or New Zealand will not see it.

	
	196.jpg (center)

visibility partial
	All other locations may see it for at least a few minutes.

	
	197.jpg

duration map
	You need to check with your local planetarium, astronomy club, or media outlet for the time of viewing in your area. The times will vary from location to location.

	
	198.jpg 

horrocks painting 2
	Generally there  are two preferred ways to see it.  Either project an image through a telescope onto a flat screen like Crabtree and  I did… 

	
	199.jpg

webcast
	or,  watch on a live webcast via the internet.

	
	200.jpg

sunrise sequence
	Remember, never—ever— look directly at the Sun, even when the Sun is low on the horizon at sunrise or sunset. Ask your planetarium director about safe observing opportunities in your community.  

	
	
	

	
	201.jpg

tempest


	HALLEY:

Regarding the webcast, keep this in mind: In centuries past, explorers risked their lives traversing the world’s oceans just to catch a glimpse of Venus across the face of the sun.  With tools of the modern era, you can share the common experience of this uncommon event.  

	
	202.jpg

rigging 3
	From the comfort of your chair, you can do with the Internet what we struggled to do with the fleets of nations.

	
	
	

	
	203.jpg

venus & sunspots


	HORROCKS:

The dot moving across the Sun will look similar to a sunspot, only perfectly circular.  

	42:51
	Video:  Mercury Transits the Sun 

204.jpg

mercury transit

205.jpg

mercury at limb
	As you look at the silhouette of Venus-a planet the size of the Earth-and you envision it in 3D, suspended between the Sun and earth, you may be overwhelmed by the enormity of the Sun.  So… expect the unexpected.

	
	206.jpg

sunspots
	If you do have proper solar viewing  equipment, in addition to watching Venus, look for sunspots on the Sun, and be sure to witness the black drop effect.  

	
	207.jpg

halo


	Keep in mind the excitement will continue as Venus exits the Sun.  Here, as it straddles the sun’s edge, look for other phenomena.  

	
	208.jpg

lomonosov
	For example, Mikhail Lomonosov, a Russian astronomer, first suggested Venus had an atmosphere after seeing a halo encircling Venus during the 1761 transit

	
	
	

	
	209.jpg

venus 
	HALLEY:

Sure enough, he was right— Venus is enshrouded in clouds.

	
	
	

	
	210.bmp

dark sky
	HORROCKS:

The night before the transit, imagine the anticipation of the few observers who, like you, await this celestial spectacle.  You could be among the select few in all of history.  

	
	
	

	
	
	

	43:59
	
	CHAPTER 24 

Conclusion

	
	
	

	
	001.jpg  (again)

tombstones
	HALLEY:

Hey, you down there, how’d we do?

	
	
	

	
	
	KID 1:

Your delivery was a little…shall we say…stiff!

	
	
	

	
	
	HORROCKS:

	
	211.jpg

eudoxus 2
	You’re too funny. At least we didn’t have to “willingly burn to death to learn the distance…”   

	
	
	

	
	
	Seriously, do you now understand the importance of the upcoming transit of Venus?

	
	
	

	
	001.jpg (again)

tombstones
	KID 1:

No!

	
	
	

	
	
	HALLEY:

What?!

	
	
	

	
	
	KID 1:

The transit of Venus…I got it… But what does it reall y mean?

	
	
	

	
	
	HORROCKS:

From personal experience? The transit of Venus is about…

	
	212.jpg

ship at anchor
	…our endeavor to understand the world in which we live.

	
	213.jpg

sole visa
	It’s about where we came from, where we are now, and where we are going.


	44:39
	Video: Galaxy Segues to Sun

214.jpg

seyfert 2 galaxy
	It’s about the thrill of discovery and the ability to understand those discoveries.  

	
	215.jpg

sunrise x
	It’s all about…you…and your place in the cosmos.

	
	
	

	
	
	KID 1:

Now…now I get it.  Thank you, dead guys.  I’m grateful.

	
	
	

	
	(fade to black)
	HORROCKS:

Grateful…dead.

	
	
	Hmmm…Sounds like a good name for a band…

	
	
	

	45:02
	
	CHAPTER 25

Credits

	
	
	

	46:42
	Walk-out music
	CHAPTER 26

Music: Hope by Matt Rumley
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