[Title plate] 

1) Classic mountaintop observatory dome against a starry night sky, dome doors open. Main title appears as hand-written letters matted or burned in: THE FATE OF THE UNIVERSE. 

2) Inside a real observatory dome, as telescope moves to aim   

3) Telescope control room, computers and other paraphernalia, two or more observers at the screens. One of these gets up and goes to a whiteboard on one wall.  

[Big Bang sequence]

1) In close-up, researcher's hand writes from the big bang until now on the whiteboard.  

2) (Animation): full, blazing white screen (the big bang) "cools" to hot pink -- 


-- particles condense -- 


-- sound waves reverberate -- 


-- the primordial soup, now orange, vanishes with a hint of structure -- 


-- wisps of glowing stuff collect in the blackness -- 


-- stars ignite, galaxies form and coalesce into stringy structures -- 


-- evolving to the universe today, which flattens and tilts to form a 2-D "universe disk." In the center of the disk the galaxies are bright and white; toward the edge of the disk the galaxies are dim and red. 

3) A series of images of real galaxies  

4) A particular galaxy. Suddenly a supernova blooms. 

[how far is that star: brightness]

1) On the clean whiteboard, the hand writes how far is that star? -- then puts a bullet under and writes brightness. Screen immediately goes dark.

2) A flashlight comes into frame, close, pointed at camera -- the body of the flashlight and the hand holding it are visible only by reflected light. The flashlight moves sideways out of frame. 


Another light comes on, much dimmer. 


A third light flicks on, not as bright as the first but brighter than the second. 


Now the first flashlight comes back into frame, as -- 


-- stadium lights go on, revealing three people holding identical flashlights standing on a football field. The closest is at the 1-yard line, the second farther, say the 10-yard line, the third farther still, say the 25-yard line. (A wider spread would be good, as long as all flashlights are visible). Dissolve to

3) A computer screen, a third of it taken up by a pixelated image of a real type Ia supernova, e.g., SN 1937c,  and a legend: "brightness [X]" 


(In this sequences the pictures are enhanced, and instead of magnitudes we use positive numbers for "brightness,"  proportional to real magnitudes.) 


Move out to reveal a second supernova picture beside the first, with designation and brightness corresponding to a real, mid-distance type Ia. 


Move further out to reveal a third supernova picture, with designation and brightness corresponding to a real, distant type Ia, e.g., SN 1997ap. 

4) The universe disk: move to a nearby bright star labeled SN 1937c. 


Then move to a mid-distance star, fainter and redder, with label of a real SN. 


Then move to a star near the edge, very faint and red, labeled SN 1997ap. 

[how far is that star: redshift]

1) On the whiteboard, the hand puts another bullet under how far is that star? and writes redshift  

2) A pattern of light and dark stripes, white overall, moves slowly across the screen. The stripes gradually contract, and as they do so the overall color shifts to blue. Then the stripes gradually expand, and as they do so the overall color shifts to red. 

3) On a black background, an icon of our mountaintop observatory and, at a little distance, an icon of a star: a band of moving stripes (waves in a "light ray") links the star and the observatory. The observatory and the star are moving apart (imperceptibly accelerating), and the moving stripes are expanding and reddening. 


Another star with its animated light ray appears near the observatory. The waves expand and redden as the star moves away -- meanwhile the first star continues to move farther (accelerating) and redden even more. 


A third star appears and the same thing happens, although this star does not get far (and its light ray does not significantly redden) before the scene match dissolves to 

4) The universe disk, with the three stars now corresponding to the three labeled SNe seen before 

5) The computer screen with the three labeled SNe and their brightnesses -- now also labeled for "redshift" using real Z numbers, e.g., 0.03, 0.35, 0.8 

[gravity]

1) Hand writes gravity on the board. 

2) Blurred focus at first (a baseball field at night), then a fielder's glove comes into frame as, in extreme slow motion, a ball falls into frame, lands in the glove with a slow CRUMMPP.  

3) Regular motion: a 12-year-old kid, baggy sweatshirt and floppy sneakers, takes the ball and hurls it upward. 

4) Wide shot, high angle on kid -- slow motion as ball rises to level of camera, slows as it reaches apogee, then falls back

5) Again, slow-motion close-up of ball landing in kid's glove 

[fate of the universe sequence: closed] 

6) Hand writes the fate of the universe, and puts a bullet underneath: if matter is dense. 

7) New animation: the history of the universe as seen from beyond space and time -- shows bright big bang, expanding disk which cools from white to pink to orange to black, filling with galaxies. Time is vertical; the edges of the disk leave a translucent trace. 


Pause at the familiar universe disk, representing the present. The disk begins to contract. Galaxies turn bluer and bluer, finally collapse, vanish in blue-white flash. 

8) On the whiteboard, the hand has drawn a diagram corresponding to the animation we have just seen -- an ellipse that widens, then closes again. 


Under this diagram, the hand draws rectangular coordinates, with the x-axis labeled "redshift" and the y-axis labeled "brightness." Three points are plotted: at one near the origin, brightness and redshift have (arbitrarily) the same value. Midway out, brightness has somewhat greater value than redshift. Farthest out, brightness has much greater value than redshift. 


To fit these points, hand sketches an upward curve, then scrawls BIG CRUNCH! 

9) Repeat earlier sequence: kid on baseball field hurls ball skyward, it rises, slows as it reaches apogee, then falls back: slow-motion close-up of ball landing in kid's glove 

[fate of the universe: open]

1) Under the fate of the universe, hand writes if matter is LESS dense. 

2) Close on a floating baseball, drifting slowly in a completely black frame. Fielder's gloves reaches in and plucks the ball out of freefall. 

3) Same kid as before, wearing sweatshirt and sneakers -- except standing on what looks like an asteroid in a completely black sky. Both feet are on or near the dusty, cratered surface, but kid's motion is slow, as if floating. Kid takes ball and throws it skyward. 

4) Far from the tiny asteroid, kid is barely visible. The ball sails toward us, gradually losing velocity, until it is barely moving, floating ever so slowly past us

5) Same animation as before except this time, after reaching the present, the universe disk does not recontract but continues to expand -- just barely -- growing faintly redder as it does so. 

6) On the whiteboard, beside the collapsed universe diagram, the hand has drawn a diagram of a parabola, open at the top to indicate eternal, gradual expansion. 


Under this diagram the hand again draws coordinates for redshift and brightness. At the point near the origin, brightness and redshift again have the same value. Midway out, however, brightness and redshift are still almost equal; same is true for the point farthest out, although its brightness may be just a bit less. 


To these points, hand fits an almost straight line (maybe drooping just a bit) and scrawls GOES ON FOREVER. 

7) Repeat shot of kid on asteroid throwing ball, which gradually loses velocity until it is floating in space

[fate of the universe in fact]

1) After the fate of the universe the hand adds a question mark, and in front writes WHAT: WHAT is the fate of the universe?

2) The computer screen with the three real supernovae. 

3) The whiteboard -- the computer image of the first real SN is inset. The hand plots its x-y coordinates on the brightness vs. redshift graph; they are (arbitarily) about equal. 


Image of second real SN is inset. Hand plots its coordinates. Brightness is less than redshift. 


Image of the third real SN is inset. Hand plots its coordinates. Brightness is much less than redshift. 


Hand sketches the curve, which bends sharply downward, then scrawls EXPANSION ACCELERATES! 

4) Wide overhead shot of kid on the baseball field hurling the ball skyward -- in slow motion it rises to the level of the camera and slows just as if it were going to fall back, then -- 


-- picks up speed! Camera tilts up as ball whizzes away into the black night. 

5) Close on kid, whose jaw drops in astonishment

6) Same animation of the history of the universe, but this time instead of recollapsing or slowing, the universe disk expands rapidly. All its galaxies get ridder and dimmer until they vanish in blackness. 

7) A tulip-shaped diagram on the whiteboard, the top opening out. Outside the tulip, hand sketches arrows pointing inward and scrawls gravity. Inside the bell-shaped mouth of the "tulip," hand sketches arrows pointing outward and scrawls dark energy. 

6) Repeat shot of ball rising, pausing, accelerating into the night. Super in researcher's handwriting: WHAT DARK ENERGY FILLS THE UNIVERSE? 

[next sequence: A satellite to unveil the dark energy. Over to you, Robin.] 







