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Hello!

Readers send hundreds of questions to us at How Stuff

Works every day. We answer many of them by email and
in the forums. But we pick one especially good question

to publish as the official “Question of the Day” each

morning.

The question of the day is a long tradition at How Stuff
Works, and it is one of the most popular features of the

site. We have a huge archive containing the hundreds of
questions we have answered since the How Stuff Works
Web site started, and millions of people visit the archive

to find answers to their most burning questions.

In this book, I've collected over 100 of the most popular
questions in the archive. These are the best of the best—
the questions that readers just HAVE to know the answer
to. They are truly fascinating to read through because
these are the most intriguing questions on the site.

As you look through the book, you will notice two

cons.

One is the Top 20 icon. It identifies the 20 most
() popular questions that How Stuff Works has ever

covered.

e, | hen there is the MB icon. These are my personal
»

favorites. I don't know why, but these questions
(g |

completely fascinated me or blew me away when I

discovered the answer.

I'm an extremely curious person. I'm constantly trying to
unearth the mysteries behind the things around me. If

you, too, find yourself wondering about, well, just about
everything, you will love this collection of questions.

And if you have other questions, come to How Stuff xiii

Works and ask away! : : I !
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How do the light sabers in
the Star Wars movies work? !

Like the Millennium Falcon, Yoda, and even Chitty Chitty Bang
Bang for that matter, a light saber is a special effect that looks so

\&|

real you actually believe it exists.

The technique used to create the light saber effect in the original
Star Wars film is straightforward but tedious. On the set, the
actors use light sabers made of handles attached to aluminum
rods of the correct length. The handles are plastic models and the
aluminum rods are painted red or green or blue. The actors use
these props as though they were light sabers.

After the film is shot, it is taken to the special effects depart-
ment. In this initial film, the actors look like they are fighting
with painted broomsticks instead of light sabers. A special-effects
artist now has the job of making those broomsticks look real. The
artist looks at the film frame by frame and projects each frame
that contains a light saber onto a clear piece of plastic (an anima-
tion cel). The special-effects artist draws the outline of each light
saber blade in the frame onto the cel. Then, for each frame, the
artist paints in the correct color for the blade using a bright car-
toon color. Eventually, the artist has a stack of these cels, one for
each frame of the movie containing a light saber. The cels are
clear everywhere except where the light saber blade is seen in
each frame.

Now a new piece of movie film is shot. On this film each anima-
tion cel is placed over a black background and shot with a light
diffuser over the lens; this diffuser gives the light sabers the glow
they have around the edges. If you were to play this film in a pro-
jector, all you would see is the light saber blades moving on a
black background. Before it is developed, however, the actual
footage from the movie is double-exposed onto this same film.
The effect is amazing: The light sabers look bright and real!

As movies move more into the digital realm, the job of animating
the light sabers gets slightly easier — but not much. In a digital
world each frame of the movie is scanned into a computer at
extremely high resolution so that each frame can be manipulated
on a computer screen. To make the light sabers look real, the spe-
cial-effects artist looks at each frame on the computer screen,



outlines the broomsticks, colors the areas, and diffuses them
(frame by frame by frame...). Instead of being done on a plastic
cel, it is all done on separate “cels” in the computer’s memory and
then merged digitally. The animator must still look at each
frame, however, and tediously outline the light saber blades one

by one.

{3} Web Links

How Blue Screen Special Effects Work

How do fog machines work? w

There are three common ways to produce the fog that you
often see in stage productions and at dance clubs:

* Use a fog machine that vaporizes “fog juice”
* Use dry ice
« Invite lots of cigarette smokers

Fog machines and fog juice are the most common methods. The
basic mechanism is simple: The juice is heated to create smoke.
When you overheat oil on the stove and create a lot of smoke,
you are doing approximately the same thing. Cooking oil has a
tendency to get gummy and smell bad, however. Fog machines
therefore use glycerin or glycol mixed with water, such as propy-
lene glycol and triethylene glycol mixed with 20% water. It is not
known whether this fog has any side effects on people’s lungs.
The fog seems to be problematic for asthmatics, but nothing has
been proven conclusively for the general population.

If you would rather make completely safe fog, you can use dry
ice. (To find a source for dry ice, look up “ice” in the business
directory — and never handle the stuff with bare hands!). When
you place dry ice in hot water it creates a dense fog that clings to
the floor. This fog contains carbon dioxide (CO,)and water
vapor; you want to be sure the room is ventilated so that CO,
build-up is not a problem.
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How do light guns work on a
video game?

Most home video games and many arcade games can use some
sort of gun as an input device. You point the gun at the screen
and pull the trigger, and if you hit the target on the screen, the
target explodes.

To create this effect, the gun contains a photodiode (or a photo-
transistor) in the barrel. The photodiode is able to sense light
coming from the screen. The gun also contains a trigger switch.
The output of the photodiode and the switch are fed to the
computer controlling the game.

The computer receives signals from the screen driver electronics.
The screen driver electronics send pulses to the computer at the
start of the horizontal and vertical retrace signals so that the
computer knows where the electron beam is on the screen during
each frame. The computer normally uses one of two different
techniques to determine whether or not the gun is pointed at the
target when the user pulls the trigger:

* When the user pulls the trigger, the computer blanks the
screen for one frame and then paints just the target object on
the screen (as a white object). If the photodiode senses dark-
ness after one vertical retrace signal and light after the next,
the computer assumes that the gun is pointed at the target
of the screen and scores a hit.

* The computer can blank the screen and then paint the entire
screen white. It will take time for the electron beam to trace
the entire screen while painting it white. By comparing the
signal coming from the photodiode with the horizontal and
vertical retrace signals, the computer can detect where the
electron beam is on the screen when the photodiode first
senses its light. The computer counts the number of
microseconds that pass between the time the horizontal and
vertical retrace signals start and the photodiode first senses
light. The number of microseconds tells the computer exact-
ly where the gun points on the screen. If the calculated posi-
tion and the position of the target match, the computer

scores a hit.



When you pull the trigger, you can normally see the display
flash. From the type of flash you see, you can figure out which

system is used.

{3 Web Links

How Television Works

How do they create the special
effects in movies like The
Matrix and in commercials
where the camera rotates
around a frozen actor?

This effect is fascinating to watch! In one commercial a horse
stops in mid-air and the camera pans around it. In The Matrix
the technique is used four times only but is so startling that it

leaves an impression over the entire movie.

In the commercials, a simpler technique is used than was used in
the film. A collection of perhaps 30 still cameras is set up around
the object. At the moment where the action should freeze, all 30
cameras fire at once. The images are played one after another to

show the rotation.

In The Matrix, the filmmakers used an extremely sophisticated
technique to accomplish much more advanced effects. In this
technique, not only does the rotation occur, but the actor is also
moving in slow motion during the rotation. At least five different
special-effect techniques combine to create the final image:

* A large number of still cameras capture the scene, but they
fire sequentially around the actor rather than all at once.

* The cameras shoot the actor on a green-screen background.

* The actor is wearing a wire suspended from the ceiling so

that he can fall only partway or appear to float in mid-air.

« After the scene is shot, software similar to morphing software
interpolates between the images to allow the slow-motion
feel. The filmmaker can therefore slow down or speed up

the action at will.
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