











Fire and smoke
David Tidgwell

When you draw fire or smoke, you are basically drawing visible air currents. You can see
the shape of the air because its filled with luminous gas or smoke particles.

The best way to start an effect you have never animated before is to first study any live
action reference you can get a hold of. First study the real thing if its practical (a candle, a
fireplace fire), but for violent or large effects you'll have to dig up a movie like Backdraft or
Die Hard. No matter how obscenely violent an effect you're looking for, someone has
probably filmed it and stuck it in a film for children.

After studying the real thing, look at animation to see how others have interpreted reality.
This is always somewhat risky because there is no assurance scenes are animated well, or
in the style of the film you're currently working on.

There are many different solutions to any one assignment, dependent on:

-The style of the movie

-The lighting or camera moves

-The intent of the scene (humor or drama)

-The intended role of the efx in that scene (usually the efx should be supportive and
unintrusive, but is sometimes the motivator in the scene)

-How the scene will be composited. For example, if you drawings are going to be very
blurred, there is no reason to add a lot of small detail (the 2 frames below are from the
same drawing):

Before animating, look through the scene, plan the action, be aware of all the forces, and
make a set of rules to follow involving design, motion, and timing. They can be as simple
as "The fire moves up one inch per frame", or as complex as an elaborate path of action
chart involving a lot of forces and a full set of thumbnails.

If you are assisting a scene, make sure you are very clear on the principles the Animator
used to animate it.

Animate extremely rough, so if it doesn't work, you haven't wasted a lot of time on
details.

Be prepared to throw a lot of drawings away.



Small fire

When a fire has no external forces on it, it is simply a sphere
(as in the recent space shuttle experiments.)

Animating space fire would be simple: one held cel.
No forces, no movement.

Add gravity, and you end up with the characteristic teardrop
shape of a candle flame, caused by the heated gas rising.

Animating a candle flame in still air is almost as simple as a
space flame, but it needs a little animation to stay "alive." This
usually takes the form of a slight vertical flicker on ones,
separated by periods of slow growing and shrinking. Some
animators give it a little more life than that, moving it back and
forth as if in a slight breeze.

Add wind and spreading fuel, and you can end up
with a real mess. A spreading or blowing flame is
more complicated to animate, but can still follow
simple rules. For example, fire spreading in a pool of
oil could follow these rules:

1. It spreads radially like a wave.

2. The flames at the leading edge are the largest.

3. It is rare for bits of flame to break off, and if they
do, they only last one or two frames.

These are not holy-set-in-stone-absolute-do-it-this-way-or-die-rules, only one possible set
based on observation. Just aware of what rules you are applying, whether animating or
assisting a scene. It makes it easier to correct animation or inbetweens which "don't look

right.”

In some instances, however, you do have to abandon logic and simply let the fire dance
around, relying on intuition to make it "look real." This, of course, depends on having
previously internalized the movement by studying real fire.

Small flames are usually exposed with a little blur and a bright core, although there have
been many variations on this theme, not all successful.



Medium sized fire

The design and animation of, say, a campfire is a bit more complicated, but fairly simple
principles can be used to govern the overall motion and design.
For example, possible rules for building a campfire, starting with the simplest forces:

1. Hot air rises 2, Add a 3. Add turbulence 4. Add details
and draws air in slight breeze (alternating billows
from the bottom create a natural

s-curuve)

The fine details of the campfire follow their own set of rules. In practice, these details can
be almost random because the larger motions are much faster than the small and your eye
has a hard time seeing follow-through on the little flame details.

At the top of the fire, when a plume breaks off it continues to follow the same motion that
the body of the fire follows and lasts about 4-8 frames, depending on the size of the plume
breaking off.

A One commonly used trick to add an apparent
F : flicker to detached bits of flame is to reverse the

curve of the flame-bit every frame.
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Some stylistic variations of medium-sized fire:




Big fire

Immense conflagrations (IC's) are a
common sight in Disney films and as a
rule, require a great deal of cheating to
achieve believability. In general, since its
impractical to draw a two hundred foot
high wall of flames throughout a three
minute sequence (four thousand frames),
ripple glass or CAPS trickery is employed
to give upward motion and turbulence to a
rendered fire or smoke element, and
foreground fire is animated normally and
exposed to match the ripple-glass fire. This
is a frame from the IC in Bambi.

Of course, Special Effects being the haven
for psychotic masochists that it is, you will
occasionally spot a scene in which every
little detail is drawn. In this case, there are
still a number of tricks to reduce the work
to a survivable level.

One is to make an animation cycle out of
the bulk of the flames and throw in a few
rogue flames to distract from the cycle.

Another is to use CAPS to copy and
reposition groups of flames in a clever way
as to look like all original animation.

The two most important factors in making the drawings themselves look big are timing
and detail.

If you have a fifty foot high flame and you decide that the flames are rising at ten feet per
second, it will take five seconds (120 frames) for a detail to go from the bottom to the top of
the IC.

Since you can't usually blur a large flame and make it look real, you just can't cheat the
little details, especially in the silhouette. All the little flickering flamelets on the sides have
to follow through and be properly timed for their scale.

This can take a long time.



Further Fire Forms

Vortices are another common shape for fire. Very dramatic, realistic, and fun to draw.

A vortex of volcanic gasses catching on fire in Fantasia:




L]
-

g
B
B
g
.m
g
2




Linear smoke

There are two general forms that smoke takes, linear (incense or cigarette smoke) and
billowy smoke (a campfire or an explosion.)

In reality, cigarette smoke takes on an Erte-
esque, twisty, aibrushy quality as it dances
lightly and nimbly to the lyrical tune of a
thousand currents and eddies in the restless
air. (sorry)

In practice, there are limits to the rendering
possible within the time usually allotted for
a scene. Again, there are ways around this.
One is to heavily stylize the smoke and give
it a strong silhouette.

Another is to have the smoke animate off
shortly after it leaves the cigarette.

There are also CAPS tricks which can make
smoke look rendered, although this can
take very careful planning and designing.

Linear smoke can be one of the more expressive (fun) types of efx to animate. It is often
used for "concept" sequences, such as the opium sequence in Alice in Wonderland or the
mystical smoke sequence in Pocahontas.

Its animation is not limited to being secondary action as is simple cigarette smoke, but
usually includes a component of primary (motivating) movement, as if part of smoke is
alive or under conscious control.



Billowy smoke

Mushroom clouds are one species of billowy smoke
that illustrates the forces involved very clearly.
Friction from the outside air causes the surface of
the smoke to stay in place while the central rising
hot air forces the center up, causing the plumes of
smoke to rotate as if they were gears. Details appear
to move downward, although they are actually
staying in place.

Tips for constructing billowy smoke:

1. A smoke column can often be constructed with interlocking
spheres. Animating the column as spheres first, then adding
details can save a lot of hassle.

2. Use a lighted sphere to visualize the proportions between
shaded and lighted areas.

3. Use all those !iitle details in the silhouette to make the shapes
appear to move as you want them to, for instance, to make the
billows rotate downward.

A lot of the same rules for billowing smoke apply to other effects as well as smoke. Dust,
steam, even masses of bubbles under water can take on the same shapes provided the
arrangement of forces are the same.

In the case of an ava.uache, Lue primary -2 15 not heated air but sliding snow:




Some Smoke Shapes
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Explosions, flash frames, rimlites, and other tricks

When Chuck Jones needed to blow up the Coyote in as violent a way as possible, he
realized that even on ones, the fastest explosions looked too slow. Instead, he found that if
he started with the explosion filling the frame, and shrunk the it in a few frames into
nothing, it would appear as of the blast was so powerful that all the outward motion
happened within a single frame.

In timing explosions, a way of increasing the perceived violence is to carry out most of the
action in the first few frames, and then drifting the action from then on. For instance,
successive frames of an explosion in the movie Akira:

There are all sorts of little "cheats" in Efx, not the least of which involves single-frame
effects which leave an impression that something happened without the viewers really
being aware of just what they saw (subliminal entertainment.)

A good example is the flash frame. Sometimes a single white frame is inserted during, say,
an explosion, to add impact. You don't see it unless you know its there, but it has a huge
effect on the feel of the scene. Sometimes two fire cycles can be overlapped to create a
much more complex set of shapes and exposures, and if the cycles are not of the same
length, the shapes don't repeat themselves. You can imply a lot of fire sometimes by
putting rimlites all over the place, as if the fire is just off-screen. Rimlites only take a few
held mattes with a flickering exposure to look great, and you've implied a lot of fire
without showing it. There are endless ways of saving work and at the same time making a
scene look better, and what it really boils down to this, the cardinal rule of Special Effects:

If it looks good on the screen, it doesn't matter how you got it there.
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. Ed Coffey .

“The Lion King" and lots of other films take place in very dusty environments. All a character
need do is sneeze in a scene and the Director seems to want a cloud of dust to occur. (Don't argue,

justdoit)!

At the point of impact, dust comes up fast in just a few frames, then slows down progressively.
Your hopefully beautiful design can sort of hang there, so the audience can go “ooh" and "ahhh".

Dust Progression:

B985

Do these scenes rough first. Think in terms of 3-D while you design.

Think ground plane. The dust cloud needs to fit convincingly on the background.

Your design may hang in the air for some time, so make it pleasing. Think of it as sort of an over-
the-top pose in life drawing class, except that the model never quite comes to a complete stop and
is slowly disintegrating: .

’S—cum:s, crescent shapes, mildly
obscene little negative shapes abound.

- Move out away from impact.
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Tail part moves very slowly. Basically
just thins out if scene is long enough.



Dissipation

If the scene goes on forever, significant dissipation of your dust is required. Do pot just make
concentrically smaller blobs (&, while entire unit is still moving. Have one area "bite" into the

shape faster than the rest of the rcductton.

Then add other "bites".
o
N

Variations on all of these notes can and should be made. Do what's required for the scene.
Follow Director's requests, etc. : :
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TORCH FIRE








































there isn't a real interest or knowledge in natural phenomenon, their work
will appear to be imitation animation. Lacking soul. Unattractive. As a
tracing of art.

A musical analogy may be that if a person, without musical interest,
memorizes a piece of music for the piano and hits every note (and rest)
exactly as written, the music will sound cold and technical, unattractive,
lacking soul. As if it's a tracing of the music. The music, played by a
person whose interest is music, will have the spirit of the music, the
intangible "soul." Music played by one whose heart is in the music will play
the music with heart. Music with heart is more interesting and therefore
more attractive, having the many subtleties that give the music spirit.

An interest in, and a study of the natural world, will create a knowledge of
things which will then be the foundation for your art... effects animation.
Your art will be as interesting as your interest in the world about you. It's
not about "doing effects.” It's about the interpretation of natural
phenomenon as illustrated in your effects animation. You want people to be
attracted to your work but... the joy of the doing is the first reward! It's
"showbiz." It's art!

I want to...want to!

To desire the adulation, money, attention and all those things slathered on
someone who is a "STAR" is not enough. The desire is a beginning but the
"star" earns the slathering because of the contribution made to the art. One
makes a contribution by having the talent, a passion, motivation,
knowledge of the craft, an interest in the things which are required to do
the work of the "star." A passion for the work, the art. Wanting to want to
is not enough!

Opened...Closed.

The closed container will accept no contents until it is opened. Wow! Is that
a neat thought? What has this got to do with animating effects?

Well...You are a container. The more open you are to ideas, to other
people, to working, to learning, to growing, the better you will be at
fulfilling your desire to be an effects animator, oOr anything you want to be.
To be open'is to be in "creative neutral.” It's not a selfish thing, not a

-



grasping thing, but more like a sponge, absorbing the knowledge around
you.

The moment you decide you know everything will be the moment you

stop learning anything. You will be closed. De-energized. That will also be
the moment you are not interested in anything and therefore uninteresting
to your fellow artists. Lonely times ahead! Be open! There is much to learn
and experience. You, as a container, will never run the risk of overflowing
if you are open.

Passionate...Capable of or having intense feelings.

Most of us have been taught to hold a tight rein on our passion. After all,
unbridled passion can lead to murder and mayhem! Gees! Yet, if we hold
onto our passion too tightly we risk being that closed container, unopened

_ for business, unmotivated. The trick is to be civil and channel our passion,
temper our passion, so that it works for us. Enthusiasm, fervor, zeal, all
are emotions that can generate energy which can be directed toward your
goal. Being interested in something creates an excitement, an energy, a
passion. We've all felt the energy generated by the act of buying something
new. Being passionate is to be open. Being interested in your work, with a
passion, will energize you and help you to succeed at what it is you want to
do.

The blank sheet of paper (or blank monitor screen)

Starting with that first blank space, you are going to create animated effects
which help to propel the story to new heights of believability. Now with a
task like that you want to be good at it. And to be good is to be motivated.

Dorse A. Lanpher -

Walt Disney Feature Animation
2100 Riverside Dr.

Burbank, CA 91506



ffe nimation tes from Dorse

*Study Reference .
Study live action and live action effects. Shoot Video Collect Photos Consult with the
Animators who are already successful.

The more you know about gverything, the better your effects will be and the more fun you'll
have. Train yourself to see "effects” around you in your day-to-day business. Note the
reflection on the water in your drinking glass, the steam from your coffee; the little things and
the big. Make mental pictures!

*Visualize ™ =~ 7777 ' -
Your brain is a computer in which you've stored all your experiences. If you search your
memory banks, you should be able to come up with a past visual which may be close to that
effect you want to animate. Visualize it in your "mind's eye". See it in your head.

*Thumbnail -
Sketch extremes of the effects in your scene. Layout the progression of the effect. Create
kind of a road map in your mind of the scene you want to animate. See it before you start
animating.

‘*Keep It Simple" .
Rermember, “editing is the great art"! What you leave out is as important as what you put in.
You will never have enough time to animate a splash with every drop which might actually
occur. An effects animator is an "abstract impressionist". We want to give the audience an
“impression” of the effects. Caricature nature.

*Think Story )
What is the story you want to tell the audience with your effects. Is the mood you want to
convey angry, violent, serene, sad, mysterious? Your effects can help convey the mood of
the scene you're working on. How does the effect evolve in this scene? Will it start with a
bang and simmer down? Should it hook up to another scene? Ask yourself questions about
your effects and come up with answers. What's the story?

*Be Inventive

The paper in front of you is where you'll create your world. Well, maybe, the director's
world. But you hold the magic wand to give life to the effects. Think forces. Everything in
the universe impacts everything in the universe. Does this push that? Does gravity pull this
down while a pressure forces this up? Doe this one hit and tumble and this one slide? As
you animate, continually ask yourself questions like this that pertain to the particular task
you're working on. Think about it! The waterfall you're animating: What is it we see when
looking at a waterfall? What is our Impression?

*Think Design
Big against small; straight against curve. As an abstract impressionist, good design will be a
tool you use to animate effects which are attractive. That is, effects which people will want
to see, enjoy seeing and, hopefully, will want to see over and over. Overlap action; things
going up while things go down, fast against slow. "Texture" your timing; "texture your

design.

*¥Go for it!






“ANIMATION NOTES"

We should be like sponges - remember things, places,situations -
pay a lot of attention to those things around us- especially
people.

Have a good ear for dialogue and how it is delivered.

1. An animator should be like a good writer. He should be
able to state clearly what he has to say. The message
or view point or story point must come through. And it

S must be done in. an interesting and entertaining Way.—- - -

2. He/she must be an actor (animation is acting on paper).
Must portray all parts: male, female, human, animal,
or whatever. Must act all parts: young, old, familiar
or unfamiliar, or whatever the emotion. !

3. Must be director, directing placement and movement on
paper - loudly, quietly, dramatically, etc., just as a
director handles real stage. Audience must know where
and when characters and story is at all times.

Technique or style is not so important - that will come out
while putting over the idea.

Don't illustrate an jdea - caricature it.
Get good “Marriage" of dialogue and drawing.
Drawings should be staged so the silhouette is plain to see.

Negative and positive shapes should be used to create simple
pattern so idea can be gotten effortlessly.

Every story is full of causes and effects or action and re-
action. There should be no doubt about what the cause Or
action is - likewise no doubt about what the effect or reaction is.

No matter how much a character or an action is caricatured, it
must still have its own logic.

A climax or crisis in an action, scene or story should be
treated like a crescendo in music. Arrivina there too soon
will spoil the ultimate dramatic effect.

Do not draw with the fingers - draw with the noggin. Draw
what you know of a thing - what you know it looks Tike. Draw
from inside out.

Practice caressing objects mentally - anything. Faces, things,
compositions, etc. .See with the mind, not the eyes. Don't
just see things - think things, get the facts - the information.

Be aware of texture, volume, shape, movement.



SOME _DON'TS

F

Don‘t ever fall in love with one of your drawings. That
Will make it difficult for you to change it. Always
assume that a drawing can be improved.

Don‘t work blindly. Know how your scene fits into the
story - what it is saying.

Don't. qo 4 day without studying something for its -character,
construction, how it occupies space, how its straights '
work ‘against its curves, etc. Keep your eyes looking,
seeina. In tennis one of the basic rules is to watch the
ball right up till the time it contacts the racket. Some
gung-hoers carry a tennis ball with them - in the car,

in the office, etc., to practice watching the ball. Some
even concentrate on watchinog the seams énithe ball durino
play. Why? Because it is so easy to forget to watch the
ball. Likewise, it is easy for an artist to forget to see.

Don't be stingy... Share your animation and drawing problems
With others. A typist learns the keyboard and that problem
never comes up again. An artist has a new problem with
every drawing - every day, every week, every year, all
through life. You help yoursélf and others by sharing

your drawina problems with -others. It keeps you learning -
it keeps vou from unlearning.

Don't consider an inbetween less important than an extreme.
Roth are necessary. If 75% of the drawings in a scene

is inbetweens, that means 75% of the viewing time on

the screen is spent watching inbetweens.

Don't mistake a clean, fine-lined pretty drawing as the

only criteria for a good clean-up drawing. A good clean-

up drawing is one which has good texture, whose parts vary
interestingly in regard to size, space relationships, whose
parts relate properly to one another and whose whole relates
properly to the drawinas around it, animation-wise.



NOTES ON TIMING EFFECTS - FROM DORSE

There are several ways to think about timing. Ultimately, we want to develop a “sense" of
timing so we can animate effects without struggling with the mechanical aspects, much as the
concert musician performs the concert without counting out loud * 1, 2, 3,4--1,2,3,4--1,2,
3,4."

A good general rule, thus stated, is “Everything moves the distance of its own diameter each
1/24th of a second or frame of film.* For example, we'll use a shape which we think of as a
raindrop. Each raindrop moves the length of itself each frame. (Each drawing on ones)
¥
PIBMETER
*\

-

.On *twos,* of course, it will fall twice the distance of its diameter. This rule only applies to
things falling here on earth where we have air resistance and gravity. :

8 Y | @
VERLE 46% RS

This is a general rule. A starting place for your timing.

o)

Things which are projected, hurled, thrown or blasted will move faster than this until gravity
takes over or air resistance takes over (feathers, bubbles, etc.).

Things which are falling in groups will fall as a system. A bunch of rocks falling together will fall
the distance of the system's diameter each frame.

o s
e =)

A more obvious timing method is to visualize the effect you want to animate and count seconds
as.-you see it happening. “Thou-sand-one, thou-sand-two.* (This requires some practice to
get the rhythm. It's helpful to use a stopwatch or wristwatch.) By saying “thou-sand-ene,” in
the correct time, each syllable will equal 8 frames. The whole thing, “thou-sand-one," will be
equal to 1/24th of a second in 24 frames, if your rhythm is correct. You can tap your pencil as
you count, “thou-sand-one, thou-sand-two," etc.

The timing of our effects should be treated as another design element in the scene (fast
against slow, etc.) not necessarily a duplication of reality but a believable artistic version of a
fantasy. No matter how pretty your drawing is, if the timing isn't working the illusion is
destroyed.



ON INBETIEENING %
SPECIAL EFFECTS -
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THE 'NBETIDEEN

The Inbetween fs a transition drawing between two extreme drawings.
The extremes are the storytelling drawings and thus hold the essence of an
animated action. The inbetweens fill in the action between these key
drawings ( still retaining their essence yet never distracting from or
overpowering them).

TEN SIMPLE STEPS TO A 600D INBETIUEEN:

1.) Look at the timing charts

2.) Roll the extremes & plot the arcs

3.) Turn on the backlight & put the drawings in fl1pping order

4.) Now following the arcs and charts, build your foundatfon by drawing the
shapes between the shapes and the lines between the lines

5.) Turn of f the light o

6.) Flip the drawings and bufld a s01id 3-D drawing on your foundation

7.) Put the drawings in rolling order and re-check the inbetween

8.) Turn on the backlight :
9.) Shift the drawings off the pegs to check volumes and Inbetween details -
10). Fix the final problems, using both the light & f1ipping .

As you can see, inbetweening s a simple and logical process. And by
following these steps your Inbetweens should take less time,” be more
accurate, and be well drawn. For 2 more detalled look at each of these

steps read on.
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IMPORTANT

Before Inbetweening an effects scene, a serfes of questions should be
asked (and answered) about the scene: -

1.) What is going on?
Find out what 1s happpening on the other levels
of the scene, what's happening In the story, and
what mood should be established by - the
animatfon. This can have an important effect on

the inbetweens.

2.) What does the scene look like?
Look at the perspective of the layout, the size
and placement of the characters, the direction
of the light source, how big the effects you're
drawing are, how far away they are, and
anything else that relates to the scene.

3.)What are you drawing?

Is it smoke, fire, ofl, water? How big Is it, and
how slowly or violently f{s 1(t moving?
Remember, each kind of object or material has
a different way of moving so it will be
inbetweened differently. (Some things, such as
a candle flame, may not actually Inbetween at
all.)

Finally, solutfons to most problems can be discovered using common sense,
memory, and experience. There may not be a stock answer as to how a rock
breaks apart, but by using logic, physics, and reference from nature, it's
possible to work out a solution without having to ask for the “Right”®
answer. Use your head! Think out the problem and then solve it!

But... if that doesn't work, don't spin your wheels. Go to someone more
experienced, they can usually come up with a solution much quicker than

you can.



1.) CHECKING THE TIMING CHARTS

The timing chart Is guldeline as.to where to put your Inbetweens. It {s
usually located in the upper right hand corner of the extreme drawings, and
iin many cases there may be separaté charts for different parts of the
same drawing. Some animators also vary the location and style of the
Jcnarts, but generally they fall into the following categories:

172 1/3'S 1/4S T 1/3tavor 172 &1/4
Y / / / /
2 - . . - 3 ’ o ‘3'. 5 . . 3 . . -
3 § | 3
| s 7 5
5 7 7 J 7
(3 Is halfway (3 13 one Lhird (S Is halfway (3 Is one third (3 1s halfway
belween | &S)  belween | & 7, between 1 & 9, belween | & S, belween 1 & 7,
© Sis halfway 3 Is halfway favoring 1) S Is halfway
belween 3 & 7) between 1 & 5, belvween 3 & 7)
7 Is hallway
between S & 9)

Some animators also call for inbetweens favoring the extremes. In these

cases you have to use your own judgement, based on how the chart 100Ks,

as to where to put your Inbetween. But when the timing chart calls for a

specific timing fe:(1/2 way between the two extremes), there Is only one

place it can be, exactly where the animator called for it. If the inbetween
. doesn't follow the charts, It is wrong. Remember, you are not animating
" you are Inbetweening. [

- mm — ——

N

TIMING CHART




2.) ROLLING THE DRAIVINGS TO PLOT THE

ARCS [nnd a few notes on follow thru, drag, and uuarlap]
This 1s the most Important part of doing your Inbetween. It s called
Finding and Following the Arcs. The movements of most 1iving and unliving
things follow circular paths of action called arcs.The animator charts the
position of his drawings along this arc. He makes his key drawings , ~
indicating where the Inbetweens should be placed to keep the line of
action on this curved path. Inbetweens done without T ollowing the arcs
“change the action radically, usually resulting in Jerky and stilted
animation. Example:

Inbetwaen position

[T the animator hasn't Indicated the arcs you must find them yourself. To
find the arcs place the extremes you are inbetweening, plus the preceding
and following extremes, in sequence on the pegs. (In our example drawings
1,3,7,and 9.)

Now, by rolling the drawings In
sequence the arcs In the action
become evident, Note all of these
circular paths by making Ilight
Indications on the keys, or on your
inbetween, In blue pencil.




3. ) TURN ON THE BACKLIGHT
& PUT THE DRAIJINGS IN FLIPPING ORDER

Place the drawings on the pegs in the followlng order: First extreme, Last
extreme, and on top your inbetween. Turn on the backlight (The
Tlourescent 1ight behind your animation disk).

4.) BUILD THE FOUNDATION OF YGUR
INBETIJEEN

Now using the light, plot the position of the shapes & lines between the
two keys. Make sure that you are following the arcs and are placing the
shapes In the charted positfon. Finish drawing this skeleton for your
inbetween by accurately placing the shapes between the shapes and the
lines between the.lines.

5.) TURN OFF THE BACKLIGHT

ﬁ;l_l:l_ll" THE DRAWINGS TO0 CHECK THE
INBETIVEEN

Grasp the drawings In the following manner:
WO
»d :
\.-d(. ) f’b

X
Yix.

©

Flip the drawings as Indicated and you should be able to see the action.
This Is called flipping. Now flip the drawings. Does the inbetween work
smoothly? Are there any lines missing? Do any of the lines jiggle or get
shorter & longer? [s anything out of arc? Fix these problems then sit
back and take a good 100k at your drawing. It probably looks pretty good to
you doesn’t {t 7 But at this point it most likely looks l1ke an unappealing



7.) ROLLING & CHECKING THE INBETIDEEN

Now that you've got a good drawing that seems to inbetween properly put
the drawings n rolling order. Roll through the drawings and re-check the
inbetween for all the things we have been talking about, drawings out of
arc, jittering & crawling lines, changing volumes, floating detalls and any
other Inbetweening problems. ;

8.) TUREN ON THE BACKLIGHT
9_.) SHIFT THE DRAWINGS OFF THE PEGS T0
CHECK UVOLUMES & DETARILS

Now that you've just about finished the inbetween, shift the top extreme
and your inbetween off the pegs. Pick a part of the drawing you want to
check. Using the light shift the top extreme until the part you are
checking s lined up precisely with the corresponding part on the bottom
extreme. Tape or hold the drawing in place. Next, line up the inbetween
between the keys using as many reference points 3s possible. Now by
f1ipping and using the light you will be able to see & fix any problems with
the tiniest of details: such as volume changes, placement of detalls, and
bobbling features to name a few. Proceed through the inbetween checking
& fixing all the detall in this way. (HINT: With 1/2 Inbetweens you
can often use the corners of the drawings and the peg holes to
1ine up the drawings, see the diagram below.)

CoENERS OF (W BETLHEEN
IRLFWAY BeTwWEEN EXTRELAES

(OR AS rER CHART)

ofT2¢Ts SHIFTED % LINED

LDe o~ TOP oF EAcCH OTHCR
Fo@ (NBETJEENING

USED NS REF ERLCE
POINTS



10.) D0 A FINARL CHECK OF THE INBETIUEEN

Roll through and flip the drawlings to do-a final check of the inbetween.
Fix the problems if there are any.

START THE NEXT INBETIDEEN

After every five or six inbetweens take your drawings to your supervisor
or the'animator to be checked. Also If you get stuck on 3 drawing problem -
-ask for help, someone experienced can usually solve your problem quickly.



BSING BASIC SHAPES AS AN AID [N BIFFICULT BRABIINGS

There s no substitute for good drawing, and the most logical approach is to
rely on basic shapes to get that good drawing. Most of the problems that
come up are when an object moves far enough so It can't be inbetweened
(lines between the lines) and has to actually be drawn. All of a sudden
here’s a rock that has to be drawn....FROM SCRATCHI No modell You think
. NO rock ever.got Into that position before. The-extremes were easy to draw;— -~ -
but the Inbetweens are impossible.”

S

A difficult Inbetween | Another difficult Inbetween
Find the basic shape Find the basic shape
@ @@ 7 ek

Inbetween that shape Inbetween that shape

— e
det? s

/ And add the details

ANnd add the details









You must now make sure your inbetween works as a 3-Dimenslonal drawing.
Flipping all the while, check to see that detalls are properly drawn in
perspective and are firmly anchored to the main masses. That things look
solid rather than flat, that the lines wrap around the forms. Think of the
drawing as a real object and try to imagine the unseen side of the form.
Sculpt, as you draw.

K - _— L=

R e s = oot S

Look closely at the extremes as you flip.and see the way the forms are
described. Try to match the animators drawing, and most of all try to
capture that fleeting essence that will give believability to your drawing.

If your drawing looks flat or warped it Is probably because it hasn't been
inbetweened 3-Dimensionally. This can be overcome by buflding your
inbetween using basic shapes such as cubes, balls, and cylinders. After
laying In the basic forms it Is a simple matter to add the detalls.

It s extremely important to construct your inbetwéen or the animated
shapes will look like they are made of JELLO, and details will float instead
of being anchored to the main masses.



OUEBRLAP, FOLLOLD THRY, AND DRAG

While rolling the drawings you should {Qa'tc:h for places where the above
animation principles are being employed, and be sure that your inbetween

doesp't stiffen the action.

To find overlap, follow thru, and drag determine the primary actfon. Now
anything attached, if flexible, will have an overlzpping action. [n other

- words appendages DRAG until the primary action changes direction, then

when thelr secondary action {s spent they overlap, follow thru and drag.

For example to keep things like
branches, leaves, ropes, and flags
soft and flexible they must drag
slightly at the beginning of, or
during, 2 move. And they must
overlap at the end of a move or at
a change of direction.

This  principle, for  changing
directfon can be applied to anything
flexible. Connection to the primary
actfon (A.) changes direction first,
followed by the middle section
(B.). The tip, depending on length
and flexibility continues on its
course of action until interrupted
by the pull of the mafn body (A &
B).(Hint: Study the action ef
a thin strip of paper.)

VEDY

Following the animators ruffs on all drags will contribute to

loose animation.



The Pan Stick

The pan stick is a wooden device. It allows you to neutralize a pan move by shifting your
drawings in the opposite direction of the background pan. Push pins are used to pin the drawings

in registry and hold them to the stick.

An example of this would be a scene which has a boat held in place with a background panning
underit. If the background is panning left 1/2 inch per frame, we would shift each boat drawing to
the right 1/2 inch measured from the last boat drawing pinned on the pan stick (measured from the

edge of the paper).

By doing this the ripples and splashes from the wake of the boat can be animated "in place” and
will move with the background pan when the scene is photographed.




M\‘(' rw’ fc:

ATINAYS reinforce drawings!!!

Be certain all drawings are rumcered clearly
Drawing rumbers on animators' keys are circled.
DO NOT circle any other drawing mmbers! ! !
Use your disk to your advantage. Your disk is
your friend!!

Be aware of how CAPS fumctions affect your
clean-up

¥now how much detail to include, (or leave out)
Maintain integrity of the animation

Match your clean-up line to that of the Key
Assistant

- Line Weight

- Direction

- Character Line

Be careful not to smdge drawings

when erasing character line, e extrerely
cautious

Mark up drawings for clarity

Close off all lines

RBe sure line is sufficiently dark

For camplex drawings anly, use cels when flipping
to reduce paper danege



Develop a system that works, and use it
I-Iaveaclearmxierstarﬂingofthejobathand
Cammicate with Animator and Key Assistant at
all times

ATIAYS follow X-sheets!!l! —

Stay focused an your task

Set realistic goals ‘
Reep a record of your work and maintain a
persanal reel '

































Out of the cradle

endlessly rocking...

The white arms
oul in the breakers
tirelessly tossing,

1, with bare feel,

a child,

the wind

wafting my bair,
Listen'd

long and long,

=Wl Whikman

............

A MEDITATION ON
BREAKING WAVES

aves: pulses of encrgy, echoes af
power, children of ihe struggle
berween ocean and atmosphere,
endiless song of circulation, Vil

beyond the smaller space we knew, maki
gk ek . making thar qu.“_o-“q life
W-_.r._._.n. lﬂi—.ai.l.a.n .uw..-m.ﬂﬂl. poised on the brink of

put into motion by the harmaenic
resonance, the nsisient music of the
spheres, ocean waves acc the ongolng signatures of Infiniry,
_Rn....._..E"_«_ -_s.‘____.ncﬁa___an..hﬂh:_a__ 3, They are the gifis of the
cloihe energy’ into air Into liguid), ithe volces
a_._in___.w...da silence, the Incamation of the molecular soul #n
P reality. As God breathed life ivo the raw [orm of
‘Adam, 30 the wind breathes lfe inio the Inen ocean, raises i
i a :....__"__w rhythm, lifis k up out of hsclf and, finally,
transforms the sea into the speaiacular liv -
iy ing glory of break.
There, a1 the meeting of land and sea, ocean waves
reveal __.m_n.n-!.dE meaning; deliver ihelr messages. A
P y varicd MNakes, more p ful than
avalanches, 23 relentless s the pull of the moon or the grip
of the sun, the oocan—as exy L in ia hreak
Isa _t:_.._nn. source o..-E:.«. mystery and sensual
We git on the shore and waich the waves mowin
g in-
cesmantly toward us (forever and ever throughout all bife-
times) and we marvel at'thelr beauty and thrill 10 their
surprises, while we're soothed (forever and ever) by thelr
cadence, We sit marvelling on the shore, and the waves ad-
vance Lo meet ua. They materialize vt of the general
ahstraciion of the acean, climb ko § iny defink

g "n
Sa that even ..ez.!.m._nas_a not sitand waich the
sca and the breaking waves for hours.. for days,, forever?
fq“.u-ww._w, untiring the march shoreward,
upon rank of waves, leaping, curding, ing.
Each upon each, snd absolutely infinite the ..u_—o._.\_..._w“....ﬁh_n
in all the millenia curling over exsctly allke. Esch ane
Individual, Each one yet ancther unique expression of the
nm“..r_...ﬂ:rh_ﬁi.ﬂl._t-n-an..i law. Each one an identiry.
pan of ane an ideniiy.
ik _.M._.—.Ntﬁnrn.i_za creativiry of

Rank upon rank, echoing that Invisible, sll-powerful
source that all form calls out from. Relentless and ustedy 3
reliable, terrible and beautiful.

No doutx men of all times have uood shore
and loat themselves In the thunder of the -_aa__ﬂ._nu_”_._.n
cadence of the sc2, harkening complaiely 1o tha synchro-
nous metre deep within the human psyche.

Qr maybe not s deep. The noted oceanagrapher,
Blair Kinsman wiote: *Phenomena do one of three diings:
Enﬂgicﬂu_.igni__a%w_enlﬁﬁn
consmn; prow, in which case we try 1o find a growth
Law; ,n_n..qonnEu.n. in which ease we have a wave problem.”
5o Kinsman posited a shor but potent list of lundamental
v._mﬁ.u_ actions—mega-verhs, Il you will—that give some

then feather, plun n

sl nu_.:E.q._ e and (ever mare slowly) rush or push o
In the absolute beginning, a3 infans in the womb,

everything came 10 us as waves, advancing through the

primal iquid 1o scquaint our senses with sublime echocs of

an invisihle world beyond the realm of our compreliension,

of the primary imporance of wave phenomena in
our realitics, Indecd, we are all 2t sea in this ke, _slqﬁne__-._
an infinke nerwork of complex oscillations. Mo pan of our
lifiz I8 free of waves. We nre all surfers, are we, nott

Aren't we all drawn to the ocean waves? We the
walchers, the voyeurs, the admirers, the secker of that
spechally charged simosphere that bathes the holy beach

where peean save meets sohid ground and gives up s
sccurmulated lile force In 3 pawerful expression of
ronsummation....one alier anoiher, swemally (or 5o & seema
101 us), elecuifying that dynamic surf zone with charge afier
charge of blown energy sct free to hover there,

Is It any wonder humanhy focks 1o the shore? We
explain i in visible, tangible, sensstional, reasonabile ways—
thve conl, the water, the fun, the sun—when really it's the
jrresistible magnetic attraction (o the encrgy of the plice.

Yet the waves, those transient objecis of pur fascina-
won, both invite and threaten. These wonders of nature arc
a5 well known for thele desirsalve force as they are for thelr
beaury. Ask the thousands or millions wha've been con-
.i!;ﬁiﬁiii_ta;;_ggc-
beauty. Ask them shout its many moods.

Who would venture 16 guess how many milienia k
took for & man 1o finally dare spproach the ocean waves
with his first rde crafi? Whi knows how many millenia
more 100k for man 1o acually challenge the surf, 1o leap
cir the back of the wild sieed and ride until i collapsed,
exhausted, up onto the shore? A long time, 111 wager.
Millenia aplenty.

Unless, for Instance, man's relationship with the sea
and the sraves was given 1o him—breathed inio his essenulal
consciousness by some force, some pawer, some other
mind, Think about i: How likely I3 i that any conceivable
evolution would have taken man dovwn u critical path that
would lead him evernually tand in our time) ino the hollow
pocket of 3 30-foot wave .10 ride In the belly of the
heast.. o side through the maclsom of a collapsing
catheddral of water with the composure of a maradar, with
Ihe exchilarstion of 2 wild-hained youth, with the primitive
awe of an elemental nian, with the fuuristic aplomb ol a
science-Niction comic book hero come 1o life, incamate in his
moat bizarre predicament of ali?

Picture a twisier lying on ius side in the occan, pulling
the water over and sround kaclf like a mgged, raging
lanket, s whder open end revealing a swirling hollowed-
out caver of spiuing, hissing power, rolling like s glant
tunnel toward the shore, Imagine the kind of man sdho'd
want 1o put himself in the eye of this thundering killer,
wehi—like 2 matador 1o an svulinche—would wish to stand
cooly in the raging gl fi, while time grinds nearly s
halt nd where the secrets of immaontality are whispered o
those who have carsio hear.

Pethaps i fa as the Germun poct Rabnker Murks Rilke
has gk, thal we sre “the bees of the Invisible,” here tn
harvest with our senses the realitics of ihe physical wodd
around us. Why? To function as the eyes snd eans {and all
the sennes) of a being or beings thal canaol directly experi-

ence this worltl or this realiy sithout us. Mayhe recetving
and ing the essentlal knowledge of this world—
imare diviae than we can suspeci—is the central reason Toe
A exisence.

S0 said Rilke, and g6 can we ournclves ponder the

panderahle quel Why our lon 1o the sea sl
shie waves? Wihat b the fure thial seems 50 basic, so cxscnsial?
Ardd coulkd i be that pur pliy (and our crazed risk-taking) in
the waves has some larger” purpose? b there something
miraculksus afoct here that we can only vagucly pensct

in facx, the surlace of the sca (and iis shore, and even
W3 dephs) ks a1 the interface of sevenal differem workds. Not
diflerert workls philosophically, but dilferent warlds in
reality. ingly, the form of ¢ ion b
these worlds ls waves. The medium changes, the form snd
the message remain the same.

St whh the sun, worhiped ihmugh sntiquiry asthe
Great Cause of all life, now worshiped or reviled only fur its
ohservable physical effcas, The sun istaken for granied as
surely as our nex breath.
Vet the essential relationships perceived by the

ancients between our workd and the sun are sill as valid, sill
a1 active, still (o this day) 23 real, Our blindness 1w hese
relationships does not diminish them. How could

The sun communicates ks energy—light and heal, yes,
il some ocher basle energy of life too—thmugh “rays,”
waves of Influence, waves of energy, waves of communica-
fion, The rays from the sun caciie and encrgize the atmos-
phere of the eanly, awakening it 10 movement, nflow, 1o
ehythen, to life. The wind becomes the volce of the atms-
%.g_siguii_sgﬂ!_a.ﬁ.qii
wpeeabon the mezsage of the sun 1o the sea, and the sea
transmita k on through saves. The wave s the messenger,
water the medium, and the message {like sl messages) &
encrgy—ihe energy of the sun...1he encigy of life.

Wind whispers the message—or shouts I or raan k—
and the echo Mies out through the siater, expunding.
l!ln.ﬂf!—n?i:i.!x&ﬂ?%%nrze
i, then they ovenake and merge with one anather. gather-
Ing intn larger waves, larger volces. More and more they
ovenake, join 2nd merge gether uniil countless ripples
tike voices) have organized into massive hands of communi-
catinn that radiute out and sweep acriss and through the
wast hody of the workd's oceans,



Who bath
desired the Sea?

—the sight
of salt water
unbounded—

The beave
and the balt
anel the bow!
and tbe crash

of the comber
wind-bounded?

—Hulyand Kipling,

10 % o seciden, then, thar the shone Das oo our
Tavewite meditative perch. No aeckdent i the Incessang
thythma of the sea calm ws, bring us back into pluse,
rezcgueint s with-uncives. No accident that we compete
with esch other for an ocean view. Ul It's not really some
“wiew™ we'ne afier, It thar ancient, exquisite, poweriul
messige of the breaking waves,

1 huve siod on the besch on Ouhu’s Nonh Shoe
with the ground under my bare fect shaking with e finpact
of giant sl on the “dloudieak” reefs 3 mile o so out 10
s, 1 sood then: und watched the ghants rise up ou of the
rugged horzon, urch up into negnilicent walls {1 had no
way to estimate their size), then curd ever in slvw-mation
silence o the coum of one, . two, three.. four—so that now
1 had some e of how big they were—leuving behind
wonnehow (ghiening sweep of blue-white mist that dified
Lack 10 the water like a diaphanous veil out fron under
which some lzsuty has just inexplicahly vanished,

1 stwod there as the raging wall of blasted white wuer
advanced on the shone with no sign of weakness or slowing,
3 wall of white water 20 liuge that the new gEats Gnher o
sea could harely be seen fringing shove, And then th while
water, driven ever furward by wo much farce, by force
uncontainabile, wus absorbed hack into the ocean bsell, us
the glant wave sicadily and ominously began 1o refom
doser e shore, growing larger and bigger a3 k began 1o loom
closer ta the neel and ihe sand hanks jus off shore,

_!oan__»_n.ac_:.«?_n__ﬁ_wnl!rﬂﬁ._.nrlhsi

had lately smoothed the golden sands, lnoking down a long,
steady slope 10 1he chuming mass of the sea. | knew there
weas nathing ta stop the great momentum that was o come,
yet Leould not move. | didn want 10, The words in my
heead wrged retrca, bul the great wave—now arcled lke
cobra over the inside reef. beginning 1o curl over lna
twisted, muscular mass of siomi-brown water—absolutely
compelled my antention. S0 | stood and watched k torque
und grindd and explacde into another secthing wall of angry
whiie water (though ks whi was not of any panicul
purity; M was 3 whiteness by conirast) and then B was
«closing on the shore, fint draining, then swelling the ocean's
nim, until finally # dreve up the beach ionard me In the form
ol a pawerful, sweeping sirge. | had never seen white water
came up the beach so fag.

It wvas a broad beach—maybe 2 hundred yards—bu
the wave covered 1t in three or four seconds...and sill |
could not move, | soud there with my legs apar, and the
water surged up the beach and amund me and pas me; the
sensatlon of the mclng water uround my legs was powerful
and exhilamting,

The weater mcked nve, bul i didn't topple me. I was
then that | wmed and saw how i had i up over the ledye
10 the house behind, running under i, encircling i, The
trick, bn thy " retreat, was o ki of the way of the
things that & was iking hack 1 sea with ll—~cocomas, §
Eiwn chair, 3 volley-hull, 3 surfboard {which | maraged it
retricve). And then the wave was gone, the sirex sround me

hizsing with dying foum, and the sweep of golkden sand
down w0 the water's edge was wushed clean,
Ocher times, I've stood on that same shore, looking

exvy - rieny  through hinoculars 2 half-mile down the beach inio the

wurling b of the famous Banzal Pipline wave, waiding
Frioun 2 clinleal distance the wrenelilng suddenness with
wrhich the massive ground swells heaved high over the coml
rect.. weatching the racing wall of water go compleely
veertica, then thuw out a skx-foot-thick lip from the o that
pulled the save Into 2 cylinder g enough o sumound &
seinbtuck, I've watched surfen slide defily over the tesier
Ing comices of waves like that, slide right down il face os
the egyed edge of control, ihen take aim and come Nying
dawn the barre Joward me. Most ane shi out ulive.

Tve mtood on the beach in Western Australia and
watched the waves there, remarking to myself tut the
different warer of the different oceans makes the wuves
saeneliow different, Dilferent In mire than fust water color or
power—more a dilference In quality, And the surfers then:
puand their waves jeakusly and ask you where you'ne from
and if they can please have the roll of expased film from
yOur camera,

I've watched monsaur standlng waves off Porland Bill
I the English Chanaul, whens sirong currents and strong
‘winds In direct oppoits u wild, nighy b sea
s tluat you huve W watch from shore 1o inly
appeeciste.. .and be able 10 1ell sbout buer. These are the
bl eof meas thal apawn true ore. At limes the Jocal folk
have sood on i low clills above the raging sca like
"_n«h“:!. In a gallery, witching boats going down with ali

OT Uighthouse Polet in Santa Cruz, Califoria, I've
£cen o tremendous stack of smoking hump-tacked peaks
Jotsning up out at the second and third reefls of Steamer
Lane, back-lit 1o an almos Incandescent reen by the b
aliemonn sun. I've seen seals wriggle into the fall lines of
these beauties and catch a free ride into the cove with all the
spparend glee of uny other surfer on the planet.

e waiched big, svage ubes uncolling Aght slong
the rim of a revl planted with razor-sham red fire coral in
Guam, with sutfers slotied back In the bamel, walking u line
line whh disaster. Even s, they can resist the lure, They do
I every day.

And many an afiemoon I played in the waves
Makuha on ihe leewanl shore of Galiu, where perfiect four
o five-foot weaves would pecd off along the redf ipwand the
big bowd of sicep beach, And then the reflection of 3 wave
that wend hefiore would rush out 1o meet the one appriach-
Ing and, like sunu woestlers calliding helly o belly with &
wild slap. a fan of imnsparent water would be flung up
acroa e sening sun.

've spent many a late altemoon afleat on a surfboard,
lyloyg or shiing on k ou where the waves form, waiting for 3
god “set” 1o come through with & perdeet wave 1o end the
putfect day,

152 great feeling out there with the waves, especially
o0 those days when the swell la clean and the se3 is glasy
and the fiery colors of the dying sunset bumish the wortd
amund you with golds 2nd oranges and purples.

And then a dark line Lifis up out of the ocean seaward
and 2 wave moves silendly inward you—a save that has
come five lundred o fve thousand miles—and you lum
your board 1oward shuve snd drive your hands abemarely
Intes the cool water, gathering speed iill the wave stans to lif

g lifk post.. and then you'ne sliding chovwn the swnth
face, rumning shwid of e curling peak 1 speed sene e
hallowing wall, The feelimgs and sensations created ure
eupharically heyoned wonds,

This -_r Taw § explain the toesin ind s waves wmy
twe-year-old danghter: This i the voran water. This is whens
the fish lives, where the stk hunts 3nd the whsile plays,
Thoese e waves of wiater—one and snother and smaher
and another and annther, More und more. On and oa. Like s
chock. Like time. Besutilul ecean waler.. heaullul waves..,
beautiful iime.

And this is bow | explain the nocun and s waves v
my five-year-uld son: This is the neean. s the bigges pan
of nature that we can get 10 that's sl slive. We have w try
wvery hand 1o keep U alive. And these ocean waves are
perhaps the mast incredible things on the plinct. 1 used 1o
Jie on the beach and watch them for hours and hours st s
time. | have never gotten tired of watching thein. it's almost
an W they're trying o tell me something. Or thar they an
wlling me something, and I'm trying hand 1 bearis, You've

e ws reveinled # me in a 200-yand-Jongt, diallow saeip of
weater whongside the Intemitate. There weo a solid 40-knot
wind blowing sraight ot of the nonh, dght down the lengeh
of thia amall pond, if you coukd call ik 3 pond, since it wan
acwally nothing more than the 1aces of 3 Caterpiliar I-H o
anme aeher vy machine that had kweered its blade 1n
excavate il shallow, purprescless ou which had since
hecome pleasantly bordered in meadow grasses and filled w
the brim with rinwater.

On this purticular day the sky was magnificent, blown
char and by by the wind, aned tie water in ihis strip of
pond was aa deep and rch end thick a blue a8 3 wet smesr
of fresh ayuamarine ofl paint, But the wind nld & grand wle
on that minute parcel of waler, .

M the nonh cdge of the pond, the winds swept o
grass hendingly ot aver the glassy, green-hlue, mismors-
smouth surface. The reflention of the grass, the sky, the
occasionl cloud there was near 1o perfect, You could sex,
then, a font or two oul where the simasphere—the wind—
was having s Mest effect. There was the slightest sugyestion
of disiortion at first, 3 nuance of Iexiure, almost a minge you

probably noticed how much 1 1Tke o surf o bodysur in tie
waves; i makes me realize that I'm alive in 3 very smnge
and Jerful wordd b hing In this world ls more
wonderful or more strange than waves, [ hope we'll bealile
to play in them and ride thewn ogether when you leam how
o swim, which | hope will be very soon.

And this is ho | explain them 10 myself: Everpthing
is waves. The universe of space and malicr Is charged with

might have thought, except inmedinely afies duere came 3
4 ton. an uff

T B SR ion of the ¥
tendency 10 a panem that i appmach-
ing chava. Yes, energy theeatening established onder, Jlt‘.
Ing reality soward some aew and unseen halance...natire:
resolving iis differences inthe only lawlul way poasible.

Then the panemn deepened as thrilling sexiure hecame
rippling, and the yang front sides of the advancing

,and this is organized by God or by forres far
Mﬂﬁg_ﬂeiﬁa:ﬂw_ﬁ_u._ﬁ pulsations we call waves.
Waves of energy. Like echoes of the bearbeat of the ahso-
lute being, waves ghve expresshon 1o the divine will. They
u.._ann..i_.:_.ue._u_un. Sl i Gt

The passage of encrgy
%.-Eﬁ-“gg—:nﬁﬁswﬁli.lﬁi.
flesh and blood and water and air and space alike, Waves
are the imprint, the signature, not only of life, but of exis-
tence hsell,

‘Waves penetraie, pass through and shape evernhing,
but the medium Is not the mesaxge. Space, alr, water, blood,
flesh, mone and steel are not the messages. The mesages
are what s contained ln each wave, and the message is
r%‘!ntanas_iainnmiug-iznﬂa!&
..!.ti—a:—!—-ﬂtnﬂi::ﬂﬁ.:.n‘e-afnnru—ueﬂ}!_
plowing minerals o¢ luminous fish and bugs). Seismic waves
move through solids, liquids or gases, Out on the sudface of
the ocean, it ls the of the phere, the wind,
rubbing sgainst the water that feathers the surface, that
coazes the ripples into their gentle side-hy-skle expansion,
then forces wavelet upon wavelet Uil they gather, smplily,
swell and expand Inta glanis that seem 10 groan with
potential power as they sweep out across the great plain of
the ocean, running free 2 f nothing could ever stop them.
Unil, surprisingly, they trip over some butied coral reef,

microwaves went almost jet blue-black, chased {each onc)
by its yin hall soward oblivion. For there was an oblivion
wwlfily approaching 2a kawer ripple ovenonk former ripple
thow i happenetl, § doat know) and in the ovenaking bach
were enfarged. Andd then that dpple ovenook another slower
ripple...redoubling, redoubling...until at some dizzying
hedght around three Inches their crests hegan lo rip apan,
hursting Into blossoms of while, chasing across this diminu-
live pond like creatures with their hair blowing, leaping
forsant—still pushed from behind by that siesdy, strong 40
knots, yet somehow chasing ahead now on their own,
caught up in a stampede, 8 momentum of some pasuon,
some joy (1 sensed), some passion (o arrive, Bul where?

Ah, yes. The waves—hecause ihey were really waves
hy now, five or six inches high, clearly delineaied, formed,

lividual 2nd relatively powerful ed the appreiach of

the oppasite share. ..ihe bonom gradually shoaling (where
._.az-.&.nc_i&t?n._rq!n._as.r—lﬂ-i?
encrgy up, pushing the wave up out of isell, crea
_gihqgnri?ﬂl.:azn_.ﬂn.g.i.g
and spilled up onto the disant beach = lifetime sway from
the other side. One afier znother, each after each. All
different, and all the ssme, The waves were bom, they lhved
and they died. Lives on the pond.

And etill the wind rubbed its cool body scroas the
water—ured, stiroked, gathered and chased the surface inte
ty akin to the process far oul 10 sc3. far

harch forsard and take the fatal fall—thar fall that thrilk
eyes and elearifies our senses—upon that net of beaches
which, from the beginning, was [ated 10 trap the poteniial of
every wave that's created.

Once upon a time, In Uah of all places, the wholc

rnwnsn_.-—i.annroq!.;.u_:!nnﬁg_'ﬁi:-.!
finally dissolve mway a1 our fect were bom, Bul how?

w
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The radius of this circulur orbit decreases with depth. tn
BRI G 1 NS shallower water the arbius hecome increasingly clliptical
W||I|4II|||I|| anill, in very shalluw watcr—al & beach—the werticul mustion
disappears almost complusely.
Its finul desruction in shallow water culminaies the
\hree phases dn the life of 3 wave. From bih o maturity o
death, # wave is subjec to the zame laws a3 any other

“living® thing, and—like other living things—euach wave - “ﬂ“”.. .__eq:__ﬁq..h"-h 4
astmes for 3 thime 2 mirculous individualiy t, e " “1a f - iy slmple v sonive b
end, s reabsnrbed into the geen ocean of life. =5 o L - S B Erte 208, / '
o Y .».. E
_ The Origins of Waves : S 7
Undhilating ocean surface waves are primarily penerned by e .
{hree natural couses: wind, scismic disturbances and the
%i?u%ﬁﬂ:guicﬁlrgﬁi% arc ususlly only a foot or two high in devp ocean waicr, and
il all theee "pravity” waves, since once they have been the slope of 2 suraml wave face ean be so gradual thal
generated gravity b the furce that drives them In an aucmpt ships at sea are unlikely to even notice s passage.
10 restore the ocean surface w0 3 flat plain. . Tsunami waves travel exiremely fasi—about 500 miles
p There are other waves, 100, in the ocean, Al the per hour in the mid-Pacific—and the encrgy they Imnamic
issunlaries of cald and wami currents, submarine sreams of  can be massive indeed. Bt a3 sicalihy and swili s they are
difTerent density undulate pust esch ather in wnw-moving Through the ooean, these scismic waves assume 2 completely
“internal” waves. The evidence of internal waves can sime- dilferent charactes when they encounter 3 shoaling hatom.
\imes be seen in calm conditions since their currenty affect The most notable example of the destructive power of
the refllectivity of the oozn's surface, producing ulb { an explosively-g 1 isunami is the voleanic eruption in
: arcas of glassy slickness and rullled 1eaure. 1483 of the norhem portion of Kralatos, sn bland jocated
_— do exlst in relathvely Altheugh slg selsmic-wave disturdxinces (suni- in the Sunda Stralt between Java and Sumatra, Some five
a0 surrounde) s rﬁﬁaﬂ% e__n._n__-qﬁﬂ_u_“_apu_ﬁ_.ﬂ_m %3 are not likely 1o be mis} ane still populady knawn as “tklal wuves,” the iem cuhic miles of kava, pumice end nsh were blown out in 2
everywhere by Sii_r hn_.ﬁ-.. L i ﬂw.:_ b this more e ocean environment [Flg 2L This mare accuraiely describes the dally cycles of high and low massive and sudden eruption, leaving 2 900-foot-decp crater
Undler beaven radiations of light 2 L0 15 why waves are usually udicd in laborstory anks, where \des, The grestest ucean wives of all—with a period of 12 where a 700-foot-high land mass had been, The blast was
othing is more soft sounds that vibrale ___.E.M_._. _H."_“_w : “_a_._a \raln of waves can be generated and where the Tuwwrs and 25 minutes and a wave length of half the clrcum- hieardl in Macagascar 5,000 miles away, Abhough immense
m " Iding tha =§_“_..n."“.—__-u .».M_.. _._"w.n__.nu...._ “__. ihe - mechanics of wave motion can he tsolated and simplified. ference of the canh—ihosc colosal occanic bulges wavel physical destruction was caused by the explosion, __..n real
and yielding 1han and of night and day, 2n i ol s Iahoratory waves share the s3me armund the workd 9t up 1 700 or BOO miles pet haur, The catasrophe was caused by the resuliing tsunami, which
weter. ...a.i!ﬂﬁe-ni—..ﬁ-lrlﬂ:.:ﬁ!ﬂi ng comes qi-ﬁqﬂ_inn-ﬂ“.__ﬁsﬁ_.nnvo_il__.n;_.n _EEEIEEEKEEEEFE_T ranged from 60 1o 120 feet high. Some 300 1owns and
!u,_.ﬂ.o:-n«ﬂn-uﬁ;:aﬂ—nj”:“eﬂ. S incaigh tfhe nl:.u.a__n.minnﬁcﬂ:_ﬂ_h&hu:ﬂha: moon and the sun sctually Lt the pocans while the eanth villuges on the thores of nearby islands were destroyed; over
Yet for attacking the Clearty, wave action ks the fu n._.qﬁ.__.-___: e sl the wough _ﬂ_n_»_nn ), 3 wave length (the hosizontal rotutes by underneath, The cress of these waves arc the high 36,000 people wese killed. The gunboat Beroa, anchored
energy i iranaponed and trnsmi wodd. w0 wave crests, snd & period (the time i tides, the toughs low tdes, off Sumaira, was camied nearly two miles inland, and gauges
solid and SIFONG, 1 o expression of the rhythm that n_hn.._““_.—- nannaﬁﬁce_!ﬂ-iﬁia_..?ah One unusuzl tilal wave phenomenon Is a “bare,” the in France and Britain necorded a rise n the sea lovel.
nothing {5 betler;  and propels all creation and the n_...icﬁin___”mz? .!_u_. _u—suu._- !.2_!.6 a pict o jetty, o¢ siiing astride a surfboaed, sudden surpe with which the incoming tide amrives In some n 1560, a violent earthquake in Chile (magniude 8.5)
al. ﬂa??;ﬁ?.—&.u!i.rnﬁﬂ“na_uﬂu“: scly ?!ﬁ-a%ﬁi—l.aﬂﬂ:i%&nii pans of the word. Bores occur in sirams of rivers (like caused s great subskdence of the undersea fault that panallels .
It bas no equal.  gccan waves Is so aunaive, i ain__.u N red 3 wall of water moving In your directioa. In acwality, Brluin's Sevem River) o¢ bays {like the Bay of Fundy in ~ the coust there, generating a catastrophic tunsmi that _-IE.-!._._ .—i-ll.r._..l!l!.u_ ﬂl
Ocean waves arc among the €7t complical I h the wave li maving toward you, the water ks not. Il Nova Scatis) with funnel-shaped shores and shoaling allfected nearly ali of the Pacific basin. Australia, New Zealand, . W
—uoTw gl u_ﬂaa:ig.u_ﬂdsn:!nv.n._ea !:L«.-_.M._Hn?n wﬁ:né.:!«.n moving with the wavc, the ocean and every- botoms where tidal pnges are high. If the Incoming tide s maceliunm they moce through, alf
g%ﬁﬂﬂﬁ.%ﬁ.ﬂhﬂ u.q-u“_a of a pebble 1hing on k would ?K racing Inin __._.._n ._“__.N:a nﬂ_a.! ...U-u_.ﬂﬁ ......._.“u_& by qﬁﬂq_._u._ .ﬁn shalluwing tu” _ﬁn_h _.n_.-..“s.”.=
Fignre I—dn deal wave:  into smoath pond walers, Those .s..__.ul.w.n EE_.-._....E of ._-u..n:“..-.._.__hnn._. t..n.ntni_. !uu,...n...n. " il ..h _._B_ bl _....sFﬂn._.wn.n.u!-__._._- boee wavd ik
Tous famitiar dal potternt oUF piual mag b Specad a blankct on the floor, Kneel st one end and drjve up 3 narmowing passage with great encrgy and force.
E__n—wn&-ni__.qu_uaxli__a-:iaﬁ.ans-_ng&_ﬂun ZE.&-&%-E%.E.F%
g.i!r:u?ﬂnzuingai.&ninﬁ- od France’s diver Selne (called the mascaret) has been
sipple through I, The crosses the blanket in 3n kiown 10 arrive at Paris as & great wall of water moving at
lating wave panem, ishing (or dccaying) as k high spees. One repont claima 2 24-foor-high wall of water

moves toward the oppoalie end. © twcling 15 miles per hour, This Is the Ladal bore that

ing through ter Causes 8 diowned Vicor Hugo's newly marmied daughter and her
.. Ehﬁ“ﬁ“ﬂ 10 move in 3 eh“__wzsnw% arblt, hushand, who were caught while sailing en the river in liom
L drawing the iaunaigaﬁ_n advancing wave, thea ol Hugo's _5=.n..nr e
i} =n—.sn=—n!5n.=»ﬂ.§i!£-=.:ﬁ=.lﬁ_..ﬁ(uﬁ The other = _ilﬁaﬁ.._.. .n!...-!usu.ﬁ_r!.-.p
\eaves the penticle behind—back 10 ls staning paint [Fg. i mis—are “impulsively g waves, most by
Becausc the speed b greater at the top of the orbk than winhejuakes, volcanie enuptions or massive underwates
..Eng.?iﬂnrilgaﬁmn{&ust slides. The waves created by such ahrupt forces can be very
original pasition sher the passing of wave, bui has moved long and low wdih perlods baween crests of up 1o 1en min-

n_%—.Eaﬂﬁﬂgﬁuﬁ!‘a% ules and wave lengths as long as 150 milex, Yet the waves
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the Philippines, Okinawa and Califomia experienced signifi-
canl coasal Nooding or damage. Fifieen-lox waves were
hurled agalnst Japan, some 9,000 miles from Chile, and the
clty of Hilo on the laland of Hawail (which had been devas-
tated by & remendous sunaml as recently 55 Apeil 1, 1946)
was vinually washed away by a scrics of massive scismic sea
waves that began to hit less than three hours afier the quake.

what we think of when we hear the word “waves,” and thele
source is the movement of air across waler,

Wind I3 the resub of solar energy acilng on the canh's
aimoaphere. The great panems of dreulation—the global
winds—give rise 10 the various dyramics of high and low
pressure, of calm and mom. Huge Nonth Pacific or Morh
Mlantic or Antaralc systiems generile enommous waves. More
localized thermal diife Is excite the oocan's surface with

Hilo has since been rebuill on higher ground, dedicating the
former site—now called *Tsunaml Park"—for recreational
use,
Alihough tsunamis sre centainly speascular if you're In
the right place at the wrong time, they are relatively rare.
And the tides {although they're always with us) are relatively
slow 1o shift and difficult 10'observe as waves. On a day-to-
day basis, wind-generated waves are the moa visible to us.
Ripples, chop, rough seas or plunging breake:s, these are

racing panerns of energy, Smooth coastal waters oscillate
gently with the decaying echoes of sorms half = world away.

How does the wind make waves? The primary mecha- |
niam of wave genests bs the friction berween the aimosphere
and the surface of the ocean. A puff of less than wo knots
will mise miniscule wrinkles (eallgd capillary waves) on the
surface almost immediately, As the puff dies, these waves
quickly disappear due to the reslstance of the water's surface
tension, which tends 10 restore the smooth sudace. How-
ever, when a breeze of rwo knots o more develops and s
sustained for a tme, "gravity waves" begin o form as the
wind drags across the water. Ripples at first, these waves
contlnue o grow as the wind continues w blow, In fact, it
becomes Increasingly easy for the wind o transler ks energy
to the water since it can now push direaly against the backs
of the ripples. The more jagged and uneven the surface, the
more there s for the wind to push against. Ripples develop
inta chop (periods of one 10 four seconds) uniil, when the
wave length of the chop in a given area streiches beyond
fve seconds or 3o, it is called "sea” (Fig, &

As the waves continue 10 grow, the surface resisting the
wind becomes steeper and higher, making the wind's work

Prrticls mervesent: Wiavy prsiiig Landfnlt As sl bryrior ba b feviend Brvablag sawast Whew o shoaling Final msssrstas The momensam of the
b wuter (e prarticies wear e by & sbcmiivg besious, thrie chanscier Butum cmumd armey 10 bevomme crinically Plusyrteg breabery pucher swser bousand the
mifoadr ke iy dw girwiar pebils. The dprtins for chtinges sy boyrin b shum, dhe B, ey prak o and bewad; s stunlloe -—l-.iﬁ._rlo._t..l-lﬂ.
whisirseters of toeme urbas dimivish at depuh e besyils sbeiens s, srbem she rene 190 kongger Aout the compirie

o s bunr s sl pomnigh, Meey bewesk, Auirrnaid dsstion o dhe mmier purticier.

of transfening energy 10 the water sl more eflickens. But
there is @ limit 10 how large these waves can grow, Sicep-
ness s a o of the helghe of 8 wave 1o s lengih which, it
tums ooy, can't excped approximately 157, This means that s

Faa1, the maximum stable profile sngle of 3 wave oren s
shout 120 degrees. Beyoral this polnt the wave will begin 1
break knlo whitecaps,

Herw Large wind waves hecome Is a function of three
Ewaone: the srength of the wind (force), the length of time &
Wt (uuration), and the amount'of open waler over which
& Wows (ihe ferchl. I the wind Is strong enough and blows
ra_wﬂ:!n_..tocq-o_.ﬂrﬂ_hﬂur_unﬁnn!nr.ﬁ_o?
Huweves, there I a limit to the amount of encrgy thal can he
teansferred from the mmosphere 10 the oosan fora Biven
windd sirength, and when thar limit has been reacher, the
seus are mald 10 be fully developed of fully aroused. For
Instance, an accep } model that If
the wind blases a1 a velocity of 30 knots over a feich of some
240 nautical miles for ot keast 23 hours, a fully-arisen sea will
_...H»__n resubl, with average waves of 13 feet and the highes

ves approaching 30 leel.

Waves generated by the kinds of soma that actually
Eﬁ?akff:i_nq_ﬂu&;_iagﬂg
fatical miles 1o reach full helight Acconding W oceanogrs-
plier Blair Kinsman, 900 nautical miles is protahly room
enough 1o develop the kurgest sioem waves that have ever
been reliably estimated. Gocastonal open-seean waves of 40
San—nﬂaagnﬁ.ul:ﬁ.g__lﬂvﬁigﬁni_
even ia the worst sioms the run & much smaller,

Kinzman developed an estimate for the “whole ocean®
based oa a frequency sy for wave heights (over 40
thousnd extracts) developed by Bigelow and Edmondson in

1947, which seemy reasonable;
seven-foot-long wave cant have a crest wller han a foot, In - *

Wave height
Frequency of
OCCUMTETHE

0-F ¥4 &T 7T 179 over 20
I 29 20W I 10W 1O%

This would indicaie that 45 percent of sll oocan waves
are less than 4 feet high, and 80 percent are less than 12 feet
higt, Just 10 percent are over 20 feet. The largest wave ever
reliably reponed had an estimated height of 112 feet. It was
encountered on 7 Febrsary 1933, during a long streteh of
stormy weather, by the LSS, Ramapa in the North Pacific.

In all thelr immense varicty, waves give lexture, motlbn
and churacier 10 the wurld's seas. Having been aroused by
the wind and gathered Inta radialing bands of encrgy, waves
can travel great distances, canying nearly intact their mes-
sages [rom the sun,

Maturity
Once 3 panem of waves mdistes free of ihe winds tha
created I, the confused chaos of apparently rndom sea
organizes hsell into even lines of ~swell” The original wind
waves decay, and their energy s consolidaied inio waves of
greater length and increasing speed, i

As waves increase in helght, wave lengih also increases,
In fact, even afier wave height has abilized, the lengths
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may continue 1o increase. A3 3 rule, 2 1en-second period 1
the dividing line berween sea and swell, alihough there is
naturally some overlap. Sea Is shoner n wave length,
sieeper, more jagped and more ennfused than swell, Like
thase ripples In the puddie, the cress of open-ocean swell
are more rounded and regular, having absorbed the energles
of many decaying wave osclllations into relatively unified
and orderly pach apable of ling great di

In n_an_o water, the wave length (L) n feet can theoreti-
cally be related (o the period (P) in seconds by the formula:
L= 5.12P% Acwal wave lengih s been found o be somes
wihat less than this for swell and aboot two-thinds the value
for sea. When waves leave the generating arca and continue
10 move on as free waves, the wave kength and period
continue 10 increase while the height decreases. Speed alio

Swell moves across the open ocean in traing of waves
of simllar perod ihat radiate downwind from 3 wind source.
Responding to the downward force of graviry, the lines of
swell spread thelr fonns, lose some height and distribute
some of their energy sideways, lengthening the wave front
#3 they expand away from their source, The process ls ailled
maturing.

Mast ope waves arc dee| waves. This
means that the depth of the water the waves an iraveling in
Is greater than hall the distance berween crests (ihe wave
length). Waves moving In water stallower than half their
wave length are known as shallow-water waves. The wave
Jengths of some seismic waves (generated by earthquakes,
for instance) are so lang that for them even the decpest
oeean is shallow, The dynamics of shallow-water waves are

ax period increases and s vinually independent of
wave height and seepness g 6L

“This theoretical description of the hip b
wave speed, wave lengih and wave period describes deep-
water waves only, The relationhip between these ct
tics in shallow or shoaling water €an be quile dilferent.

Storm waves in the North Atlantic average about 500
feet Jong; In the Nonh Pacific they may be s bit longer. In
the Antarctic waves spawned In the Roaring Forties can have
wave lengths greater than 1,000 fect. Lines of swell ean have
much grester wave lengih than waves in sex. Kinsman
reponts swell with lengths of 1,320 feet In the Bay of Discay,
2,549 feet on the south coast of England, and, the longest oa
record, 2,719 feet In the equatcdal Atlante, Where fetches
are more restricied, wave lengihs are nanurally smaller. The
longest wave length recorded In the Mediterranean Sea, for

affecied by the ocean's bonom, whereas decp waves
can be studied Independent of this influence.

Surging usser pusbed muerd the boach
scapn peasand througl decpre-sier
chan The presemce of @ contineniad shelf some miles

ple, weas 328 feet.
Under favorable conditlons, swells move indefinkely in
the direction of the ing wind. H ¥ 3 el

encounters new winds, the shape and heading of the waves
may be aliered. A sirong enough opposing wind can dissk
pate the waves entirely, while wind or swell moving In the

same can have an ellec

Shiftiog hawln of st or gremed crenis an alerating
fuattern of breaking wssver and ypur chavieti

Rusgtuie waves are soliary gians fomed ool of the
convergence of exirene natural forces; ihey i 1o anusoul
Treiptht and masa, lncvitabilp Alips ot ses conse Inin contact
with sne of hese wind . ¥ Hhed

HrAVHpOp
monsers, There are & punibeer of remarkalibe dories of such

In maitkeal recoeds, buot hoaw many other encoun-
1 Jel no wongue alive 10wl is food for speculasion,

In hils sihiorivative ook, Waies and Beacbes, Willand
Hancam cites 3 numier of mectings with mgue waves, A
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Because the bengih, period and specd of waves all
Increase s the swell moves away from he generating area,
W 1 prssdlie b have 3 Tairky oo ldea bow far away from o
poink of ohservation waves were spawned. However, wlhen
making the beubulons, it is ko W know
that the tiime needed for 2 nave system 1o travel o given
distance s double what it would take an individual wave o
g0 as far, This is hecause the front wave of an advancing
swell gradually di R #t% energy 1o the
followlng waves. The process ks followed by each leading
wave In successlon 2 such 2 mie that the wave train ad-
vances al 3 speed which i just half that of individusl waves.
The speed 3t which the wave system advances i calked the
proup velochy (Fig. 7t .

Saill, fioe ull thedr upy oty th

“In February 1883, the 310-foct steamship Glanorgan
ot oof Liverpood was heating through heavy Athmic scasn
night when it was votally sulwnenged by one tremendious
wave,” The wave swept away the forenuas, all the deck-
Iususes and the bridge (wirth the captain und seven caew in
W) b ssewve inoall ihe Junches and the engine mieem wis
Noodéd. The ship gnk the pext moming. and the 44 whe
escupaed in lifchaats tokd the mle of the one great wave,

*On another Atlantic crosaing, the 10000 Qieen Mary
was serving as 3 World War 1l yoapediip in 1942 when, with
15.000 American soldiers alward, she encountered a wimer
gale 700 miles off the toast of Scutland. The seas were quile
Rurges bt also quite manageable for the hupe ship. Suddenly
‘one [reak weave” sl I bruadside into the
Aty and she Tiacd ontll ber upper decks were awash, and
those whao had miled in her since s find ik 1o sea were

aned setwal, wind waves are eegular phenomena, Even in
trains of ppen-ocean swell, successive waves can and da
dilfer masoeslly in heiglt. For instance, in the mathematical
mieskel mentinned above, lhe sverage wave height created by
winds hlowing 30 knnts for 23 hours over a foich of 280
navtical mites will be 135 fewt, liwever dils same model
vells us thar the *significant wave height® generaed will be
21.6 feet, “Significant wave height i dufind as the mein
height of the highest onc-third of the well-defined waves
ohwerved ot a given polnt on (he ucean's surfsce, Uasnlly, as
In 1his example, the slgnificant wave helght is abow one
andl-a-hall times e averape wave height, Hinvever, the
averape height of the wp len percent of hese signilicant
waves will be 27.6 fevr. This meunn that, witliin » panicular
wave irain, uhoul one wave in 2 thouand (perhaps one
every four hours) will e twice the averape size!

One T 1} t —E '} 1 lifT in wave
helght is the interfercnce of one wave train with anather,
Wien the peak of vne wave synchronlzes with the trough of
another wave, there s 3 distine dampening effea. Con-
venly, the synchronicity of crosts Causes wave enengies w
combine s that the resuliing wave can be much larger than
either of the twes waves that colnclded, The swell patiem
resuliing, froen the conflucnce of v of mone open-ocEan
wve wrains resulis In o cpcle of lrger and smaller wives.
Closer 1 shove this pastem ks emwd “surl heat™ and e
larger procps of waves thus ereated an: called “sis”

The: mwrst apetacular example of the synchronicly of
wave crests (ofien In combinatien with olier factom) it the
phenomencn of “ngue” waves, Rogue waves are

prced abe would never rgle el Afier hanging on
1l wrink of capsizing for 3 (ew eemal seconds, the grean
ship finally righted hemell again,

=More revently off Greenland, she Mary's sister ship,
Duexn Efizabeib, inak a wave o the baw ihal was so
Birge B fooded the Dridge 907 ahove the waterdine.

*In 1966, 80D miks off New York, the haliun liner
AMlicholrigelo plunged Ini # gigantic rough thar was
fallowed by & huge solitary wave thal crumpled the Rare of
whe ship's bow and bake oul the inchethick glass In the
hieidge windows sume B feet st the waierding, Injuring
Tundreds of passenpers tand killing iheee),

“In July 1970, the tanker Croveenr Star, laded wiili 29,000
1ons of light cnude ofl, was struck by 3 luge wave and sunk
i the Indian Ovean mon far from Bomiay, An inquiry

T  thet the b reaches s prosres
srength in July off Bombay and pedodically pllcs up ‘epi-
sodic waves of vas proponions.™

In exploring the probability of the of single
large waves, Dr. Lawrence Draper of the Nationl Instiue of
Oceanugraply In England used the *Staisics of 3 Staionary

T that on @ bons emenge out of the tand of
ihe theoraicul 10 haunt some of the most tllicked sca laines
of the wordd,
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Lighter than cork
I danced on wates
in the sali air—
Waves,

thase eternal victir
tossers, 50 10 5aY...

—Anhus Rimbou
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To make matiers even worse, waves are relracied, of
bent, oward the higher-velocily current, concentrating more
wave eneryy over the strongest cument, and prsaibly even
trapping waves there, As Hascom points oul, when 3 ship
maving In the current ai 18 knots (nine metens per second),

Random Process™ to show that one wave in 23 is over wwice
the helght of the average wave, one in 1,175 Is aver three
times the average height, and one in 300,000 &s mare Wtean
four timies the average wave height. Pul these suiistics o
wurk along a streich of water known as Sauth Alrica’s “Wild
Cuns® and you might expea calamity aplenty, and, indeed,
that's what you get.

One characicristie of waves is that a follosing eurrent
increascs wave lengths and decreases wave lielghts, while an
opposing current has thi: opposie effec, decreasing the
Jengih and increasing the height, thus alsa seepening the
face of the wave. A strong oppasing curnent may well cause
the waves 10 break, wven in deep water, O that smhesst-
ern coas of Alrica, where the continental shelf abrupily
drops away, the Agulhas Curem sweeps in hard agains this

bl barrier, ing the massive 1] Now
of water ino 2 relatively narrow sircam. The cument moves
at four 10 3ix knots, providing a [2m, cconomical shipping
tane for ships moving south. However, when stoms to the
southwest pump waves around the Cape of Good Hape and

O R 1 G I NS

assisted by the cuneni of four meters per sccnnd, encounters
3 wave moving al ten inciers per second, the velucity of the
collision is the sum of these, or 23 meten per second. Since
the farce of impac b propontinasl to the square of the
wvelocly, the current neardy doubles that force. I, says
Bascom, “the wave is rwice as high a3 an ardinary storm
wrave, o ship is likely 10 be n trouble.”

Untold vessels have heen o off the Wild Coam over
the centuries, One account (rom Bascom of a ship that
purvived conveys Lhe exsence of the situation: In December
1969, the middle of the southem summer, the 102.000-10a
swedish anker Arfemnds ran through 2 stonn on its way
down the Wild Coast. Captain LJ. Tarp reponed that one
wave came over the ship's bow and continued rolling dosm
the deck at such height that it hit and flooded the wheek

up Into the channel, the wave length of the swell can he house five decks up.
hogened d ically and the wave sieey 1o The complex nerwark of wave relationships—cumbin-
precipitous angles. Under certaln conditions the ] Ing, damg erossing, king—is & cominual dy+

swil current here actuslly doubles the helght of the waves "
i ehoaraioresh” e i e
pushing upstream. The glants that are created are clled A purer o focanm
=Cape Rollers,” and when the sunistically predicuble rogue s rnge s A stee and prouree of she suyf.
wave moves inio the current, the resull can he catastrophic, O s Mo Shoer of Gabu, she wh
ayf o cormirnenitul shelf causes i s o
ateiler s Bkariel y ey it mnt of cbolr
LT powr ke,

iffabory iy conivibuie & e eytindrical shape of ibesr

Reef Break Wave s ytpn i by
Amnkidr,

Banzal Pipetine, Hawaii

Winies brvak denref
o et iof o e

sodict vt o, Some off

W pun ety 4ot iy el e filiend
wiih g, aiber ery meed choan
furnd wnade evem more s berias)
by 1w puokeal waniar SO,

Tor  flosy of waker cxcapes swmard
!{?ﬂlllﬁt.l‘- bt o o srounid N,
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paiic of the ovean sface, B s pan of what has made e
ocean an enduring frontier and u nipsery. Ahways, far
tepond the horizon, new Boems pinsded inno being, urging
up new waves, new swells, oul fron the atberwise v,
imphcable face of the word's neeans.

Mt o us will be snmpletely snawaie of i disam
arlsing. their silent parsape across the emply miles. Mos of
s will anly hecome aware of then ax they emenge oot of
the distancy, wouch botom, e and finally lea tnie white
ylory. Only thien, us hreaking waves, will their full poteniial
he revealed 10 us.

Breaking Waves

When lang. faa, smooth open-ncean savlls move Inio
ahalbiwer wanter, their charagier heging 1o undergo » signifi-
cant ieanstumation, When the deph of the ovean Deooaws
Tt tan bt the dength boiween the orests of twn succeshe
waves, e speed of 3 wave B no luager povemed by s
Jengith, but by the depah of the water; the apeed of 2 wave is
now proponional 1 the susre rol of the depdli of the
watet it ks maving through. 1t is a1 this point thar ocean swell
clanges to ground swell, This ks whene the sy of deep-
water waves ends and the sudy of shallow-water waves
Dregins. Thin is the trnsiion zone between swell snd break-
Iing waves,

When swell moves Intw wuter lens than halll ks wave
Tengh deep, the wave hegins ta “feel” and b affeowed by the
Tt The cowmours of the hasin within which ihe wave
ks begin o modify the wave's belavior thiough 3
provess calhed “refranion.” Refraction here refers i e resuk
of the gowing of waves us they meove inte slullosding water.
This results in & hending of the wave fronts o align them-
scdves 1a the contoun of the shoaling houom,

Beeause the speed of 2 wave in shallow water isa
Tuncilon of the depth, swell refracts as i responds 1o suboma-
Fine conturs, Since waves skrw 21 ihe hotiom shoals, srells
moving laterally taward a sloping coant are bent voward the
shore. Similarly, wawe encrgy converges and foouses over
slallow ddges fF. Ha, Bb), while i diverges und dispemes
over deeper submurine venches,

Iilair Kinsatan reminds us tat, "the only featun: of 2
wave as we see it from the beach that has been keft unalk
tered frum ita deep-waler sate is the period. You can' iell
whai direction tle waves are sunning offshore fom the
2ngle at which they approach the beach.” In fuct, as waves
mave Ino lncreasingly shoal weater, they begin i sow, the
wave kengih shonens, and the Jow, sloping mounds heyda 10
sive up oul of themsclves.

Cenalnly some amount of drag bs produced bry the
Ineraciion of wave energy with a shaaling honon; some
enirpy b cenuin o be released in this way, However, the
popubir belief thu friciion slows waves down In shallow
willer while e cness cominue to move s rapidly, and
841 ower themsehves, seems bess populbsr inday than in the
pam.

Surfer-authormusiclan Joha Kelly, Jr. of Hawali ascribes
the change in speed—and In wave liight—io defleniion, 1o
tht Idea 1hat ocean wave encrgy oheys die same laws that
control the defleaion or ndlecion of Hght wave, and tat
thet angle of reflection eyusb tee anghe of incid

In Suef and Soa Kelly writes: *Since the ocean hotiom i
u fimed honindury, the deflected wave encrgy I3 focused
upward 10 8 degree that depends on the angle of the rlsing
botom snd sppears ot the othes, flexible boundary of the
ediim in thee fonn of the dsing cres—in effea, an Inver-
gion of the wave's encrgy. As more and mote of the wave
enerfy is deflevied upwand by the confining space of
shoaling water, the crest mounts propontioraiely higher.
Here we find an explanation for the skiwing of the wave: I
I due 10 the facy thait the wave energy, bouncing. as il were,
ofl the hetioan and bring deflecied 1o the crest, imvels a
preaver distance. The detour consumes time, thus skiwing the
adhance of the wave form even though the encrgy lisell
Eomtinues to Irvel in Ha watery medium at 5 consiant
speed.”

Althingh this deacription might impress some oceanog-
ruphers a8 8 miere Night of fancy, # toes poray 8 clear GF
untrue) bmage of the dynamics that lead il breaking of
the ooen wave,

As waa sid eardler, waves in deep water will hegin 1o
Ireak when their height b greater than 3 sevenh of their
wave length. The maximum sahle profile angle of the oest
of 3 wave b, therelore, shout 120 degrees. Steeper than this,
the wave characier hegins i final damatic trandoemation.
1n very shallow water, when waves break as they approach
kund, Wiy weill reach this critical angle In » water depth of
ahout 1.3 tmes the wave height, In other words, s three-
fooi-high save will hreak in approximately four feet of
wtcr, |t ks a3 waves sppeoach this “limi of thedr contain-
ment™ that the nroat dramatic momens of heir lves are
played ot In ihe sl zone.

the Tawdul Trictlon or
waves the rapidly shoaling water fated with
mast heaches, they are said i peak up. That s, theie height

Increases mupklly. At the same time the shallow water causes
the wave kength 10 decrease (hecauss as 3 wave bs dowing,
the waves behind are cuiching up}; the resuli is a suddenly

o wave Thercl in 3 very shon distunce, the orest

distaince and ane replaced by
Jfiouring woves at such @ raie
that the group advances al just

balf the speed of the indidual
T

Famy FTORTY. FIFE



ridge Thie bending of waves as
they showr in shallosing waier
E.fﬂéii
sboal area.

angle decreases below the critical 120 degrees and the wave
becomes unsiable. The crest, moving more rapidly than the
walcr belaw, [alls forward und the wave form collapses into
lurbulent confusion, which uses up most of the wave's
encrgy.

Perhaps the leading popular authority on ocesn wave
phenomena is Willard Bascom. Some thoughts from his
Waves and Beacb, the dynamics of breaking waves:

=As the swell moves Into very shaflow water, it s
waveling at & speed of 15 10 20 miles an hour, and e
changes in ks character over the final few dozen yards 10
shive come very rpidly.

“In the approach 1o shore, the drag of the bowom
causes the phenamenon of refraciion. . amdd ooe of lis eflfecyy
5 10 shonen the wave lengih. As length decreases, wave

T i tending (o make the waves less sable.

she reinf of

Moreuver, as 3 wave crest moves inin water whase depih b
about redoe the wave height, another effect is observed
which further incicases wave sieepness, The crest “peaks up.’
That ks, the rounded crest that is Wentified with swell Is
transformed into 3 highet, more polnted mass of water with
steeper Nanks, As the depth of walcr continues ta deniease,
the circular vrhits (the movement of a panicle of water
within the wave) an: squeezed inio 3 tllied cilipie und the
nehital velocky at the crest increases with the increasing
wave height.

“This sequence of changes in wave length and sicep-
ness s the prelude 10 hreaking. Finally, at a depth of water
roughly equal 1o 1.3 times the wave height, the wave
becomes unsable, This happens when not envugh water I8
availaie in the shallow water shead 1o fill in the crest snd
complete 3 symmetrical wave form, The 1op of the onrushing
crest by ppoed and i collap [alling in
uncompleted orbits, The wave has broken; the resub b surl.”

The energy released in a breaking wave ks tremendous.
All ol that stored wind power—irnsponed silently for so
many miles—at last burss out of ks liquid confines with a
thunderous roar of liberation. The total encrgy of 3 wave len
feet high and 500 feet bong can be a3 high as 400,000 pounds
pe linear foot of is crest. The impacs pressure of such 3
breaking wave can vary from 250 1o 83 much ss 1,150
pounds per square foot, Larger waves have been recorded 10
exen 3 force of more than three sons—6,000 pounds of
pressure—per square oot in the surf xone!

Echaing the combined encrghes of the many forces out
10 823, ocean waves approach the shore In imegular pat-
tema—cycles of smaller sraves and larger waves creaied by

f of dillerent wave
traing. Groups of bigger waves are called scts; long imervals
berween sets are called lulls, The panem of scis and lulls—

the surf bear—is the pronounced rhythm of the occan’s
language, the cadence of lis voice.

Waves and Surf
In general, there are three forms of breaking waves: surging
.br.mﬁh spilling breakers and plunging breakers [Figt. S,

Suiging waves are d with reladvely decp-wat
approaches 1o sieep beaches. The incoming, wave peaka up,
but surges onto the beach without spilling or breaking.

Spllling waves are generslly produced by a very gradu-
ally sloping underwater conliguration. The wave peaks up,
the cren angle shrinks 1o less than 120 degrees, it the
release of energy from the wave Is relaively slow. Spilling
waves ryphcally have cuncave surfaces on both front and
hack sides.

Plunglng breakera are the most dynamic, exching
manifesations of wave sction on the ocean. Their rounded
backs and cancave, hallowing fronts result whene an shrupt
shoaling of the bottam erestes 2 sudden deficiency of water
ahead of the waves, which can be moving at near open-
wcean welocly; water in the wrough rushes scaswand with
great foroe 10 fill the cavity in the oncoming wave. When
there Is Insufficient water 1o complete the wave form, the
weater In the crest, antempiing to complete ks odbit, b hurled
ahead of ha seep forward side, landing in the shallow

irouph. The curliag mass of water (called & “ube” hy surfers)
surrounds & volume of air, ofien Irpping and compresing
k. Wheh the trapped air breaks through the cunain of water
that surminds i, there is ofien a geyserdike burmst of spray
and mist. Ofien, 100, the mist is expelled owt of de open
end of a well-defined 1ube, Ike smoke from the harrel of 3
gun. Riding ahead of such 8 hlast of vapor ks where 3 lot of
surfers would like 1o be.

Surfers, animals (including pomolses and scals) and
hoats are able to ride waves due 10 the resubant of three
forces—the 1otal welght of the vehide (1., surfer and
surfhoard), the 1otal huoyancy of te wehicle {including
planing lorce), and the “slope drag” created by the angle of
the wave's face. When this slope drag Is greater than the
hydrsdynamic drag {water ), the vehicle moves at
the approximate speed of the wave cresi.

One of the major skllls required for 2 surfer &s getting
the surfboard moving fast enough st an angle precisc
enough so that ihe slope dmp lakes over the work of
propelling the vehicle just as the wave rises up beneath him.
Once he's up and riding, the surfer can move

the act of riding waves is an ancient cusom for porpoises,
scals, starks, killer whales, and fish and birds of all kinds.
Seals and porpolses are 1esmific surfers; their inminaive
Famltiaricy weith the liquid mediom allows them to be the
most subtle and eloquent wave riders of all.

Recause porpoises and seals have neutnl buoyancy,
they are able 1o 1l themselves 1o the corea slope anples of
underwater consiant-pressure purfaces (literally wave plancs
within wave plancs) and caich the waves there, 5o that ofien
they are seen in 8 subsurface mode, imbedded in the wave
face ns they surf acroas 8 transparent wall of water. How-
iever, these crestures sre slso sbie 1o beeak through the plane
of the wave face and surf on ihe outside surface ok the wave
In = more | manner, ingly, some human
hodysurders have also lcamed the an of surfing the underwa-
ter constant-pressure surfaces.

Just as not all beaches and botiom conligurations help
1a develop plunging waves, not all beaches—relatively lew,
In fact—are conducive to the creation of waves for surfing. A
perfect wave for surfing Is one that is relmoed n such a way

faster than wave-crest speed by maneuvering sideways
ncrons the face of the wave,
Although humans are the most common suifers loday,

Wy raufising in froem A o mar icoeRier
A liing recft shat ring Timarias Bl

Offsbeere wefnay scconiams i regulerily wab which sbe

asto #a power in a given area of the wave band,
then “pecls* off laterally over a selatively abrupt, shallow
bonom 5o that the wave is 3 plunging breaker with an
extremely concave o “hallow” face. When the crest of such
a wave phches out toward the trough, k can then complete »
wnnel-like fomation, creating the ideal "harrdds® that the
best surfers travel the world 10 find.

wmars break seer
| sl choae b b inlavd
after orowrling scrind s
&h it of shevpmer sser.

sarrroasmed st faland @und £ irough sbe recf,
cirpulaing s wwaler i Corvying retnpter from the iland,
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Do not move
Let the winds sp
that is paradise

—Exma 1\

Reef Pass Wa
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KRE GI NS In the dramatic bt seconds before lines of swell insulficient 1o grealy diminish the potential energy b the face gocs A concave 23 3 Mo pipe thenee the pipeline 0" 1G 1 NS
Iecome hruakers, waves respondd 1 the sudden shallowing breaking waves. Thus, most of ihe wave cnergy Is released pame), il crest hecomes u *lip” of plunging water thal leaps MEm———
of the water depeh by gaining considerahly in height (some- direatly up onto the beach face or refleas back a the incom- * eachwand 1o comphove the cylindrical shape of the wave,
JimiA double or more the swell helght), developing & critical ing waves; the oulguing sheet of water creates s “backwash® creting 1he specacular Tolleres siehitn, fidleoweel by the
concave face, and assuming 8 beach-facing prolile that effeer that can double or iriple the size of an appmaching familiar blaa of mist as the wave cullapses amund the pocket
reflcas ihe immediate characieristics of the botom shape wave, ofien with spectacular effec. of trapped akv. Add 1 these fundamental dynaniics the angled
direcily under the wave, These local bottom igurani bmarine f like coral reefs, rock reefs, scawprd Tace of the reel, which causes the wave 1o pect oll
determine the final form of the breaking waves. In genval, sanken ships and other relatively sbrupt submerged o 10 the lefi and (sometiment 1o the right, and it would e hard
there are several 1ypes of wave “hreaks.” panially-submerged formations ercate “roel™ suf—waves that 10 magine @ niore perfea wave. And, if sl this wereal L Figure 10—Types of wavez:
Kelaiively straiglt sandy or gravelly beaches whh s break more of bess abptly 2nd in 2 varicry of shapes, enough, the peevailing wind s off the and and sraight up ¥ Dicgseriaing i bucal botiom
genile slope create "heach break™ waves—a patiem ol depending on the configuration, depth and size of the the hefi-heeaking faces of the waves. This has the «ffect of condiions aind the ssecpmsest of
pusking waves with periodic channels 1o cany the advancing obstacle, smocthing the faces, holding them up longer, snd aliowing The machine-like regularity with which the swells fan sround the beach, waies brvak dn ibree
weater back out through the surl 2one. Such waves break on The famous Banzsi Pipeline off Oahu's Nonh Shaore Is 8 thers 10 graw even hollower hefore breaking. \he point and irsce the even shape of the shallow hotom xE..um-hiI....-.i
sandhars or “gravelbars,” deposis of muterial mobile enough el break; swells rdiating in from great Pacilic sioms 1o the 1 15 this “shoulder™ effect, where the wave can peel with a surging carpet of white water is 3 moving impression, piing aud pimingiig:
10 be amanged and reamanged a1 ihe whim of swell, tide and nonhwes come out of very deep waler 10 iouch coral reels along the anghed edge of a shalliw reel, that makes 8 wave 40 the surfer and wave wuicher alike.
wind. Ofien the beach face bs scalloped in a regular patiem more than 3 mile off shore. This outside reef bends the Whereas the exposed tip of such a poim or prmomony
of “cusps” reflecting the regulasity of the the waves, focusing them in on the nearshone Banzal reef with will generally have n socky, gravelly or boulder-strewn
1 -gularity of the refraction that and litthe boss of encrgy. The waves rise seeply over the “out- nm\.‘v\Ju..,. bieach, tlie hay inta which point waves peel ks typically a
disperses the wave energy, and the mathermatical relation- side” reel, then appear 1o almost disappear in the intermedi- i<l repasitory of fine mnd. This is hecause, once 2 wave has
. ship berween the advancing lorce of waves and the receding | ate decp-water zone, then abrupdy “jack up® as they nush In r .uF 3 broken inta » tumbling chaos of foam, it has lost ks intemal
Now of water, 3t the abrupt "lnside” reef, There, these giants that have .ﬁ VW_ \ escillatory motion. Instcad, the panicles of water arc acally
Ouiguing currents of water berween areas of breaking come 8o far are forced up oul of themsclves by the sudden ¥ driven forwanl by the momentum of the wave scilon. This
waves ure called "rips® of riptides; in large surf they are wall of banered corl. Immediately there s InsufMicient water \\\\ muovement of waler 1oward the beach trandates nio a strong
capable of becoming overwhelmingly prwerful channel n the tough of the wave for the ciraulation of water. The \\ . beachward current along points snd promontories. I INthis O GRAPHY
maving rivers of water heading back out 10 sca—(rightening L] current (i ia ahle 1 move large amounts of sand and other e e ————————
ocations for but ideal onramps for suders e ot e s o el s s : finc particles slong the point and lnca the bay. As energy, ooty ]
wishing to make i tlwough the near-shore “beach break” near bt of she bmtalland, __..._.H..i!i!i memientum and wave gpeed disdpate, the rand drops 10 the hichun Wik, Gandem Cary, H.¥., 1988
‘waves 1o catch rides in decper water. dry uanier siormas by ahistribuied b padimen, from of Interest to surfers, A irngubir-shaped reef, with i g botom or washes ashore, For this reason, peell ey B, irient ) WY Babhtn,
Very sieep sand or gravel beaches are likely 10 produce oot sl s ot Tow ks Joub il pointing ta sea, will iend it ..__.M_E pesk iﬁ._"ﬂs waven will olien endd In an shrupt beachbreak .ﬂanﬁ!&. u mﬂahﬁ?iwih..l
susging breakers, where the depth immediately offshore is i waves will peet off In either dinsctiun 25 the lines of swell 8 king section of wave suddenly shoals over u sarudbar o P Kot (AL Wngpon, DC., U
refract and converpe sloagslde Ihe recf. The result can be sym-  SUTRER Up 000 8 n.u-_azrnon__. i.l..l.n!?.!.!ll__
Traing of swsll murciirig doin e ot rifrece amund metrical, Iwisting cylinders of grean heavty anl finexse. Whatever their fomm, whatever their siae, whaicver their Miduciadh Iamdiach. Werers,
“H“ M_ﬂnw__n..uhwuscﬂ s Rnco i and e s te Assuming 3 perfeqt cquilsteral triangle witl its hase caue, waves are relenticss proof of the power of reat Ty AT D S

panaliel 1o shore, such & reefl would ereare the mos pedealy  ovulde furces over our lives—ilie same forces that suspend Mk L. S Vie Bom Arwaied €5,
halanced peeling waves when the lines of swall appeoached b our waorld In spate, in an iniricse wcb of physical laws—the

g 4 the poini, squarcly, Should Ihe swell direation be from one side or the same forces 1thal susiain the very fatwic of our reality. nliailﬂldllﬂm..lnl

raking in fhe shalons closs o other, the wave on the near side of the wiangle will 1end 10 Waves arc carriers of a very imponant message: that we i Fublishany G, Chicaga, 1918,
peel ol too fas 1o “close owt” or “section” shead of the rider), are not alone, that we are pan of & karger whole, amd thay we CF, Vg & Precy Lusrumee Sewwm,

while the wave on the f2r side will be "mushicr” and less are an imponant enough pan of the whole 1o deserve this I ey ot~ Py

hullow—more of a spilling bresker—as & wraps around the luvishly beautiful and magnificent planet. Waves are living i
apex of the triangle and disperses ks enerpy Into the doeper  proof ihat someshing in mmture nd the universe hias yuke 3 e ime be.v. 1o
water beyoad. high opinion of our intelligence and our capacity for appee

Peeling waves can also be cveted by *passes” in coral ciatlan, Cosnte, Fibwned A Lud, Lancion,
[ reefs—channels created In the living formations by the nnoll Pocticlly, waves may be the lips of the sca, eternally L
i of fresh waicr from he tropical island band masses which these icath il | n inflnke number of vty ol

fiving reefs 1end th surround. Here, the typical surfable wave  landlalls Scientifically and physically, waves are great “......_.,.__r-.m.ar(!..l.ﬂ!.
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s we should know from the study of undulatory vibrations
in the world of physical phenomena, every wave comprises in itsell 2 complete circle, that is the maner of the wave
moves in 2 completed curve in the same place and for as long as the force acts which creates the wave. We should
know also that every wave consists of smaller waves and is in its tum a component part of a bigger wave. If we take,
simply for the sake of argument, days as the smaller waves which form the bigger waves of years, then the waves of
years will form one great wave of life. And so long as this wave of life rolls on, the waves of days and the waves of
years must rotate at their appointed places, repeating and repeating themselves. Thus the line of the fourth dimension,
repeating days, of small circles of the fifth dimension, just as a ry of
light consists of quanta of light, each rorating in its place so long as the primary shock which sends forth the panticular

ray persists. But in itsclf 2 ray may be a curve, 2 component part of some other bigger wave.
The same applies to the line of life.

the line of life or time, cunsists of wheels of ever-

—t UFE

NN

DAYS OR YEARS

— UNKNOWN MOTION

UAVAVAVAVOVA

LIFE
If we take it as one great wave consisting of the waves of days and years, we shall have to admit that the line of life
moves in a curve and makes a complete revolution, coming back to the point of its departure. Andifadayorayearisa
wave in the undulatory movement of our life, then our whole life is 2 wave in some other undulatory movement of
nary conception life appears as a straight line drawn

which we know nothing. As [ have already pointed out, in our ordi
berween the moments of birth and death. But if we imagine that life is a wave, we shall get this figure:

The point of death coincides with the point of hirth.

— P.D. Ouspensky
A New Model of the Universe
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Water and other liquids

Garrett Wren '’

Water Classification

Water is one of the more difficult and complex effects to animate. It comes in
many different varieties (classifications), each requiring its own unique
approach in terms of animation as each has its own set of physical laws and
forces which the water must adhere to. Examples of some classifications are :
splashes, ripples, waves, rain, water falls, water fountains, water

reflections, geysers etc... :

Also within each classification of water there are numerous sub classifications
which also must be considered. For example, with waves you can have rolling
waves, choppy waves, swelling waves, tidal waves, shore surf, calm sea etc...
In all of these examples there can be an infinite amount of possibilities and
choices to be made, too many in fact to cover in detail here; the best advice
that can be given overall is analyze exactly what is happening and try to
understand the forces that come into play and influence the outcome. The
following notes will study in detail a splash and touch on waves and other
liquids.

Splashes _ _

The primary and secondary forces causing a splash to occur.

A primary splash is caused by the disruption of the surface water by an object
or projectile entering the water at any given angle, speed or motion. Its shape
whether its aerodynamic or a broad flat surface also heavily influences the
type of splash that occurs. Generally speaking, the more aerodynamic the object
is, the less violent the reaction will be. As the object quickly submerges

beneath the surface it creates an turbulent air pocket behind it which is

quickly filled in from directions and explodes upwards and outwards. This is
known as the secondary splash. Remember, both splashes (even though caused by
the same object) have different forces acting on them to provide different
reactions (see fig 1 and 2). —— R ——

In animation the primary splash is usually done as the biggest and the most
detailed splash and the secondary one is either left out or added as a subtle
after-effect. Its done this way for many reasons, (including artistic ones) but
mainly it helps simplify the design or simply lessons the amount of work
involved. -



Figure 1 : Initial force
(impact)

Figure 2 Secondary
i reaction

Water

There are four distinct forms through which a primary splash evolves:
1. Solid sheets of water which form at the beginning.

2. Sheets of water develop holes to become broken sheets of water.

3. Holes expand to develop strings of water.

4. The strings break up further into individual beads of water.

I -

Solid ~ Broken

Each of these four stages results from the surface tension simply trying to pull the water
into spherical droplets.

The size and shape of the splash are determined by the strength and angle of the impact
that initially occurs. After the initial impact, gravity is the only force acting on the water.
As a result, each part of the water follows a parabolic curve which is determined by its
initial velocity. The slow in and slow out at the apex of the arc is called the "hang time".
The length of the hang time that you employ into your splash helps determine scale or can
simply make the over-all motion look more*appealing, comic or dramatic. Always
remember to follow your arcs and keep the speed consistent in relation to the motion.



Outward force \
on surface ’
causes rlpples -

— e

Forces leadmg .
to secondary }
splash

Waves

Waves are a constant body of motion continually interacting with each other and
are influenced by many factors, which include wind, tidal forces, currents, the
moon etc... All of these forces make up a very complex set of which are
impossible to figure out or contemplate fully while trying to animate the sea.
Therefore, a much simpler approach should be used. A new set of rules must be
invented to help simulate the real thing. One basic method, which is probably
the easiest to visualize, is to think of barrels underneath the surface moving
around (see figure 5). As the barrels push forward through the water, they cause
the water to rise, then lower, leaving behind the surface texture (and whatever else
is on the surface) in its wake.

Remember though, waves don't always move in the same

direction or at the same speed, and smaller waves constantly form out of the
larger ones. Mixing up the speeds and sizes will help to create a lot of

overlap and a sense of scale. When animating waves, there are an infinite
amount of possibilities of motion as well as a infinite amount of designs and
textural add-on's to choose from. Adding detail to the basic wave structure
bond's the design and overall form together. Be aware, though, the detailing
must conform to the proper perspective as dictated by the rough drawing in
order to maintain it's structural integrity and a sense of believability.

Figure 6 demonstrates that if you first indicate a perspective on the

rough drawing it's easier to visualize it's true form.

It will take a lot of practice before you can control your drawings - till

then, the drawings will control you! Have patience and practice! practice! practice!



Figure> | :

Other liquids

All liquids are bound together by varying degrees surface tension (adhesion) which are
based on the liquids' viscous properties. Before venturing out to animate other liquids, a
solid understanding of water and its properties is necessary in order to realistically and
convincingly animate and evolve the shapes correctly. Some other types of liquids and
their properties are: :

Gasoline -Has a lower viscosity than water.
-breaks apart faster

Mud -Has a higher viscosity than water -
-Holds together longer
-Has more globular texture
-Breaks up mainly into strings of mud rather than beads

Tar -Has a very high viscosity
-Drags and stretches rather than breaks up
-Moves much more slowly than water

Lava -Extremely high viscosity
-Molten lave is basically liquid rock
-Flows fast at first, then becomes sluggish as it cools and solidifies
-creating fantastic shapes.
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FRAME 1

* AFTER THE DESIGN V...
APPROVED: | STARTED
ANIMATION BY SKETCHING
OUT THE KEY FRAME
RIPPLES AND DRIPS IN ONE
FOOT INCREMENTS,

* AFTER  DOING
BREAKDOWNS, | REFINED
THE DETAILS AND REALLY
GOT THE ANIMATION
FLOWING ON 8'§ AND 4'S.

* THE SPLASHES WERE
ADDED STRAIGHT AHEAD
ON 2'§,

FRAME 49

* NOTE IONIC SWIRLS.

* ACTION IS SMOOTH AND
- sLOW.




* DON'T GO THIS WXY;
OVERLY COMPLICATED
TRANSLATION. NG
VERSION., KEEP IT SIMPLE!
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Standard Pixie-dust

The standards for pixie-dust animation were established many decades ago, with the magic of
the Nutcracker Suite in Fantasia. There are varying degrees of complexity of design from
scene to scene, but the basic principles remain the same. (show fantasia excerpt) A trail of
sparkles are left behind by the fairy's path of action, which then fall slowly downward,
twinkling and dissipating slowly as they fall. Twinkles which dissipate very quickly tend to
have a more whimsical feeling, twinkles lasting a longer time appear to be a little more
serious and intense. A certain amount of gravity, and some centrifugal force come into play,
as a magic wand swept in an arc will cause some of the pixie-dust to shoot outwards, widening
it's arc before it begins to succumb to gravity.

Of course the true classic pixie-dust has to be Tinkerbell's in Peter Pan, and it is worthwhile to
take the time to analyze how it was done no matter what kind of pixie-dust you may be
attempting. In any case, unlike fire or water, there is no live action reference for pixie-dust.
You can research and analyze animated pixie-dust from countless animated films produced in
the last 50 years.

When animating pixie-dust, it is common to animate 'straight ahead' on two's or maybe
fours. In-betweening pixie-dust is one of the most painstaking and time consuming chores
known to man, and personally I wouldn't wish it on anyone, so I try to animate the stuff
straight ahead with no follow up work. If you find yourself in-betweening pixie-dust, hang in
there, someone's got to do it, and the results can be beautiful if it is well done!



Exposures, Glows and Star-filters.

With the advances in digital imagery in the last decade, much of what was standard industry
procedure has changed completely, and the changes have been good and bad for the effects
animator. In the "old days" when animation cameras with actual film in them were still
being used, a technique called "backlit" animation was relied upon heavily for magical special
effects. The idea was that if you shine light through a pinhole in a piece of black paper, by then
varying the f-stop or shutter speed of the camera and using star-filters and /or diffusion filters,
a staggering number of very beautiful effects could be accomplished with even just a simple
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Exposures, Glows and Star-filters.

With the advances in digital imagery in the last decade, much of what was standard industry
procedure has changed completely, and the changes have been good and bad for the effects
animator. In the "old days" when animation cameras with actual film in them were still
being used, a technique called "backlit" animation was relied upon heavily for magical special
effects. The idea was that if you shine light through a pinhole in a piece of black paper, by then
varying the f-stop or shutter speed of the camera and using star-filters and /or diffusion filters,
a staggering number of very beautiful effects could be accomplished with even just a simple
pin-hole. The variations on this theme are endless! In today's digital world, these effects can
usually be accomplished, with varying degrees of success, depending on the soft-ware you are
using. It is up to us to explore new ways of getting those good old effects with the new-fangled
machines available to us today.

There is a beautiful twist on the standard pixie-
dust effect in Fantasia, when the fairies in the
Nutcracker Suite skate on the ice, leaving behind
fantastic frost patterns which freeze into a fixed
final position rather than trailing off slowly.
Gorgeous stuff!

In virtually every Disney Feature, and especially the fairy tales, you can find some special
effects which can be described as "magic". The Sorcerer's magic in the Sorcerer's Apprentice,
Cinderella's transformation, the Beast's transformation in Beauty and the Beast, Ursula’s
conjuring in The Little Mermaid, countless magical transformations of the Genie in Aladdin,
( in which case there was a very fine line between the character and f.x. animation ) and the
smoke visions in Pocahontas which took a more traditional smoke and fire effect, and pushed
it into a 'magical’ effect. The possibilities will always be limitless, and the Disney f.x. crew will
always be called upon to take on new and exciting challenges.
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2) Breaking Objects

Just about any substance known to man can be broken or destroyed in some manner, and if it
can be broken, we will probably eventually be called upon to break it. Glass, rocks, ice, snow,
dirt, wood, a chocolate cake, butter, cars, a pumpkin, plates, cups, a box of laundry detergent,
bricks, buildings and boulders, are just a few of the things I've run across personally. The best
way to understand how things break, of course, is to break them, and again, we start our
research very young. The rate at which a given object breaks and falls, and the patterns and
shapes that it creates as it cracks, splits and ultimately falls apart, are all governed by the size,
the weight, the density, and all the physical attributes of the given object, such as the grain in a
piece of wood, the chalkiness of plaster, the brittleness of shale rock, the pulpiness of a
pumpkin, or the crystaline quality of ice. Research with the actual substance is the best bet, and
filming it for frame by frame study. Explore the intricate and sometimes beautiful shapes
created by cracking, splitting and crumbling substances.

This sort of effects animation is
closely related to a lot of props
animation, such as a breaking dish
or glass. A crumbling boulder in
an earthquake is indeed a natural
prop, and can be approached as a
geometrical object, with it's
uneven, rock-like qualities added
on after the basic shapes and path
of action of the object have been
determined. Fantastic reference
can be found everywhere, and
violent live-action films are a
treasure trove of this type of effects
reference.




3) Floating and Falling objects

The most closely related to our
pixie-dust animation, is
animating a variety of falling
objects of varying weights and
densities. This could be virtually
anything, but most difficult and
intriguing are light-weight
objects which are
aerodynamically affected when
falling. This can include feathers,
confetti, leaves, flower petals,
dandruff, dandelion seeds and
other flying seeds, a falling tissue
or handkerchief, and etc. etc.

Much like smoke, most of these light weight objects can be affected by air currents and eddies,
but as opposed to rising with the heat, they are pulled down by gravity, and their aerodynamic
qualities determine their path of action and rate of descent. A seed with a parachute-like
feather on it will fall much like a parachute arcing back and forth slowly on it's descent, a
feather or leaf shaped object will arc back and forth much more quickly and broadly, due to it's
streamlined aerodynamics, coupled with it's light weight. What child has not blown on an
old dandelion, or thrown something light up into the air to watch it's intriguing path of
descent? We start our special effects referencing very early. If you have to animate something
like this, get out there and play with the real stuff! If you can't, live- action or animated
reference is your best bet.

When assisting such subject matter, always make sure you understand the animator's
intention, the exact path of action, and the level of detail required. (as with any follow-up
work)



4) Overlapping Objects

Includes ropes, whips, chains, curtains,
clothing, grass, branches and things. All
of these objects have similar attributes
when put into motion. Overlapping
action is very important, as well as
determining the pivot point where the
object is anchored down. The object
may be affected by it's anchor point
being moved, like a chain attached to a
moving car, or by outside forces such as
wind or another object striking it, like a
bird landing on a branch in a
snowstorm, or a diver bouncing on a
diving board. The variations are
limitless.

Again the type of movement a given object will assume, is largely a result of it's physical
attributes. For any soft, sinewy, easily bendable type of matter, like curtains, drapery, string or
rope, the basic flag animation principles come into effect. A continuous overlapping action
which moves outward through the object like a wave, starting at the pivot or anchor point
and moving out to the end or tip of the object. The size, weight and density of the material, as
well as the speed or intensity of the wind or object affecting it, will determine the speed and
curvature of it's movement.

In the case of more rigid objects, branches for instance, the pivot point is very important, and
another object is more likely to affect it,

although the wind certainly can as well. Without the overlapping wave action of more
sinuous materials, these objects will still display overlapping action, as in a branch bouncing
up and down after a large, frightened animal has jumped on it, (typical cartoon scenario).

And once again I would recommend experimentation with the actual object whenever
possible. '



5) All Other Effects

This is a pretty vast and ill defined area of effects animation. It can entail just about the
strangest types of artwork imaginable, which when combined in the right way create effects
that trick us into seeing something that is not really there. If the wheel of a car is animated to
show a slow stretching and squashing action, and then a flashing, slightly blurred reflection is
animated in a static position on the circumference of the wheel, we can create the illusion the
wheel is spinning, but we have not animated a spinning wheel!

The same holds true when animating a tornado or whirl pool. A reflective area on the face of
an undulating vortex simple has to jitter back and forth in place and the impression of
spinning will be perceived because we know that tornadoes spin. Our preconceived ideas of
how things move are often responsible for making this sort of animation work.

Another fantastic technique for creating surprisingly impressive effects, is the use of a slot gag
and actuator. Initially this trick was used in conjunction with the back-lit techniques
described earlier, but it is still useful today. The basic concept is that 2 or more designs on
separate pieces of artwork, when moved against each other, create new and surprisingly
beautiful designs when they interact. This technique can be used to create sparkling water
surface f.x., or the sparkling effect on Jessica Rabbit's dress, or the beautiful radiating lights we
see on the Paramount Pictures opening tag. Alot of experimentation is often necessary to
achieve the desired results, but they are usually worth it, and to hand draw the same type of
f x. would be next to impossible.



The Animator As Actor

1 As A

el by Steven Paul Leiva

The Animetor as Actor '— it's a simple concept, a statement complete enough tq
require no explanations beyond its own words. But somewhere this simple COH&Ept"
has been lost, or forgotten, or possibly never even considered by the public, -
and, more importantly, by the press which gives the public much of the informatiq
upon which it forms impressions. When the general press runs an article on I
animation, it is almost inevitable that the main point made, the "news" imparted,
will be that there were, "Over so many odd thousands of drawings made to compiet
this film." Then everybody goes "Ooch!" and "Ahh!" and shake their heads in<t =

-

wonder as if they were being told how many hairs there are on a centipede‘s }eg..
The impression is made that an animator is only and just'an individual who does.-:
a tremendous -- possibly a tremendously silTy -- amount of drawings that are .
somehow strung together to make a “cartoon.". Animators are seen almost as .= =
manual Tlaborers -- ditchdiggers with pencils -- with bro.s covered with sticky .-
sweat instead of (as it actually is) the furls of creative concentration. This,

of course, is all wrong, Fer as Chuck Jones has said, "Animators do not draw )
drawings, they define characters.™ . , il

Drawings for animators are simply the instrument through whichthey act, emate, =
.....mime, ‘dance,. and.create .characters. as .real .as any-devised- by-nature.- - Their. . <3
- successive drawings are their instrument in no Tess a way than a "live" actor’'s
bady, -2 .singer!s.voice,.or: a-pianist!s-giano -are-their -in§truments.- But no ome
ever seems concerned over how many individual moves an actor makes to complete. .
a2 scene, how many notes a singer hits to complete a song, or how many keys :
Horowitz strikes during his playing of ‘Rachmaninoff's second piano concerto. :
The concern {s over how well they acted, sang, or played; how they -- as artists’
-- interpreted the scene, song, or composition. It should be the same for _ .- -
animators.. For it is not really the drawings that matter, or how many there are,
but, rather, what matters is how well the animator succeeds through successive
drawings in breathing 1ife intc the characters his lines define. The animator

lays drawings, utilizing "movement scales" rather than musical scales to

redlize a desired effect. The animator mimes action, but he does-it on paper, ::
instead of with his body. s,
Exactly how the animator does this cannot really be explained. But neither €an: -
it be explained exactly how Horowitz so brilliantly interprets Rachmaninoff.:-: .~
You can't just say, “Well, he hit all the right keys at the right times.,® . *I -
It is something more wonderfully mysterious than that, something more interior.

And so is animation. You cannot just report.the thousands of drawings it takes,
and feel that you've explained it. You have to try for a deeper understanding.

As you view the classic character animation in this program, realize that what

you are seeing are not drawings that move and act, but rather, movement and
acting that is drawn,



Motivated for Effects
Notes from Dorse on MOTIVATION 3/31/97

People who are not interested are people who are not interesting. You
have probably found, from your own experience, that people who are
interested in you are people who are more interesting to you. The
key is the interest! The interest motivates.

Interest...A feeling of curiosity or concern about something.
Interesting...Arousing or holding attention.
Motive...An emotion acting as an incitement to action.

To be an effects animator... fo be anything...one must be motivated,
interested. The broader the interest is to the motivation the more effective
you will be at whatever it is you want to be. A lousy bank robber will be
someone who is only interested in the money. Chances are it won't be long
before that robber is caught. An effective bank robber will be someone
whose interests cover all aspects of the job. An interest in bank security
systems, the layout of the building, number of personnel, etc. will be only
some of the areas of interest. The more attention paid to these details the
more effective the robber will be. The money will follow. Hopefully a long
prison sentence will also follow because it's not nice to steal other peoples’
hard-earned money.

Now... if you want to animate effects you need to have an interest in things.
Everything. You will be called upon to make an audience believe that they
are experiencing a fantasy on the screen of which an important ingredient
will be any number of different effects. The more things you're interested
in and know about, the better animator you will be and the more fun you
will have doing it. No one will put you in jail for it and the money will
follow. We all have to make a living!

ART...Many people have said "I don't know what art is but I know what |

like." I think art is something someone has constructed which the majority
of the people of a given system are attracted to. How presumptuous of me!

If a person attempts to animate effects by copying other peoples' work and
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LIGHTING
-First come up with a deign for what you want your lightning tolook like.

-Work backwards form that, illi minating parts of your design as you go. Keeping track
of key areas of the bolt that you can use for directional movement.

-Once you've established you main bolt action’youcan begin breaking down your - -
animation.  You may wish to have your main bolt “snap" into another position.
Perhaps add some minor trailing bolts to act as speed lines. These would dissipate in
2/3 frames. Your  previous main bolt would stay in its final position by just tracing it
back with each succeeding drawing traced back thinner from any where from 34
frames to 12-16 frames. In other words Residual Images or Bolts. :

—Incidental fine streamers can be added and remain on screen for 2/4 frames. These could
appear in their final and complete design instantaneously no animation is needed,
trace back  only.
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