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I I Yhick and gooey whipped cream topping on a
banana split. Sweet foamy root beer spilling over

a cool frosted glass. Refreshing bubbles sparkling in a
tall tumbler of soda pop. What would we do without
bubbles and foam? From blowing bubbles to the plea-
sures of fizzy soft drinks and fluffy soufflés, bubbles and
foam are fun. Although they convey a lightness of spirit,
bubbles and foam are not light in the science they
contain. As you'll see in this book, the study of bubbles
and foam touches on physics, mathematics, biology,
chemistry, earth science, and cosmology. Foam is also
widespread in iechnology and manufacturing, from
specially tailored medical drugs to foamed aluminum.
Are you ready to learn some foam "fizzicks" and have
some fun?

BUBBLES AND FOAM

EVERY WHERE

Defined as bubbles or cells of gas spread throughout a
liquid or a solid, foams are surprisingly common in
nature and in our lives. From soapsuds in the shower to
sea foam at the beach, from shaving cream on a wet face
to the meringue on lemon pie, foams are all around us.
Solid foamy structures such as bread or cake might be
less apparent foams, but they are still foams. Slice a nice
thick piece of angel food cake or dark rye bread and you
will see the voids left after carbon dioxide has escaped.
Cork and sponge, which gain resilience and floatability
from a multitude of tiny air-filled cells, are also foams.
They are made up of dead biological cells, but the living

| cells that make up our bodily tissues and organs also

behave somewhat like a foam.
Other natural foamlike structures include pumice,
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the airy rock made in volcanic eruptions that is light
enough to float (see "Lava Bubbles: Small and Big"). Even
the awe-inspiring cosmic geometry of the universe has a
foamlike structure. The galaxies are arranged in space so
* as to form the surfaces of immense bubbles hundreds of
millions of light-years across!

Look around you. How many foams can you identify?

FROM A BUBBLE TO A FOAM

Foam requires more than pure liquid and pure gas to form.
Water molecules tend to pull together in an effect called
surface tension, which makes drops and bubbles. This
surface tension alone, however, is not sufficient to make a
long-lasting foam. Something must be added, the mol-
ecules of which interact with the water to make bubble
walls stretchier, and therefore longer-lasting. Such an

additive is called a surfactant, short for "surface-active

agent.” Surfactants make water more elastic and able to

form sturdy bubbles and foam.

To see this for yourself, fill a clear plastic bottle half
full of water, and shake it vigorously. A multitude of
bubbles forms but disappears as soon as you stop shaking.
Now add a drop or two of ordinary liquid soap, and shake
the bottle. When you stop, it will be filled with a foam that
will last for hours, although its form will change.

Isn't foam almost magical? It is so different from its
ingredients. Air and water are clear, yet the foam is white
and opaque; air and water flow freely, yet the foam flows
sluggishly; neither air nor water sticks to your hand, yet the
foam clings even to the bottom of your overturned hand.
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Photo by Marilyn Fletcher

THE PROPERTIES OF FOAM

Look at the foam in the bottle when it is first made (a
magnifying glass may help). You will see a crowd of
round bubbles separated by soapy water. But the water
between the bubbles will soon drain under the pull of
gravity. This drainage is one reason that foams do not
last forever, for it thins the films between the bubbles
until they are too weak to sustain themselves. (To better
understand this death by gravity, researchers plan to
study foam in the weightlessness of the International
Space Station.)

As the films become thinner, the spherical bubbles
crowd together until each becomes a soccer-ball-like
structure, defined by flat or gently curving faces. The
surfaces, however, are not all the same size as those on
a soccer ball, but instead come in apparently random
size and shape. The foam also "coarsens," meaning that
the bubbles become bigger, and the bubble walls dis-
play rainbows of color (more on this later). Hours later,
the foam is reduced to a few thin films. When the last of
these expires, the bottle returns to its original state, half
full of soapy water. All it takes to start the process over
again, though, is a few good shakes.

WHY ARE BUBBLES ROUND?

Right after you reshake the bottle, use the magnifying
glass to look closely at the isolated bubbles in the newly
made foam. They are almost perfect spheres. This is
because it takes surface energy to maintain a bubble,
and like any physical system, a bubble is most stable at
its lowest energy level. Lowest energy is achieved when
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a bubble takes the spherical shape — maximum volume
within minimum surface area. You can see this happen
every time you blow through a plastic loop coated with

a film of bubble solution to make a bubble. As you blow,
the film bulges out, but it immediately starts to form the
curve that will make a sphere once the bubble breaks
free. And to prove that the sphere really has the least
surface area, just compare the surface areas of a sphere,
acube, a pyramid, and other common shapes (all with the
same volume).

In the foam bottle, the round bubbles become poly-
hedral (soccer-ball-shaped) because they must press
together so as to fill all space in the container. That
cannot be achieved with spheres. (Try stacking marbles
within a box: No matter how they are arranged, there are
chinks between adjoining marbles.) But more than nest-
ling perfectly among its neighbors, each polyhedral
bubble must also have minimal surface area.

Now spread a thin layer of bubbles in a shallow,
clear glass container such as a petri dish. Leave just one
or two layers of bubbles so that you can observe them. If
you have access to an ordinary copying machine, you
have a simple way to record the configuration of the
bubbles as time goes on. Place the container on the glass
of the copying machine and make a photocopy at 10-
minute intervals. The coarsening that you will observe
occurs because smaller bubbles contain air under higher

pressure than that in larger bubbles. That air moves
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through the small bubbles’ walls into the larger bubbles
so that the smaller bubbles tend to vanish. Also, when
the pressure is great enough to break a wall shared
with an adjoining bubble, the result is a single bigger
bubble. By analyzing the successive photocopy
images, you will observe that the average bubble size
increases as time passes, giving evidence of coarsening.

In addition to the coarsening property, the 19th-
century Belgian physicist Joseph Antoine Ferdinand
Plateau (incredibly, Plateau did much of his research
while he was blind) formulated three additional proper-
ties of foam: (1) only three films —no more, no fewer —
ever meet to form the edge of a bubble; (2) any two
adjacent films of these three always meet at an angle of
120 degrees; and (3) only four edges — no more, no

fewer — of bubbles ever come together at a point.

wHY ARE BUBBLES COLORFUL
AND FOAMS JUST PLAIN WHITEY

If you look carefully at a bubble blown from
bubble solution, or sitting in a foam, you see
rainbows. These occur because the thin wall
of the bubble breaks up ordinary white sun-
light or lamplight into colors.

When a ray of white light hits a bubble
wall, part is reflected from the front surface of
the wall, and part continues through the wall
and is reflected from its back surface. The
reflected rays mingle with each other. Like all
light, these rays are made of waves, and the
wavelength of each wave (the distance be-
tween one peak and the next) determines the
color of the light. Blue light, for instance, has

a shorter wavelength than red light. As the

mingled waves overlap, light at some wave-
lengths gets stronger and light at other wave-
lengths gets weaker (effects called construc-
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tive or destructive interference). The curve of the bubble
and the thickness of its film determine which rainbow

colors you see.

But when you look at a thick foam, like dense

soapsuds in a bottle or shaving cream, you don't see
rainbows: You just see that the foam is white, and that
you can't look through it. Both happen because a foam
scatters light. A light ray that enters a foam soon
encounters a bubble. That alters the direction of the ray,
and another similar change in course happens every
time the ray hits a bubble as it works its way into the
foam. Few if any rays make it all the way through a
foam.

You can show this with a low-power red pointer-
type laser like those lecturers use. (By the way, this next
step makes an impressive science-fair demonstration.
However, any time you use even such a tiny laser, which
is supposed to be too weak to hurt anyone, make sure the
laser beam does not end up in someone's eye.)

First, shine the laser beam through the air. Sprinkle
some powder or chalk dust in the beam to make it
visible, and you'll see that the beam travels a long way
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in a straight line without losing power. Now shine the laser
onto the foam in the plastic bottle. The beam spreads out
or diffuses as it enters the foam, and continues to spread
and weaken as it goes deeper. Probably you won't see even
a trace of red light coming through the other side of the
foam. In this experiment, the scattered light is the same red
as the laser beam. Under ordinary lighting, however, a
foam becomes filled with scattered white light, and that's
why the foam looks white.

Are you bubbling with enthusiasm to try some of

these experiments? Didn't I tell you that foamy "fizzicks"

is lots of fun?!
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/ People love to drink bubbles. Why else would Ameri- \ |
cans drink an average of 56 gallons of soft drinks ;

per person each year?
NEBHFENTE ., I LAEZEBAFEIBASFEEIBIES560

T83RK?

GETTING BUBBLES INTO THE BOTTLE

Soda is a pressurized mixture of flavored syrup and water to

which carbon dioxide gas has been added. In modern bottling

plants, very cold liquid and carbon dioxide (CO,) are mixed 2

together in big tanks called carbo-coolers, or carbonators. The :

colder the temperature, the more gas can dissolve in the liquid. S

The bottling plant transfers the carbonated soda under

pressure to bottling or canning machines. Machines fill con- §F o

tainers and cap them immediately so that contents stay under §=

pressure. Water sprays bring the sealed containers to room
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[ clean bubbles (those without a surfactant) tra-
/ nsfer gas faster and rise faster. Clean bubbles

actually make your soda go flat faster.
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temperature so that condensation won't form
when they're packed in boxes. Then the soda

goes to stores and restaurants.

MORE BOTTLED BUBBLES

Sparkling water is generally bottled or canned
like soda. Even with naturally carbonated min-
| eral water, bottlers usually filter the water and
add carbon dioxide the way soda bottlers do.

That way, potential contaminants

don't give the water an "off" taste.

! Beer starts with a porridge of
malted (soaked) barley, to which
brewers add iops and special yeast.

¥ Soaking releases some of the sugar

in the grain. "When the yeast gobbles

§ up the sugar, it spits out alcohol and it spits out |

CO,," explains Jonathan Satayathum at (

|l Cleveland's Great Lakes Brewing Company.
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Some breweries release the carbon diox-
ide and then carbonate their product as
soda companies do. Others, like
Great Lakes, maintain a certain
pressure in the tank. Then they
transfer the naturally car-
bonated beer under pres-
sure to machines that fill
kegs or bottles.

Why do beer and non-
alcoholic root beer form
foamy "heads" when
poured? As their bubbles
rise, they absorb chemicals
that act as surfactants. These
"surface-active" chemicals like to
be on the surface, says Ira Leifer at
the University of California, Santa
Barbara. When they are, they weaken sur-
face tension and delay bubble bursting.

Wineries that produce champagne and
fine sparkling wine use a first step of fermen-
tation to produce a low-alcohol still wine.
They bottle that, add yeast and sugar, and let
it ferment again. Afterward, wineries con-
centrate the lees (dead yeast) by placing
bottles at an angle on racks and rotating them
periodically. The bottlenecks are frozen in a
chemical solution, the bottles go on a con-
veyor belt, and the tops are opened. Gas
pressure shoots the lees out, machines top off
fluid levels, and within seconds the bottles
get corked and caged. The pressure inside
the corked bottle is six atmospheres, or three
times the pressure in a car's tires. No wonder
the bottle goes "Pop!" when it's finally

uncorked!

14

rL Gently shake each bottle. Repe {
ore bubbles form in one bottle. Whic
flat first?
imifixT
TR,

KIS Bl —HE, FE AR BUR AL = . T
H—LEERET, WARMAE], NRFRNES
FRFERE AR T B SRBR AL O P R R 2.

Ay T AR M A SRS B AR T ORI 2
£ LT —Z K EE B S oii—3
AT REE R AP . AR eI K~ 2%
EER AT - KRB, XL “BIERT” 1Y
P24 B A B e R T EATHISS TR KT,
R T RIMEHIBt K,

A PR A I T A R o
i A AR 7 REE R AT, RS RO, RS IIEERE
R AR, 25, MEm Ui
— [ AR E T 3R L, e I e DAVR 40 TS
(BILTRIBERE) . MISBHR R ER AR, T
Bk L AL LS BT T U R b,
HLES FRRHR PR, JLEHE T B,

FHARAAERA TR UESIRE R =HAS

Fe. BRI, T SR —RE,




