Foam
Typically a packaged beer contains between 2.2 and 2.8 volumes of carbon dioxide (that is, for every milliliter of beer there are between 2.2 and 2.8 ml of CO2 dissolved in it). At atmospheric pressure and 0°C, a beer will dissolve no more than its own volume of CO. Introduction of these high levels of CO2 demands the pressurizing of beer. Yet if you take the cap off a bottle of beer, the gas normally stays in solution. The beer is said to be supersaturated. To produce foam you must do some work.

Foaming is dependent on the phenomenon of nucleation, that is, the creation of bubbles. Bubble growth and release occurs at nucleation sites, which might include cracks in the surface of a glass, insoluble particles in beer, or gas pockets introduced during dispense. Pockets of gas are introduced whenever beer is agitated, as anyone will tell you who has tried to open a can of lager that has been dropped.

The physics of bubble formation is far from completely understood and is astonishingly complicated. Brewers have approached the problem as much empirically as on a firm scientific foundation. For instance, glasses have been scratched to ensure a plentiful and continuous release of gas bubbles to replenish the foam, a phenomenon sometimes referred to as “beading.” Draft dispense is typically through a tap designed to promote gas release. Most recently, the widget, mentioned in chapter 2, has now even found its way into bottles.

Although beers are generally supersaturated with CO2, foam generation is still easier and more extensive the more highly carbonated is the beer. Bubble formation is easier in liquids of lower surface tension (see “The Physics of Foaming and Flow”).

Various materials can lower surface tension, among them the alcohol in beer (ethanol). Ethanol is curious, insofar as it promotes head formation at levels of up to say 1%, whereas at higher concentrations it is progressively detrimental to foam.

Various physical factors are involved in dictating the rate at which beer foam collapses. As soon as foam has formed, beer trapped between the bubbles starts to drain from it because of gravity. Anything that increases the viscosity of the beer should reduce the rate of drainage. Since viscosity increases as temperature decreases, colder beer has better foam stability. Counter to this is the fact that foam forms more readily at higher temperatures, because gas is less soluble.

As liquid drains, the regions between bubbles become thinner, leading to coalescence as bubbles merge into bigger ones. The effect is to coarsen the foam and make it less attractive: foams with smaller bubbles are whiter, with a more luscious consistency in the mouth.

The least desirable set of circumstances occurs if the bubbles in foam are of assorted sizes. The gas pressure in a small bubble is greater than that in a larger one. If two such bubbles are next to one another, then gas will pass from the small bubble to the larger one until the smaller bubble disappears. The result, once again, is a shift to a “bladdery” and unattractive foam. This phenomenon, which is called “disproportionation,” happens more quickly at higher temperatures but to a lesser extent if the gas pressure above the liquid is increased. Try covering your beer glass: you'll find that the foam survives longer. This is the principle of the German beer stein, although as steins are generally ornate and the beer can't be seen, the objective is somewhat defeated.

