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NGC 1309, a beautiful spiral galaxy, hosted a Type la supernova in 2002 (see image on page 116).
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Type la Supernovas—The Workhorses of Cosmology

The Type la supernova is the workhorse of observational cosmology. (Cosmology is the investigation of the nature and origins of the
universe.) In its sudden brilliance, a typical Type la supernova puts out 4 billion times as much light as our Sun, making it briefly visible
far across space. What makes these massive explosions truly usefulis the fact that their intrinsic brightness is known and understood.
This calibration qualifies a Type la supernova as a “standard candle.” That is, knowing the intrinsic brightness beforehand, we can
compute the distance to any Type la supernova by applying the inverse-square law of brightness. For example, at twice the distance, a
standard candle appears one-quarter as bright.

The precursor of a Type la supernova is actually one of two orbiting stars bound by gravity. The one that is destined to explode began life
as an ordinary star, with mass similar to the Sun or smaller. After burning up its nuclear fuel, it collapsed to a bright cinder of completely
ionized atoms. Astronomers call such an object a “white dwarf.” A white dwarf is about the size of Earth, but with a mass density hun-
dreds of thousands of times greater. These exotic objects are stable because a repulsive force of quantum-mechanical origins opposes
the gravity that would otherwise cause it to collapse.

The luminosity of a Type la supernova is standard because nature prepares the
explosion with [aboratory precision, gradually adding material until the critical
mass is achieved. The detonation occurs when the mass of the “bomb” ex-
ceeds the limit found by Subrahmanyan Chandrasekhar—1.44 solar masses,
exactly.

How does this work?

If the separation of the binary stellar system is small enough, gravity can cause
mass to flow from the normal star to the white dwarf. Inexorably, the mass of
the white dwarf grows until it reaches 1.44 solar masses, when the entire star
ignites as a giant thermonuclear bomb. Voilal—the standard explosion of a
Type la supernova.

In the decades that have passed since the expansion of the universe was first

recognized in 1929, larger and larger telescopes with increasingly sensitive in-

The 2002 Type la supernova in NGC 1309. (Photo credit: W, Liand  Struments have enabled astronomers to observe Type Ia supernovas at greater

A. V. Filippenko, University of California, Berkeley) distances. They reach back ever closer to the birth of the universe. Today, Hub-
bleis the most powerful telescope for these observations, capable of observing
a Type la supernova located three-quarters of the way back to the Big Bang.
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