substances, and because many substances fluoresce readily, fluorescence is a
powerful tool for identification of compounds. Tt is also used for assaying—
determining how much of a substance is present—and for following substances
along a natural metabolic pathway in plants or animals. For detection of a given
compound, the stimulating light must be monochromatic, and solvents or other
materials present must not fluoresce in the same region of the spectrum. Sometimes
the direct observation of fluorescent light being emitted is sufficient to detect a
compound. In other cases, spectrometers are used to measure the wavelengths and
intensities of the emitted light.

Fluorescent lightbulbs work in a two-step process. The applied voltage accel-
erates electrons that strike atoms of the gas in the tube and cause them to be
excited. When the excited atoms jump down to their normal levels, they emit
UV photons which strike a fluorescent coating on the inside of the tube, The light
we see is a result of this material fluorescing in response to the UV light striking it.

Materials such as those used for luminous watch dials are said to be
phosphorescent. When an atom is raised to a normal excited state, it drops back
down within about 10™"s. In phosphorescent substances, atoms can be excited by
photon absorption to energy levels called metastable, which arc states that
last much longer—even a few seconds or longer. In a collection of such atoms,
many of the atoms will descend to the lower state fairly soon, but many will
remain in the excited state for over an hour. Hence light will be emitted even
after long periods, When you put your watch dial close to a bright lamp, it excites
many atoms to metastable states, and you can see the glow a long time after.

o m Lasers

A laser is a device that can produce a very narrow intense beam of monochromatic
coherent light. (By coherent, we mean that across any cross section of the beam, all
parts have the same phase.) The emitted beam is a nearly perfect plane wave. An
ordinary light source, on the other hand, emits light in all directions (so the intensity
decreases rapidly with distance), and the emitted light is incoherent (the different
parts of the beam are not in phase with each other). The excited atoms that emit the
light in an ordinary lightbulb act independently, so each photon emitted can be
considered as a short wave train, typically 30 cm long and lasting 10 ® s, These wave
trains bear no phase relation to one another. Just the opposite is true of lasers.

The action of a laser is based on quantum theory. We have seen that a photon
can be absorbed by an atom if (and only if) its energy Af corresponds to the
energy difference between an occupied energy level of the atom and an available
excited state, Fig. 28—16a. If the atom is already in the excited state, it may jump
spontaneously (i.e., no stimulus) to the lower state with the emission of a photon.
However, if a photon with this same energy strikes the excited atom, it can stimu-
late the atom to make the transition sooner to the lower state, Fig. 28—16b. This
phenomenon is called stimulated emission: not only do we still have the original
photon, but also a second one of the same frequency as a result of the atom’s tran-
sition. These two photons are exactly in phase, and they are moving in the same
direction. This is how coherent light is produced in a laser. Hence the name laser,
which is an acronym for light amplification by stimulated emission of radiation.

Normally, most atoms are in the lower state, so the majority of incident
photons will be absorbed. To obtain the coherent light from stimulated emission,
two conditions must be satisfied. First, the atoms must be excited to the higher
state so that an inverted population is produced, one in which more atoms are in
the upper state than in the lower one (Fig. 28—17). Then emission of photons will
dominate over absorption. And second, the higher state must be a metastable
state—a state in which the electrons remain longer than usual’ so that the transi-
tion to the lower state occurs by stimulated emission rather than spontaneously.

"An excited atom may land in such a state and can jump to a lower state only by a so-called
forbidden transition (discussed in Section 28-6), which is why its lifetime is longer than normal.

FIGURE 28-15 When UV light
illuminates these rocks, they fluoresce
in the visible region of the spectrum.
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FIGURE 28-16 (a) Absorption of
a photon. (b) Stimulated emission.
£, and E| refer to “upper” and
“lower™ energy states.
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FIGURE 28-17 Two energy levels
for a collection of atoms. Each dot
represents the energy state of one
atom. (a) A normal situation: (b) an
inverted population.
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