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In a helium—neon (He—Ne) laser, the lasing material is a gas, a mixture of
about 85% He and 15% Ne. The atoms are excited by applyving a high voltage to
the tube so that an electric discharge takes place within the gas. In the process,
some of the He atoms are raised to the metastable state E; shown in Fig. 28-20,
which corresponds to a jump of 20.61 eV, almost exactly equal to an excited
state in neon, 20.66 eV. The He atoms do not quickly return to the ground state
by spontaneous emission, but instead often give their excess energy to a Ne
atom when they collide—see Fig. 28-20. In such a collision, the He drops to the
ground state and the Ne atom is excited to the state £} (the prime refers to
neon states). The slight difference in energy (0.05eV) is supplied by the kinetic
energy of the moving atoms. In this manner, the E} state in Ne—which is
metastable—becomes more populated than the Ej level. This inverted popula-
tion between E5 and EY is what is needed for lasing.
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Other types of laser include: chemical lasers, in which the energy input comes
from the chemical reaction of highly reactive gases; dye lasers, whose frequency is
tunable; CO, gas lasers, capable of high power output in the infrared: rare-earth
solid-state lasers such as the high-power Nd:YAG laser; and the semiconductor
diode laser, also called pn junction laser, in which the transitions occur between
the bottom of the conduction band and the upper part of the valence band
{Section 29-6). CD and DVD players (see below) use semiconductor lasers.

The excitation of the atoms in a laser can be done continuously or in pulses.
In a pulsed laser, the atoms are excited by periodic inputs of energy. In a
continuous laser, the energy input is continuous: as atoms are stimulated to jump
down to the lower level, they are soon excited back up to the upper level so the
output is a continuous laser beam. No laser is a source of energy. Energy must be
put in, and the laser converts a part of it into an intense narrow beam output.

Applications

The unique feature of light from a laser, that it is a coherent narrow beam, has
found many applications. Lasers are a useful surgical tool. The narrow intense
beam can be used to destroy tissue in a localized area, or to break up gallstones
and kidney stones. Because of the heat produced, a laser beam can be used to
“weld"” broken tissue, such as a detached retina. The laser beam can be carried by
an optical fiber (Section 23-6) to the surgical point, sometimes as an additional
fiber-optic path on an endoscope, Fig. 28-21 (see also Section 23-6). An example
is the removal of plaque clogging human arteries. Tiny organelles within a living
cell have been destroyed using lasers by researchers studying how the absence of
that organelle affects the behavior of the cell. Laser beams are used to destroy
cancerous and precancerous cells; and the heat seals off capillaries and lymph
vessels, thus “cauterizing” the wound to prevent spread of the disease.

The intense heat produced in a small area by a laser beam is used for
welding and machining metals and for drilling tiny holes in hard materials.
Because a laser beam is coherent, monochromatic, narrow, and essentially
parallel, lenses can be used to focus the light into even smaller areas. The precise
straightness of a laser beam is also useful to surveyors for lining up equipment
accurately, especially in inaccessible places,
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