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FIGURE 28-18 Laser diagram, : g
showing excited atoms stimulated to @ I " beam

emit light.

Figure 28-18 is a schematic diagram of a laser: the “lasing” material is placed in a
long narrow tube at the ends of which are two mirrors, one of which is partially
transparent (transmitting perhaps | or 2%). Some of the excited atoms drop down
fairly soon after being excited. One of these is the blue atom shown on the far left
in Fig. 28—18. If the emitted photon strikes another atom in the excited state, it
stimulates this atom to emit a photon of the same frequency, moving in the same
direction, and in phase with it. These two photons then move on to strike other
atoms causing more stimulated emission. As the process continues, the number of
photons multiplies. When the photons strike the end mirrors, most are reflected
back, and as they move in the opposite direction, they continue to stimulate more
atoms to emit photons. As the photons move back and forth between the mirrors,
a small percentage passes through the partially transparent mirror at one end.
These photons make up the narrow’ coherent external laser beam.

In a well-designed laser, the spreading of the beam is limited only by
diffraction, so the angular spread is = A/ D (see Eq. 24-3 or 25-7) where D is the
diameter of the end mirror. The diffraction spreading can be incredibly small.
The light energy, instead of spreading out in space as il does for an ordinary
light source, is directed in a pencil-thin beam.

* Creating an Inverted Population

The excitation of the atoms in a laser can be done in several ways to produce

Rubyv laser  the necessary inverted population. In a ruby laser, the lasing material is a ruby
rod consisting of AlLO; with a small percentage of aluminum (Al) atoms
replaced by chromium (Cr) atoms. The Cr atoms are the ones involved in lasing.
In a process called optical pumping, the atoms are excited by strong flashes of
light of wavelength 550 nm, which corresponds to a photon energy of 2.2 eV. As
shown in Fig. 28-19, the atoms are excited from state F, to state F,. The atoms
quickly decay either back to E, or to the intermediate state E;, which is
metastable with a lifetime of about 3 X 10™"s (compared to 10™*s for ordinary
levels). With strong pumping action, more atoms can be found in the E, state
than are in the E, state. Thus we have the inverted population needed for lasing.
As soon as a few atoms in the E; state jump down to £, they emit photons that
produce stimulated emission of the other atoms, and the lasing action begins, A
ruby laser thus emits a beam whose photons have energy [.8eV and a wave-
length of 694.3 nm (or “ruby-red” light).

"Inside the tube, some spontancously emitted photons will be emitted at an angle to the axis, and
these will merely go out the side of the tube and not affect the narrowness of the main beam.

FIGURE 28-19 Energy levels of chromium in a — E,

ruby crystal. Photons of energy 2.2 eV “pump” aloms 0.4 éVl )

from E; to E,. which then decay to metastable state E|. £} (metastable)
Lasing action occurs by stimulated emission of photons
in transition from E, to E;.
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