








FIGURE 28.23 »>

A fairly pure spectrum is
produced by passing white
light through a thin slit, two
lenses, and a prism.

FIGURE 28.24 A

A spectroscope separates
light into its constituent fre-
quencies. Light illuminates
the thin slit at the left, and
then it is focused by lenses
onto either a diffraction
grating (shown) or a prism
on the rotating table in

the middle.
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Relating Frequency and Energy The frequency of the emitted
photon, or its color, is directly proportional to the energy transition
of the electron. In shorthand notation,?!!!

f~E

A photon carries an amount of energy that corresponds to its fre-
quency. Red light from neon gas, for example, carries a certain
amount of energy. A photon of twice the frequency has twice as
much energy and is found in the ultraviolet part of the spectrum.
When many atoms in a material are excited, many photons with
many different frequencies are emitted, all corresponding to transi-
tions of electrons between many different levels.

So measuring the frequencies of light in a spectrum is also
measuring the relative energy levels in the atom emitting that light.
Hence, the frequencies, or colors, of light emitted by elements are
the “fingerprints” of the elements.
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Analyzing Light The light from glowing elements can be analyzed
with an instrument called a spectroscope. This chapter began with
a brief account of Newton’s investigation of light passing through a
prism. The spectrum formed in Newton’s first experiment was blurry
because it was formed by overlapping circular images of the circular
hole in his window shutter. He later produced a better spectrum by
first passing light through a thin slit and then focusing it with lenses
through the prism and onto a white screen, as shown in Figure 28.23.
If the slit is made narrow, overlapping is reduced, and the colors in
the resulting spectrum are much clearer.

This arrangement of thin slit, lenses, and a prism (or a diffraction
grating) is the basis for the spectroscope.”®!'* A simple spectroscope
with a diffraction grating is shown in Figure 28.24. A spectroscope
displays the spectra of the light from hot gases and other light
sources. (Spectra is the plural of spectrum.) The spectra of light
sources are viewed through a magnifying eyepiece.



a. incandescent bulb

c. sodium

d. mercury

When light from a glowing element is analyzed through a spectro-
scope, it is found that the colors are the composite of a variety of dif-
ferent frequencies of light. The spectrum of an element appears not as
a continuous band of color but as a series of lines, as shown in Figure
28.25. Such a spectrum is known as a line spectrum. A line spectrum
is a pattern of distinct lines of color, with each line corresponding to
a frequency of light. The spectral lines seen in the spectroscope are
images of the slit through which the light passes. Note that each col-
ored line appears in the same position as that color in the continuous
spectrum. A clear spectrum is produced when atoms are made to glow
in the gaseous phase. In the solid phase, as in a lamp filament, where
atoms are crowded together, the characteristic colors of the atoms are
smudged to produce a continuous spectrum.

Much of the information that physicists have about atomic struc-
ture is from the study of atomic spectra. The atomic composition of
common materials, the sun, and distant galaxies is revealed in the
spectra of these sources. Even the element helium, the second most
common element in the universe, was discovered through its “finger-
print” in sunlight. The spectrometer is a very useful and powerful tool.

z?'lNEcé:l(r What happens to an excited atom after it emits light?

FIGURE 28.25 A

a. An incandescent bulb
has a continuous spectrum.
Each of the three elements
b. hydrogen, c. sodium, and
d. mercury has a different
line spectrum.

Most elements found on
Earth, and even organic
molecules, complex and
simple, are found in

spectra of interstellar
gases.
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