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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,28.11.1

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.

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.28.11.2 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.

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 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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� Teaching Tip   Explain light 
emission using the analogy of the 
emission of sound by tiny bells. 
If the bells are made to ring all 
at once while they are crammed 
together in a box, the sound will 
be discordant. The same is true of 
light emitted by atoms that are 
crammed together in a solid (or 
liquid) state. There is a spread of 
frequencies resulting in a wide 
radiation curve, such as that from 
the sun shown in Figure 28.7. 
The light is “smudged,” and 
appears white. (Likewise, the 
sounding of a wide range of 
sound frequencies is called white 
noise.) When bells are far apart 
from one another, however, 
the sound they emit is pure 
and unmuffled. Atoms in the 
gaseous state emit light that is 
“pure and unmuffled”—the light 
emitted by glowing atoms in the 
gaseous state can be separated 
into discrete pure colors with a 
spectroscope.

 A century ago the chemical 
composition of the stars 
was thought to be forever 
beyond our knowledge—and 
today we know as much about 
that composition as we do about 
Earth’s. The light emitted by all 
things is an atomic fingerprint—
it reveals atomic sources. These 
fingerprints are atomic spectral 
lines. 
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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.

CONCEPT
CHECK ...
... What happens to an excited atom after it emits light?

b. hydrogen

c. sodium

d. mercury

a. incandescent bulb

FIGURE 28.25 �
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.

0554_CP09_SE_CH28.indd 573 11/26/07 11:00:24 AM

573

� Teaching Tip   Give some 
examples of spectroscope 
use. Explain how very minute 
quantities of materials are 
needed for chemical analysis, 
how tiny samples of ores are 
sparked in carbon arcs, and how 
the light directed through prisms 
or diffraction gratings can yield 
precise chemical composition. 
Note the use of spectroscopes in 
chemistry and criminology.

� Teaching Tip  Spectrographic 
studies of clouds of dust between 
stars in our galaxy reveal more 
than 120 kinds of molecules. 
Notably, about half these 
interstellar molecules are carbon-
based organic molecules. How 
fascinating that atoms that are 
manufactured in stars then join 
together to form molecules even 
in the deep vacuum of space.  

 Show the spectra of gas 
discharge tubes with a large 
diffraction grating (use an 
8 1/2-in. 3 11-in. sheet of 
plastic grating available from 
scientific supply companies). 
Alternatively, pass out small 
gratings to your students. 
Follow this up with individual 
student viewing of spectral 
lines of discharge tubes seen 
with a spectroscope. The 
spectrum of helium gas is 
particularly impressive.

 After an excited 
atom emits light, it 

returns to its normal state.
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