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Figure 7 .3 The electric field and 
magnetic field components of an 
electromagnetic wave. These two 
components have the same 
wavelength, frequency, and 
amplitude, but they vibrate in two 
mutually perpendicular planes. 

A more accurate value for the speed of 

light is given on the inside back cover of 

the book. 

Similar problem: 7.7. 

z Electric fi
z 

component 

X 

Magnetic field component 

Electromagnetic waves travel 3.00 X 108 meters per second (rounded oft), or 186,000 
miles per second in a vacuum. This speed does differ from one medium to another, but 

not enough to distort our calculations significantly. By convention, we use the symbol c

for the speed of electromagnetic waves, or as it is more commonly called, the speed of 
light. The wavelength of electromagnetic waves is usually given in nanometers (nm). 

Example 7.2 

The wavelength of the green light from a traffic signal is centered at 522 nm. What is 
the frequency of this radiation? 

Strategy We are given the wavelength of an electromagnetic wave and asked to calculate 
its frequency. Rearranging Equation (7.1) and replacing u with c (the speed of light) gives 

C 
v=-

A 

Solution Because the speed of light is given in meters per second, it is convenient to 
first convert wavelength to meters. Recall that 1 nm = 1 X 10-9 m (see Table 1.3). We
write 

1 X 10-9m _ 
A= 522nm X ---- = 522 X 10 9m

l nm
= 5.22 X 10-7 m 

Substituting in the wavelength and the speed of light (3.00 X 108 mis), the frequency is 

3.00 X 108 mis 
v= 

5.22 X 10-7 m
= 5.75 X 10 14/s, or 5.75 X 10 14 Hz • 

Check The answer shows that 5.75 X 10 14 waves pass a fixed point every second. This 
very high frequency is in accordance with the very high speed of light. 

Practice Exercise What is the wavelength (in meters) of an electromagnetic wave 
whose frequency is 3.64 X 107 Hz? 

Figure 7.4 shows various types of electromagnetic radiation, which differ from 

one another in wavelength and frequency. The long radio waves are emitted by large 

antennas, such as those used by broadcasting stations. The shorter, visible light waves 
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Animation: 
Emission Spectra 

ARIS, Animations 

When a high voltage is applied between 

the forks, some of the sodium ions in the 

pickle are converted to sodium atoms in 

an excited state. These atoms emit the 

characteristic yellow light as they relax to 

the ground state. 

Einstein's theory of light posed a di-lemma for scientists. On the one hand, it 
explains the photoelectric effect satisfactorily. On the other hand, the particle theory 
of light is not consistent with the known wave behavior of light. The only way to 
resolve the dilemma is to accept the idea that light possesses both particlelike and 
wavelike properties. Depending on the ,experiment, light behaves either as a wave or 
as a stream of particles. This concept, called particle-wave duality, was totally alien 
to the way physicists had thought about matter and radiation, and it took a long time 
for them to accept it. We will see in Section 7.4 that a dual nature (particles and 
waves) is not unique to light but is characteristic of all matter, including electrons. 

7 .3 Bohr's Theory of the Hydrogen Atom 

Einstein's work paved the way for the solution of yet another nineteenth-century 
"mystery" in physics: the emission spectra of atoms. 

Emission Spectra 

Ever since the seventeenth century, when Newton showed that sunlight is composed of 
various color components that can be recombined to produce white light, chemists and 
physicists have studied the characteristics of emission spectra, that is, either continuous 

or line spectra of radiation emitted by substances. The emission spectrum of a substance 
can be seen by energizing a sample of material either with thermal energy or with some 
other form of energy (such as a high-voltage electrical discharge). A "red-hot" or "white
hot" iron bar freshly removed from a high-temperature source produces a characteristic 
glow. This visible glow is the portion of its emission spectrum that is sensed by eye. The 
warmth of the same iron bar represents another portion of its emission spectrum-the 
infrared region. A feature common to the emission spectra of the sun and of a heated 
solid is that both are continuous; that is, all wavelengths of visible light are represented 
in the spectra (see the visible region in Figure 7.4). 

The emission spectra of atoms in the gas phase, on the other hand, do not show 
a continuous spread of wavelengths from red to violet; rather, the atoms produce bright 
lines in different parts of the visible spectrum. These line spectra are the light emis

sion only at specific wavelengths. Figure 7 .6 is a schematic diagram of a discharge 
tube that is used to study emission spectra, and Figure 7.7 shows the color emitted 
by hydrogen atoms in a discharge tube. 

Every element has a unique emission spectrum. The characteristic lines in atomic 
spectra can be used in chemical analysis to identify unknown atoms, much as fingerprints 
are used to identify people. When the lines of the emission spectrum of a known element 
exactly match the lines of the emission spectrum of an unknown sample, the identity of 
the sample is established. Altitough the utility of this procedure was recognized some 
time ago in chemical analysis, the origin of these lines was unknown until early in the 
twentieth century. Figure 7.8 on p. 276 shows the emission spectra of several elements. 

Emission Spectrum of the Hydrogen Atom 

In 1913, not too long after Planck's and Einstein's discoveries, a theoretical explana
tion of the emission spectrum of the hydrogen atom was presented by the Danish 
physicist Niels Bohr. t Bohr's treatment is very complex and is no longer considered 

tNiels Henrik David Bohr (1885-1962). Danish physicist. One of the founders of modem physics, he 
received the Nobel Prize in Physics in 1922 for his theory explaining the spectrum of the hydrogen atom. 
















































































