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10.3: Emission Spectra

The incandescent light bulbs that have been phasing out over the past decade or so contain a very thin wire filament that emits light
when heated. The filament in these bulbs is typically made of tungsten, since it can be heated to high temperatures without melting.
The light emitted by a hot tungsten filament contains virtually every frequency and therefore, appears white. Such a spectrum of
frequencies is called a continuous spectrum (no gaps or lines stand out). Every element emits light when energized by heating or
passing electric current through it. Solid elements begin to glow when they are heated sufficiently, while elements in gaseous form
emit light when electricity passes through them or when they are atomized in a flame. This is the source of light emitted by neon
signs and is also the source of light in a fire.

Figure 10.3.1: White light passing through a prism to produce a continuous spectrum (top — Spigget, CC BY-SA 3.0, via Wikimedia
Commons). A continuous spectrum (bottom — Stkl, Public domain, via Wikimedia Commons).

Each Element Has a Unique Spectrum

The light frequencies emitted by atoms are mixed together by our eyes so that we see a blended color. Several physicists, including
Angstrom in 1868 and Balmer in 1875, passed the light from energized atoms through glass prisms in such a way that the light was
spread out so they could see the individual frequencies that made up the light (see Figure 10.3.1).

The emission spectrum (or line spectrum) of a chemical element is the unique pattern of light obtained when the element is
subjected to heat or electricity. When hydrogen gas is placed into a tube and electric current passed through it, the color of emitted
light is pink. However, when separated using a prism or diffraction grating, the hydrogen spectrum reveals four individual
frequencies (see top image in Figure 10.3.2). The pink color of the tube is the result of our eyes blending the four colors.
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Figure 10.3.2: From top to bottom, the atomic emission spectra for H, He, Mg, and Xe. (Christopher Thomas via Wikimedia
Commons)

Every atom has its own characteristic spectrum; no two emission spectra (spectra is the plural form of spectrum) are alike. The
images in above show the emission spectra of hydrogen, helium, magnesium, and xenon, respectively.

shows how line spectra may be produced and observed. Since each element has a unique emission spectrum, they are often referred
to as the "fingerprints" of the elements.

Video 10.3.1: Spectrum Demo: Continuous and Emission

Applications of Emission Spectra

You may have heard about scientists discussing which elements are present in the sun or a more distant star, and after hearing that,
wondered how we could know what elements were present in a place no one has ever been. The elements present in distant stars
may be determined by analyzing the spectrum that comes from the stars and observing that there are lines that
represent wavelengths that have been absorbed by star's stellar atmosphere. If the exact four lines that compose hydrogen's
emission spectrum are present in the lines that had been absorbed by the star's atmosphere then the star contains hydrogen.

While there is some variation in the composition of stars, hydrogen is by far the most abundant element found in stars, followed by
helium, and these two elements are found in virtually all stars. Knowing this to be true, it has also been shown that missing lines in
the spectra of stars in distant galaxies are not quite identical to the spectra for hydrogen and helium found here on Earth. Instead,
they are almost always shifted more toward the reddish portion of the spectrum. It turns out that the more distant the galaxy, the
more redshifted the spectra tend to be. Shifts in the spectra are caused by distant galaxies moving away from the Earth. The
greater the redshift appears, the greater the speed at which the distant galaxy is moving away from the Earth. This is how scientists
know the universe is expanding. See for a short animation.
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Video 10.3.2: Redshift of distant galaxies.

Additional applications of emission spectra or line spectra include different color "neon" lights, not all of which contain the
element neon. Fireworks of different colors are also the result of using different elements, since each element has its own unique
spectrum. shows different color flames that are the result of using salts that contain different elements.

Video 10.3.3: Salts containing different elements yield different color flames.

Summary
e Fach element has its own unique emission spectrum.
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