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The emission spectrum of a single atom is discrete, meaning that you will observe the

electromagnetic radiation being emitted by isolated atoms in certain

energy/frequency bands:
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Emission bands of hydrogen, helium, mercury and uranium. The x-axis is the

wavelength.

This is because the energy levels in atoms are quantized . An electron can only emit

certain frequencies of light to go from a high energy level to a lower one.

If you look closely at the above figure, you will see that each of these bands has a

distinct non-zero width. The widths of these energy bands are limited by the time-

frequency uncertainty principle (related to the Heisenberg uncertainty principle ) of

waves,

where  is the width of the frequency band and  is the lifetime of the excited state,

i.e. the time it takes for the electron to emit the photon and transition to the lower

δfδt ∼ 1

δf δt
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energy state (on average). Thus, by looking at the above bands and measuring the

width of each band, you can estimate how long this emission process takes (typically

on the order of nanoseconds). For isolated atoms (like those in a low pressure gas),

this  is just the natural lifetime of the excited state, determined by quantum

mechanics.

However, as you increase the pressure of a gas, the atoms start bumping into one

another more frequently. If two atoms collide while an electron in one of them is in

the middle of emitting a photon, the emission process is cut short and the lifetime 

is reduced. Consequently, due to the uncertainty relation above, the spread of

frequencies  of the emitted photons increases. This phenomenon is called pressure

broadening  of spectral lines. If the pressure is high enough, and the collisions are

sufficiently frequent, the bands in the above picture start to blend into one another

and you go from a discrete spectrum to a continuous one:

δt

δt

δf
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Because electron orbitals are quantized.

In the plasma that is created in the discharge, electrons and atoms/ions collide

continuously. These collisions hit electrons out of atoms. Not necessarily the

outermost electron is hit. Other electrons that are still in higher orbitals can fall back

to the lower empty orbital. When atoms or ions capture a free electron, it can be

captured into a higher orbital and then fall back to a lower one. These “fallback”

events often happen under emission of a photon of exactly that energy.

See also: Emission spectrum - Wikipedia
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