It is useful to show the various possible energy values as horizontal lines on
an energy-level diagram. This is shown for hydrogen in Fig, 27-27.7 The electron
in a hydrogen atom can be in any one of these levels according to Bohr theory.
But it could never be in between, say at —9.0eV. At room temperature, nearly

Line specira all H atoms will be in the ground state (n = 1). At higher temperatures, or
emission explained  during an electric discharge when there are many collisions between free elec-
trons and atoms, many atoms can be in excited states (n > 1). Once in an
excited state, an atom’s electron can jump down to a lower state, and give off a
photon in the process. This is, according to the Bohr model, the origin of the

emission spectra of excited gases.
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The vertical arrows in Fig. 27-27 represent the transitions or jumps that
correspond to the various observed spectral lines. For example, an electron
jumping from the level n = 3 to n = 2 would give rise to the 656-nm line in the
Balmer series, and the jump from # = 4 to » = 2 would give rise to the 486-nm
line (see Fig. 27-22). We can predict wavelengths of the spectral lines emitted by
combining Eq. 27-10 with Eq. 27-135. Since hf = hc/A, we have from Eq. 27-10
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where n refers to the upper state and »n’ to the lower state. Then using Eq. 27-15,
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This theoretical formula has the same form as the experimental Balmer
formula, Eq. 27-9, with n" = 2. Thus we see that the Balmer series of lines
corresponds to transitions or “jumps” that bring the electron down to the
second energy level. Similarly, »” = | corresponds to the Lyman series and
n' = 3 to the Paschen series (see Fig. 27-27).

(27-16)
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"Note that above E = 0, an electron is free and can have any energy (E is not quantized). Thus
there is a continuum of energy states above F = (0, as indicated in the energy-level diagram of
Fig. 27-27.
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