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FIGURE 27-22 Balmer series of
lines for hydrogen.

FIGURE 27-23 Line spectrum of
atomic hydrogen. Each series fits the

formula 2o (L, - i,) where
A n'= o

n' =1 for the Lyman series,

n' =2 for the Balmer series.

3 for the Paschen series, and so

on: i can take on all integer values

from n =n" + 1 up to infinity.

The only lines in the visible region

of the electromagnetic spectrum are

part of the Balmer series.
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In low density gases, the atoms are far apart on the average and hence the
light emitted or absorbed is assumed to be by individual atoms rather than
through interactions between atoms, as in a solid, liquid, or dense gas. Thus the
line spectra serve as a key to the structure of the atom: any theory of atomic
structure must be able to explain why atoms emit light only of discrete wave-
lengths, and it should be able to predict what these wavelengths are.

Hydrogen is the simplest atom—it has only one electron orbiting its
nucleus. Tt also has the simplest spectrum. The spectrum of most atoms shows
little apparent regularity. But the spacing between lines in the hydrogen spec-
trum decreases in a regular way, Fig. 27-22. Indeed, in 1885, I. J. Balmer
(1825-1898) showed that the four lines in the visible portion of the hydrogen
spectrum (with measured wavelengths 656 nm, 486 nm, 434 nm, and 410nm)
have wavelengths that fit the formula

| 1 1
§ R(22 nz)‘ no=3,4,.
Here n takes on the values 3, 4, 5, 6 for the four visible lines, and R, called the
Rydberg constant, has the value R = 1.0974 > 10"m~", Later it was found that
this Balmer series of lines extended into the UV region, ending at A = 365 nm,
as shown in Fig. 27-22. Balmer’s formula, Eq. 27-9, also worked for these lines
with higher integer values of n. The lines near 365 nm became too close together
to distinguish, but the limit of the series at 365 nm corresponds to 1 = o0 (s0
1/n* = 0 in Eq. 27-9).

Later experiments on hvdrogen showed that there were similar series of
lines in the UV and IR regions, and each series had a pattern just like the
Balmer series, but at different wavelengths, Fig. 27-23. Each of these series was
found to fit a formula with the same form as Eq. 27-9 but with the 1/2°
replaced by 1/12, I,f32, ]/42, and so on. For example, the so-called Lyman series
contains lines with wavelengths from 91 nm to 122 nm (in the UV region) and
fits the formula

lzR(L_L

(27-9)

=1, n=23".
A I n‘_)

And the wavelengths of the Paschen series (in the IR region) fit

1 1

—=Rl=

A (32

The Rutherford model was unable to explain why atoms emit line spectra.

Tt had other difficulties as well. According to the Rutherford model, electrons
orbit the nucleus, and since their paths are curved the electrons are accelerating,
Hence they should give off light like any other accelerating electric charge

(Chapter 22). Since light carries off energy and energy is conserved, the
electron’s own energy must decrease to compensate. Hence electrons would be
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= —=:|; n=4.75".
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