Atomic Spectra - From the Balmer Series to Quantum Mechanics 
In the late 1800s, many physicists felt they were close to understanding the universe.  Classical theory could explain a wide range of physical phenomena, and one of the seemingly few remaining mysteries was the discrete wavelengths emitted and absorbed by atoms.  The observation of these wavelengths was the beginning of the field of spectroscopy – where the wavelengths of light emitted or absorbed by a system help us understand its composition or structure.  Spectroscopy is now a broad field with abundant methods, and had already moved past prism methods for qualitative views to use of diffraction gratings for quantitative wavelength measurements.  Such diffraction-grating spectrometers are still used commonly today in commercial and research instruments.  
The use of spectroscopy to measure precisely the discrete wavelengths emitted by atoms gave physicists abundant data.  The theory though was far behind.  Did certain frequencies of light mean that atoms could only oscillate at certain frequencies?  Could the frequencies be explained, or those of other atoms be predicted?  Various possible relationships were explored, including schoolteacher Johann Balmer’s 1885 empirical relationship for the wavelengths of four visible spectral lines of hydrogen atoms.  
While this formula worked well to give quantitatively the visible wavelengths emitted from hydrogen, it left a theoretical hole that left a physicist unsatisfied.  Without a theory that could extend this model forward or incorporate other atoms, it wasn’t possible to feel that atoms were truly understood.  For a time this was the central question of physics, and its answer could either lend stability to the idea that classical physics had just about finished explaining the world, or shatter that confidence and demand a scientific revolution.  
Subsequent physicists continued to try to explain the structure of the atom, with Niels Bohr postulating a theory that could explain the wavelengths observed in hydrogen – by using a ‘nuclear model’ and incorporating discrete ‘quantized’ energy levels with only certain allowed frequencies of light causing transitions between them.  The Bohr model was revolutionary, with the introduction of quantization central to the progress of physics to come, and for which he received the Nobel prize in 1922.  
Yet at the same time, the model struggled, failing in attempts to extend the explanation of the spectra in hydrogen to more complex atoms.  As better spectroscopic tools were developed, what had been thought to be single absorption lines turned out to be closely spaced series, the presence of magnetic fields were found to split or shift these levels, and precision measurements cast more doubt on the foundation of the Bohr model.  Ultimately, the atomic spectra available convinced the physics community that an entirely new understanding of matter was needed, and demanded the full development of quantum mechanics around 1926.  
Experiments in atomic spectroscopy also enable us to examine how to show whether data supports a theory, and how to communicate findings in a clear way.  As a variety of wavelengths are observed, how can they best be graphed to represent an idea?  There is no simple linear dependence here.  What are the options for variables on each axis?  How will these plots support the atomic models under development, or generate new questions?  Can we use them to predict other wavelengths that might not yet have been observed?  Questions such as these remain fundamental to how physicists communicate scientific findings with a broader audience, illustrating the need to develop essential skills necessary to accompany precision measurements.  
Those precision measurements are important too, and investigating atomic spectra introduces spectroscopy as an essential tool in physics.   A simple diffraction-grating setup can make surprisingly precise wavelength measurements, and also has the ability to measure wavelength differences of less than a nanometer.   Measuring these wavelengths precisely was essential, and the ability to use spatial arrays of light sensors have allowed fast data collection across a range of wavelengths.  These spectrometers have shown widespread uses, ranging from the analysis of gas sources from engine combustion to the identification of astronomical objects.   
The development of laser technology since the 1950s has further opened up entirely new means of spectroscopy, and orders of magnitude more precision in measurements.  Narrow-linewidth lasers allow the excitation of particular energy states, with tools such as Raman spectroscopy and fluorescence spectroscopy becoming standard tools beyond just physics and into chemical and biological systems.  Further, when the obstacle of Doppler broadening is removed (through the use of laser-cooling or saturated-absorption spectroscopy), laser spectroscopy methods can make wavelengths measurements with precision better than 1/1000th of a nanometer.  This level of precision was required to reveal that atomic structure was even more complicated than we thought, with what had seemed to be single energy levels actually being made up of several close together.  Physicists continue to unlock further mysteries of the atom, including how the angular momentum of the electron is coupled to the angular momentum of the nucleus, resulting in these ‘hyperfine’ energy-level separations.  
Precision measurement, theory expansion, and scientific communication are all necessary as we continue to push the limits of physics.  Our understanding of the interaction of atoms and light has grown tremendously since the Balmer series was first observed, challenging our theories, pushing physics to develop quantum mechanics, and enabling a whole range of technologies and methods as a foundation for the scientific community.
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