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Course description
As an introduction to the realm of spectroscopic phenomena,  students use a 

Recent developments

Introduction
• Upper-level majors and graduate students in the 

Department of Physics at Miami University are 
offered four elective advanced laboratory courses: on 
digital electronics, materials science, modern optics 
and laser physics, and atomic and molecular physics. 

• The laboratory course of atomic and molecular 
physics is a hands-on eye-opening optical

Blackbody radiation, 
atomic and molecular  
spectra

Identification of 
deuterium β-line

prism-spectrometer and eye detection to observe the blackbody spectra of 
incandescent bulbs, as well as the atomic and molecular spectra emitted by AC 
capillary discharge tubes filled with hydrogen, water vapors, helium, mercury 
and nitrogen.

The first quantitative experiment  requires the students to observe and measure 
the isotope shift based on the spectrum emitted by a mixture of hydrogen and 
deuterium in a capillary tube.  The Balmer-lines shift yields the binding energy 
of the deuteron

Scientific writing
• The Undergraduate Assessment Plan of our 

Department of Physics formulates a writing rubric “to 
foster critical thinking and to provide scientifically 
literate, liberally educated citizens through service 
and liberal education courses.” 

• Consequently, with the assistance of Howe Writing 
Center of Miami University, we developed a plan to 2
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Electron-impact excitation in 
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physics is a hands on eye opening optical 
spectroscopy survey of quantum mechanical 
phenomena, as well as a pedagogical setting to 
initiate and enhance the research skills, habits and 
ethics of the students.

Course goals
• Enable the students to establish an understanding of 

the fundamental connections between atomic and

The  emission 
spectrum of helium

Fine structure splitting 
of alkali  metals from 
di l t iti

of the deuteron.

Analyzing the emission spectrum of helium is synchronized with the 
introduction of spectral notation in the lecture. Based on the electron 
configurations of the observed transitions, the students determine their 
spectroscopic notations, verify selection rules, and discuss line intensities. 

To study heavier atoms, students record the D-lines pairs 
on spectra of four alkali metals with sequenced nuclear 
charge Z. The data yields spin-orbit interaction electron 

y, p p
administer sound scientific writing requirements and 
peer-review assessment techniques as complementary 
educational tools in the spectroscopy course.

• Thus, besides science per se, the students are required 
to mind the formal aspects of their laboratory reports 
based on a systematic implementation of reading and 
writing control points and feedback methodology.
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Dye laser in Littman-Metcalf cavity

the fundamental connections between atomic and 
molecular spectra and the underlying structures that 
give rise to such spectra.

• Educate and motivate the laboratory and analytical 
skills of the students through practice, well designed 
standard experiments, and  encouragement of 
creativity and originality.

• Develop the student’s ability to express and 
communicate coherently their scientific findings.
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energies, the line-splitting magnetic field experienced by 
electrons, and the verification of  dipole selection rule.

In this experiment, students construct a dye laser using 
Littman-Metcalf cavity design and use this laser to 
measure the lifetime of the excited state sodium vapor. 
Also, Doppler broadened line profile allows students to 
estimate the temperature of the cell.  

Zeeman splitting apparatus

Organization
• Cross listed as a graduate advanced laboratory, 

offered every other year. Next offer: spring 2013
• Lecture and laboratory components.
• Flexibility: Students  give presentation at the end of 

the course within their research interests in 
spectroscopy.
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The anomalous Zeeman effect and the atomic origin of 
the electromagnetic wave polarization are demonstrated 
using a sodium light source.   

In their first experiment of molecular spectroscopy, the students perform Raman 
scattering spectroscopy on liquid nitrogen using an intense 532-nm pulse laser. to 
observe the vibrational structure of the diatomic molecule.  This highly visual 
technique exhibits a  series of nonlinear optical effects.

Laser induced fluorescence  in I2

AJP journal cover figure 2012

Laser induced fluorescence in I2

spectroscopy. 

Techniques 
 Fluorescence analysis using a photomultiplier tube
 Fluorescence analysis using CCD
 Electron-impact excitation technique 
 Vibrational spectroscopy
 Raman scattering spectroscopy

spectroscopy of liquid nitrogen molecules: An 
advanced  under-graduate physics laboratory  
experiment",  Am. J. Phys. 75, 488-495 (2007).

Students are marked as *.
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The vibrational  energy levels of iodine molecules are 
analyzed by absorption and laser induced fluorescence 

The vibrational energy levels of gaseous nitrogen 
are observed by electron impact excitation with 
traces of argon in the discharge tube, and the 
emission spectrum is measured to characterize the 
bonding potential of the molecule.

Raman scattering in liquid nitrogen

N2 (B→C)

 Zeeman resolved polarization spectroscopy
 One-photon (and two photon) excitation technique
 High and medium resolution spectrography
 Pulsed dye laser spectroscopy
 Rotational spectroscopy
 Various pulsed and cw laser spectroscopies

University Howe Center for Writing Grant. We also 
acknowledge Professors Rice, Yarrison-Rice and 
Marcum for initiating the advanced  laboratory.

For further information
Please contact bayramsb@muohio.edu
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spectra; dissociation energy, depth of the potential well, 
and the structure of the excited levels are extracted. 

The students look once again at the vibrational and 
rotational energy levels of a diatomic molecule via laser 
induced fluorescence and estimate the rotational inertia 
and the temperature of the molecules. 

Stokes lines on student’s t-shirt


