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The basic documentation for this experiment is a collection of manuals:

• Optical Pumping of Rubidium OP1-A; Guide to the Experiment, INSTRUCTOR’S

MANUAL, referred to as M1 in the following sections

• California Institute of Technology Physics 77, referred to as M2 in the following
sections

and it is located on the course wepage under “manuals”. Guidance to extract the neces-
sary information is provided below.

1 Objectives of the experiment

• Study the electronic energy levels of atoms using the optical pumping technique.

2 Physics pre-requisites

• Basics of optics.

• Basics of atomic physics (familiarity with energy levels; Zeeman effect).

General introduction on page 1-19 of M2; detailed introduction Section 1 of M1.

3 Data analysis pre-requisites

• Basic plotting tools.

In general, python is recommended. A basic introduction to python can be found on the
course web page: “Intro do Python (1)” and “Intro to Python (2)”.

4 Apparatus and Experimental Procedure

• Detailed description of the typical apparatus components in Section 3 of M1.

• Overview of the experiment at page 15 of M2.

• Detailed step by step description of the experimental procedure in Section 5 of M1.
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5 Goal of the experiment

At the end of this project the student should be able to:

• understand the concepts of optical absorption (polarization of light, allowed transi-
tions), Zeeman splitting in the various regimes (dependence of splitting on applied
field);

• measure the absorption cross-section vs temperature;

• calibrate the apparatus;

• determine the Zeeman splitting of hyperfine structure (weak magnetic field).

If the experiment is extended to the 2nd term (October-November 2014):

• determine the quadratic Zeeman effect;

• determine the transient effect and measure the rise time and ringing period.

6 Timeline

First term:

• 1st week: Review the theory. Familiarize with the experimental setup. Understand
what signal is displayed at the oscilloscope.

• 2ns week: Find the zero field transition.

• 2ns week: Find the Zeeman splitting and calibrate the apparatus.

• 4th week: Start writing the report/presentation.

• 5th week: Wrap up the results and write the final report/presentation.

If the experiment is extended to the 2nd term (October-November 2014):

• 1st week: Find the quadratic transitions.

• 2nd week: Determine the system properties from the rise time and frequency of
ringing period.

• 3rd week: Compare the experimental values to theoretical predictions when appli-
cable.

• 4th week: Compare the experimental values to theoretical predictions when appli-
cable.

• 5th week: Wrap up the results and write the final report/presentation.
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7 Challenges

The student is hightly encouraged to review the Zeeman effect and discuss it with the
intructors before starting the data taking. Data taking can be challenging if the phe-
nomenon is not understood from theoretical point of view.
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