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IMPORTANT INFORMATION 
for 

INSTRUCTORS TEACHING WITH THIS APPARATUS 

To: All Instructors using TeachSpin Apparatus 

From: Your TeachSpin Support Staff 

Please make sure you are on our TeachSpin Contact List so that you will 

hear about any revisions or additions to your instrument manual as well as 

any new experiments you can do with this apparatus. 

Send Current Contact Information to info@teachspin.com. 

All of our TeachSpin apparatus is designed and built by physicists who have taught 

(or are still teaching) in the undergraduate lab. In addition to being available for 

both technical and instructional support, our TeachSpin physicists are always 

finding new ways to use our apparatus. We want you to know about them. 

We look forward to welcoming you into the TeachSpin community 

TeachSpin Apparatus 
Reliable, Robust, and Always Supported 

Warranty: 2 years Support: Lifetime 

Questions: 716-885-4701 or info@teachspin.com 





1. 

I. 

11. 

111. 

2. 

I. 

I I. 

III. 

IV. 

v. 
VI. 

3. 

Rev 2.0 11/09 

DIODE LASER SPECTROSCOPY 

Instructor/Student Manual Table of Contents 

Diode Laser Physics 3. Getting Started Continued 

Laser Basics 1-1 11 l. Observing Saturated Absorption 

Lasers with Grating Feedback A. The Optical Plan 3-18 

A. Introduction 1-4 B. Some Basics 3-18 

B. Laser Tuning 1-4 C. Placing the Components 3-20 

I. Medium Gain D. Understanding the Functions 

2. Internal Cavity 1-6 ofthe Beams 3-21 

3. Grating Feedback 1-7 IV. Aligning a Michelson Interferometer 3-26 
4. External Cavity 1-8 v. Appendix 

References 1-10 Making Beams Collinear 3-29 

Saturated Absorption Spectroscopy 4. Experiments Section 

Background 2-1 I. Saturated Absorption Spectroscopy (Caltech) 

Qualitative Picture - 2 Level Atoms 2-1 I I. Interferometric Measurement of Resonant 

Qualitative Picture- Multi-Level Atoms 2-2 Absorption and Refractive (Caltech) 
Index in Rb 

Quantitative Picture - 2-Level Atoms 2-4 
Ill. Resonant Light Propagation through 

Atomic Structure of Rubidium 2-7 an Atomic Vapor (Caltech) 

References 2-9 IV. Resonant Faraday Rotation as a probe 
of atomic dispersion (D. Van Baak) 

Getting Started - Initial Setup 
and First Explorations 5. Apparatus Rev 2.01 1/13 

I. Overview of the Instrument 3-1 0. Detailed Table of Contents 
A. The Laser 

I. Laser 5-1 
B. The Detectors 
c. The Absorption Cell Assembly 11. Photodiode Detectors and 
D. The Magnetic Field Coils Detector Electronics 5-23 
E. The Controller II I. Absorption Cell Assembly 5-26 
F. TV and Camera 
G. The Optics and Connectors IV. Optics 5-30 

r I. Initial Setup - What to do first v. CCD Camera and TV Monitor 5-32 
A. Unpacking and VI Addendum 

Setting up the Laser 3-2 Condensing Rubidium in the Tip 5-33 
B. Setting up the 

Absorption Cell Assembly 3-3 
C. Starting up the Laser 3-4 6. Appendix 
D. Aligning the Laser 3-4 I. Brief Introduction to Diode-Laser Spectroscopy 
E. Setting up to Observe 

11. Thinking About Saturated Absorption and 
Rubidium Fluorescence 3-8 

F. Finding the Rb Fluorescence Crossover Transitions 

Initial Horizontal Adjustment 3-10 
G. Observing the Absorption Spectrum 

Using a Photodiode Detector 3-10 
H. Horizontal Modes, 

Final Horizontal Adjustment 3-12 
I. Using Simultaneous Current and 

Piezo Modulation 3-14 
J. Using Two Photodiode Detectors 3- 15 
K. All Finished 3-17 
L. Shutting Down 3-17 



Rev 2.0 11 /09 

Introduction to TeachSpin's Diode Laser Spectroscopy 

"Diode Laser Spectroscopy" was produced in collaboration with Professor Kenneth 
Libbrecht of the California Institute of Technology (Caltech). Having used TeachSpin's 
Pulsed NMR and Optical Pumping in his advanced lab, Professor Libbrecht was 
convinced that TeachSpin would be able to build an apparatus that would make these 
experiments, which were a favorite with his students, available to the entire advanced 
laboratory community. And the collaboration continues - shortly after D LS 1-A was 
finished, Professor Libbrecht worked with us to create the Fabry-Perot Cavity accessory. 
And we are hoping to add even more. 

Both the DLSl-A apparatus and this manual were produced in collaboration with 
Professor Libbrecht. The varied "voices" will be apparent as your read the manual. 
Senior Scientist Dr. George Herold was responsible for much of the TeachSpin 
contribution to both the instrument design and this manual. 

The first three student laboratory instruction manuals in the Experiments section come 
from the Caltech advanced lab. (You will find pdf versions of these documents on the 
Caltech advanced lab website.) The fourth experiment is in an article that was written for 
the American Journal of Physics by Professor David Van Baak of Calvin College, who is 
also a TeachSpin collaborating physicist. 

We know you will be creating instruction manuals for this apparatus which are tailored to 
the specific needs of your own institution. We hope that, as you do so, you will make 
them available through your own lab websites or those of AAPT or ALPhA. They can 
then be shared both with people using this TeachSpin instrument and with other members 
of the advanced laboratory community who may have built similar experiments on their 
own. 

We wish you and your students challenging, exciting, and satisfying adventures exploring 
Diode Laser Spectroscopy. 
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Diode Laser Physics 

I. LASER BASICS 

Beginning in the mid 1960's, before the development of semiconductor diode lasers, 
physicists mostly used tunable "dye" lasers in pioneering atomic physics experiments needing 
tunable laser light. Dye lasers use a chemical dye as the active medium, i.e. the material 
which produces the laser emission. A population inversion in the dye is created, typically, 
with a fixed-frequency "pump" laser. An individual dye will lase over a limited wavelength 
range, and different dyes are available to make tunable lasers at essentially all visible and 
near-infrared wavelengths. Unfortunately dye lasers are large, cumbersome instruments that 
are both very expensive to purchase (-$100,000.00) and expensive to operate and maintain. 
Some of the solid-state lasers used as dye laser replacements, such as the popular Ti:sapphire 
crystal (titanium-doped sapphire), work better than dyes, and other techniques using non
linear crystals exist to generate tunable laser light (Yariv 1991 ). However, while these may be 
less difficult to use than dye lasers they are still very expensive options. 

The recent development of tunable, narrow-bandwidth, semiconductor diode lasers 
dramatically changed this picture. These lasers are inexpensive, easy to operate, and produce 

high-power, tunable, narrow-bandwidth radiation (f1v < 1 MHz, f1A. < 1.5 x Io -<> nm). For 
these reasons, tunable diode lasers have rapidly become commonplace in modem research 
laboratories. 

Interior Diagram of TOLD9200 Series 

Figure I: Cut-away view of a typical laser diode can, like those used in the TeachSpin laser 

The basic physics of diode lasers is presented in several review articles and books, such as 
Wieman and Hollberg (1991) and Camparo (1985). Figure 1 shows a cut-away view of a 
typical diode laser, similar to the ones used in this experiment. The actual semiconductor 
device is a small chip (LO chip in Figure 1 ), bonded to a heat-sink. Tiny wires connect the 
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